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NPEANCJIOBUE

HacTosimlas KHHTa IOCBALIEHA BOINPOCAM BHIUHCJAECHHI wHa
ABTOMATHYECKHX MALIMHAX, BHIOJHEHHS ONEpaluil U IPOrpaMMu-
poBaHuf.

[lepBasi riaBa HOCHT BBOJHBLIH XapakTep.

Bropasi riaBa nocssiieHa onepamdsaM Ham YMCIaMH B LH(pO-
BHIX MamnHax (B OCHOBHOM, JJIsI CJyd4asl JABOUYHOH CHCTEMH).
PaccMaTpuBaloTCs CHCTEMHBl 3aJ@Husd YHCET C (PUKCHPOBAHHOM
U IUIaBaloledl 3anaTofl ¢ pasaHYHBIMH (opMaMM 3aKaHHs OTpPH-
LATeJbHBIX  4HuCeJa (NpsMOH, JAOINOJHUTENBHH u  06paTHbLil
xojnl ). Paccmatpusaiorcsl onepanuu, BCTpedalouuecs B Maliunax,
HaunHasA ¢ npocTeimnx. ONUCHBAITCS PA3HBIC BAPUHAHTHL BHINOJ-
HeHust apuMETHYECKHX NeHCTBHH NpH pasHbIX (GopMax 3amamHist
u xpanenus: uynces. OcobeHHo NoapobHO PACCMOTPEHBI BONIPOCH
YMHOMKEHHsI ¥ JeJeHHs IpH pasubx Kopax. Jlaerca taxmxe ana-
JIM3 TOYHOCTH MPH THX AelcTBHAX. UHTaTeNb, HHTEPeCyoUIHiics
CIeNHATbHO NPOrpaAMMHPOBAaHHEM, HO He peausanuei apudme-
THUYECKHX JEHCTBHIl, MOMKET 3Ty [JIaBY ONYCTHTD.

Tperbst ryiaBa 1OCBAIEHA CTAHAAPTHHEIM 3a1a4aM —Ipeo6paso-
BAHUSAM CHCTEM CUHCJEHHS, JACHCTBHUSM C YJIBOEHHHIM UHCJIOM
3HAKOB, KOHTPOJbHBIM BHUYHUCJICHUAM, BHIUHCJICHUAM 3HAYCHUHN
(GYHKIHUI pasHBEIMH ajaropudMaMH H T. M.

YerBepras r/aBa IOCBSILIEHA BONPOCAM IPOTPAMMHPOBAHHUS.
PaccmatpuBaloTest pasHbieé CHCTEMBl NPOrpaAMMHPOBAHHSA, OTJH-
yaloUUecs YUCJOM AaJpecoB KOMaHIH, IOPSAKOM BHIIOJHEHHS
KoMamj, nHaGopoMm ajeMeHTapHbX onepauuil u T. a. Iloce Brsc-
HEHUSI CBSI3H MEHJY pa3HBEIMH CHCTEMAMH IPOTPAMMHPOBAHUS
NPOrpaMMbl JIJIsT  ONPEAENEeHHOCTH JalTcs B OIHOH cHCTeMe
TPEXajpPecHoro Koja.



B naroii riase npuBOAATCA NPHMEPHE! NPOrpamMM JJIs perie-
HHSI MATeMATHYECKMX 3a1a4 — OOBIKHOBEHHHIX JIH(pdepeununannb-
HBIX YpPaBHEHHII, CHCTEM JIHMHEHHBIX aJre0panvyecKux ypaBHCHHI
H T. .

§§ 21, 28, 29 u nepsbie Tpu nyuxta § 27 nanucanse M. M. Cre-
cunpiM, § 32 uanucan M. JI. Bponckum. Bamnas noOMOIE Ghia
okazana . A. UepBOHEHKHCOM, IPOBEPHBIIHM IIQYTH BCE
TIPUBEJICHHBIE [IPOTPAMMEI M IIPHMEpHL.

Hacrosimiana xuwra mnamnucana B pesdynabratre pabotel Otneda
1pUGIMIKEeHHBEX Borunc/aennit MueTutyTa TOUnOH MEXanuKi ¥ BbI-
ypceauTeabHoll Texnukd B 1950—1951 rr. max Bonpocamu petie-
HHS MaTeMaTHUYECKHX 3ajay Ha Uu¢poBHX MallHHAX H, B
gacTHOCTH, CIEIHATBHOrO CEeMHHApPA 110 TpPOrpaMMHpPOBAHHIO,
pa6oraBmero B Otgene B 1950 r.

[Mpu nanucanuu KHUrH GBbUIH MCNOJb30BaHbl MATEPHAJHl OTYe-
TOB 10 paboraM, BHIOJHEHHEM B 1950—1951 rr. corpyanukamu
orpena npubankennpx Buuucaennit UTM u BT AH CCCP.

Pan umennnx 3aMeuyaHuil, YuTEHHBIX aBTOPAMH, CAeJIall
B. M. KypoukuH, KOTOpPOMY aBTOPH BHIpamaioT cBol0 GJaro-
JAPHOCTB.



Frasa 1

UMPPOBbLIE MALIMHBI U ABTOMATU3ALIUS
BbIYUCJIEHUIA

§ 1. CHCTEMbI CYHCJIEHHS

Ludpposbie mawunbl, C pasBuTHEM HAYKH M TeXHUKH yCJIONK-
HAIOTCS MaTeMaTHYeCKHe 3aayH, KOTOpPHIe NPUXOAMTCS pPEIlaTh,
yBEJMYHBAETCSt 00BEM BBIUHCIHTEABHO pabOTH, CBA3AHHOMH C pe-
menneM Takux 3azad. CoBpeMeHHAas TeXHHKA IO3BOJHJIA II0O-
CTPOMTH CJOMHEIE MAIIMHEL, BHIOIHSIONHE YPE3BHIYaHHO GHICTPO
60/BLIOE KOJHYECTBO BHUHCJEHHH 1O 3apanee pa3paboTaHHOMY
miaany. Ha Takux MaumMHaX MOMKHO pPeaju30BaTh aAJropupMbL
YHCJIEHHOTO pEelIeHHs] CAOMKHEIX MaTeMaTHUYeCKuX 3axad.

[{luppoBLIMH MaTEMATHYECKHMH MAaIIMHAMH Ha3LIBAIOTCS Ta-
KHWe, B KOTOPBHIX YHC/IA 3aJal0TCs I10C/A€J0BATEJNbHOCTBIO CBOMX
Hpp B HEKOTOPOH MO3HIHOHHON CHCTEME — JAECATHYHOMH, IBOHY-
Hoit u T. 0. KosmyecTBo paspsijioB H, CJAELOBATEJIbHO, OTHOCH-
TeJbHAS TOUHOCTbH YHCEJI, HAJ KOTOPHIMH ONEpHPYeT MallHHa,
ONpEeNEJSIOTCS ee KOHCTPYKIMeH u MoryT OwThb, 1O Kpafined
Mepe TEOPETHYECKH, CACJIAaHBl CKOJb yroiHo 6oipmumu. B stom
[PEUMYIIECTBO IHU(MPOBHX MAIIHH nepej IpUOGOpaMuH M Malu-
HAMH ,HeIpepHBHOro pefictBua* (Hampumep, Jorapupmuyeckas
JHHEHKA, IJIAHUMETpPhl, MeXaHHUYeCKHe M 3JEKTPHUECKHE HHTe-
rpaTopel ¥ T. 1.), B KOTOPHX YHCJAA 33AaloTCH HENpPEePHIBHO
MEHSIOIIIMHUCS BEJIHUYHHAMH — JJIHHAMH, YIVIAMH, HATIPSIXKEHHAMH,
CHJIAMH TOKOB H T. II.; B HHUX TOYHOCTH BBOJHMHIX H IIOJydae-
MBIX YHCEJ 34BHCHT OT TOUHOCTH 3aJdHHsl H H3MEPEHHs 3THX
BEJMYUH U SBJSETCS MO3TOMY (DaKTHYECKH OrpaHHYeHHOIL.



HMsobpaxars 1mudpy Kakoro-iuGo paspsaa B p-HUHOH CH-
CTeMe CUMC/IeHHs MOXKeT Jjiobas (uanueckas cucrema, cnocob-
Hasg TPUHUMATH P YCTOHUYUBHIX COCTOAHHUH, KOTOPHIM  OTBe-
HalT COOTBETCTBEHHO p nudp panHoro paspsina. Tak, 1udpoBoe
KO/IeCO OOBIYHOrO CUETYHMKa, 06/azaionee AecaThio yCTOHUH-
BBIMH IIOJIOMEHHUAMH, MOXKeT H300pamarbh UHU(PPH TeCITHUHOIN
cucremn 0, 1, 2,..., 9. Ludpa moxer H306paxarbcsi YUCAOM
KOCTSAIIEK, OTJIOMKEHHBHIX HA CUeTaX, YHCJIOM 3JIEKTPHUECKHX
HMIY/TbCOB, I10JIOXKEHHEM OTBEPCTHS, NPOGHTOrO B CTOJIGIE mep-
GoxapTH, OAHMM H3 BO3MOKHHIX COCTOSHHH IENH 3JEKTPOHHEX
Jamn u T. 1.

HBouunass ¥ TpoHYHast CHCTeMbl. C TOYKH 3peHus peau-
3alMM B MalIMHAX OCOOCHHO IPOCTOH SIBJISIETCA JBOMYHAS CH-
crema. Jlias wusobpawenus IHQPPH KAKOrO-HHOYAb JIBOHYHOTO
paspsiza MOXKHO BOCIOJB30BATCA .TI060H (U3HYECKOIl CHCTEMON,
croco6uoi npuHuMaTh aBa 3uauenus (omno orHocum unudpe 0,
npyroe — nudpe 1), nanpumep, ABYMS HOJOKEHHAMH 3JEKTPO-
MArHHTHOT'O peJIe WM JABYMsl YCTOHUMBBIMH COCTOSIHHSIMH TPHT-
repaod  siuedku u T. n. Ludpe pBOMUHON CHCTEMBI MOTYT
OTMEYATBCS COOTBETCTBEHHO HAJIHYHEM WIH OTCYTCTBHEM KAKOro-
JuG0 MpH3HAKA, HANpHMEp, HAJHYHEM WJIH OTCYTCTBHEM Ha
onmpezeJeHHOM MecTe nepoxaptel oTBepcTHsi M T. 1. Boo6ine
uudper 0 u 1 #BOMYHOH CHCTEMB MOXHO 0603HAYATL JABYMS
M3 BO3MOXHBIX OTBETOB ,Ja“ H ,HeT JIOTHYECKOH JH3BIOHK-
LIHH.

Uucsa B ABOMUHON cHCTeMEe HMEIOT 60Jee JJIMHHYIO 3amHCh
ueM B jgecaTHYHOl (6osbllee 4MCJIO paspsjoB), HampuMmep,
yncsio 999 =29 4-28 - 274 926 |- 25 - 2 | 1| uMeeT [ABOMUHYIO
3alHCh B BHAE aecsiTH3nayporo uyucaa 1111100011.

Ho ¢ touxn spenusi uucaa tudpo-paspsnos (pasubix mudp
pasHBIX PaspsjoB), ¢ TMOMOINBIO KOTOPHX MOXKHO H300pamxarh
YMCJIA B JAHHOM JIMAlasoHe, JABOMYHAS CHCTEMA [PUMEPHO
B 1!/, pasa sxoHomuee pecsituunoit. J[last usoGpamenus 1000 we-
Jpx yuces ot 0 1o 999 B pecsituunoi cucreme nyxun 3 X 10 = 30,
B jasoudHoi xe 10 X 2 = 20 uudpo-paspsnos.

HauGosee sxonomuolt (¢ 3TOH TOYKH 3peuus)) SIBJISETCS
TPOUUHASA CHCTEMA: B JBOHYHOH cucteme ¢ nmomonpio 3 X 2 =6
uu$po-paspaaoB MOKHO H306pasuth 8 = 2° yucen (0, 1, 2,...,7),

”
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B TPOMYHOH ¢ nomoupio 2 X 3 = 6 nudpo-paspsanos yxe 9 = 3*
aicen (0, 1, 2,..., 8).

Tponunasi cucTeMa JOBOJBHO NPOCTA C TOYKH 3PEHHsS ONepH-
poBaHMsl, OCOGEHHO €CJH I0/b30BaThCA TEM €€ BapHaHTOM,

korga B Kauectse wudp durypupyior 1, 0 u 1= — 1. B uei,
nanpumep, 19=27 —9+41=1:3%3—1.32+40- 3! 1 uzobpa-
waercst B Buge 1101, a uncao —19 usobpaxaerca B Buge 1101.
Ta6Gauma ymMHOXKEHHS B TaKOH cucTeMe npocta. B Helr cosep-
IEHHO ONMHAKOBO SAMUCHIBAIOTCS MOJOXKUTEJIbHEE U OTPHIA-
Teabibe unciaa (OHM pasauyaloTcs TeM, paua Jju 1 wau 1 mep-
Bast OTsinuHasi oT Hyuas nudpa). Ho mo cux mnop Tponunas
cuCTeMa He MOJyYH/JIa NMPHMEHeHHsl, TAK KaK M3 CHCTeM, OTJIHY-
HBIX OT JECATHUYHOI, IBOHYHASI HPOIIE BCEX C TOYKH 3pEHHsA
peann3alfi.

3amerHM, 4TO oTpunarebibe mupps 1 (= —1),2 (= —2)
H T. J. 4aCTO IPHUMEHSIOTCA M B BHIUYHCJAHTE/JBLHOR NpPaKTHKE
¢ OOBIYHBLIMH JECATHUHBIMH 4ucIaMu. Hampumep, yMmHOXeHHE
na 48 na apupMoMeTpe 3aMEHSeTCs] yMHOKeHueM Ha 52 = 50 —
—2=48 (6rICTpee CJAOWKHUTb O YAECATePEHHHX MHOXKHMBIX H BHI-
yecThb JBa, YeM CJIOKHUTb 4 yHecATepeHHHX MHOXKHUMBIX H
8 MHOMHMEIX). )

JIBOHYHO-1eCATHYHASA W IBOHYHO-NIITHPHYHAs CUCTEMBIL. [1pu
HCIOJIb30BAHUM B MAIIHHE CHCTEMH, OTJAHYHOH OT JAECATHUHOIIL,
HampUMep, ABOMYHOM, TpebyeTcsi BBOJMMHIE B MALIMHY 4YHC/A
 peo0pa3oBHIBATL M3 JECATHYHOH CHCTeMBl B JABOHYHYIO, & NpPH
BHIBOZIE 006paTHO NEPEeBOJUTH B JAECATHUHYI0. UTOOH H36€kKaTbh
TAKHX Ipeobpa3oBaHUil H B TO K€ BpeMs HCIOJIb30BaTh XOTS
Obl YACTHYHO TPEUMYLIECTBA JIBOUYHON CHCTEMBI, HEKOTOPHE
MAIlHHE, TJaBHEIM o6pasoMm peJefinele, nanpumep Mark II,
HCIOAB3YVIOT TAaK Ha3HBACMYIO JABOHYHO-AECATHYHYIO CHCTEMY.
2ro cucrema ¢ ocuoBanuem 10, xaxpmas u3 uudp KoTtopoh 3a-
naeTcs CBOMM JIBOMUHBIM pasjomenuem: uupps 1, 2, 3,..., 9
3aMHCHBAIOTCS B BHJE JBOWYHHIX dYeTHpex3Haunux yucena 0001,
0010, 0011, ..., 1001. ¥norpebasioTcss U APyrue 3aluCH Jecs-
THYHHX DUp KOMOHHAUUAMH U3 4-X JBOHYHEIX.

JIBon4HO-AECATHYHAST CHCTEeMa MeHee SKOHOMHA, YeM JBOHY-
Hasl, TaK Kak 4 JBOWYHBIX paspsia HCHOJIb30BAHHL /5 3a0HCH
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auitb 10 unucesn u3 16 BO3MOMXKHHIX; 3allMCh YHC/IA MO JBOHYHO-
necsitHuHoil cucreme Ha 20°/, mJIWHHEE €ro YHCTO JBOMUHOMH
sanucyu. Hanpumep, uuciao 643 =512 4128 2 1 = 29 - 27 4+
42t 4-1 umeer psomunyio 3anuchk 1010000011 (10 wudp) w
Jasonuno-gecsituunyio: 0110 0100 0011 (12 nudp).

YioMsHeM ele O TaKk Ha3bBAEMOl ,JIBOHYHO-TISITHPHYHON
cucTeMe, NpH KOTOPO# KaXAOMy JeCATHYHOMY paspsity OTBe-
yaerT 5 JBOMUHHIX; TAK KAK UHCIO couYeTaHwil u3 5 no 2 pasHO

10, To cymecrsyer 10 naTusHavHHIX JABOMYHBIX YHCEd, Y KOTO-
pux aee pudpe 1 v ocraasuee Tpu O: 11000, 10100, 10010,

10001, 01100, 01010, 01001, 00110, 00101, 00011, UMH MOMHO
usobpaxars 10 pecatnunsix uudp. Kampan necatuunas umudpa
MOXKET, HanpuMmep, H300pa}KaTbCsi CHCTEMON H3 5 pese, H3 KO-
TOPHIX 2 HaXOZATCH B BO3GYMKIEHHOM coctosuud. Taxoii cno-
co6 H306paKenusl ene MEHEe 3KOHOMEH, 4YeM JBOHYHO-JeCsI-
THuHbf. OH  Hames, OJHaKo, INpUMeHeHHe B  TeaedOoHHOU
anmapatype M B CUETHHX MAIlHHAX, OCHOBAHHHIX HA HCIOJbB30-
BaHUM 3TOH annapartypnl (63//0BCKHE peJiefinbe MallHHBL) BBUAY
yrob6cTBa KOHTpOJs nepepaun yucesaa. Omubka nepemaudt yamie
BCEr0 BHIPAXKAETCH B TOM, 4YTO B OJHOMH MATEpPKE pese MOSBATCS
He 1Ba, a TPH WIH ONHO BO30YXKJIEHHOE peJie.

Yucro aBOMYHAS CHCTEMA HAlLIA B IOCAEAHHE TOJb IHPO-
KOE NPHMEHEHHE B TAK HA3blBAEMBIX OBICTPOAEHCTBYIONHX Ma-
muHax (cm. § 95).

§ 2. APUOMETHYECKUE JIEUCTBUS
H UX ABTOMATH3ALUS

Jloaroe BpeMs eIUHCTBEHHBIMH LNH(POBHIMH MalIHHAMH OBLIH
CyMMHpYloLie MamHuHe u apudpmomerpr. [lociexnue BHIOJ-
HAIOT JBE ONepanuu: CYMMHPOBAaHHe M CABHMI YHCJA, T. €. €ro
YMHOXEHHE Ha 1eqaylo creneHb jgecsiTH. C HOMOMIbIO 3THX OIe-
panuii peanqusyioTcss Ha apudMoOMeTpe omepanuH yMHOXKeHHS
n penenusi. OCTAHOBMMCS CHAYAMA HA BEIMOJHEHHH ONEpAIHHU
YMHOMKEHHUS. :

[Tponece ymHOXKEeHHs HA OZHO3HAYHBIH MHOXKHTENb COCTOHT
U3 CcepuM c/I0xkeHHil (mobaB/enuii MHOXKHMOrO), YHCJIO KOTO-
pHIX paBHO MHOXHTe/I0. ITpomece ymnoxenus Ha MHOIO3HAYHOE
YHCJIO pacmajfiaeTcsl Ha 3Tanel MM LUK/, OTBeYalolHe yMHO-

8



WEHHIO HA Kauaylo UuPPy MHOXKHTEJIS H COCTOSILHE MO3ITOMY
u3 cepuil caoxeHuii. [locse BHMOMHEHHS HUKJA, OTBEYAIONIErO
YMHOXKEHHIO Ha K-10 HM(PYy MHOKUTEJSA, NPOUSBOIAMUTCS CJBUT
MHOXHUMOrO, I0C/IEe 4Yero MNepexOoAUM K BHIIOJHEHHIO 3Tana,
OTBEUAIOLIEro yMHOXKeHHIO Ha (£ -+ 1)-10 undpy MuOMKHTEN .

[lponecc mesieHust TakKe pacnagaeTcsi Ha COBEPLIEHHO OJIM-
HAKOBHIE IHUKJIH ONepaluil, ¢ MHOMOIIbIO KOTOPHX ONpepes-
I0TCSL  MOC/IEHOBATENBLHO BCe HUGPH YacTHOrO, a4 HMEHHO Jsi
nojydyenusi ero I-fi uudpe HCXOmAT M3 OCTATKA, MOJYYEeHHOTO
nocie onpenesaenust (I —1)-i undps (mias nepsoit uudpu 3TOT
OCTATOK €CTh CaMO J€JIHMOE); H3 3TOro OCTATKA MOC/Aef0Ba-
TEJIbHO BBHIYUTAIOT JEJIHTE]b, CABHHYTHIH HA COOTBETCTBEHHOE
YHC/IO paspsaaoB. Beluumranue NMpoOM3BOAMTCS, MOKA HE MOJYYHTCH
Ha CUETUYHKEe OTPHUATEeIbHOE WYHCJAO — IHYCTh 3TO CAYYHIOCH
nocie (k4 1)-ro Berumtanug. Ilocse 3Toro npoussopsatT ,nepe-
XOIHBIE Onepanun”, 3aKaHYMBaIOIHe BHYHC/AeHHE [-H HUQpPH
YacTHOTO M MNOATOTOBJSAILIME NepeXxof K BuuucIeHuw (I 4 1)-i:
J06ABJASIIOT K YMCJY HA CYMMaTOpe HeJIHTeNb (TAK 4TO BCErO MH
(daxTHuecKH BbUTEM K pas —3TO M ecTh HCKoMas [-s1 mudpa
YacTHOr0); YHCJO, KOTOPOE CTOHT MOCJEe 3TOr0 Ha CyMMAaTOpe,
6ymer (I + 1)-m ocrarkom; jpajee CABUIalOT JAEJUTENb HA OJHUH
paspsii BIpaBO M TOBTOPSAIOT BeChb LUK/ OIepamuil yxe s
onpenenennst (I + 1)-it nuppo (cxema A).

Cxema A

Havano npoyecca
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ME 0CTAHOBMJIHChH HA PEAIH3ALMH AJrOpU(pMOB YMHOKEHHS
U feseHds Ha o6uuHOM apudmMoMeTpe, TaK KaK MBI 3eCb HMEeM
JOBOJILHO TUIMYHBIE NpHMEp peajns3aluy aJjropudma pelieHus
3anay. Ilpomecc BBIYHC/JEHHSI paclafiaeTcs Ha HMHKJBEL B cjayuae
YMHOXKEHHSI — HA IHUKJIB YMHOXEHHS Ha OAHY LHU(QPY MHONKH-
TeJisl, B CJAydae JeJeHHs — Ha UMKAB s ONpejeqeHHs OJHOl
undpsl uactHoro. Kamawlii LUKJI, B CBOIO OYepe/b, pacnajaercs
Ha TOBTOPSIONIHECS TMOMIHUKJIE, COCTOSIUIHE M3 OTJEJAbHHIX CJO-
EeHMII WJIH, COOTBETCTBEHHO, BHUHTaHuil. B ciaywae pemenus
YHCJIO TOAUMKIOB (BEUHTAHMI) B KAXKIOM LHKJIe 3apaHee He-
H3BECTHO.

[TepBoit 3amaueii B 00/aCTH aBTOMATH3ALMH BHIYHCJIEHHH
GbliIa 3aJja4a aBTOMATH3allMH BHITOJHEHUST ONepaluil YyMHOXeHus
u jgejenusi. Briepseie OHH GBLIM OCYIIECTBJEHB B apudmomerpe
UeOnniea. ITOT apupMOMETP, B OTJIHYHE OT OOHIYHBIX, 06.a-
N/l CNeNUAIbHEM KOJECHEM PECUCTPOM MHOMKHTENS: ecn [-s
uugpa MHOMUTENs paBusjack @; TO [-e nupposoe KoJaeco
VCTAHAB/AMBAJIOCH B NOJIOKEHHH @ Ilycth MH yie yMHOMHJIH
Ha BCE NMpemblayiie LUUGPb MHOKHUTEA W IEPEUIH K YMHO-
weuuio Ha [-10 mudpy (T. e. K cepun jgo6aB/ieHHli COOTBETCT-
BEHHO CABHHYTOrO MHOMKHMOro). Ilpu KampoMm TakoMm pobasie-
Huu ([OBOpPOTE pPyuKH apudmMomMeTpad) NPOH3BOANTCS BBIUHUTAHHE
1 w3 [-it qudpe mMHOMKUTEIS, T. €. [-e paspsaHoe KO0/eco Mo-
3UIME 3aHHMAeT IOC/JIeJOBATENBHO TNOJOXeHus S$=a; a;—1,
a—2,...,1,0.

Korzma 3to xoseco (mociae a-KpaTHOTO A06aBJICHUS MHOMH-
MOr0) 3aHUMaeT Mo3uiuio § = (), MamluHa aBTOMATHYECKH Mpe-
Kpauaer n100aBJsiTh MHOXKHMOE W CABUTAeT €ro Ha OJHH paspsj,
1ocJ/ie Yero HauuHaeTcsl TOBTOpPEHHe Ipolecca yike s cje-
ayiomero (I -+ 1)-ro paspsiza MHOKHTEJIsI.

Jst Toro uToOH BHNOJIHATE YMHOMKEHHE, MallpHa J0JKHa
YMEThb pearupoBaTh Ha IO3HLHIO S COOTBETCTBEHHOTO Pa3psiaHOTO
perucTpa MHOMKHTEJAA: B 3aBHCHMOCTH OT TOTO, MMEEM JIH MBI
s >0 wm s =0, Mamuna MepexoAuT K TOMY HJIH HMHOMY IIpO-
JIOJDKEeHHIO Xoja onepauuu (cxema B).

AHa/IOrHYHO, aBTOMATU3ALHUS JeIEHNsI TTPOUCXOJUT HA OCHOBE
cxemsl A. Mamuna Jo/DKHA YMETh pearupoBath Ha 3HAK OCTATKA,
4TOOH BHIOMPATH TO WJIM JPYTOE TMPOJOJIKEHHEe XOHA ONepalu:
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eCJIH OCTATOK IOJOXHTEIbHHI, Ipomo/KaeM IIpOH3BOOHTE BLI-
yHTaHHE, eC/JIH OCTAaTOK OTPPI[IaTE.TIbeIﬁ, NpOH3BOAHM CJOKEHHE,
CABHI, MOCJE Yero nepexoJinMm K GIenyomeMy THKTY BBLIYHTALHIH.
3}16(:]_1 MBI BCTpeYaeMCHd C pa3gemeneHiuem BblHICANMENL-
HOZ20 npoiecca, CTONb XapPakKTepPHBEIM JLJIs1 pELLIEHPIFI MHOIHX Ma-
TeMaTHUYeCKHX 3amad. HMmenno wnaauune 3THX pa3BeTBHEHHﬁ
H COCTaBJAJO TY TPYIAHOCTb, KOTOPYIO B CBOE€ BpeEMs IIPHILIOCH
IpeomoJeth IPH CO30aHHH aBTOMATHUYECKHX apHQNﬂOMeTPOB.
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nepexod

3aMeTHM, 4TO MPOHM3BOACTBO ONEpPALHi YMHOMEHHS H JAeJe-
HHSI UPE3BHUANHO YIPOINAETCs, €CJAH TepeiiTH K JBOUYHOH
cucteMe. YMHOXKEeHHe CBOAHTCS K IOC/IeA0BaTeJbHOCTH CJONE-
Uil 1 caBHroB. Kampwlil paspsg MHOMKHTEJNS MOXET IPHHHMATE
jaBa 3navenns: 0 m 1. B mepBom cuayuae MBI Cpasy CABHraem
MHOXKHMMOE Ha ONHH paspsii, BO BTOPOM — CHauajda noGasisem
MHOXHMOE, 3areM caBuraeM. [lpum pgenenunm uckKoMmas uH(pa
YACTHOTO ONPEJESIeTCsl CPpas3y 1O0C/He BEIMHTAHUSI M3 TPEBILY-
Eero OCTATKA COOTBETCTBEHHO CABHHYTOIO JE@AHTE/si: €C/IH
HOBEIfI OCTATOK MOJIOMKHTEJSeH, TO IHudpa paBna 1, ecjad OTpH-
natesnen — pasna 0. IToxpo6uee 06 stom cm. § 11.

Vnomsnem o JPYTHX BCTPEYAIOUWMXCHA [MPHEMAaX YMHOMKCHHA MHOI'O3Ha4-
HBIX YHCEN B JECATHUHOI CHCTEME.
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1. MMopaszpsajioe ymHOMXEHHE, NPHMEHAEMOe B PYYHOM c4eTe, OCHOBaHHOE
Ha NpHMEHEeHHH TalMuilel YMHOMKCHHS OfHO3HAYHBIX Yucen, ClOWKHOCTL ero
peanH3alMH BHITCKAET H3 I'POMO3JKOCTH TAGMHIBl YMHOMWECHHS B JIECATHUH O
cucteme. Takoil cnoco® ymMHOKeHHs OblIL MPHHAT B HEKOTOPHIX PYUHBIX BH-
YHCAUTENbHBIX MallHHAX (MamHHa ,MUAMHOHEP*) H B TAK HA3LIBAEMOM , MY.b-
THILICEpe® (MalHHe U3 KOMIUIEKTa CYeTHO-aHAMHTHUYEeCKHX MaumuH, cM. § 3).

B nponunofl cHcTeMe MeTON MOpPa3pAfHOrO YMHOMEHHS H MEeToj Hocie-
JlOBaTENbHBIX CAOKEHHH €O CABHIAMH COBMAAIOT.

2. ¥YMHOMEHHE, OCHOBaHHOE Ha TeX WJAH HHHX (OpPMax MNpelcTaBleHHs
MHOKHTENS HJIH OTAENLHBIX €ro uudp mo JBOHYHOH H TPOHYHOIl cHCTEeMe.

Ecnn yneno A npencraBicHo Mo nBOHYHON cHCTEME B BHue

n
A=YV ap2* = ((-++((@n-2 +ap_y) 2+ap_s) 2-+---+ay) 2-4a) 244
=) )
TO YMHOMEHHE HAa A CBOLHTCA K CEPHH CTOKEHHil M YIBOCHHII, T. €. TOXKE clo-
WeHHH (uMcna ¢ camuM coGoii), OCYLIeCTBAAEMLIM Ha YHCTO CYMMHpYIOLIEM
yerpoiicTBe.

OnuH M3 BapHAHTOB TPOHYHOrO MNpejacTaBieHus LMdp MHOKHTEIS OCY-
mectened B Mammpe ENIAC: kawmpaa jecaTuuHas uugipa npejacrapieHa
B Buje gy 1 -} ¢;-3 -} 24-6, rme g, &, & pasup 0,1 wnn —1. Kawpoe uucno
A npencrasumo B BHue A = Ay 34,4 64,, rie B pecatwuHom usobpa-
wennn Ay, Ay, Ay Betpeuamwrtes gk uudpsl 0,1 u—1; ymuomenne na Ag
A, A, cBOnMTCA K cepuu noGaBreHmil MM BLIYHTAHMIT MHOXHMOTO.

§ 3. CHETHO-AHAJIMTHYECKHE MAUIWHDBI

CrenyiolmiM 5TaloM B jiejle aBTOMATH3aUMH BBHIYHUC/JIEHHE
OBLIO co3fanue (B Hauvale HAaCTOSALLErO CTOMeTHs) mepdopaunoH-
HBIX WJIH CUETHO-aHAJTHTHYECKHX MamuH. Ilpeanayniue cyeTHHE
MAaUIMHBL CJAYXHJH JJs BHIIOJHEHHs HHAMBHAYAJbHHX JeHCT-
BHI — OHM TpeOOBaIH KaxAHIl pa3 3ajanus Ha MallHHe Tex
qHceJ, Haj KOTOPHMH TPOH3BOAMIOCH pefictsue. B mepdopa-
UHOHHBIX MAalIMHAaX MPOUEeCC 3aJaHHs 4YHCEJ, HaL KOTOPHMH
CoBepLIaeTcst omepauusi, OLLT BIEpBHE OTAEJEH OT Ipolecca
onepanuu. Yucaa KOAMpOBAJHCH CHCTEMOIl MPOGHBOK Ha nepdo-
KapTax — KaxIoH uMdpe HEKOTOPOro paspsia OTBedaJa CBOS
MOSHIHA NPOOMBKH B COOTBETCTBEHHOM CTO./IOLE nepdOKapThL.
Bce unciioBhie naHHHE 3apanee KOJHMPOBAINCH Ha TepdoKapTax;
TOYHO TaK M€ OTBEPCTHAMH H4 HHX KOIHPOBATHCH H 0COOHIE
CUTHAJILL YIpaBJAeHHst MaluHoil. Maccus mepdoxapT 3axaIamH-
BAJICA B Malluny, HepdOKapTHl IOC/AELOBATEJLHO HOCTYIATIH
B BOCNIPHHUMAIOUHE YACTH MAIIMHH, KOTOPAas COOTBETCTBEHHHM
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06pa3oM pearnpoBa/a Ha HaJHYHe HJIM OTCYTCTBHE IPOGUBKH
B nepokapTe: HanpuMep, B 3JEKTPOMeXaHHUECKHX mnepdopa-
IHOHHBEIX MAIIHHAX MPOXOMKJIEHHE OTBEPCTHH NepOKapTH B BOC-
IPUHHMAIOLIEM YCTPOHCTBE BLI3LIBAIO MOABICHUE SJIEKTPHIECKOr0
cursaga, mnocrynaiouero B paboune dacTH MmamuHb. Kaxnas
nepdoxapra Hec1a TaKHM 06pasOM CHCTEMY ,KOMaHa“ MaminHe.
B cueTHo-aHAJIMTHYECKHX MAalIHHAX Obl/a OCYIeCTB/IEeHA CXema
yIpaBJeHHs! IOCPeACTBOM KoMMmyTauuid. B ocnosnoil, Hampumep,
MAIOMIE M3 IUKIA CUETHO-AHAJMTHUECKHX — MHOrOCUETUHKO-
BOH CYMMHpYIOIIEH MallHHe-TabyasTOpe — CHIHAJH, NoJayvae-
MBI€ OT MPOILYIBBAHHS OTBEPCTHH B KaxIOM ctosbue nepdo-
KapTh, MOryT GHITH Hampas/ieHH B Ji060i paspsn J060oro us
CUETUYHKOB, UTO JOCTHraeTcss COOTBETCTBYIOIIEH KOMMYyTaluen
(koTOpasi oCymEeCTB/asIach mepej nauaaoMm BHuucaenuii). Takas
HeHM3MeHHasi B XOJE BCEero Mmpolecca BHYHUCJACHHH KOMMYTAIUHs
OKa3aJach HEJIOCTATOUHO TI'HOKON: HPHILIOCH JONOJHHTENBHO
BBECTH [PUCNIOCOG/IeHHe, KOTOpoe MO0 OBl peasn3oBaTh pas-
HHE BAPHAHTH HAIPABJIEHHS CUTCHAJIOB, MOJYyYaeMBIX OT mepgo-
KapTH, B 3aBHCHUMOCTH OT HAJIH4YHs WJIH OTCYTCTBHS ClenHa.lb-
HHX 1po6uBoK. OcCyimecTBHB BCe KejaeMble KOMMYTallHH
M HanpaBUB B MAaIIMHY MacCHB nep(OoKapT, 3aCTaB/IAIOT MALIHHY
BHIIOJHATH TPEIYCMOTPEHHYIO TOCIEJ0BATENBHOCTE ONEpanui.
CueTHO-aHAJUTHYECKHE MAIIHHH BO3HHKJIH KaK MAaLIHHH,
O6CIYKUBAIOIME HYKAB GyXraatepud, CTaTHCTHKH, yuera. [lo-
3TOMY B CBSI3H C MOTPe6GHOCTBIO 3THX 00/14CT€H MPAKTUKH paHblIe
BO3HUK/IH CYMMHPYOIIHE MALIHHB ¥ JHIIb TOTOM YMHOXKAIOIIHE.
OnHOBpEMEHHO C MAIIMHAMM JUIS BHIIOJHEHHs1 apudpmerH-
YeCKHX AeHCTBHH BO3HMKJIM nepdopamHoOHHEe MaulHHel (Cop-
THPOBAJBHHE, PACK/IaJ0YHbIE),  BHIIOJHSOIME  JOrHYEeCKHE
onepanun: KjaaccuduKauyH, pacroJjoxeHus neppoxapr B Onpe-
JIeJIEeHHOM TopsiiKe, BHOOPKH M T. N. be3 BHIOJHEHHS pPeasH-
3yeMBIX HA TAKHX MAalIMHAX Onepauui, CBA3LIBAIOUUX MEXIY
coboit apudmeTniecKHe AeHCTBHS, HEBO3MOXKHO MEXaHU3UPOBATH
pelieHHe Aayce CPaBHHUTEJIbHO HECJHOXKHBIX 3a1a4v, ¢ KOTOPLIMH
NPUXOAUTCS HMETH JEJ0 B YKa3aHHHX BHIIIE 06/1aCTAX IIpaK-
THKH. _
Kak 6BLI0 BLISICHEHO BEILIE, JI/IsI 4BTOMATHYECKOTO MpOH3-
BOJICTBA BHIUMCJGHMI MAIIHHH JOJ/KHBL IPOH3BOJAHTEL ,Pa3BET-
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BJAEHHs“ Tporecca, T. €. BHOHpATh, pearHpys Ha TOT HJIH HHOMH
NpPH3HAK, COOTBETCTBEHHO TO WJIH JPYroe MPOJOJIKEHHe BHIYHC/TH-
TEJBHOTO Ipolecca.

PaccmoTpum, mnampumep, Inpouecc O6pasoBaHHs CyMM Ha
cyeTunKax TabyJsToOpa, CK/ANBBAOIEX YHCAA, MOCTYHAlOLHe
¢ nepokapr. Ilocre mpoxoxnenus: nepdoxapTel B Taby.ssTope
BO3MOXHH JBa MNPOAOJNKEHHs pabOTH ero CYETUHKA — HJIH
K 00pa3oBaHHOMY B HeM UHCIYy A00aBHTCS UHCIO, KOTOpoe
NOCTYNHT €O caexyomei mepdokapTe (1poxo/LKeHHe Ipolecca
HAKAIJIMBAIONErOCs CYMMHUpPOBaHHsi), HJIM JK€ CYETYHK 1ora-
maetcss (IepexoAnT B MOJOXKEHHEe HYJAb), NpHUYeM CTosIee
B HEM YHCJO — HTOr TNPOIecca CyMMHPOBAHHS — Iepexaercd Ha
Bux0a (B mnewartaomee wuix nepdopupyomee yCTpOHCTBO).
TTpuaiakoM, ONpeneasioNUM TO HIH HHOE NPOAO/KeHHe paboTH,
SBJSIETCSI COBNAJEHHE WJIM HeCcOoBNajenne NnpobuBOK B OIpeje-
JIeHHOM cToJsibue mnepdoKapT, KOTOPHIMH OTJAHYAIOTCA PA3HBIEC
cepun mepdokapT. TOT NPH3HAK BOCIPHHHMAETCS MAIIHHOH IpPH
CHHXPOHHOM IPOLIYTIHBAHUH ABYX mepdokapT — yxke cpaboran-
HOH M mocrtynaiomeil B paGouyi uacTh mMaumuue. Ilpu cosna-
JeHUH NPOOGMBOK B COOTBETCTBEHHOM MecTe 06eHx mnephokrapT
IPOIECC HAKAILTHBAIOMIETO CYMMHPOBAaHHMA MPOAOJIKACTCH, MPH
HECOBNAJEHHH OH 3aKaHYHBAETCs M HAYHHAETCS HOBHI Npolece
TAKOT'O CYMMHPOBAHHSI.

JIsi ynpaBieHusl MallHHOH HCHOOJB3YIOTCH TaKikKe CIenHanb-
HEle TO3HUIHH HepdOKapT: HNPHCYTCTBHE HJIH OTCYTCTBHE 3THX
npoOGHBOK BH3HBAET TO MWJIH JPYroe COCTOSIHHE IOABHKHOMN
KOMMYyTalHH.

Taxkum o6GpasoM, ,CuuTaloue” MallHHBl KOMILICKTa CYeTHO-
AHAJHTUYECKHX MAIIHH BEIIOJIHAT HEKOTOPHIE JIOTHYECKHE Olle-
paluH.

OpHako, B GOJBLIMHCTBE C/AydaeB, STHX JOTHYECKHX omepa-
M OKA3HBACTCST HENOCTATOUHO JUJIs TPOBEAEHHS HYKHOTO
pacuera u TPUXOAUTCS MNpHOEraT K CHEUHAJbHHIM MalldHaM
JUIS BLIDOJIHCHHsT JOrHuecKux ounepanuil. Tak, nanpumep, yno-
MAHYTAs paHbllle COPTHPOBAJbHAA MaIIHMHA PACIpEeeaseT Mac-
CHMBH Tep(oKapT Ha YaCTH; INPH3HAKOM MPH pacrnpemneeHun
ABJASETCSI MeCTO NpOGHBKH B ONpPEIEJeHHOM CT10J61e mnepdo-
KapTh. OTH MAlNIHHB BHIIOJAHSIOT OCHOBHYIO pa6oTy MpH
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00pa6GoTKe CTATHCTHUECKHX JAAHHHIX M BAXHYIO BCIOMOIaTe/b-
HYI0 pOJB HOPH APYLHX pacueTax.

Packsmanounasi MallMHA TPOWU3BOJHMT OIEPALHI0 CPABHEHHS
MHOTO3HAYHBIX YHCE/JI Ha pasHbBX nepdokapTax B OIpPeLeCHHOM
MeCTe M pe3yAbmam 3moz0 cpasHeruss (OJHO H3 IPOTHBONO-
JIOXXHHX HEPABEHCTB WJIH PABEHCTBO) SABASCMCS MeM NPU3HA-
KOM, KOMOpbliL onpedeasiem OaAbHenulee OBUNCCHUE IMUX
nepgoxapm.

Jlajsee BO3HHK BOIPOC O (PMKCALHH IIPOMENKYTOYHHIX OTBETOB
B Tako# ¢opme, 4TOOBI- OHH CHOBA MOIJIM NOCTYDATh B MalIMHY
AU panbhefimeir pa6oTel. B CBS3H € 3THM MalIUHB GBIIM CHAO-
KEHBl MPUCIOCOOIEHHAMH, BHIAIOIUMH OTBETH B BHIE CEpHU
Npo6HBOK Ha TaK HA3HBAEMHIX ,HTOTOBHIX mnepdoxaprax“. HMro-
rosue 1nepoKapTH ABAAIOTCH OJHOI 13 POPM COXpaHEHHS] YHCE/
(mpOMEXKYTOYHBIX PE3YJbTATOB PaGOTH) B MAaIIHHE.

[Ipomecc BHUMC/IEHHI HA KOMILIEKTE CUETHO-aHAJIHTHYECKHX
MALIUH He SBJAAETCH, KaK IPaBH/IO, BOOJHE MEXaHH3HPOBAHHBIM,
oH TpeGyeT Ha OTHEeJbHHIX 3Tanax BMeIUaTeJbCTBa 4YeJOBeKa.
Takoe BMENIATENLCTBO HYIKHO He TOJBKO IIPH MEpexoie OoT
3Tana BHYHCJAEHHS, OCYIIECTBJIfEMOro OJHOH MAIIHHOH KOM-
IIeKTa K APYrofl, HO W IPH BBOJE HUTOrOBHX TNepdoxrapT m/is
najgbHeieid paGoTH HAj COAEPKALMMUCH B HUX YHCJIaMH.

Bosee mnoamnne CYETHO-aHAJUTHYECKHE MAlUUHBL 068141
3AMOMHHAIONIHMH YCTPOHCTBAMH JIIsT XPAHEHHSl UMCeJ B CaMoi
MalluHe: TAKMMH OBJIH YCTPOHCTBA A/l XPAHEHHS] KOHCTAHTHI
(MMITyIBCATOPHL), @ TAKWE CUETUHKH Taby.1aTopa, HE Yy4acTBY-
[OLHE HENOCPEACTBEHHO B BHYHMC/IGHHSIX — OHH HCIOJb3YIOTCS
JUIS XpaHeHus: B HUX 4YHCeJ, HOCTYNalouMX B IIPOIECCe BBITHC-
JeHUH U B HYMKHBIl MOMEHT HepegaBaeMHX B JPYrHe CUETUHKH.

KoMmIeKT cueTHO-aHAJIHTHUECKHX MAIIHH MOT BHIOJHSATH BCE
Te onepaiun — apupMeTHYECKHe, JorHieckue u QuKcaluy (3amno-
MUHAHHS) MPOMEKYTOUHBIX Pe3y./bTATOB, K CEpHH KOTOPHIX CBO-
JATCS pellieHne BechbMa GOJBIIOrO YHC/AA MATEMATHYECKHX 3amad.
Onnaxo 3(hpeKTHBHOCTL UCHOJL30OBAHUA ITUX MAIIHH JJsT pele-
Husi 6oJiee CJAOXKHBIX 3agau CHHIKAJIACh HEOOXOAHUMOCTBIO JIPO-
GUTL MpoLecC BLIYMCAEHHS 4acTO HA OdYeHb KOPOTKHE NOANpPO-
1IeCCH, BHIOJIHSEMBIE OTACJBHEIMH MAIHHAMH, 8 TAKXKe MAaJBIM
06b€MOM BHYTPEHHEro 3anomuHaouiero ycrpoicrsa. CueTHo-
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AHAJUTHYECKHE MAIUMHEL [IPUMEHSIMCh [JI4BHHIM 06pasoM Ipu
MacCOBOM pellleHHH OJHOTHIHHX 3axad. Pemenue Kammoil w3
HUX CBOJAWJIOCH K CEPHH 3TANOB BHUHC/JAEHUI, BHIMTOJHSIEMBIX
OTACJMBHEIMH MAIIHHAMHU KDMHJI@KT&, HpH'—IeM Kaxmasa us OqHO-
THITHBIX 34]1a4 OJHHAKOBEIM 06pa3oM pa3GuBaJiach HA OLHOTHIIHEIE
sTanbl. Bech MaccHB pelaeMHX 3a1a4 NPOXOANI TTOC/IEL0BATE b=
HO Yepe3 3TH 3TANH BHUHC/AEHHIL.

Jlast Toro 4to6H OfHA MAaNIMHA MOIVIA [OJHOCTBIO PpelaTh
MaTeMaTHUYeCKHe 3a7auyl, OHA JOJIKHA, BO-NIEPBHX, GHTH arpe-
raToM, CHOCOGHLIM TPOH3BOAHTL BCE Te 3JEMEHTApHHE apud-
MeTHYECKHE M JIOrM4YeCKHE ONepalHH, K CepHH KOTOPHX CBO-
JTUTCSl PeIleHHe 3aJaYH M KOTOpPHIE BHIMOJHSIOTCS Pa3JHYHBIMU
CUETHO-AHAJTHTHYECKUMH MAIIHHAMU; BO-BTOPHIX, 06JaJaTh 10CTA-
TOYHO OOBEMHHIM 3aIIOMMHAIOLM YCTPOHCTBOM, YTOOBI XPAHUTH
BC€ BBEIECHHLIE W BO3HHKAIONIHE B MPOLECCe BHUHCJIEHUH UHCJa,
HYKHBE JJs1 ITIPOJOJKEHUS XOJa BHYHCJAEHHH; B TpPeTbHX,
HEOOXOIHMO, YTOOE MOMKHO OBLIO ,HACTPOHTH® MANIMHY HA
peureHune TOH 3amayd, T. €. 3aCTABHTE €€ BHIIOJHHTL I10CJIe-
JIOBaTe/JIbHO BCE ONEpalMH, H4 KOTOpHe pelleHHe 3ajaun pac-
najaeTcs.

§ 4 ABTOMATHYECKHE BBIYUCJIUTEJIbHBIE MAILMHbBI

[lepBasi mo Bpemenu Takasi MallHHA, TAK HA3LIBA€Mas Ma-
wuHa Mark I, sanpoextuposannas B 1937 r., mpexcrasJjsiia -
coboit arperar, COCTOSIIMH B OCHOBHOM M3 CTAHAAPTHHIX
6JOKOB  CUETHO-aHAJHTHYECKHX  MAIIHH, COAep¥alui 72
23-paspsAIHBEIX  CYyMMHPYIOIHMX  YCTPOHCTBA, MHOMKHTEJIBHOE
H JeJUTeNbHOe yCTPOHCTBA, OJOKH ISl CHEIHAJBHBIX ONepalHil
(nmorapudmupoBanne, MOTEHUHPOBAHHE, BHIUHCJAEHHE CHHYCA,
MHTEPHOJALNA) U 610K yrpaBiaeHus. CUeTUHKH CYMMHUPYIOMIHX
YCTPOIICTB BHINOAHAIN TAKKE pOJb 3AMOMHHAKIHX YCTPOUCTB
JLIST X paHEHHS IIPOMEXKYTOYHHIX Pe3yJ/bTATOB BHUHCIEHHUI: KpOMe
TOro, MallHHA HMeJa HEeCKOJIBKO [eCATKOB CIELHaJ bHO 3aro-
MHHAIOUIUX YCTPOHCTB.

Pemenne 3agaun CBOAWIOCH K TOC/AENOBATEJBLHOMY BHIIOJ-
HEHHIO Omnepanuii pasHbIMH 6JIOKAMH MAlIMHHEL. YTIpaB/JeHHe
JOJKHO OBLIO, C/IeOBATENbHO, 3aKJI0UATHCH B MOCIEI0BATE/b-
HOM BKJIOUEHHH 3THX OJIOKOB U Iepemaue pe3y/bTaTOB C OJHHX

16



7

Ve 7 s 8

6710K0B Ha gpyrue. Ilostomy /s pemienusi 3agaud HeOGXOLHMMO
OBLTO CKOMMYTHPOBATH COOTBETCTBEHHO OJOKH MEXJIy COOGOI.
Opnako 3Ta KOMMYTanusi HE MOIJA OCTABATBHCS HEH3MEHHOH BO
BCe BpeMsl mpouecca BHUHCIeHuii. Hanpumep, MHOmHTENBbHOE
YCTPOHCTBO MOTJIO HEOZHOKPATHO BKAI0YATHCS, NpPHYEM B OAHOM
c/aydae TOJyueHHOe [pPOH3BeIeHHe MOIVIO MOCHJIATLCH B JIE/IH-
TeJbHOE YCTPOHCTBO B KaUeCTBe Je/JHMOIO, a B JPYroM, CKAXKEM,
B cymmupyomee. [lostomy Heo6xoanMo OLLIO 06eCHeYdTh
THOKOCTh KOMMYTallHil, KOTOPHE YCTAHABIHBAJINCH OBl H MEHS-
JUCb B Ipolecce BHYHCIEHHH. DTO NOCTHraJoCh BBEJEHHEM
IEeHTPAaJbHOTO YIPABJEHHS, Y€pe3 KOTOPOe CBSI3BIBAIUCH MEHAY
coboit ormenapnue O6aoku. [lomaBaemasi B MallMHY KOMaHma,
cozepikallast KOi onepaunu H Koas (,agpeca“) asyx O6JIOKOB,
BOCIPHHUMA/JACh MAIIHHOM, YTO IPHBOAMIO K COOTBETCTBYIOLIEH
KOMMYTAlHH, oOOCeclneuuBaiomel MNOCBIKY YHCJIA M3 [HepPBOro
6/10Ka BO BTOPOH M BHIIOJHEHHE IOCJHEIHHUM 3aKOIHPOBAHHOM
omepanuH, pesyJabTaT KOTOpOH ocTaercst BO BTOpoM GJ/0Ke.
Komanna wumesa samuch Sof, rae S — xox omepamun, o u 8 —
ajzpeca nepBoro U BTOporo 6JI0KOB, H 03HAYA/4: HAPABHTD YHCJIO
u3 6;10Kka o B 6JOK P, BHIOOJHHTH HAJ HUM omepanHio S u pe-
3yJIbTAaT COXPaHUTh B OjoKe PB.

Kopmamn omepanmit um xomamu (,amnpecamu“) GJIOKOB OBLIH
yhc/aa, 3anucaHHble Ha nepdosente B BHAE CEPHH IPOOHBOK.
3necb MB HUM€eM I[pHMep TaK Ha3hBaeMOro JABYXamapeCHOro
KOJIa, KOrJla KOMaHIa CONEepIKUT JABa agpeca.

Bce pemenne 3amaud pacrpeje/ieHO Ha 3/JEMEHTApHHE ore-
paluH, BHIOJIHAEMBIe GJOKAMH MAalIHHBEL, H ,POrpaMMa‘“ s3Toro
peulenusl 3aK/JI0uaTach B TOCIEJOBATEJNBHOCTH KOMAHI, 3aiH-
CaHHHIX Ha mnepdoJeHTe M BHI3HBABIIMX [OCHVIKM YHCEJT M3
ofHHX 6/10KOB (uacteil MANIMHB) B JPyTHE 51 BHIIOJIHEHHS!
II0C/Ie THUMH COOTBETCTBY 101X onepanuil. [1pu nenxennu nepdo-
JIEHTH KOMAHALl IOCJAEJ0BATEIbHO BOCIPHHUMAJHCH H BHIIOJ-
HSIJIHCh MAIIHHOM.

CocraBrenne mporpaMmbl, a 3aTeMm 3anHuch ee B dopwme,
BOCIPHHHMAEMOH MAaIMHOH, HanpuMep, B BHAE CepHH NPOOHBOK
Ha nepdoJente, A48 HEKOTOPHIX 3a1au SIBJASETCS IEJOM CTOJIb
TPYAOEMEHM, YTO MOXKET IIPONacThk BCH BHIOAa OT aBTOMATHUE-
CKOrO BHIIOJHEHHsi CAMHX BHuMc/eHui. Bosee Toro, BO MHOrHX
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cryuasX TOT MJAH HHOH XOA NPOAO/RKEHHS BHYHC/IHTE/JILHOTO
Iponecca 3aBHCHT OT XapakTepa IMPOMEXkYTOUHBIX pPe3y.bTaTOB,
3apaHee HEH3BECTHHIX.

Boinie MH ykasajd, YTO 4amie BCero Bech ajaropudm pemie-
HHSI 3aJlaudl  pacnafgaeTcss Ha LHKJIH IOBTOPSIOLHXCS Cepuit
onepanuil, KOTOpHE B CBOI OuY€peAb MOTYT pa3OMBaTbCs HA
Gosiee me/KHE UHMK/IB, H T. O.; YHCJIO IHKJIOB, HAa KOTOpPHE
pacnajgaeTcsi BeCb ajqropudmM, HAH NOMIHKIOB B HUKJIC U T. .
MOKET HHOTA ONPENe/AThCH JHIUL B XOHe pelIeHUs 3aauu.
[lpuBeseM B KauecTBe HOBOTO NPHMEpPA pelIEHHE ypPaBHEHHS

: x = f(x)
MeTOAOM HTepamuu. MCxons 3 HAuAaAbHOrO 3HAUEHHS X = X,
CJAelyeT CTPOHTH IIOC/IENOBATEJBHO S3HAUEHHST X = Xy, Xg,...,
Xy Xp 415005 DHE X, = f (x,). DTOT TMpouecc crepyer mpo-
JOMKATh JO TeX IOp, NOKA He COBOAAYT C TOMHOCTBIO JIO
safanHoro uucaa e > 0 JBa NOCIENOBATENBHO IOJAYUEHHEIE
3uavenusi x, u X, ., =f (x,), 1. e. moxa [f (x,)—x,| ue
CTAHeT MeHblle e, WIH NOKAa a = |f (x,) —x,|—e uwe craner
menbume 0. YHCIO 7 HTEpAlMil, KOTOPHE HAA0 IPOUIBECTH,
3apaHee, CJeI0BaTe/]bHO, HEH3BECTHO.
[Mosaras mepBoHAYaNbHO X = Xy, MH JOJDKHH TPOBOJUTE
BBEIUHC/JIEHUS 10 CJAenyIonel cxeme:

A — 110 33a1laHHOMY 3HAYEHHIO
x uafitn f (x)

B — natiti a = [f (x) — x| —
—g, 3HAK @ Ompene uT
naaeHedmuii xon mpo-
necca: npu @ < 0 mpo-
1ecc BHIYUC/IeHHN 3aKaH-
yuBaercs, npu a > 0
NOATOTOBJIACTCHA  IHepe-
X0l K caenylomeil ure-

|
I azo i
ljjj pauuu

C — x samensiercss Ha f (x)

a<{o
kowey

,[[a.flee NPOHCXOAHT BO3BpAlleHHE K Ha4Yaay, T. €. INOBTO-
peHue BCero IHK/JIa BHHI/ICHGI[H]?I, HO C APYTrHMH HavaJbHBIMH
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JaHneMH. Ecam BHAuae HCXOAHBIM 3HAUEHHEM OBLIO X == X,
TO MOCJTE MEePBOro IPOLEecca HTepaudu MH IPHAEM K 3HAYEHHIO
X = x; = f(x,), mocie BTOPOro — K 3HAYEHHUI0 X = X, = f(X,)
U T. 1., noKa He noayuum |[f(x)— x| —e < 0, na uem BHUHCIE-
HHE OCTAHOBHTCSI.

[Tporpamma mo/kHA IHpefyCcMaTpHBaThb: NPOBEIEHHE TOC/Ie-
JOBATEJIHOCTH BHYHC/JIEHHsT atanoB A u B; jpanee, B 3aBHCH-
MOCTH OT 3HaKa @ = |f(x)— x| —e, ona JOJ/KHA IpenycMaT-
pUBAaTh JBa BO3MOXHHX JaJbHeHINMX Xoja mpouecca. B oxnom
ciyyae — MPeKpPaTHTh BHYHC/IEHHS, B APYTOM — NEPEHTH K 9Tamy
C (3amena MCXOJAHBIX JAHHBIX), MOC/JE YEero BEpPHYThCS K INOB-
TOPEHHIO MpOIecca € yiKe HOBBIMH HCXOJHBIMH AdaHHBIMH. Jlasi
TOro 4TOOH HMETh BO3MOXKHOCTH OCYIIECTBHTH TAKYIO CXEMY
BHUMCJIEHHI, MalllMHA MOJIKHA pearupoBaTh HA 3HAK YHCIa &,
onpenejss TO WM HMHOE MHPOAOJIKEHHe Tpoiecca (mosiBIeHne
TOrO WIH APYTOr0 3HAKa NOJIKHO BEI3BATH TY HJM JAPYTYIO KOM-
MyTaimio). Jlatee JOMKHO OBITH NPEAyCMOTPEHO BO3BpalieHHe
OT ONpeeJeHHOr0 sTama nporpaMmel K Gojee panuemy. 10
JIACT BO3MOXKHOCTh PeaJH30BaTh pelleHne 3a4a4, PacnaiaoIinxcs
HA LHKJHL.

Jlst peaqu3anuy UMKIHYECKHX MOBTOPEHHH B MEPBHIX YHH-
BePCAJSbHHX [H(PPOBBIX MAIIHHAX BBOAMJIHCH CHEIHAJBHEE
yerpoiictBa. Tak, B ynomsinyToil Mmamuse ['apsapackoro yHHBep-
cutera Mark [ mapsimy ¢ OCHOBHOH NpOrpaMMOH BLIUHC/IEHHI,
3aKOAMPOBAHHON B BHIe NPOOGHBOK Ha nepdoJente, BBOAWIACH
MECTHHE [POrPaMMH, 3aKOJHPOBAHHHE Ha JPYTHX InepdoJen-
Tax. /s NOBTOPSIOMMXCS IHKJIOB Olepaldii MecTHBEE I1po-
rpaMMB KOAMPOBAMHMCHL Ha 3aMKHyTO# Jaente. Oco6Hil KO Ha
OCHOBHOH TIpOrpaMMe BBOJMJ B HeHCTBHE TAKyl0 MECTHYIO IIpO-
rpaMmy.

B nepsoii amextponnoii mamune ENIAC mpis anaxoruuHoi
HeqH CAYKHIO CHEelHaTbHOe 3/JIeKTPOHHOE YCTPOHCTBO, pea-
JU3yIOIee BO3BpalleHHe K Hauya/aly BBHIYHC/ICHHS IHKJIHYECKOro
nponecca; Ipyroe yCTpoicTBO peaan30Balo pasBeTBACHUS BEIYHC-
JHTEJIBHOrO IIPOIECCa B 3aBHCHMOCTH OT BHIPaGOTAHHOrO Ha
onpeneJeHHOM 9Tane BBYHCJTEHHH [pH3HAKA — 3HAKA YHCTIA.
B 310# ke MaluHe ChHelnHa/J bHOe YCTPOICTBO 3aCTABJAIO IMOB-
TOPSITH BHIOJHEHHE IHKJAA 34JaHHOE YHCIO pas.
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JlaspHefiimuM — eCTeCTBEHHBIM pPasBHTHEM aBTOMATHYECKH X
BBEIMUCIUTENBHEX MAIIHH OBLIO yBeJHYeHHEe 00beMa 3alOMHHA0-
IMHX YCTPOIHCTB M yCOBEPLICHCTBOBAHHE YIIPABJAEHUSI B CTOPOHY
Goabineir rubkocTH. Boapmiag ruOKOCTE YNpPABIGHHS 1OCAELY-
IOLAX MAIIHH TO3BOJIHIA, MEXAY TPOUHM, OCBOGOIHTBCA OT
Haqauuusi GJOKOB M TAKHX Olepauuil, Kak, Hanmpumep, Jora-
pu(dMHpPOBaHHE H T. JI., KOTOPHE MOXKHO CBECTH K CepHH 6oiiee
IPOCTHIX OINepauui.

3aMeTHM B 3aK/JI0YeHHe, YTO OOJBIIMHCTBO 3/JEKTPOMEeXaHH-
YeCKMX @aBTOMATHYECKHX MallHH AB/IAETCHS peJeHHLIMH MAallH-
HAMH, B KOTOPBIX YHC/JIA NPEACTaBJCHH 110 JBOHYHO-IECATHUHOH
HJIH JBOHYHO-IATHPHUYHOH CHCTEME.

§ 5. BBICTPOJIEUCTBYIOILME ABTOMATUYECKUE MALIMHbI

B To Bpems Kak COBepHIEHCTBOBATACH ABTOMATHKA MPOH3-
BOJCTBA BHIUMCACHHH, MOABWICH [PUHUMINAJLHO HOBHIH THII
CUETYHKOB B COBepILEHHO Apyrofi o6sacTu TexHHKH. Peun uger
0 TexHHKe (hHU3HUECKOro sKcrepumenta. B anepnoit gusnke nas
nojcuera 9JeMEHTAPHHIX YACTHI TpeboBajuch upes3BHUANHO
GHCTpPO paboTawinie CYeTUHKH.

B jBaguaTeIX rojax MOSIBHJANCH 3JACKTPOHHHE CUCTYHKH.
B T0o Bpemsi Kak BO BCeX MNpeIBAYIIHX CUeTYMKAX INepexol
OT COCTOSIHHSI, OTBEHAIOUIEr0 YHCIY X, K HHC1y 724 1 Tpebo-
BaJl MEXaHHYECKOTO JBHKEHHS — NepeMeIleHHs HMHEePIHOHHEIX
mMace (BpauieHHe KoJIeC, NepeMeleHHs AKOPA 3JeKTPOMeXaHH-
YeCKOro pese H T. IL.), B 9JICKTPOHHBIX CUETUMKAX TAKOH mepe-
XOJI CBSI3aH C H3MEHEHHEM COCTOSIHHSI HEKOTOPOH CHCTEMBl 3JIEKT-
POHHEIX JIAMII, T. €. HPOIeCCOM IPAKTHUECKH 6e3HHepLUHOHHBIM,
Bpemsi ,cpabaTHBaHUA® KOTOPOIO €CThb BEJAHUYHHA COBEPILNEHHO
JIPYrOro mopsiika. DJIeKTPOHHBHE CYETYHKH PaboTaidT B THICSAYH
pas OHicTpee HHEpPLHOHHBIX.

DJIEMEHTOM TaKoro OBICTPOAEHCTBYIOIIErO CUETYMKA SBHJIACH
TAK HA3BIBaeMasi TPUITepHasi suelika, cHMCTeéMa M3 [aphl 3Je-
KTPOHHHX JaMn (TPHOZOB), KOTOPAsk MOKET HAXOAUTLCS B JBYX
YCTOHUMBEIX COCTOSIHHSIX, B KaJOM H3 KOTOPHX IPOBOJHT TOK
omna u3 jamm. [Toa BO3meliCTBHEM MOCTYNHBIIErO (IOCTATOUHO
GOJIBLIOr0) 3JEKTPHYECKOIO HUMIYJ/bCA siYeHKa TepeXOAHT H3
ONHOrO YCTOiiuuBOro cocrosiuusi B apyroe. Ecimn o6osnauats
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9tH coctosinusl uepe3d O um 1, TO MOJ BJAMSHHEM TNOCTYNAOIIHX
HMIYJBCOB fAUeHKa OyAeT Nocae10BaTeMbHO NPHHUMATE COCTOSHHS
0,1,0,1,0,1,...

Takum o6Gpasom, TpUrrepHast sueilka BHIOJAHSET (YHKLUH
OJIHOPA3PSIIHOTO JABOUYHOTO CHUETHHKA (CUETYHMKA 1O MOAY.IIO 2)
MOCTYNAIONMX HUMIYJIbcOB. [1pu mepexone suelKH H3 COCTOSHUS
1 B cocrosinvie O BO3HHKAeT MMITYJBC; €CJIH 3TOT HMNYJIBC Nepe-
JIaeTCst B CAEAYIOUIYIO sueHKy, TO OH 6yJeT UrpaTth poab ABOHY-
ol nepemauu. Cepus siueex u,, Us,..., U, TIE U; COETUHEHO
C Wjy1 YKA3aHHEM 06pPa30M, BHIOJHSET QYHKUMH £ - paspsiiHOro
JIBOHYHOTO CUETUHKA HMIY/JIBCOB, NMOCTYNAKIMHUX B AYEHKY #;.
Bpemsi cpaGaTmBaHusi TPUITEPHOH suefiku, T. €. mepexojia ee
u3 cocrosinust 0 B 1 mam obpaTHO, u3Mepsercs MAOJeldl MHKpO-
cekynas. [lostromy Takue cuetunku pabotaioT ¢ GOJBHIOH CKO-
POCTBIO; OHH IIHPOKO NMPUMEHSIMCh, HAYHHASA C ABAJIATHX OI0B
TEeKYHIEr0 CTOJETHsI, B SKCIEPHMEHTAJLHOH (PH3HKe IJas Moj-
cueTa 9JeMeHTApHBIX YacTHIL.

M3 3THX Ke 3/J1eMEeHTOB MOXHO CKOHCTPYHPOBATh CYMMAaTOp
JUIsi CJOMKEHHsT 10 JBOMYHOM (M 10 .11060f APYroi) cucreme,
a cJaenoBaTeqbHO, W apu(MeTHUYeCKOoe YCTPOHCTBO IJIA BHINOJ-
HeHusi apudMeTHueckux onepauuil. Taxkoe apudpmernyeckoe
YCTPOHCTBO ¢ Ge3HHE PUHOHHLIMU 3JeMeHTaV# paboTaeT B THCHYH
pa3 GeICTpee YCTPOHCTB C MHEPLUUOHHHIMH SJEMEHTAMH W TOJY-
YHI0 Ha3BaHHe OBICTPOIEHCTBYIOLIErO.

CoueraHde MPUHIMIIA ABTOMATHYECKOIO YIPABJAEHHS BHYHUC-
JeHuft ¢ OHCTPOAEHCTBYIOMMM apU(dMEeTHYECKHM YCTPOHCTBOM
NPUBEJO K CO3JAHHMIO OHCTPOAEHCTBYIOIUX BIIOJHE aBTOMATH-
YEeCKMX MAIlHWH, KOTOpEHE paGoTalT COOTBETCTBEHHO B TRICAYH
pa3 GricTpee OOBLIYHHX. Takue MAaUIHHE BHIOJJHAIOT B CEKYHIY
THCSIYNA apU(PMETHUCCKHX JeHCTBUIL.

BricTpoTta BHNOJHEeHHs apudMeTHUeCKHX neficTBuil Tpebo-
Ba/la COOTBETCTBEHHON GHCTPOTH IIPOBEJEHHUST APYTHX ONepalHii,
HanpuMep, TOCHUIKM UHCIa U3 apU@MEeTHUCCKOro yCTpofcTBa
B 3amoMuHalomee u obparHo. B cBsizu ¢ aTHM Ha Apyrux GoJee
»TOHKHX" (PU3MYECKHX OCHOBAX CTPOH/IHCH 3allOMHHAIOLHE YCT-
poiicTBa, 6JOK ynpaBjieHHS W T. I.

Cama OHCTpPOTAa BHIMOJHEHHs OIEPALMH HE TOJBKO JaJeKo
paznBuHysa o06aacTh TPAKTHUECKH paspelluMBIX 3anav, OHa
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OTpasujach Ha caMofl MeTojauKe BhuuciaeHuil. Tak, uMeHHO
B GHICTPOAEHCTBYIOLIUX MalllMHAX JeCATHYHAs CHCTeMa CHHCiIe-
HHS CT4Ja BHTECHATHCS ABOMUHON. [locaennssi, kak OBLIO yKa-
3aH0 BHIe, 06/ajaeT pSIOM TpPeUMYyIlecTe, HO 3aTo Tpebyer
NpeBapUTENbHOI0 NepeBoja BBOAUMHX UHCE], 38JaHHHX B Je-
CATHUHON cHCTeMe, B JBOHYHYIO H, OGPaTHO, OKOHYATEJbHEIX
OTBETOB M3 ABOMUHOU cHCTeMBl B jecsaTHyHylo. Ha OmicTponei-
CTBYIOIIMX MallHHaX 3TOT IepeBOJ COBepIIaeTcs CTOAb OLICTPO,
4TO HeOOGXOIMMOCTH €ro BHIOJHEHHSs] YiKe He fBJsSeTcs pemnra-
mKM (GAaKTOPOM IMPH BHOOpE CHCTeMHl CUHC/EHHS; K TOMY Ke
TaKHe MAallMHBl TpejHasHaueHbl IS PeLIeHUs 3ajaal, B KOTOPHX
OTBETH MOJY4alOTC B pe3yJsbraTe BecbMa IJIHHHOHW CepHH OTle-
paimii; Io3TOMY NONOJIHUTE/IbHEIE ONepaliy B Hauale ¥ B KOHIE
BHUNCJ/CHHH, CBSI3aHHEE C NEPeBOJOM YHCEeJa U3 OJHOH CHCTeMB
B JPYTIYIO, He SBISIOTCS OTHOCHTEJABHO OOpEeMEeHHTe/NbHBIMH.

Psin Mall|H MpeIIIecTBYIONUX TUIOB 06./1a1a1 cepHell napaJ-
JEJMbHO paboTalonMx YCTPOHACTB (cepHeil CyMMaTOpOB), YeM JH0-
CTHUTaJOCh YCKOpeHHe pellenus 3agad. B GrCTpopeiCcTBYIOIIAX
JKe MallWHaX TepelLid, B OCHOBHOM, Ha IIOC/H€10BaTe/NbHOE
BHIIO/IHEHHE Onepaluil Ha OMHOM H TOM Xe YCTpoiictBe. ITHM
JIOCTHTAJ4Ch 3KOHOMHS 000pYyHOBaHMS, & HCKIIOYMTENbHAS] CKO-
pOCTh BHIOJHEHHS KamAOH onepaudu nefjana penieHde Beei
3a1a4i JOCTATOYHO OHICTPHIM H IIPH IOC/IEJ0BATEJNbHOM BBINOJ-
HeHuH onepanuil. Bosee caoxuble onepalyH CBOJATCA K CepPHH
apuMeTHIeCKHX AefCTBHH, BHIOJIHAEMHX 110 CIIEUHATbHEIM 1PO-
rpaMMaM apudmeTHyeckum ycrpoictBoM. ToYHO Tak e B Ma-
mKHAX, paboTaloIuX N0 ABOUYHON CHCTeME, 3TO e yCTPOHCTBO
OOBIYHO BHINOJIHAET NEPEBOJ, YHCEJ U3 OJJHOM CHCTeMHl B JIPYTYIO.
B uexortopux wMamuHax (uanpumep, EDSAC) naxe onepauust
JeJeHHds He SIBJASeTCS 9JeMeHTAapHOH omnepaiuedl MallMHBL |
CBOZHUTCSI K CEpHH APYTHX apuMeTHuecKHX AeACTBHI.

B naapuefimem mpl GyieM HMETh B BHAY HMEHHO OHICTPO-
JeHCTBYIOILHE MAallHHEL.

§ 6. 3BAMMOMHHAIOLIEE YCTPOHCTBO

Bo Bcex CAYyUdsiX, KOrja BBIYHCJAECHHS MPOU3BOAATCHA BPYUHYIO,
BCE TNPOMEXYTOUYHHE pPe3YJ/JbTaThl aubo 3aIIMCBLIBAOTCH, auGo
34IIO0MHHAaIoTCSH.
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Eciu ke BEUHCIEHHS TOJ/DKHHL BHIOJHATBCS MAIIUHOH CO-
BEPILIEHHO aBTOMATHYECKH, TO (DYHKIHA (UKCAIHH MPOMEKYTOY-
HBEIX PEe3yJbTATOB H XPAaHEHUA UX A0 MOMEHTA HCIOJb30BAHHS
B IPOLECCE BHIUUC/AEHHH JOJKHA TAKKE NepefiTH OT yeJoBeKa
K 3TOil aBTOMATHYECKO MamuHe. 3Ty 3aJauy BHIIOJHSIOT
pasiuuHBle BUAB  3QROMUHQIOWUX ycmpoiicms (COKpalieH-
Ho 3Y¥). '

[leppuie  aBproMaTHUeCKHe  MAIIHHHE — CUETHO-aHAJHTHYE-
cKHe — (QUKCUPOBA/JIH H XPAaHWIM JIHLIL HCXOJAHHE JaHHHE H
OKOHYATEJbHBIE Pe3yJbTaThl BHUHCTEeHH. McXompee aHHBE
(PUKCHPOBAIUCH IIOCPEACTBOM NPOGHBOK Ha nepdokaprax. [Toay-
UYEeHHHE OKOHYATeJbHLHIE pe3y. bTaTh (UKCHPOBAJHCH B BHIE
NOKa3aHUull CUETYHKOB, B BHAE OTHEYATAHHHX TaOYJOTpaMM HJIH
e B BHAE MacCHBa MTOTOBHIX Iepdokapr.

ITIpy 3TOM MAaccCHB HTOTOBHIX NepoOKapT MOMKET CJAYIKHTDb
MaCCHBOM HCXOAHBIX JAaHHHIX JJIs1 APYrOfi CepUH BHIUHCAEHHMH.
Ho nas storo tpebyercsi BMeIIaTeJbCTBO UEJIOBEKA.

Taxkum 06pasom, I/l aBTOMATHUECKOI'O BHITOJHEHHS CKOJBKO-
HUOYNb CJAOXKHBEIX M Pa3HOOGPA3HHIX BEIYHCJAEHHH COBEpIIeHHO
HEJOCTaTOYHO, YTOOH aBTOMAaTHYeCcKas MalluHa 06/1a1ana TOJbKO
TAK HA3HIBAEMHIM GHeuHum 3Y, T. e. MOIJIa XpaHUTh JHIIb
HCXOMHEE NaHHEE M (PUKCHPOBATH OKOHYATE/JIbHEIE Pe3yJ/bTaTH.
Bnoane aemomamuueckas yuuBepCaJbHas —BHIYHCIHTE/IbHAS
MAIlMHA JOJKHA XPAHUTh BHYTPHU CeOst IPOMEIKYTOUHBIE Pe3y.Ib-
TaThl O HX HUCNOJB30OBAHHA A5 NAJbHEHLINX BHUHCJACHHH, T. €.
JOMKHE 0061a1aTh S8HYmMpeHnum 3Y.

B cayuae, xorma CKOPOCTH BHIOJHEHHS BHYHCIHTEJbHBIX
YCTPOHCTB BO MHOTO pa3 GOJbIle HAMBHCIIEH TeXHMYECKH J0-
CTHIXHMOH CKOpPOCTH BBOAA 4YHCEJ B MAlIMHY H HauGoJbLIef
CKOPOCTH neuaTaHusi WJIH nepdOpHpOBAHHS TOJYyYaeMBEIX B Ma-
IIHHE OKOHYATEJBHHX Pe3y/JbTaTOB, BHyTpeHHee 3Y OTIHUAeTCs
OT BHEIIHEro He TOJBKO ero Ha3HaueHHeM — XPaHHTbL IpoMe-
KYTOUHHE pe3yJabTarH, — HO TAKXKe H CKOPOCTbIO ero paboTH,
T. €. CKOPOCTDBIO, C KaKOH (DUKCHPYIOTCH B HEM IMPOMEKYTOUHBIE
pe3yJabTaTH, H CKOPOCTBIO, C KaKOil 3TH pe3yJ/bTaThl MOTYT OHITh
NOJIYUeHE H3 Hero H IOCJAaHB B JaJbHEHIIHe BHYHC/JICHHS.
B stom cayuae Buyrtpennee 3Y sapasercsi B TO e BpeMs H
Oolcmpodeiicmeyionium  3Y, Morymum pa6ortatb ¢ TOH Ke
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CKOPOCTBIO, C KaxKO# NPOHU3BONSTCH BHYTPH MaUIHMHBEI OCHOBHHIE
BHUUCTHTEJbHHE ONepartu.

Bricoxasi CKOpPOCTh IPOH3BOJCTBA BHUHC/IHTEJbHHX OTepa-
1{ii, gocTuraemasi B COBpeMeHHHX OBICTPOJAeHCTBYIONHX BHIUHC-
JUTENBHHX MAalIMHAX, OKA3HBAeT BJAUSIHHE TAaKXKe M Ha KOol-
CTPYKIIHIO YCTPOHCTB BBOJA B MAalUUHY H BHBOJAA H3 HEE UHC-
JIOBHX JaHHHIX.

st cpaBHUTEJIBHO MEI/IEHHO paboTalOMUX 3JEKTPOMeXaHH-
YECKHX ¥ peJeHHHX aBTOMATHUECKHX BHIUHCAUTENbHBIX MAIIHH
OKa3HBAIOTCS BIOJHE YAOBJETBOPUTEJNLHBIMH (C TOUKH 3peHHs
CKOpPOCTH HMX pabOTH) TAKHE TEeXHHUeCKHe CpejCcTBa BBOJA HC-
XOAHBIX JAHHBIX, KaK NepgoJeHTs H NepdoKapTe ¥ TAKHE TeX-
HHUECKHE CpeJicTBAa BHBOJA IIOJYYaeMHX pe3yJ/JbTATOB, KaK
3/JEKTPOMEXAHHYECKHe MHUIIYIHE MALIMHHE HJIH TiepdopaTopH.
Bezenne nmocTtosHHBIX BeJIMYMH B TaKHE MAlIMHBEL MOXET OCy-
IECTBJAATBCH H TIOCPEACTBOM YCTAHOBKH HX OT PYKH Ha Cre-
IMaTBHEIX Tnepexmioyareasx. Hacrpofixa Takux mammnn na pe-
IIeHHe KaKOH-1u00 3a1auk TaK)Ke NPOH3BOAUTCSI B 3HAYUTEIBHON
Mepe BPYUYHYIO MHOCPEINCTBOM OCYIECTBJICHHUA TpeGyeMBIX /s
JNAHHOW 3amauyd COEJHHEHHH HA KOMMYTAIIMOHHBIX JOCKAX.

B nepsofi aMeKTPOHHOH ABTOMATHUYECKONH BHIUHCJIHTEIBHOM
mawude (mamnne ENIAC) Gbum npumeHeHs Takue e Cpemct-
Ba BBOJA HCXOJNHHX JAHHHX M BHIBOJA IOJYyYaeMEIX pe3y.ib-
tatoB. Ho ux mnpumenenwe B GHCTPOAEHCTBYIOIUX aBTOMATH-
YECKHX BBLIYHC/AHUTENbHLIX MAIUMHAX HE FBJIAETCH YAOBJIETBOPH-
TeJBHEIM C TOYKH 3penHus 3(PeKTHBHOTO HCIOJb30BAHHA 3THX
MalllHH.

BerencrBie MeaIeHHOCTH NpPOIECCOB BBOJAA M BHBOXA (-
(heKTUBHOCTL OT GHCTPOTH IPOU3BOJICTBA ApU(PMETHYCCKHX Ofe-
paumii B 3HAYHTEJBHOH Mepe Tepsach. st yCKOpeHHs 1po-
gecca BBOJA YHCEJ B MAUIMHY HA4YaId NPUMEHSITBCS HAMATHH-
YEHHHE JIEHTH, Ha KOTOPHIX BBOIMMHE B MalllHHy JaHHHE
(pvikCHpOBanEl TOCPEICTBOM MATHHTHOM 3aIUCH UMITY/ILCOB, JEHTH
C (pOTO3aNMHUCBIO HMMIYJIbCOB, (POTOSIEKTPHYECKUH METOJ] CheMa
JAHHHIX C TepdoJenTs U T. I.

Ckopocte  paGoTH BBHIXOAHHX YCTPOICTB ABTOMATHUYECKHX
GHCTPOAEHCTBYIOMUX MAIIMH yBEJHUHBAIOT TAKKE MOCPEICTBOM
IIPUMEHeHHs] MarHUTHOH 3aruCH IOJyUYaeMBEX pe3yJbTaTOB.
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OnHako W J0 CHX NOp BBOJL H BHIBOJ JAHHEX ABJSETCS
Hanbo/ee MeNJEeHHHIM 3TanoM palGoTHL.

YBesmuenue obGbemMa BHYyTpenHero 3Y yMeHBIIAET YHCJIO
OCTAHOBOK MallHHBI, HEOOXOAUMBIX IPH TEPEXOJe OT pelIeHHs
OJHOW 3afjaud, HJAH ONHOH CepHH 3anau, K Apyroii, obiaeruaer
NporpaMMHpOBaiie Hu BooOIe yBeaHuuBaeT 3(PQeKTHBHOCTE
HCMOIB30BaHUsl ORICTPOAEHCTBYIOMIEH BEIUHCIUTEIBHON MANIUHEL.

B coBpeMeHHBIX OHCTPOACHCTBYIOIHX aBTOMATHYECKHX BHI-
YHCJAUTENBHHX MamuHax o6beM BHyTpenunero 3Y mocTuraert
10° u paxe GoJsee naBoMYHHIX nosuuuil. Tax, Hanpumep, mammHa
Raytheon crponTCcs € pacueToM BO3MOMKHOI'O PaCIIHPEHHS eMKO-
cru BHyTpennero 3Y jnmo 22=4096 nabopoB umudp, Kammblii
H3 KOTOPHX MMeeT 4D HBOWYHBIX paspsijioB, T. €. EMKOCTb BHYT-
persero 3Y 3T0fi MamMHB MOXKeT OHTH jgoBexena g0 184320
JBOWUHBIX ITO3HUIUHA.

Jasi pemenusi HEKOTOPHX 3anad, Hanpumep, mJas pelle-
HHSl CUCTEM JHHEHHHIX aareb6paHuyecKHX YpaBHEHHH ¢ OGOJBLINM
YHCJAOM HEHU3BeCTHRIX, HJIH e IJIA NpUOJHIKeHHOI'O peLIeHH:
ypaBHeHHH B YaCTHBIX NPOU3BOJAHHX, Ja)e TaKas eMKOCTb
BHyTpeHHero 3Y MOXKeT OKasaTbCsl HepoctaTouyHol. [lasi toro
yTOOR CHEJATh BO3MOMKHBIM HENpepHBHHEIH ABTOMATHYECKHI
IpoLlecC penienust TAKUX 3aJa4, BBOAUTCH TaK HasblBaeMoe Apo-
MexHcymounoe 3¥Y, CKOPOCTb paboTH KOTOPOrO ABJAAETCH IPO-
MEKYTOUHOH MEXTY CKOpOCTBbIO paboTH YCTPOHCTB BHELIHETO
u BHyTpeHHero 3¥.

TexHuuecku mpoMexyrounoe 3Y HHHE yalle BCero OCyIuiecT-
BJASIETCS! [OCPEACTBOM MAarHMTHOH B3anmuCd Ha CTaJdbHYIO NMPOBO-
JIOKY, JienTy uiau 6apaban (HauBHCLIAs MOTryuiasi OBTb HCIOJIb-
30BaHHON NPH MarHUTHOH 3alHCH YacTOTa HMIIYJbCOB B HACTOM-
mee Bpems paBHa 30000 ru).

B nepBHX BHOJHE 4BTOMATHYECKHX BHUHCIMTEJBHBIX Ma-
wunax (Mark [, ENIAC) ¢yukuus suytpennero 3Y eme He
Obl1a CllelHaJu3upoBaHa U KOUCTPYKTHBHO OTJEJeHa OT APYIHX
(OYHKIMH, BEINOJHSAEMBIX CYMMHPY IOIIHMH YCTPOHCTBAMH MAUIHHHL.
Kaxnoe cymmupyomee ycTpocTBO B 3THX MALIHHAX SIBJASAETCH
HAKAIVIMBAIOIUM CYETYHKOM, XPAHSIIMM HaxXomdiieecs B HeM
YHC/IO JO TeX NOp, NOKa B Hero He MOCTYIHT HOBOE UHC/IO, Nocae
YEero CUeTHUK OYIeT yiKe COXPaHusaTh CyMMY TOJBKO YTO MOJTYYEH-
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HOrO YHCJA C YHCJAOM, KOTOPOE B HEM HaXOAWIOCh panee. Kaxmnii
U3 HAKAILIUBAIOIIHX CUYETUMKOB CyMMaTOpa MAIIHHH SIBJSETCS
OIHOBPEMEHHO W sueiikoit BHyTpeHHEero 3¥Y 3TOH MallHHBL.

Kaxpnast siuefixa cymmupyiouiero 3¥, sIBJAsIACh 10 CYIIECTBY
CYMMHPYIOIUM YCTPOHCTBOM, TpebyeT OGOJBIIOTO KOJHYECTBA
060py0BaHusl, UTO HEH36EKHO NPUBOAHUT K TOMY, UTO H3-3a
9KOHOMHYECKHX COo0Opaenuii He MOTYT OHTbH OCYINECTBJEHB
MAUIMHHL ¢ JOCTATOYHO OOJBLUIMM BHYTpeHHHM 3Y Takoro BHIA.

Kak yxe oTmeuasocs, nepBas ajeKTpOMeXaHHUeCKash aBTO-
MaTHYeCKas BuUHCAUTeNbHAs mamuna Mark 1 umena gums 72
JBANLATUTPEX Pa3PSAHEIX NTECATHUHHX CUeTUMKa, a e pBasi 3/JIeKT-
pounas BHuuciaurenbuasi mamrpaa ENIAC o6mapana Jgumn 20
ACCSATHPASPSIHLIMH  cueTynkamu. Ho jpaxe mpu crosbs orpanu-
yenno#t emkoctH BHyTpenHero 3¥ wmamuba ENIAC umena ne-
NOMEPHO 6O0JBIIOE KOJHYECTBO 3JIeKTPOHHEX Jjamn — 18000.

EcrecTBeHHO MO3TOMY, UTO B MOCTPOEHHBIX TO3IHEE U CTPOSi-
IHXCH B HACTOSIEe BpeMsl BEIMUCIHTETBHHX OGHICTPONEHCTBYIO-
IHX MallHHax cyMMmupyomnee 3Y He npUMEeHsieTCs.

B coBpeMeHHHIX aBTOMATHUECKHX OBICTPONEHCTBYIOMMX MAaIllu-
HaxX NPUMEHAETCS HOBHH TUN BHyTpenHero 3V, suefiKu KOTOPOro
OCYIIECTB/ISIOT G0J€ee MPOCTYIO OlEPaLUIo — ONePayuio 3amee-
Hust un nodemanosku. B aTuxX MamuHax QyHKIHH BHYTPEHHETrO
3Y nepexomdAT yiKe K yCTpOHCTBAM, KOHCTPYKTHBHO OTIE/JEHHEIM
OT YCTPOHCTB, BHITIOJIHSIOIHX COOCTBEHHO BHIUUCJEHHT W YIpa-
Biaenusi. Takoe pazpenenue (yHKIHH NO3BOJIHIO YIPOCTHTH KOH-
CTPYKIHIO 3Y HACTOIBKO, 4TO MAIIMHB ¢ GOJBIIMM BHYTPEHHHM
3V cTand TEeXHHYECKH M IKOHOMHUECKH OCYIIECTBHMBIMH.

Slueiika 3Y XpaHUT YHC/IO, 3aNUCAHHOE HAGOPOM HH(P, WIH
KOMaHay, OOBIYHO TaKke Komupyemyio nabopom udp, 4 T. 1.
Kaxpas sueiika coxpansier cojepixaumuiicsi B Hefi nabop JIHIIb
0 TexX Iop, NMOKa OH He OyneT ,BHTeCHEH“ HJIH 3aMEHEeH HO-
BHIM, IIOC/IAHHHIM B Hero na6opom. [lepejnaBaeMHil U3 Kakoii-
au60 siueiiku 3Y nabop ocraerca 6e3 BCAKOrO U3MEHEHHs B 3TOH
AyedKe 1O Tex mop, NMOKa B 3Ty AuelKy He Oyaer NocjaH HO-
BHII Habop; Takum o6pasoM Habop wmoxker OHTL TepejaH u3
OAHOH siuefiku B JIOOYIO NPYryl HEOrpaHHuUEHHOE YHCJAO pas.

Taxoit Tun 3¥, eCTeCTBEHHO HA3HKBATD BbLIMECHSIOULLLM.



Faasa 11
OINEPALUU HAJ YHYUCJIAMH B HUPPOBbLIX MAIIHMHAX

§ 7. IPEOCTABJIEHHME YHCEJ

Kaxpas manmmHa uUMEeT HeJO C YHCJAAMH, NPEACTaBJIeHHBIMH
B HeKOTOpoft p-uuuoil cucreme cuucienus (p=2,3,10m 1. 1)
C JAHHBEM (PUKCHPOBAHHEIM YHCJIOM /2 paspsifioB, T. €. C YHC/IAMH
BUJIA

n n
I
k=1 k=1

spech X,(k=12,..., n)—umuppu 0,1,..., p—1, a uucio
m TokasmBaeT Mecto sanatofl (samsitas nepenx (m - 1)-ii ot
Hauana uugpoit). Ecan noxasate/b m OJMHAKOB JUIA BCeX Xpa-
HSALIMXCS B MAIMHE YHCEeJ, TO MaIlHHA HA3HIBAETCS MAaIIHHOL
¢ puKcupoBaAHHOR 3anSMOIL; B 5TOM CJlydyae HET HeOOXOAUMO-
cti 0co6HM 00pa3oM OTMEUaTh NOJOXKenue 3anstoi. Ecau xe
YHCJIO M TNepeMEHHOe, TO MallMia HA3BBAeTCs MALIHHOH ¢ 7n.a-
saroweii sansamoit. B aToM cayuyae nabop, u306paxalomui Yuc/ao
x 1o ¢opmyae (1), HOJKEH COIePXKATh He TOJIbKO H300paxenue
anaka ¥ na6opa uudp uHcaIa X, HO M M300pa)eHue MoOKasa-
TeJs m.

U3oGpaxkeHne 3HAKOB. Y100HO OTMEYATH 3HAKH ILIIOC
u munyc wmudpamu O u 1 M paccmaTpuBaTth, CJAEIOBATE/BHO,
3HaK Kak uudpy nepsoro paspspa uucaa. Koweuno, MOMKHO
npuHATE JI060f U3 IBYX BO3MOMKHHIX CIIOCOGOB OTMETKH 3HAKA
JBOMYHBIMH IHdpaMu. Mpl oCcTanHOBHMCS Ha TOM, [PH KOTOPOM
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3HaK IIoc oTMmevaercss mudpoil 0, a 3Hax mMuHYC — widpoit 1,
T. e. 3HAK YHCJI4 X BHIpaxaercss ¢ynkiped 1(x), rme

_ 0 nmpu x>0
1(x)={l npu x < 0

ITpu TakoM 06GO3HAUEHHH 3HAKOB B CHIy (Qopmy

X

T(xy) =1(x) +T()(won. 2), T(F)=T(x) +1(y) (wor. 2)
3HAK NPOU3BENEHHs M YACTHOTO ONpENEseTCs CJAOKEHHEM IO
Monyai0 2 n3obpaxeHuil 3HaKOB COMHOMXHTeJeH WM OeJuMOro
M JEJUTe/IsI, TPHYeM 3TO CJOMXKEHHEe IPOUSBOJMTCS Ha OOBIYHOM
OIHOPa3PSAAHOM JBOUYHOM CymMMatope. B stom M 3akiaiouaercs
NPEUMYIIeCTBO TAKOro M306paKeHus 3HaKa.

UzobGpaxenue Yucea B MallMHaX € (UKCHPOBaHHOW 3a-
nATof. Ymncao x B mMammuHax ¢ (PUKCHUPOBAHHON 3amsiTOd H30-
‘Gpaxaerca HaAGOpOM

KoX1 Xz oo Xp

rae X, — apouunas uwudpa, H3obpawaomas 3HAK X, = 1(X),
4 X;Xg...X, —INOC/eNOBATeIbHEE LH(pPH H300paKeHus 4YHC-
ma x. Ecam moxasatens m B ¢opmysae (1) paBen HyJI0, TO
3ansaTtas (QUKCHpPOBaHa mepes mepBoil uudpoil X, uucaa, U BCe
yHC/d, NPENCTABJEHHHE B MallWHe, CYTb IpPaBHJBHHE APOGH.
B mamunax ¢ (uKCHpOBaHHON 3amATOH Yalie BCEro peasusdoBan
atoT cayuail. Jeso B Tom, uto npu m > (0 npoussBeneHue ABY X
UHCeJ YaCTO CTAHOBHUTCS GoJblle HAaHOGOJMBIIEro UHCJAa, KOTOPOE
MOHO TPENCTABUTH B Mauiuue; npu m < 0 NPOHCXONHUT BCEraa
OoJbluasi notepst 3HAKOB; TakK u4ToO cayuail m = (0 wuaubosee
yno6eH ¢ TOYKHM 3peHHs] TPOHM3BOACTBA OINEPALUH YMHOMXKEHHS.

Mgl cefiuac OCTaHOBHMCS HA MAaLIMHAX, PabOTAIONUX IO JBO-
nyHoi cucreme npu m = 0. Jlpyrue cuctemun u Apyrve 3sHaue-
HUsE m GYAYT PacCMOTPEHHl HHIKE.

B mamunax paccmatpuBaeMoro THna IOJOXKHTEIBHOE YHC/IO
X =0,X%%,...x, H300paxKaercsi B BHIE X¢X1Xs...X,(Xo=
=1(x) =0). YcioBumes 3zech HAGOPY XX ...X, OTHOCHTH
YHCJIO Xg, X1 X5 . . . X, H caM HA6OP OTOXKAECTB/IATL C ITHM UHC/IOM;
Ha6bop, M306pakKAOMUA NOJOKUTENbHOR THCIO X = 0, X1Xp . . . X,
COBNAJAeT C CAMHM YHCJIOM.
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JIist OTpMIATEJbHBIX uHMCeJ B MAIlIMHAX TPUMEHSIOT TpH
ciocoba u3obpaxeHnusl, HJIH, KaK TrOBOPAT, TPH Kojaa; H3o6pa-
JEeHHe ypeaa X B 3Tux komax Oyjaem 0603HAYaTh COOTBET-
cTBeHHO [X]y, [X]s, [X]s- Jlist mosoxuresbHOro yuciaa x >0,
B COrJIaCHH C BHIIIE CKa3aHHHM, OyIeM CUMTATh

[x]: = [x]: = [x];=x (2)

M3o6paxenune OTpHHATEJbHHX YHCEJ U HYyJIs.
J11st u306paxeHusl OTPHLATE/IBHBIX UHCeJ NPHMEHAIOTCS CJIeLy 0=
L{HE KOJIHI:

1) npsiMo#l XoJx-— npeacrabaenue [x]|; OTpULATENBHOrO

ypcia X = — 0, X,%, ... X, = — | X| UMeeT BHI:

[JC]IZI,x]_)Cz)Cs...JC"=1—|—|xt=1—x (3)
an NpsiMOM KOJI€ HYJ/Ib MOXKET HMETh ABd TPEACTABJICHHS,

KOTOpPHE MBI OyJeM Ha3HBaThb COOTBETCTBEHHO II0JIOXUTEJIBHBIM
W OTPHLATEJBHBEIM HYJIEeM.

[+ 0]y =0,000...0; [—0],=1,00...0 (4)
[TpsAMBEIM KOJIOM TPeACTaBHME YHC/IA X U3 oTpeska [—(1—277),
B |
2) nonoaruuTeabHH# KoJx [x]. mpencrasienus oOTpu-
nareqbpHoro uncaa x = — 0, x;X, ... X, HMEeT BHI:

[xle =1, %%... X,

n

rje 1ocjae 3ansToii CTOMT jaonoaHeHHe |x| mo 1, T. e. 4uciIo
l1—|x|=1+ x. Hrax, npu x <0

[¥];=2—[x[=2+4+x (5)

Mpumep: npu x = —0,11001, [x], =1,00111.
[Tpy KOTIOHUTENBHOM KOJIe HyJIb MOXET MMEeTh TOJIBKO OJHO

u300paxenme
[0]: =0,00...0 (6)

Yucsio xe 1,00...0 usobpaxaer OTPUIATEJbHYIO €IHMHUILY :
[—-1]:=1,00...0. B nmomosHUTEJBHOM KOJE€ MOXHO TIpe-
CTaBUTH Bce uucaa orpesxa [— 1,1 —2-7].
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Pasenctsa (2), (5), (6) MOXHO OOBEIUHHUTE 3AIHCHIO:
[x]s = x (mon. 2) (7)
OTCIOJIa CJIellyeT

[x 4 yle= x4y = [x]; + [y]: (wox. 2) (8)

Cu103eHue 1o MOYJIIO 2 peanu3yercst Ha cymmamope, 6 KOmo-
poM omcymemeyiom paspsods.  cmapuie  paspsaoa  eouruy,
U Hem nepedaiu ¢ 8vicuiezo paspsida Ha Huswui. Takxoi
CyMMAMOp RPOU3BO0UM, CNEIOBATENBHO, CYMMUPOBAHUE HiLCEN,
npeocmasAeH X OONOAHUMEALHOM KOOOM.

3) o6paTuHil KOx [X|; npeacTaBJIeHus OTPUIATEJLHOIO
gueaa X = — 0, X, X, . . . X, 3aK/II0UAeTCs B H306paeHuu YHCIa
NMOPaspsIHEIM  JOTNOMHeHHeM [X]s = 1, Xy Xy ... X,, TAe X, =1,
ecsn X, =0 u X, =0, e x, = 1. Vinumu croBamu:

[x]s +|x|=1111...1=2—2"" _
[x]E;Q_g_n—|JC|:x+(2_2—11) (9)

[1pu o6paTHOM KOMe TaK ke, KaK H B IIPHMOM, UMEIOTCS JBa
H300paxKeHuss HyJs:

[40]5=0,00...0; [—0]s=1,11...1=2—2-  (10)

B cuny gopmy.s (2) u (9) 8 pesyavmame cA0HCEHLS i 6bitLL-
manusty —y =y -+ (— y) scezda soznurxaem — 0: ecan y >0, TO
=y [-yla=2—2"—y; [yl + [—yls =2—27"= [-0];.

Hau6osapuiee no a6cooTHOH Besauuune H306pasumoe o6part-
HHM KOJIOM OTpHIATEJNbHOE Yucao ectb uucao —0,111...1 =
= — (1 —2-"), past xkoroporo [— (1 —277)]s = 1,000...0, T. e.
npd o6paTHOM, KaK W IPH IPAMOM KOJE, MOMKHO HNpPeACTaBHTDH

Bce uucaa cermenra [— (1 —2-7), 1 —2-7].
HUs (2), (9) u (10) caenyer, -ut0 mas Jai06oro x
[x]s = x (Mop. (2 —2—1)) (11)

[Ipy o06paTHOM KOj€ SKBHBAJEHTHHIMH SIBJSIOTCS YHCJIA,
CpaBHHBaeMHE IO MOAY/I0 2 —2-", TaKk Kak, B YaCTHOCTH,
2=2""(moa. (2—2-")), T0 2 3KBUBANEHTHO 27", T. €. €JUHHLA
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BTOPOTO pa3psijia Iepej 3ansToi, HepeaJH30BaHHOTO B MallHHE,
9KBHBAJEHTHA €JMHHIE MOC/AeAHero paspsaga. ITa 3KBHBa-
JIEHTHOCTh peasn3yercss TeM, 4YTO MenCc0y pas3paiom Leablx
e0uruy (paspsiioM 3HAKOB) U NOCACOHUM PaA3PAOOM OCYUe-
CMBASIEMCS 8 cCymMmamope 0soudHas nepedaia (Quriuteckas
dsouunas nepedaya). Tak kak uz dopmyan (11) caenyer:

[+ yle=x+y=[x]; + [y];(mon. (2—2-")) (12)

TO CYMMQAMOP € WBUKAUMECKOL O80u4HOIl nepedatel ocyuye-
CMBASEM CYyMMUPOBAHUE LUCEN, 3A0AHHHLX 0OPAMHHLM KOOOM.

[TpsamMoil KOX mJisi mpejcTaBieHHs uHcea yAo6eH IpH Ipo-
H3BOJACTBE JEHCTBHA yMHOMEHHS H JeJeHHs, MOCKOJbKY TaM
NEePEMHOKAIOTCSA H Ae/IATCA aGCOJOTHHE BeJanuuHbl uucesr. Jlis
onepaniil CJOXKEHHS M BHIYHTAHHA YAOOHBL JOMOJHHTE/IbHEIH
i o6paTHuiil kom. [l oOpaTHOro Koja onepanusi TiepeMeHBl
3HaKa YMCJ4, KOTOpas 3ak/JouaeTcst B 3aMeHe KamJod HH(pbI
Ha JIOMOJHHTE/JbHYIO, MPOILE, YeM 3Ta KEe omnepauust J1Jad JNOMnoJa-
HUTEJBLHOrO KOJA.

Hanomuum, 4TOo BCE uHCJIA, KOTOPHE MOXKHO IpPeJCTaBHTb
B MallMHe, AO/UKHH OHTb MPABHILHHIMH JPOOSAMH, IIO3TOMY
B MaillHHAX paccMaTpHBaeMOro THIA B pe3yJbTare CJI0XKEHHS
HE JO/IKHO MOSIBJAATHCA HENpaBHIbHBIX Apobefi (mo Toi ke
NPHYHHE 3AMpenieHo je/eHHe GOJbIIEro no abCcoJMIOTHOH BejH-
ugHe upcsga Ha Medbinee). OO0 aBTOMATHYECKOH pean3aliiy
zanperoB cm. Huxe § 10.

M3o6Gpaxenue n-3HauyHBIX uucesJ B Bujpe Gec-
KOHEeUYHO3HaYHHX. [losox)uTe/pHOE £-3HAYHOE JBOHUYHOE
YHCJI0

K= 0, X000« X, (13)

MOXKeT pacCMaTpuBaTLbCA Kak 6ecKOHeYHO3HAUHOe

x=0xx%x...x,00...0... (14)

JJsi oTpunaTeNbHLIX /-3HAUYHBIX YHCEJ Pa3sHOCTh MEXIy
M300paX]eHHsIMH JOMOJHUTEJIBHEIM H 0OpaTHBHIM KOJAaMH, paBHas
2-n crpemutrcs K O npu 1 —oo. Jlng 6€CKOHEUHO3HAUHBIX YHCEJ
n3obpakeHnss 0OpaTHBIM M JOINOJHHTEJIbHHM KOJAaMH PaBHBI.
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O6partHbiil #-3HaUHBIA KO Yucaa — X = — 0, X%, . . . X, IOy~
uyaercs u3 (13) nopaspsigHEIM JOTOJHEHHEM '

[_" x]a = 1,3&1}2 .. .;C” (15)

CoOoTBeTCTBEHHO OOpaTHHIH O€CKOHEeUYHO3HAUHBIH KON 4YHCIA — X
noayuaetrcst u3 (14) nopaspsimnam ponoanenueMm. OH paBen

[—x]5 =1, %%...5,11...1... (16)

T. €. MOJYYaeTcs W3 n-3HauyHoro oGpatHoro xoma (15) nmpuGas-
agennem GeCKOHEUHOro ,XBOCTA“ emXHHHIL.

Tax xax 0,00...0111...=0,00...1000...=2"" T0
[—x]s" = [—x]s + 27" = [— x].

Jlonoanure/pnuil  GeckoneyHo3nauHblil koj [— x| umeaa — x
paBeH ero GeCKOHEUYHO3HAUHOMY OGpATHOMY KOHY, TaK Kak

[— %15 = [~ %15 = [ 1,

Beckoneunosnaunnii gonoaHuTe IbHBI KOL [— X|5 umcia — x

paBeH ero /7-3HaYHOMY JONOJHHTE/JIBHOMY Kopy [— X], H noJay-
4YaeTcs M3 nocjaennero gobasiaenneM 6eCKOHEUHOrO XBOCTA HYJIeH.
Taxkum o6pasom, AOMOJTHHUTENbHBIH M OGpPAaTHBIE KOABI OTPH-
HaTe/JbHBIX YHCEJ OTBEYAIT JBYM crnocoGaM IpeacTaBIeHHs
n-3HaYHHIX YHCEJ B BHJE O@CKOHeYHO3HA4HOH IpoGH.
Jdpyrue cayuvam wmMamuH ¢ (GUKCHPOBaHHOM
sansaTof. Ecanm 3anaras ¢uxcupoBana nepen k-fi 0T Hauaja
uupoil  JBOHYHOrO pA3JOKEHHS UHCIA, TO BCE IMpPEeIbILYIIHE
paccMOTpeHHsi, B 4YaCTHOCTH H300pa)@HHs WHCeJ pa3HBIMH
KOJaMH, COXPaHsiloT CHJIY, €C/IH 3aMEHHTh CPaBHEHHA 10 MOJLYJIIO
2 U 2—27" COOTBeTCTBEHHO CPABHEHHSIMH IO MOZY./IO 2F u

2k — 2k=1-n_ OrpunartegpHbli HYJ1b B O6GPAaTHOM KOIAE HMEET
TOTla 3aMUCh

[—0)g = 2% —QF1=n =1 111...1,11...1

—— S — e
k—1 n—Fk+1

(nepmast mugpa 1 o3navaerT 3max MUHYC).
Ecau, B wactnocrn, k=n-+ 1, 1. e. 3ansitast (pUKCHpPOBaHA
nocJae Bcex mudp, MamnHa H306paxcaer TOJBKO IeJble THCIA.
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B Mammupax ¢ gecsTHYHOH CHCTEMO CUHC/JIEHHsi JBOHYHBIH
pa3pan 3HaKa OTJIHYAETCS OT CJAELYIOIMX 38 HHM JIEeCSHTHYHBIX
3uaxkoB. [lopaspsanHoe [AONOJHEHHE B JECATHUHOH CcHCTEME
3AKJI0UYAETCS B 3aMEHe Kam ol JeCATHYHOH u,ﬁcppbl k ee ponoui-
HEeHHeM JO NEeBSiTKH, 9 -— k: nanpumep, npu QuKcanUn 3anaToi
nepen nepeoi nudpoil obGpaTHwil KO (110paspsaHoe A0NO.He-
Hie) Tpexsnaynoro uncaa —0,327 ectb uncao 1,672 (1 ompe-
JeJISIeT 3HaK MUHYC); OTPHI@TEJbHEIH HYJb B 00pPaTHOM KOJe
¢ Takoil ¢ukcanueil sanatoir umeer Bux 1,99...9.

Hexoropble n3 Maluind, paboTalolMX MO JIBOHYHO-LCCSATHUHOH CHeTEMe,
noAL3YITCA TAKOIl ABOMUNOI 3aMHCHIO JECATHYHLIX LM{pP, IpH KOTOPOil nopas-
PAHOE JleCSITHYHOE JOMOJHEHWe cBoautes K aponuromy. [lns storo nocra-
TOUuHO, 4TOOb JONONHUTENbHBIE AcCATHUHBIC UHQPE £ 1 9 — k usobpamanuch
UETHIPEX3HAYHBIMH  JIBOHUHBIMH UHCAAaMH, NOTOJHSWUMMKM JApPYr jpyra 1o
1111 (= 15). Hanmpumep, ecau xampas pecatudsas unppa k(k=0,1,...,9)
usobpamaercs JBOHYHBIM pasioieHHeM uucna R-}-3, TO mapa AONOIHHTCAb-
HEX Uudp £ u 9 — k umeer Apouunsie uzobpamenus, pashue k3 n 12—k,
pomoJuawoue Apyr apyra o uucaa 1111 (= 15). Tak, TpexsHauxHoe uncio
0,723 Gyaet uMmerb IBOMUHO-iecATHYHOE 306pawenne R = 0,1010 0101 0110,
a uncao —0,723 B 0oOpaTHOM KOjle WMeeT IBOHYHO-ACCHTHUHYIO 3amich
R, = 10101 1010 1001, noayuaemyio OOBbIYHHIM JBOMYHBEIM I[OPA3PALHBIM
nonoliHeHueM us K.

[Tpu pemenun 3ajay Ha MauiHHax ¢ GUKCHPOBAHHON 3aNATOH
NPUXOAUTCS MMETh N0 C YHCJAaMH, BHIXOASIIMMH 33 NPEAC/Ihl
IMATA30HA YHCEI, KOTOPHE MOMXKHO TPEeJACTaBUTh B Mallihe C
sangaToll, (ukcuposaHHoil nepen neppoit uugppoil. C 3TOM nebio
ync/ia, Xpausliuecs B HEKOTOPOi rpynne siieex 3¥, CUHTAIOTCS
B3ATHIMM B HEKOTOpOM Macmrtabe, T. e. cHaOXeHHHMH He-
KOTOPHIM TOCTOSIHHEIM st 9TOfi rpynne Muomutresem. Muoraa
TAKAX TPyl SUYCeK CO CBOMM MAacIITAGHHIM MHOXHTEJIEM BBO-
JNTCSI HECKOJBKO. I'pymnmna, K KOTOpPOil TNpHHALIEHKHT sideliKa,
CAYIKHT yKa3aTeqeM BEJIHUMHBL MHOuuTE/s. JlaibHefmnM pas-
BUTHEM I[1PEJICTABAEHHS YHCEJA C MHOMKHTE/ISIMH ABUJIOCH NOSB/E-
Hpe MAIIMH ¢ TJasaloulell 3ansaToi.

lpeacrapienue yncea B MallHHAX C MJaBalouled 3ansiToi.
B mamunax ¢ nJaaBaljonieil sangrtoif  uucaa  3ajanel B BHIE
X = p™y, THe m — 1eJ0€ UYUCJIO0, HA3BBAeMOe NOPIAKOM YHC/Ia
X, a ¥y —UHCI0 10 abCogioTHOR BeJIHUYHHE MEeHbIICE €AMHHIBL.
OrpanuuuMcsi caydaeM p = 2. Hue/Jo nasnBaeTcs HOPMaaH30-
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BAHHEIM, €CJAH OHO TPEACTaBJIEHO B BHIE X = 2™y, rie y ==
= + 0,1 X,Xs... X,; neppas uudpa nocie 3anaToii ectb 1, T. €:
,<|yl<1. B atom ciyyae y Ha3bBaeTcs UH(PPOBOH 4aCTHIO
yucJa X.

YacTb paspsaos HabGopa, H300paxaioiero 4HCIO, CJIYHKHT
I/ M300paxeHns NOPSAKA, OCTaJbHHE paspsabl Habopa — s
nzobpaxennss uudposoii vactu. [lopsaxu H306PaAKAIOTCH  KaK
B MallMHAX € 3ansToii, (PUKCHPOBAaHHON nocjae Bcex mudp; wud-
pOBHE 4YaCTH — KaK B MalIHHAX C 3anaTof, (PUKCHPOBAHHON
nepen nepsoil 1UQpPoIi.

Ecan mias uzoGpaxkeHus MOPAAKA CJAyKAT, HAmpumep, nep-
BHE paspsaid, TO Habop, H300paMawoUuil YHCJIO B MallHHEe
C UaBamoulell 3andrToil, UMeeT BHJ

Vo V1 Youuu Vo Xo X1 Xoeen X,

31ech Yo Vq... ¥, — U306paxeHue nopsaaka (Y, — 3HAK NOPSAKA),
Xo Xy Xo... X, — u306paxenne nudpoBoil uacTH (X, — €e 3HaAK).
[Mpu r = 3, n = 6, nabop

0101,,0101110,

10 PAIOK uH(ppoBas 4acTb

n306paxaer YuCca0 ¢ nopsiaikoM 4 101(=5) u uudpoBoii yacTeio
-+0,101110, T. e. uncao 25-0,101110.

[lycrs st usobpaxkeHus TOPSAKOB JHAIOTCH I Paspsjios,
a Taxke paspsl 3HaKa. Torja MNOPsiKH [PUHHMAIOT IeJble
snauenusi or — (27— 1) no 2 — 1. Hanpumep, npu r = 4,5,6, . ..
MOPSAKH MOTYT IPHHHMATH LeJble 3HAYeHHsi, COOTBETCTBEHHO,
or—15 mo + 15, or—31 mo+31, or—63 po-+63 u T &
COOTBETCTBEHHO MalllMHA MOXKeT Hu300paxaTb YHCjJa B JAUana-
30He mpuMepHo ot 21 mo 215, or 2-% g0 2, or 2% po 27
T I

B mamuHax ¢ (UKCHPOBAHHOI 3ansToil OJIMHAKOBHIE paspsi-
JIbl BCEX YHCe/J 3aHMMAlOT OJMHAKOBOE MOJOMKEHHe. DTO YA06HO
IJIs1 BHITOJHEHHS JEeHCTBUE CJI0MKEHUSI W BHUHTAHHUSI, MO3TOMY
BHITIOJIHEHHE STHX oOnepaiuii Ha MalHHaX € (UKCHPOBAHHOIM
3ansToO Mpole, yeM Ha MallHHAX C ILIaBalolled 3ansaToil.

OCHOBHBIM € TPCHMYINECTBOM MAalllHH C TJIaBaiome 3anaToi
sipyisieTcsl  OOJIbINON MHANA30H YHCEJ, KOTOpPLle MOXHO [pel-
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CTABHTh B MAalluHE, KAK BecbMa MaJgnX 10 abCOJIOTHOH BeJH-
ypHe, Tak U OOJbIIKHX, MPHYEM BCEe HOPMAJU30BAaHHLIE YHCJIA
MOHO IIPEeJCTaBHTh B MAalllMHAX € IJIABAIONIEll 3amsTOH C MpH-
MEPHO OOLHAKOB0L OMHOCUMEAbHOU MOYHOCMbI0. Mexay Tem,
B MAalIHHAX C (PUKCHPOBAHHON 3anaTOH MEHBIIHE YHCJA Mpel-
CTABJSIOTCA € MeHbIlell OTHOCHTE/JLHOH TOYHOCTBIO; OTCIOAA
NPOUCTEKAeT NOTepPHA 3HAKOB IPH YMHOMKEHHH TAKHX YHCeJ.
3710 BHI3BIBA@T HEYAOOCTBO NPH PEIIEHHH 3aja4, TPeOyIoIHX
OOJBIIOr0 KOJMYECTBA YMHOMXKeHHi, HanpuMep, MpH pelleHHH
ciucteM  aareOGpaHyeckux ypaBHEHHH MeTOAOM HCK/IYeHHS.
Kpome Toro, B Takux MalIMHAX YacTO TPHUXOINHTCA YUUTHBATh
3anpeThl B CMHICJE [OSIBJEHHS ,CJOHIIKOM OOJbINHXY 4HCeJ
B pesyabpraTe onepauuii. Hanpumep, B Mammunax nHauboJjee
YHOOHLIX C JPYTHX TOUEK 3pPeHHsl, B KOTOPHX 3amnsrtasi Gurcu-
pyeTrcs nepen MNepBLIM PaspsaiOM, BCEe UYHCAd, KOTOPbIe MOXKHO
NpeicTaBuTh, MeHblle 1 o abcoI0THON BeTHYHHE ; 3MECh HYIKHO
IO3TOMY TIpelycMaTpHBaTh, UTOOH B pesy./bTaTe apH(pMeTH-
YeCKHUX onepauuil He nosBujaock uucesa, 6oapmux 1. B mamu-
HaX K€ C [JIaBalolleill 3anmATOH BEPXHSS I'PAHHIA NMPEACTABHMBIX
yuces OOBIUHO [JOCTATOUYHO BEJAMKA H C 3anpeToM IpeBo-
CXOJIHTH €e IPHUXOJUTCS CUNTATBCA 3HAUHTEbHO pexe. [lostomy
pexe MPUXOAUTCH NMPuOEratb U KO BCSKHM IMPEAOCTOPOMHOCTAM
NPH MJAHHPOBAHUM BBIYHC/JAEHHI, HaNpHMep, K H3MEHEeHHIO Mac-
wraba u T. A ;

Jlasi uszobpaxennsi nu@pOBHX uacrteli ynorpebiasercs Kak
npsAmMoil, TaKk W JONOJHHTEJBHHIH u o6paTHHN KOAH. HTO Ka-
caercst TIOPSAKOB, TO C HHMH IPOH3BOLATCH, B OCHOBHOM, Olle-
paliy CJOXKEHHS U BBHUHTAHHA, /I8 KOTOPHX yJo0Hee moJb-
30BaThC OGPATHBIM HJIH  JOTNOJHUTEJMbHHM Koxamu. [lostomy
OHH, eCTeCTBEHHO, U MPUMEHSIOTCA MPH U300paxKeHHH NOPSIKOB.

[Mycts —m = — (27— 1) = —111...1 naumeHbIIHi H3 BO3-
MOXHHX nopsiaxos. Toraa uncao x << 27" -0,1 =27 yxe
He MOKeT ObTh IPEICTABJICHO B HOPMAJH30BAHHOM BHIE. IDTH
uypcsaa 06bYHO npuHHMaloTcA 3a 0: OHHM MEHBIIE HaHMEHBIIEro
HOPMAJ/JIH30BaHHOTO YUCJA, TTPEACTABJCHHOrO B MAlIHHE, H K HHM
,OOHUHBIE Omepanun® B MalllHHAX C MJABAIOLLEN 3anaToM, CBA-
3aHHBe ¢ HOpMaJiu3anued, HenpumenuMb. Takum o6pasom,
HAJIHYHE HAHMEeHbIIEero mnopsiaka —m u nepsoft uudpu 0 nocuae
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sanaToil B UM(POBOH 4YacTH yMCJaa ecTh yKasaTeub HyJs. [lis
MPOCTOTH MOXHO OTKA3aThCs H OT UHCEJ BHIA X = 2 ~.0,1a.

(27" < x < 27™), 7. e. NPHHATD HX TOXE DPABHBIMH Hymo
W CUMTATD yKA3aTe/JeM Hy.Isi HAJHUHE HAUMEHBLIETO NOPsiKA — 1.

§ 8. MNOPA3PSIIHbLIE OMNEPALIMHK-

Paccmorpenne  pasiMyHBIX ONEpAalii, COBEpIIA@MBIX Hal
ypcjgaMi M, BOOOLLE, Hajx Habopamu, XpaHSIIUMHCH B MalllMHe,
MBI HAYHEM C ,l0paspaAiHBIX" onepauuii, T. €. TéX, B KOTOPHIX
onepanuy Hajx LAdpaMd KauJoro paspsjia COBepIlaloTCsa Hesa-
pucumo apyr ot apyra. Cioona OTHOCATCS, HalpUMep, TaKue
onepauud, KaK npeoGpaszosanus 4HCIA U3 NPSMOro Koja B 00-
paTHBIl U H3 OOGPAaTHOrO B NpsAMON, B3sitHe abCOMIOTHOH BeJIH-
YHHB YHCJIA H T. JL.

[lepenaya yuc/aa M3 ONHOH YACTH MaIIMHBL B JIPYTYIO, Ha-
npuMep, U3 Aapu(METHYECKOro ycrpoiictBa B saueiiky 3¥Y u
o6paTHO, B TOM Ciyuae, KOrja 4HC/IO He T[OJABEpraercst HHKa-
KHM T1peo6pa3oBaHUsAM, €CTh TaKiKe TMopaspsiiHasi onepanus.
[Nepenaua uucaa, 3aJaHHOTO NPSIMBIM (06PATHBIM) KOJOM, C 1pe-
obpasosahnem ero B oOpatHbil (nmpsMoli) Takxe sB/seTCH
nopa3psuHoil onepanueli. Mbl  OrpaHuuuMCsi  PacCMOTpeHHEM
9TUX omepanHili B JIBOHYHOH CHCTEME.

[opaspsinHoe nomnojaHenue. IDra onepauus Ipeobpasyer
HABOP Xo Xy Xp...X, B HAGOp Xo Xp... X, THE X, = 1 — X,
B wmammnax ¢ (QUKCHPOBAHHOH 3ansaTol Taxas onepauusi npe-
BpamaeT YHCJAO X, 3aJaHHOe OOpaTHHM KOJIOM, B 4YHMCAO —X,
3a/1aHHOE TeM JKE€ KOJIOM, UTO BHTEeKaetr u3 pasenctsa (9), §7.
[lpu TaxoMm 3aJianuH UHCe. ollepanus H3MEHEHHUA 3HAKA SIBJACTCS
nopaspsiinoil onepanuei.

Uame BCcTpedaeTcs anaJdoruuHas Onepauusi, LIpH KOTOpoi
N0Pa3psIHOMY AONOJIHEHHUIO NOABEpPraeTcs JHb (QUKCHPOBaHHas
yacTh pa3psnaoB Habopa. Hanpumep, nopaspsiiHoe AOOJIHEHHE
BCeX UMPPOBHX paspsjoB uucia (6e3 pa3psafoB 3HAKa) IpeBpa-
IAET NPSAMON KOJ OTPHIATEIBHOTO UHC.Ia B 00paTHbL 1 Hao0opoT.
[Nocaennas onepauus (PUrypHpPYeET, KaKk 4YacTh ONepauud Ciao-
JKEeHWsi, B MallHHaX, B KOTOPHX uHucIa B 3Y 3ajaHbl NPAMBIM
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KOJIOM, @ CyMMaTtop paboraerT NO TNpHHIHNY 00paTHOro Koxaa
(cm. crp. 31).

B mamuHax ¢ mJaBaioledi sanaTofi uaMeneHHe 3HaKa YHCJA,
3aaHHOro 06paTHBEIM KOJAOM, TOJYyUYaeTCs MOpa3psiiHBIM JIOMO0J-
HEHHEM BCEX pas3psimoB LH(POBOH YacTH YHCJA, BK/IKOUYAA Paspsn
3HaKa.

Ilepegaya uncaa M3 OAHOH YaCTH MAIUHWHBI B APYTYO B BHIE
€ro MopaspsaHoro NOMOJMHEHUS] HA3LIBACTCH WHBEPCHOIL.

MopaspsinHoe caowenne. OnHOpaspanHbIH JIBOHYHHI CYM-
MaTop COBepIIdeT CJa0xKeHHe 1o moay.wo 2. Ecau takoe cio-
senue 0603HAUUTL 3HAKOM (), TO MBI HMeeM CJelylonyio Tab-
JIHILY

020=0,0&81=120=1,1¢E1=0

IMopaspsgHoe ciaoxeHue Xy ABYX HAOOPOB X U Y 3aKJI0-
yaeTcs B CJIOKEHHH MO MOLYJIK 2 widp KamIOTO paspsjia
9TuX HAO0POB: €CAM X = X; Xj... X,, ¥ = V¢ V1.--¥,, TO

[lopaspsianoe CJOIOXKEHHE 3HAYHTEJBHO Tpome OObLYHOro, TaK
K4K OHO He TpebyeT NepemauH eiHHHI U3 HUBIIHX PaspsiloB
B BHICLINE.

Onepanuio 1nopa3psaHoro AOMOJHEHHA YUCAa X MOXHO OCY-
IIECTBUTH TYTEM TOPA3psiiHOro cjaoxenus. Jlas aToro HymsHO
OCYILECTBUTD MOPa3psiiHoe CjAoXKenue X (Y, rae nabop y nmeer
mwidbpy 1 BO BCex paspapax, AIs KOTOPHX OCYIIECTB/ISAETCH
nopaspsinHoe gonoJgnenne, u uudpy O B OCTAAbHHIX paspsjax.

MMopaspsinHoe JOruyeckoe cJaoxenue. Jloruueckoe cioxe-
HHe ABOMYHEIX IHDp onpenesasercs Tab.unei:

OvVOo=0,0vV1=1vV0=1VI1=1
[TopaspsimHoe JOTHUECKOe CJAOXKeHHe IBYX Habopos
X=Xy Xgooo Xy ¥ = Vo Y1-o- Yy
3akJaoyaeTcs B noJjyuennn nabopa
XN Y =202,...2, 2, = X, \V V;

Onepauusi JOTHYECKOTO CJA0KEHHS MOMKET CHYXKUTh s
Moaucurkaumn Komanm u uuceda. [loapsysck sToll onepaumeti,
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MOMHO JIETKO, HAaNpHMEep, [OJYYHTh H3 UYHCIA X, 3aJaHHOIO
NPAMBIM KOJIOM, €ro OTpHUATeJbHH{ Moay.1b — |x|. [las storo
Hajno Habop X, X; Xs... X,, ABJISIOMIMICH IIPAMBIM KOJAOM YHC/IA
X, JOrH4eCKH CJ0¥HUTh ¢ HaGopom y = 1,00...0...0.

Ecan B gByx Habopax X =X, X;... X, H ¥ = Vg Yioe Y,
HE BCTpeuYdeTcs OJHOBPEMEHHOIO paBeHCTBa €AHHHIE LHpp
OJINHAKOBOIO PaspsAna, TO MOPa3psiHOE JOIHYEeCKoe CJ0XKeHHe
X W Yy COBMAjgaeT C NOPa3pAIHBIM CJ0KEHHEM, & TAKKE H C
0OBHYHON omepanueil C/0MeHHsI X -+ y B MalIMHax ¢ (DUKCHPO-
BAHHOH 3angaToM.

lopa3psinnoe (noruyeckoe) ymMmHOMeHHe. IlopaspsinHoe
YMHOIKEHHE ABYX HA0OPOB X = Xy X; Xa...X,, ¥ = Yo Vi YoV,
3akJjiouaercs B ofpazoBaHuu Habopa

x/\\y - r?"l}'zl'“‘z'y.rn zk - xkyk
rje onepamms XV, €CTh OOBIYHAs onepagus yMHOMEHHS ]_[[/I(i)]"}

Owul:
(0-0=0-1=1-0=0, 1-1=1)

Onepanust 374 Ha3bLIBaeTCsd HMHOrAA ONepannedl CAuYeHus W
86L00pKu, TAK KaK OHA MO3BoOJseT W3 HAbopa X — Xg X; Xg...X,
BRIOpaTh JiO0BE ero paspsabl NOCPEACTBOM CJAHYEHUS 3TOI'O
Habopa ¢ TakuM HaGoOpOM Yy, Yy KOTOpPOro B paspsiliax, COOTBET-
CTBYIOLIHX TeM, KOTOphHe HAMO BHOpPAaTh M3 UHCJIA X, CTOAT
€JMHMILE, & BO BCEX OCTAJbHHX pPa3psaax — HYJIH.

[Toabsysch 9TOf onmepanuei, JJerko MOXKHO BHIIOJHUTE BHIJE-
JeHUe 3HAKa 4YHCJaa X, ero abCoJIOTHOH BeJHUHHEL, IH(POBOIL
€ro 4acTH WIH TOJBKO MOJYJA 3TOH 4YacTH, NOpPsAlKa Yucaa X,
3HAKA MJH XKe MOJyJ/si Nopsanaka, mudpa OnepanuH Kako#-HH-
Oynb KOMaHIb win Jwoboro ee azapeca (cm. Huxe, § 19).
Ona moxer OHTb HCMOJB30BAHA TAKMKe Jiisl BHAEGJEHHS IEJION
WM 1poGHOMl 4acTn 4MC/Ia, a TAKXKe JUIS TalleHHs COAEepPHHMOTO
KaKoro-iau6o mecra 3V.

Jl1st BbLIEJEHHS] 3HAKa X, YHCIA X, NPEACTaBJIEHHOTO Habo-
poM  Xg, Xp...X,, HamO CJAHYHTL 3TOT Habop ¢ HabopoMm y =
=1,0...0, y xoroporo BO BceXx pa3pspax CTOAT HYJH, KpoMe
paspsila 3HaKa, B KOTOpPOM CTOMT eanHuua. Ecin e TpeGyertcs
MOJYUYHTh AGCOMIOTHYIO BEAMYHHY |X| 4HCIA X, IPEACTaB/IEH-
HOTO NPSAMEIM KOJOM, TO JOCTATOYHO mOJg0XKHTb y = 0,1...1.

38



AHAJIOTHUHO MOKeT OHTbH [POU3BEJEHO BHIAEJEHHE 3Ha-
Ka WJIM MOLYJIS HOpsAKa uJH, BooGuie, oGO vacTH Ha-
6opa.

MepeMeHa 3HaKa 4YHCAa MOxeT GHTb OCYHIECTBJIEHA JIHGO
KAK YACTHBIT CJyuail HEKOTOPHX apu(MeTHueCKuX OIepanui
(MMEHHO, BHYMTAHHS YHCJIA X M3 HYyJs), Jn0OO IOCPeACTBOM
cnenua/JpHoil  onepaunu. Jljaa duces, mpeicTaBACHHBIX MPAMBIM
KOJIOM, JJIf OCYINECTBJIEHHs STOH Omepaliu JOCTATOYHO H3MEe-
nuth waGpy 3Haka B HaGope. [Jlasi umces, MNpenCTaB/ICHHBIX
06paTHHIM KOJIOM, JOCTATOYHO TPOU3BECTH ONEpPaluio mopas-
pAAHOTO JonoJHenus. s uuces, s3ajaHHBIX JAOMNONHHTEIbHBIM
KOZOM, NEpeMeHa 3HAKa He SIBJISETCS NMOPa3pslHOil oneparme:
oHA CBOOMTCH K MOPA3PALHOMY JONOJHEHHIO W H0GaBJIEHHIO
eHHHUIEl B MOCAEIHUH paspsi.

O0Opa3oBanue abCOMOTHOH BEJMUYMHblI YHCJAA X €CTb TOXKIe-
cTBeHHas onepauns npu x = 0 1 CBOAMTCS K ONEPALHH NePeMEHH!
sgaka yucaa npu X < 0. Oco6eHHO MNpoCTO TEXHHUYECKOe OCy-
HIeCTBJACHHE 3ITOM oOepaudu IJIs YHCEJ, NMPEeJNCTABJICHHBIX Tps-
MHM KOzoM. Jljasi peanusanuu 3TOH onepauuu Oyjper JpoCTa-
TOYHO TepeaaTh B apu(MeTHUECKOe YCTPOHCTBO MallHHBI BCE
paspsibl UpCaa X, KpOMe paspsila 3HaKa.

HameneHHe 3HaKa YMCJaa X B 3aBHCHMOCTH OT 3HAKa YHCJa Y.
Cioia OTHOCSITCSI OTepauis YMHOINCEHUS LUCAQ X HA 3HAK HUC-
Aa@ y, T. e. 06pasoBaHMe YuCIa sign y-X, U onepauus nepedati
qucay X 3HaKa wucaa y, T. €. 06pasoBaHHe uucIa signy-|x
Dty onepaunn MOryT OHITH CBEJCHH K NPEABAYIIHM OIepaiusiM,
a MOTYT (DMI'YpHPOBATH U KAK CAMOCTOsITe/IbHBIE onepauuu. Ha-
npuMep, IS peaaH3aldd BTOPOH U3 3THX ONepaun, T. €. I
00pasoBaHusi uYHMCaA Signy-|X|, ecau X 3ajaHo MpAMBIM KOJOM,
JIOCTATOYHO OCYILIECTBHThH YCTPOICTBO, KOTOpPOE NOCHLIAIO0 Ol
0 KaHaJy paspsila 3HaKa 3HAK 4ucjaa y, a MO OCTAJbHBIM Ka-
Ha/JaM COOTBETCTBEHHBIE 3HAueHUs wudp uucaa |x|.

Mepenaua ywucaa u3 ONHHX YacTed MalllMHbl B JIpYyrue.
[lpu mepemaue umcia u3 BHyTpeHHero 3Y B apudpMeTHYECKOE
YCTPOMCTBO YHCJAO OCTaeTcsi B Auelike 3Y COBEPIIEHHO B TOM
e BHIE, B KakoM OHO OBUIO 1O 3TOH omepanuu, TakK 4YTO
orepanis 3Ta 3aK/JII0YaeTcst MpoCcTo B ,IPOYTEHHH" HJIH ,BOC-
npusTHH® apu)MeTHIECKHM YCTPOACTBOM Hab0pa, HAXOAAIEroCs
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B TOil suefike 3Y, OTKyza OH NOCTymaetr B apH(METHUECKOE
yCTPOHCTBO. '

Ho B apudmeruueckom ycrpofictBe na6op, NOCTYNHBHIM{
u3 suefiku 3Y, B obueM ciyuyae npeo6pasyercs HpH mepepaue
4HCeJ W3 ONHHX dacTedl apudmMernHyeckoro ycrpoficTBa B apy-
rHe; MpH 3TOM LIMPOKO IPHMEHSIETCA He TOJBKO IMpsiMasi, HO I
unsepcHas nepedata, T. €. Tepeiaya Koaa UMCaA NOpPaspsIHBIM
JnonosnenueM. Ecan, nanpumep, X 3agano o6paTHHM KOIOM, TO
HHBEpPCHasl Mepejaya YucJa X O3HAYAeT Iepenauyy ero ¢ usme-
HeHueM 3Haka. Ecin uuciao x B aueiike 3Y NpeacTaBaeHo mps-
MEM KOJOM [X];, TO B CYMMAaTOp OHO NONANAET NPEACTABICHHBIM
a100 06paTHHIM KOJOM [X]g, THOO NONOJHHTEABHBEIM KOJAOM [X],,
B 38BHCHMOCTH OT THNA cyMmaropa (T. €. B 3aBHCHMOCTH OT
OTCYTCTBHSI WM HaJUuusi B CyMMaToOpe LMKJIHYECKOH mepemaun
M3 paspsia 3Haka B Maamumuii undposoii paspsn)’. Ecan xe
B siveilkax 3Y uucaa XpauaTcs B BHAE JOMNOJHEHHH, T. €.
NpeACTaB/IeHbl  JAOMOJHUTEIbHBIM WM  OOpaTHBIM KOIOM, TO
B CyMMHUpYIOIMHA GJOK 4uCIa nepefaioTcs M3 siueexk 3V 0es
BCAKHX H3MeHeHuil. B MHOMXHTe/bHO® YCTPOHCTBO wHC/IA MOCTY-
naioT 6e3 BCAKMX H3MEHEHHI Wi ¢ W3MeHeHHeM KOja, B 3aBH-
CHMOCTH OT TOrO, COBNAJaeT HWJH He COBHANAET KOJ, MPHUMEHs-
eMBil B siyeiikax 3Y, ¢ KOJIOM, 1O KOTOPOMY paGOTAET MHOMKMH-
TeJIbHOE yCTPOHCTBO. [1pu mepenaue uwuciaa U3 apu(QMETHUECKOTO
ycrpoiicta B 3Y KOABI YHCE/ MOABEPraoTcs onepanusM, obpar-
HBIM TIPeIBIAY M.

Kak ykasano B § 6, B.coBpemeHHHX MammuHax siuefiku 3Y
aBTOMATHYECKH OWYMIIAIOTCS (YCTAHAB/IHBAIOTCS HA HYJIb) NEpen
TeM, KaK B HHX IIOCTYNaeT HOBOE YHCJOZ.

B opnux mammnax apudmerHueckoe ycTpoHCTBO MOC/AE MO-
CBIJIKH M3 HEro 4HCJIa BCerJa TacuTcs, T. €. YCTaHABJNBAETCH
Hd HYyJb, B APYIMX MalIMHAX® OHO MOMKET KAK FacHThCs, TaK
H COXPAHAThL IMOCHLJIAEMOE M3 HEro 4YHCJIO.

! Tlepenaya monoauntenbubiM KonoM TpebyeT pobapieckus | B nocaennuii
pas3pan o6parHOro Koma, uTo TPeGYeT CBA3M MEWY pa3psamaMu.

® B mammHax c cymmupymownm 3Y s 3amennl B sgeiike 3Y umcna x
YHCAOM ¥ HYWHO OLIIO NOCAATE B 3TY fAUeHKy pPasHOCTL ¥ — X.

® Hanpumep, B manmuax onsoanpecsoro koga (cm. § 19).
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Onepauust nepegaun uuCJga CO BXOJAa MallHHB HJAH W3
BHewHero 3¥Y BO BHyTpeHHee 3Y u 00paTHO CBOJMTCA K MHpO-
CTOH onepaluy NepeckJKH B CJIyUae, Korjd UHC/Ia BO BHYTPCHHEM
3V MalluHH [peJCTaBjeHEl B TOH e CHCTeMe CUHCJIeHHS,
YTO W YHCJA, [OCTYNalollHe CO BXOJAd MAIIMHH, KaK 3TO
HMeeT MeCTO, HallpUMep, B MALIMHAX, BHYMC/SIOMMX B JIECATHY-
HOMl cHucTeMme.

B cayuae ke, KOrma UMCIA NPEACTABIEHH BO BHYTpPEHHEM
3Y MAallHHB B CHCTEME CUYHCJEHHs, OTJHYHOH OT TOil, B KaKoi
YUCJA BBOASTCS B MAIIMHY HJAH B KAKOH CUCTeME CUHC/AeHHs
ypc/a XPAHSTCsl BO BHewHeM 3Y, TO 3TH Onepalun CTAHOBATCH
BeCbMa CJOXHBIMH, TAK KAK OHH BKJIIOUAIOT B Cebs onepaiuu,
HEOOXOAUMEE [Jis1 npeobpazoBaHusl HHMCE/ U3 OJHOH CHCTEMBI
B apyryio (cm. crp. 122).

§ 8. ONMEPALMH CIOBHMIrA U HOPMAJIM3ALWUH

Cuapur. Onepanus CABHTA 3AKJIOYAETCS B CMELIEHHH uuchp
nabopa Ha (PUKCHPOBAHHOE YHCJIO PA3PAN0OB BIPABO MM BJIEBO.
CiBUr HA S PaspsijioB BIPABO 3aMEHSET HAGOD XeXyX,...X, Ha
nabop 0...0 XeX;...Xp—s. CuBuUr Ha S paspanoB BJIEBO 3aMe-

—
HsieT Habop XgX;...x, Ha Habop X Xei...x, 00...0. Mnoraa
—
onepanMM CIABHIA MOABEpraerTcsa He BECh HA0Op X¢X;...X,,
a 4acTb XuXg4i...X, 3TOro nHabopa; HanpuMep, B MaIIHHAX
€ NyIaBapmeil 3anaToil MOXHO FOBOPHTBL O CABHre B LH(POBOL
YACTH 4HC/IA.

Onepamnuu ciBura SiBJASIIOTCH 3/€MEHTAMH ONEpAIHU  YMHO-
XKEHHSl M JeJIeHHs, a B MaUIMHAX C TJaBaiouiedl sansitoil — orne-
panuy HOPMA/M3aLMH, 4 TAKKE CJIOKEHHH M BBLIYMTAHUA. ITH
K€ Oonepanuu Mo3BOJASIOT BBHAEAHTH 3HAK M MOJAYJIb HHC/IA,
NOPSAJAOK W IMH(POBYIO 4aCTh B MALIMHAX C NJaBalolied 3ansiToi
u Boobmie creperh (T. e. CAeaaTh PABHEIMH HYJIO) 3ajaHHoe
YHC/IO BHICIIMX WM HU3WINX paspsjaos HaGepa. Takum o6pasom,
OTEpaNMH CABHIAa BO MHOTHX HanGogee BaHBIX CAydafx 3ame-
HAOT OIIepaLlPlIO CJIHYEHHS.

Ymuoxenue na 28 nu 2%, Jlas onepanuu yMHOXEHHs
Ha 2-% B mammuax ¢ (QUKCHPOBAHHOH 3anAToll YNOTpeO./adeTCs
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MonUpUKALMs ONEpaluu CABUra BIPABO HA £ pa3psiuos, 3ame-
HSIOIIAs HAGOP X = X¢X; X5 - . . X, HAOOPOM XoXg. . . Xy XoX1. - - Xn—p.
‘-'—‘\E—'

Ecan x > O, X = O,x1x2 v e Xy, - TO

QFk'x:O,O...O x]_xz...xﬂ_k
k
Ecin y <0 u ero obpartHuifi (JONOJHUTENBHEI) KOA paBeH

1,¥1¥s - - - Yn, TO OGpaTHHIil KO 2 %.y pasen 1,1...1 y,¥s...Vu_s.

'fl‘
Onepanust ymuoxenuss uncaa x = 0,0...0x,x,... X, Ha
T
2F 3akmouaeTcss B CABHIE Ha A& paspsagoB  BIEBO, T. e.
28 . x = 0,x3%5 .. . Xa—x 0...0. Awanoruuso, eciu o0OpaTHHI

S
"

(nonmosinuresibumIi) KOA uucaa y pased 1,11...1y9,¥5... Yn_r, TO
—
COOTBETCTBEHHHIH KON uucaa 2f-y pased 1,y,ys...Vpp 1...1
&
(1,yy---Ya—r 0...0). HMrak, ymHO)Keuue Ha 2F yucaa, 3a1aHHOTO
k
JIOTIOJTHUTEJIBHEIM KOJOM, CBOAHTCA K CABHUIY KOJa 3TOrO 4iC/Ad
Ha R paspsiioB BJEBO C HOSIBJAEHHEM B OCBOGOIMBIIMXCS MJAI-
mux £ paspanax nudpu 0; ymuoxkenue Ha 2% yucsa, 3agaHHOro
oOpaTHEIM KOJOM, CBOJAUTCH K R MOC/JAEJ0BATEJIBHLIM I[HK/IHUE-
CKHMM CABHIAM BJEBO HA OAMH pPaspsj, T. €. CABHUTAM, IIPH KOTO-
pPHIX B OCBOOOAMBIIMICS MJIALIIHII paspan nocrynaer nudpa us
paspsina 3naxa.
Onepauuss HOpMaJM3aUMU yucia. Jta onepaius CBOIUTCH,
B OCHOBHOM, K oONepauun CABHra. Brullle yKaseBaJaoCh, HTO
YHC/IA, [PEACTAB/JAEHHBIE B MAlIMHE C T/aBaloled 3amaToil
B HOpMAJH30BAHHOM BHJIE, UMEIOT Hu(pPOBYI 4acTh, 3aK/JI0UeH-
HYI0 110 abco/oTHOI Besanuune mexay '/, u 1. B pesyabrate
BHIIOJIHEHUs apuMeTHUeCKHX JAefcTBHi B apuMeTHuecKoM
6/10xke MOryT 06pasoBaThCsi UHC/A4, NPEACTaBJeHHHE B HEHOpMA-
JqusoBanHoM Buze. Ilpu ci0XKEHHHM 4YHCEJN NPOTHBONOJOMKHOIO
3HAKA W/H NPH YMHOXKEHHH MOTYT o06pasoBaThCsl UMCAA BHJA:

x=2my rae y= +0,00...0le...
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T. €. aGCoJoTHAs BEJHUYHHA y MeHblle noJjosHue. Hanpumep,
2m.0,1.27.0,1 = 2m+».0,01; 2m-0,111 — 270,110 = 2m-0,001

Takoe HapylieHHe HOPMaJH3aLUH Mbl HA30BEM HApYyLIEHHEM
HopMaJu3aiin enpaso. [lpusHakoM HapyLIeHHs HOPMA/IH3aUHH
BNPABO J/Isi MOJOMHUTEJBHOrO 4YHCJ/A ABJAAETCH HAJAHYHE JBYX
HyJeil B paspsle 3HAKA M [EepBOM paspsie Moc/e 3ansToi.
Ilpusnaxom napymenusi HOpMaJAu3aluu BHPABO Yy OTPULATEIb-
HOTO YHCJIA, 33JaHHOIO JNOIOJHHTEJbHBM HJIH O00paTHBIM KOJIOM,
SIBJISIETCS HAJMWUME JIBYX ENUHHIL B paspsiie 3HAKAa M B MEPBOM
paspsjae moc/e 3anaroil, BooOe, IPU3HAKOM TAKOTO Hapy lIeHHs
HOPMAJIH3alMH SBJISIETCS COBNafenne nudp 3THX ABYX paspsiioB;
Harpumep,—2m-0,0011 B o6paTHOM KOAC HMEET NpEACTABIEHHE
2m.1,1100. Jlast npuBeJeHUSI TAKOIrO YUC/I4 K HOPMAa/IU30BAHHOMY
BHAY NPUMEHFAETCHA onepanyd, KOTOPYIO HA30BEM HOpMAaJ/n3a-
uueil  BJEBO; 3ITA ONepanus  [peBpalderT  YHCI0  BHIA
2m.0,00...0 1xyx5...B paBHOE €My HOPMAaJM30BaHHOE HYHC/IO

R
2m=k.0,1x,%5 ...00...0. CooTBETCTBEHHO OTPULATEJNLHOE YHCJIO,

E

npeacrasaennoe B o6patHoM kKoze B Buae 27-1,11...10 y1y,. ..,
npespaniaeTcss B PABHOE €My YHCJA0, TNPeACTaBJeHHOe B BHAE
2m=k.1.0y,V,...1...1. Onepanus HOpMa/JH3aLHH BJIEBO 3aKJIO-
—
YaeTcsi B MOCJAEA0BATETbHOM BHINOJIHEHHH CIABMTOB BJEBO LH(Q-
POBOHl 4aCTH YMCJA C BHUHTAHHEM Kaxablii pa3 1 u3 nmopsajaka
JIO TeX Mop, MOKa YHUC/JIO HE NPUMET HOPMA/JU30BAHHBI BHJ.
B pesyabpraTe CJIOXEHHS YHCEJ OJHOCO 3HAKA MOMKET MNOJYy-
YUTHCA YHCJIO, PABHOE

£ 271, XX ... X, (1)
(cymma nudpoBux vacTell npessounia no abCoMIOTHOH BeJHYH-
e 1). Hanpuwmep,
2m.0,11 4+ 27.0,10 = 2m.1,01
B aTom cayuae HeoOXOAHMO IPOU3BECTH HOPMAJIH3ALUIO 81pABO,

T. €. 3aMEHHTh 4HCJ0 (1) paBHEIM €My HOpPMa/JH30BaHHBIM YHC-
JoM + 2m+1.0,1x,%, . .. ; 3TO JOCTUraeTcs CABHIOM 1H(pPOBOI
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9aCTW HA OJMH pa3psj BINPABO M yBe/JHYEHHeM Hopsiaka Ha 1.
Taxyio onepamuio HasoBeMm onepauueii HOPMaJHU3aLHU  BIPABO.
[TonpoGree o Heil B caenpylomeM naparpade.

§ 10. CJIOXKEHHE H BBIYHUTAHME

Cll0)KeHHe AOJOXHTEJIbHBIX YHCeJ B MallUHaX ¢ pUKCUpO-
BaHHOW 3andAToi. DBygem paccMaTpuBaTh CJAOXKEHHE YHCEJ,
3aJ@HHBIX B JBOHYHOH CHCTE€ME, H HAaYHEM CO CJOKEHHs I0JO-
HKUTEJBHHX UNCEJ B MAUIMHAX C (PUKCHPOBAHHOH 3amsATOMN.

OauopaspsiHblil JBOHUHBIH CyMMAaTOp NPOU3BOJIHUT CJOMKEHHE
0 MOIYJIO 2 1O cjaeayoleil tabjauue CJI0KeHus:

0+0=0;0+1=1; 140=1; 1+1=0

MuoropaspsigHblil CyMMarop COCTOHT H3 CEPHH OJHOPA3Psij-
HBEIX CYMMAarTopoOB, CBSI3AHHBIX JBOHYHOH mepejaueil, CKJIajbl-
BAOWUX HUQPH OAHHAKOBOro paspspa. [lpH c/oxkeHun aByx
enunun 141 ob6pasyercs HMNyJbC IBOWYHON Tepenaun: B Cie-
Aylomuil pazpsin nepegaercs 1.

Mul pacemoTpuM caeyiomie cnoco6sl MPOU3BOACTBA CI0NKE-
HHA:

1) lMocaenosateabublii, KOria CJIOKEHHE X + Y MpO-
M3BOAMTCS JJIst PasHBIX paspsfioB TMOC/EJOBATEJbHO, HAYHHAS
‘¢ muaauero. Ilocsie npousBOACTBA CJHOXKEHHS B paspsiae
(B—1)-M c KOHHA NEpexOAMM K CJOKEHHIO B k-M paspsije.
Mu cknagmBaem npu stom dakruueckn 3 mudpse — 2 wuppo
9TOro paspsapa oboux ciaaraeMbiXx ¥ mudpy O wiam 1 nepenauu
U3 NPEABAYILEro paspsaga (OTCYTCTBHE HJIH TNOSBJIEHHE Iepe-
Hauu). DTO CI0KeHdHe BepeTcs no Tabuauue, rje NepBhHe aBa
ciaraeMbix CyTh HH(PH X, U Y, AAHHOTO paspsaa, a TpeTbe —
uudpa nepeHoca u3 TNPeIHAYLIEro paspsaaa cj.

Bee caoxenue oCymecTBisieTcs B /2 TAKTOB, TAE N — YHUCJIO

pa3psios.
ITOT €nocob ABJASETCS CaMBIM NOIXOMSLIMM B CAyYae JUHA-
MHMYECKOro TpejCTaBJeHHs YHCeJ B MallWHe, T. €. KOrja Kaw-

Jl0e UMC/IO NPEACTABJSETCH UENOUKOH HMIYJLCOB, HENpPEepHIBHO
UMPKYJ/AHPYIOUHX B MallMHE BCE BpeMs, MOKAa COXpaHAeTCs
B MalllHHE 3TO 4HC/A0. B 310M C/1yuae cymMMHpylomee yCTpoicTBoO
MOy 4aeTcst YPE3BHYANHO NPOCTHIM — JAOCTATOMHO HMEThH CYMMMU-
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pyiomee yCTpoiCTBO BCEro JIMIIb JJIsi omHoro paspsiga. Iloxa-
Basl OJHOBPEMEHHO HA ABA BXOJAA OJHOPA3PSAAHOTO CYMMATOpa
NOCAEI0BATENLHOIO JEHCTBHsl BA 4YUCJAd X H Y NOPaspsmHo,
HAUMHASL C HHU3IIMX paspaaoB X, ¥ y,, HA BHXo#e OyneMm
NOJyuaTh 10C/AEIOBATEe/IBHO BCE paspsiiel S, CYMMBL § = X -+,
Ha4YHMHasl C HU3LIEr0 paspsjaa Sp.

S | Hemmcns | s kv | i ey,
. . I psina Pa3me§_ CYMME! | paspsg cyMMBl
k i’ | fk k . B
0 o | o ! o 0
o . o | 1 1 i 0
o 1 0 1 ! 0
o | 1 1 0 i 1
1 |0 0 1 0
T | 0 | 1 0 1
t ¢ 1 | 0 0 1
O 1 1 1

daxTHUeCKH, B 9TOM CYyMMATOpe OCYLIeCTB/ASETCH OAHOBpE-
MEHHOEe CJI0XKEHHE TpPeX YHCeNI: X,, V. €, TAK UTO CYMMAaTOp
NOCJIeI0BATEIBHOIO JeHCTBUA AOJMKEH HMeThb TpPU BXOAAa [LIf
BEJAUUHH X, Y, U C, U JIBAa BHIXOAA: AJs1 BeauunH S, u d,. Ho
BHIXOJl nepenoca d, AoJiKeH OHBTb COEJHHEH C BXOJOM Iepe-
HOCA Cp.1, IIPHUEM 3TO COEAMHEHHE HOJIKHO GBITH OCYHIECTBACHO-
4Yepes HeKOTOpOe YCTPOHCTBO, peajusyiollee 3anasjbBaHue
UMITyJJbCA MepeHoca Ha OAMH TaKT.

2) Mapannenrnoe caoxeHue HUPppP B KaKIOM
paspsjge ¢ noCJAeAOBaTeJAbHONH NBOMUHONH nepe-
pavefl B caenyuiMe pa3psabl Tam, A€ NOABJA-
I0TCA UMNYJabCcH nmepejgaun. Ecim B pesy/abrare nopas-
PSIHOTO CJAOMKEHUS B IpYyIIle COCEAHHMX paspsajoB CTOAT LHUQPH
011...1 n B mocaenHuii U3 3THX pa3psijoB NPONCXOIHT mepe-
—
Jaua eIMHHLEL M3 NPEeNHAYIero, TO OHA NPEBPATUT 3TY UMpPY
1 B 0; npu 3sTOM nOABUTCSt nepemaua B CJAEAYIOUMI paspsj
H T. 1. B pesyaprate k nocienoBaTe/bHBEIX ABOHYHBIX Tepenad
B CJENYIOLIHE paspsiiel B 3TOH TpymHne paspagoB OVAYT CTOATH
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mupper 100...0. HaubGosee jaunnas mens nepenad HMeeT
k

MECTO, eC/JH Ha CYMMATOpe B pPe3yJbTaTe MOPaspsajiHOro CJ0Ke-

Husi nosiBuiack cepus uudp 0111...110, nprnuem w3 maagmero

paspsajia HMeeT MEeCTO JBOHMUHAs repenaua.

Jlerko nokasarth, YTO B JAHHHI PAa3psija UMIYJIbC ABOHYHOM
repeiaud MOKET NOCTYNarh TOJBKO OAHH pa3. B camom pede,
NyCcTb CKJAagbiBaloTcss umcaa 0,x;%,...x, u 0,y,v,...y,. Tak
kak 0,00...0 xi...x,<0,00...011...1=2"1—-2-n y

- -
0,00...0 yi41...y, <271—2-" (vacTu uuces x u y, o6paso-

i, i

i
BaHHble Tocaenuumu (7 — [) paspsimamu, He Gogbine 2-1— 2-7),
TO CymMMa 3THX 4acTeil He npeBoCXoauT 2-2-1—2-(-1)9.2 1
T. e. Menblne AByX nudp [-ro paspsiaa, u 6 [-ii pazpsod (a Takxe
u3 [-ro paspsna) moszcem ROCMYRQAMb U3 MAQOULX pas3psi0os
moasko 00na eduruya l-20 pazpsda. Boaee Toro, ecan B MJIaj-
MIHi paspsii uWcjIa MOCTYNAeT JONOJHHUTe/NbHAas exuHuua (uTo
HMEeT MeCTO NpH LHMKJIMYecKoil mnepegaue, cm. cTp. 49), 10 u
TOrJld B pe3yJbTaTe C/0XeHHs LHGp B paspapax nocuae [-ro
OKa}XeTcst YHCJI0, He TpeBocxoasniee 2-2-1— 20— 4. 2-n.79.9-1
T. €. H B 9TOM CJay4ae [IBOHYHAS IEpejadya B AAHHBIH paspsan
¥ U3 JAHHOIO paspsila MOKeT MMeTh MECTO TOJBLKO OJHH pas.
Taxum o6Gpasom, nepeda4wn, uoywue u3 maaduux paspsoos,
He HaKanAuBarmcs.

3) Napannenbnoe CaOXeHUe UHPpP C OLHOBpe-
MEHHOH NBOWUYHOH mepenadeid OTAHYAETCH OT TIpPEeLbl-
JAYIIEro TEM, YTO €CJAH B Cpylle COCELHHX paspsiioB CTOSIT
mugper O11...1, 1 B nocaeanuii U3 HUX TOCTYIMAeT HMIIYJIbC

ottt

E
JBOHYHON nepenayvy, TO OH BBRI3LIBAET OJHOBPEMEHHOEC IIpeBpa-

uieHue 3Tod rpynnel wugp B rpynny 100...0.
£ k

B cuay Toro, uto mepepaua B KaxAHI paspsj HMEET MeCTO
TOJILKO OJHH pas, TAKOH NpoLecc ,rpynnopoii” nepegayn Oyaer
UMETh MECTO TOJBKO OJHH pas.

EcrecTBenno, 3Ta CXema CBs3aHA C YCJAOKHEHHEM KOHCTpYK-
LU CYyMMATOpA.
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[Tpsmoe Bumuntanune. Kak H3BECTHO, MALIMNBL C JAeCs-
THUHBIMH KOJECHHIMH CUETYHKAMH BHITOJHSIOT KaK ,IpaMoe”, TaK
u , uenpsmoe Buyutanue. [psaMoe BelUHTAHHE OCYIIECTBJSETCH
BpALIEHHEM Pa3psIHEIX KoJec B oOpatnom nanpas/iexuu. OG-
HHE apH(MOMETpHl SIBJAAIOTCS MAUIMHAMM IPAMOILO BBIUMTAHUSI.

Henpsimoe BHUHTAHME 3AKAIOMAETCS B TOM, YTO BHUMTAHHE
NO/IOUTENBHOTO UNC/IA 3aMEHsAeTCS J0GABICHHEM €ro 10MoJHe-
unsi. OHO mpuUMeEHsieTCsl, HanpuMep, B aBTOMaTHYECKHX apH(Mo-
MeTpax, B Tabymaaropax u T. J.

Jlesio B TOM, YTO OTpUIATE/JIbHAS PA3HOCTb ABYX I[OJOKH-
TEJBHHX 4HCEJ 3aJaeTcsi B MAIIMHAX IPAMOrO BHUHTAHHS
B Buje ponoaHenusa. Takum o6pasom, npsMoe BHUHUTaHUE He
136aBJjsgeT OT omnepauui C IOMOJIHUTEJbHHIMH uucaaMu. B 1o xe
BpEMS| MAIIHHLL HENMPSMOrO BHUUTAHHS MMEIOT JIEJI0 (PaKTHHECKH
TOJIBKO C Onepauueil C/JA0XKeHus, KOTOPYlo npouie aBTOMATH3H-
poBaTh, YEeM JBE PA3JIHYHLIC ONEpallHi C/JA0KEHUS M BHUHUTAHHS
NpH NPAMOM BHIUHTAHMU.

[To 3Toil e MpUUHHE MAalUMHBL, PaGOTAIOIIHE C ABOUYHEIMH
yyc/aAaMH, SABJASIOTCS MAUIMHAMM HENpsiMOro BhiyuTanus. Jlas
[I0JIHOTH, OJHAKO, PACCMOTPHM M INPSIMOE BBIYMTAHHE JBOHUYHBIX
yuce.I. '

Jlna weanx uucea a u b, a + b,=a — b (mon. 2). I'lostomy
OIHOPA3PSAHLIH JBOMYHBEI CYyMMAaTOp BHINOJHSIET TaKKe (yHK-
UMK OJHOPA3PSAIHOrO ,BblYuTaTe 1 . MHOropaspsanoe ycTpof-
CTBO TPSAMOTO BBHUHTAHHA JO/UKHO COCTOSATH U3 OJHOPa3psLIHHIX
JIBOMUHHX CYMMATOpPOB, CBS3aHHHIX JBOMYHOH mnepenavedl, npu-
yeM nepejaua OmpuUyAmesbHoll eOuHLyb 8 cAeoYowuil paspso
npoucxoaut npu Beluutanuu 0—1 B jaiHoM paspsje, T. €. NpH
nepexosie OLHOPA3PAAHOr0 CyMMaTopa ot nosuiuu O K nosuuuy 1.
Ho 1 u—1 cosnagaior no monymaio 2. Taxkum o6Gpasom, npu
nepexoje ,BeuHTaTeaa" OT nosuiuu O ¥ nosuuuu 1 B AaHHOM
paspsiie NMpOUCXOAMT JIBOHYHAS Iepelaya B CJAENYIOUMH paspsil
(B TO BpeMms, KaK mpu OOBIYHOM CYMMHPOBAHHMHM Takas repejaua
MPOUCXOANT mpH O6GpaTHOM TNepexoje B JAHHOM paspsue CyM-
mMatopa ot nosunun 1 x nosunun 0).

Clo)KeHHe Yuces MPoM3BOJAbHOI0 3HaKa B MalIMHAX € (PUK-
cupoBaHHO# 3ansaTofl. PaccmoTpum ISl ONPEAEIEHHOCTH Cay-
uail 3ausTof, (PUKCHpPOBAHHOI Nepex neppoil muppoi. Hucaa x
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u Yy 1m0 abCoOTHON BeJHUYHHE MEHBIIE HHUIL], 4 CyMMa X + y
A0JKHA OEITH 10 a6COTIOTHON BEJHYHHE TOXKE MEHbIUE €JIHHHIIbI.

Yucsna noctynamT Ha CYMMATop JONOJHUTEJIbHHM  HJIH
o6paTHHIM KOZOM. B cymmarope, paGoraiomem o AONOJHM-
TEJALHOMY  KOAY, paspsii mnepBoil nociae 3anaTtodl  HHpPH
CBf3aH JBOMYHON nepejauefl ¢ paspamLoM LEJHX eIUHHI[ — pas-
paaoM 3Haxa. M3 paspsia ke LeJHX eIMHUIL ABOHYHOH nepe-
nayn Her. Takoll cymMmaTtop OCYIIECTBJSICT CYMMHPOBAHHE IO
Mmoay/mio nBa. CymMma JONOJHUTEJIBHHX KOIOB [X|, u [y]s, moO-
JYUEHHAs Ha TAKOM CYMMaTOpe, COBMNAAAET C AOMOJHUTEJNbHHM
koo™ [x +y|, cymmp x4y (ecam |x+y| <1). B camom
nene, B cuay (8) § 7 [x+yly = [x]s + [y]..

NMpumep 1. x = [x], = 0,101000; v = [v]s = 0,010100
0, 101000 !
15,6 1b100 x+y=[x+y]s=0,111100
0,111100
lIpumep 2. x = [x], =0,110111; v = 0,010010
x> v x4 y>0; [}u]2=2-|-_\'—_1,101110
0,110111
T 1,101110
0,100101

Tak xax paspsaj mesblx IBOeK OTCYTCTBOBAJA, TO Ha CYMMaTOpe OCTaercs
uicao  0,100101 = [x], -+ [v]; (Mom. 2). D70 ecTh IONOJHHTEIBHBII KOJI
[x + v]; paBHOIl eMy CyMMB X -+ V.

Mpumep 3. x=[x],=0,010010; y=—20,110111
(x< Iy, x+y<0) [v]a = 2 -+ v = 1,001001

. 0,010010

T 1,001001

1,011011
[x + v]s = 1,011011; x -+ v=—0,100101
lpumep 4 x = —0,100010; ¥y = —0,010011
Ikl =24 x = 1,011110; yo =2+ y = 1,101101

1,611110

1, 101101

1,001011

Ha cymmarope noavuaeum nonoiHHTeALHBI Kol [X -+ y]s cymubl x - y;
x4+ y=—0110101.
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Cymmatop, paboratomuil ¢ 4MC/IaMH, 3aJAHHBIMH OOpAaTHBIM
KOJIOM, OT/JIMYAeTCsi OT CyMMmaTopa, paboTaoiero JONOJHHTE/b-
HBIM KOIOM, HaJHUHeM IHKJIHUeCKOH ABOMUHOH nepepauH, T. €.
nepesayn U3 paspsiia 3HAKOB (LeJbIX €IMHMIL) B MJIamui uud-
poBoit paspsim. Tako#l CyMMaTop OCYILECTB/SIT CJAOMKEHHE IO
monymio 2 — 2-% [lostomy (cm. (12) § 7), Ha cymMarope IpH
CJ0KeHHH 06paTHHIX KOAOB |Xx|; U |y]s craraeMux x -+ y noday-
yuTcst 0GpaTHHI KOm [X + V¥]s CyMMH X -+ Y.

Caoxenne MNOJOKHTENbHHIX uucesa (npumep 1) mis o6oux
Kos0B oamHaxkoso. [lpoBemeM cioxenus B npumepax 2, 3, 4,
rje (purypupyoT OTpHIATEAbHBIE CIaraeMue npH 0OpaTHOM KOJe.

Mpumep 2. x=[x];=0,110111; y = —0,010010
[y]s = 1,101101

: 0,110111
0 1,101101

10, 100100
t s
i 1T Hukaumueckas nepepaua
0,100101

Ha cymmatope cront oGpatHelil kon [x + y]s cymmot x -y = 0,100101.

Mpumep 3. x=[x],=0,010010; y=—0,110111
[¥]ls = 1.001000
- 0,010010
T 1,001000
1,011010
[x 4+ y]y = 1,011010; x 4 y = — 0,100101
Npumep 4. x = —0,100010; y = —0,010011
[x¥];= 1,011101; [vla= 1,101100
~1,011101
T 1,101100
11,001001
; 1 Lniknuyeckana nepepaua
1,001010

[x + y]3=1,001010; x +y = — 0,110101

YKkazareab 3anpera. [1pu CA0MKEHMH ABYX NOJOMKHTEJIbHBIX
HJIH IBYX OTpHLATEJBHBIX YHCEJJ MOMKET NOJYUHUTLCHA YHCJAO 1o
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abco/moTHON BesMumHe Gojbiiee emunuub. Ha Takue pesy.b-
TAThl HAJIOXKEH 3alper.

Ecmm x>0, y >0, x+y>1, TO npu CAOKEHUH HA CyM-
MaTope B paspsae 3HAKOB NOsBHTCH 1.

[Mpumep 5 Tlpu x =0,101101, y=0,110110

0,101101
0,110110

1,100011

Ha cymmartope noayuusm 1,100011.

Pacemorpum  rtemepsr  cayuaii, xorma x <0, y<0 wu
x+y>l;Takkak x> —1, y>—1,70—-2<x+y<—1.
[lpu  momomumtesbioMm kome [x]s=2-+x, [y]ls=2++Yy,
[%la + [y]e =4 + (x +y), swaunr 2< [x], + [y]s <3. Lleas
uacth [x], + [y]s pasua 2; B mBouuno¥ cucteme ona pasha 10.
Tax xak paspsj ueIHX [ABOEK B CYMMAaTrope OTCYTCTBYET, TO
B paspsie He/iux eaunul (paspsiie 3HAKOB) NPH CJAOKEHHH
KoioB [X], U [y], moayuurcs O.

Mpumep 6. lNpu x =—0,101101, y = — 0,110110

[x]e = 1,010011; [y], = 1,001010
1,010011
1,001010
0,011101

Ha cymmarope noayuum 0,011101. [losasaenwe B paspsane
3HAKOB LM(MpH 1 mpu C/I0KEHNH TOJOKHTEABHBIX UHCEJT WU
uugpe 0 npu CIOXKEHHH OTPHIATENLHLIX YHCE] SABJASETCA yKa-
3aTeeM TOro, 4To CyMma NpeB3ouija no a6CoIOTHOH BEJAHUHHE
1, 7. e. uTo MB uHMeeM cayuait 3anpera. Taxofl ykasaTe/b
TpeOyeT COXpaHeHHs 3HAKOB CJaraeMelx B CyMMaTope s
CPABHEHHSI MX CO 3HAKOM CYMMH. Ypo6Hee ApYrofi ykasarte.n,
KOTOpPBHIH MBI Cceiluac MpHBEIEM.

PaccmoTpuM cHayasa caydafi gonoJHMTenbHOro koja. Ha
CyMMAaTOpe BBOAMTCSH JONOJHHTE/IbLHHI paspsil 3naka. [Tosoxn-
TeJbHHE yuciaa npeacrasasiorcss B Buae 00,x1x,. .. X,; oTpHLa-
TeJbHble — B Bue 11, y,y,. ..y, (HONOJHUTENbHBI Pa3psl ecThb
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paspsiz uesnx asoex). Takoe MOAH(pHLHPOBAHHOE TNpeACTaBJIE-

HHE YHC/JIA X JOTOJHHTEIbHHM KOAOM 0603HauuM [x],. OueBun-
Ho, pu X >0, [x]y = [X]s=x; mpu x <0, [x], =2+ [x]. =
=4 4 x (uanoMuHuM, uTO [X|, OT/AHMuaeTcs oT [x], HAJAHYHEM
uudpsl 1 B paspsge msoek). Boobuie [x] =x (mon. 4). Hastee
[x +y]e= [x]2 + [¥]: (Mon. 4). Cioxenne ne momymio 4 ecTb
Oo6GHYHOE CJI0XKEHHEe, €CJAH BCe paspsiibl CyMMaTopa, BKJOYas
oba crapmux paspsza (paspsiibl 3HaKa), CBSI3aHH MexIy coboil
IBOMYHOH mepenauefi, a W3 crapiiero paspsja (UeJbX IBOEK)
HeT ABOHUHON mepexaun. Ha takoM cymmaTtope CKJIaABIBAKOTCS
MOJH(HUHPOBAHHEIE AOMOJHHTEIbHHE KOJAH CJaraeMbix X H ),
e |x-4y|<1, To Ha CyMMaTope nosBUTCH [X + yl|s,
T. €. MOAM(DHUUPOBAHHHI JONOTHHTENBHBIH KO CYMMB (X--y).

[lenas wacrte npexacrasienusi Jaw6oro yucaa z, |2/ <1, ects
00 mm 11 (= 3), B 3aBHCHMOCTH OT 3HaKa 2. Ecau npu caoxe-
HHH KOHOB [x], u [y], Ha cymMMaTtope LeJasi 4acTh OKA3bi-
Baerca paBHoil 01 mian 10, To 3T0 O3Hayaet, uto |Xx +y| >1wn
CI0KEHHE HE3aKOHHO.

Mpumep 7. Iycts x = —0,110011, y = — 0,101001
11,001101 (uz06pameHue 4yucaa x)
*oaom0m1 (0, .
10,100100

B paspsajax 3HakoB cTOWT napa HepaBHHX uugp 10.

Hinax, ykasameaem 3anpema ABAAEMCS NHOABAEHUE 6
paspsidax 3HAKOS cymmamopa napsl HepasHolx yugp 01
uan 10.

Cayuaii o6pamno20 Koda COBEPUIEHHO AHAJOTHYECH IpeH-
aymeMmy. KM 3mech MOKHO BBECTH JONOJHHTEIBHBIH paspsj
3HAKOB, TAK YTO IOJOMXKHTE/JIBHBIE UYHCIA X UMEIT MOJU(PHIH-
poBaHHOe 06paTHOE NPEACTABIEHHE [X]; = X, a OTpPHLATELEHE
yHcJa—rnpeacTapienue [x]; = [x]; +2=(4—27") + x.

M3o6paxkenne OTPULATEJbHOIO 4YHCIAa OOpaTHLIM KOLOM
nonpexkHemy Ha 27", T. €. Ha eIMHHIY NOCJENHEro paspsna,
MEHBILIE €ro JOMOJHUTENAbHOIO H300pameHHs.

Boobue, [x];=x (Mom. (4—27")).
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[Tpu MoauUUHPOBAHHOM OGPaTHOM KOJE TaKie neo6xoauma
Ha CyMMarope UHMK/JIW4YecKas JBOHMYHAs Tiepeiavya: Crapiidi
paspsin (Ha 3TOT pa3 paspsii AONOJHHTEJNbHOIO 3HAaKa, T. €. pas-
PN UeJHX IBOEK) CBs3aH ABOHUYHON mepejaveil C CAMBIM MJAJ-
wnM paspsiioM. DTo otBeuaer cpasuennio 4=2""(mox. (4—27)).

Kax u B cayuae [ONOJMHHUTENBHOTO KOJA IOSIBJAEHHE Ha
CyMMaTOpe B paspsigaX 3HaKoB mapbl pasumx uudp Ol man 10
€CTh yKa3aTe b 3alperTa.

Mpumep 7'. Bepuemcst k npumepy (7) caowenus uyucen—0, 110011 u
—0,101001, npoBens ero B MOIH(HUHPOBAHHOM OOGPAaTHOM KOJE.

11,001100 (usobpaxenue uucaa Xx)
+ 11,010110 ( . . )
110,100010 pukauueckas nepepaya

Ha cymmatope okasmiBaercd uucao 10,100011. Hamuuue napsn uugp 10
YKasuBaeT Ha 3amper.

Boiuntanue. Onepaiys BHUHTAHHS X — Y CBOJUTCS K H3MEHe-
HHIO 3HAKA YHCJA Y H K CIOXKEHHI0 X + (— y). as uuces, 3agaH-
HBIX OOpATHBIM KOJOM, BBIYHTAHHE X — Y CBOAMTCH K CJAOMKEHHIO
KOJA YuCJa X C MHBEPTHPOBAHHBIM KOJAOM YHCJIA Y; JJIsi 3TOM
IeJIH BHYTPH apuH(METHYECKOro yCTPOHCTBA NPepyCMaTpHBACTCS
KaK Ipsimasi, TaK M HHBepCHasl Iepejaya Koja 4Hc/Ia.

Mpumep 8  x=0,1010; y=0,1101

Cymmatop

0,1010 Ha cymmarop momaerca [X],
j*_l,()[)l() Ha CYMMatop HHBEpPCHO mopactcs [y],

1,1100 = [x— y],
x—y=—0,0011

an BHYHUTAHHUH 4YHCeJ, 3aJaHHBIX MAONOJHHTE/JABHBIM KOIOM,
HYKXHO HE TOJBKO KOJ BHUMTAEMOrO MNOAATH HHBEPCHOI mepe-
,E[El‘[&ﬁ, HO H noalaTb B CyMMatTop CAHHHLY MJaanuiero paspsnga.
MMpumep 8. x=0,1010; y=10,1101
CymMMaTop

0,1010 B cymmatop nojaerca [x],
+ 1,0010 B cymmarop WHBEpPCHO MOAAETCH [¥]2

1,1100 HoGapaenue 1 B maagmui paspan

1,1101 = [x — ],
iy v 00,0011
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Cl0KeHHe W BbIYHTAHHME YHCEJ B MallMHAX C MJaBawliei

3ansTol. Jlis uuces ¢ pasHbimu nopsaxamu A = 2Px u B=2"y,
rae x| <1, |y| < 1, cloxeHne CBOAMTCS K CJAOKEHHIO HX [H]-
poBuix uacteit x u y: A+ B = 27(x +y). [lpuyem, NOCKOJIbKY
qu(ppOBHE YACTH MO MOJYJIK MEHbUIE 1, CAOXKEHHE HX IIPOH3-
BOJMTCSl TAK JK€, KAK M B MalllMHAX C 3an4To, (PUKCHPOBAHHON
nepex nepeuiM 3HakoMm. OnHako B ciayuae, xorja [x -ty > 1,
T. €. B ¢Iyyae, KOorja B MAallMHAX C (DUKCHPOBAHHOW 3ansiToi
UMeeTCd 3alper, B Ma&IHHAX C [/1aBalonleld 3ansaToOH MOSABJISIETCs
napyuienue Hopmaausaiuu Bieso. Ecin xe |x + y|<1/,, pesyib-
TAT NOJYy4YaeTcss ¢ HapylleHHeM HOPMaJu3alHH BrpaBo. Taxkum
06pasom, Moce ONMepaltt CJAOKEHHsT TPEOYETCsl JONOJHUTE/IbHAS
onepauus Hopmajausauuu. Tax Kak ykasaTesb HeOOXOJLHMOCTH
HOpPMaJ/IM3allMH BIIPaBO COBNAJAET 31ECh C yKasaTe/JeM 3anpera
B MalHHAX ¢ (UKCHPOBAHHOH 3ansitofi, TO H 31eCb YAOOHO
10/Ib30BATLCA MOAH(MHIMPOBAHHEIM OOPATHEIM HJH JONOJHUTE/b-
HBIM KOJOM, T. €. KOJAOM C AByMs pa3psnaMH 3Haka. [losBienue
nape pasueix wugp 01 win 10 B paspsimax suaxa (cum. crp. 51)
AB/AAETCA B MalllHHAX C [Jasawlledl 3anaTol ¢ TaKHM KOJIOM
yKa3aTesJeM HeoGXOJHMOCTH HOpMaJu3allU BIpaBo. Briuntanne
X—Yy TOIPEXRHEMY CBOAUTCH K CJIOXKEHHIO X -+ ( — V).
Mpumep 9. Caowure 2¢.0,110011 u 2¢- 0,101001.
[lpu cnowenun uudpoBbIX yacTeil moayuaem:
00,110011
+ 00,101001
01,0110
Haavwuue napu nugpp 01 B paspsnax 3Haka ecTh YKasatedb HApylIeHHs
HOpMAaAH3alHH BJeBO. CJIBHI‘ Ha | pazpaja BOpaBo HdacT Ha CymMMaTope 4YHMCAO
00,101110. Cymma pasua 2° - 0,101110.
Mpumep 10. Crowurs yucaa: —2¢ . 0,110011 u—2¢. 0,101001.

BOCI’IUJ‘IBE*)"EMCH CHauana MOJ.LH(})H]_[H[JOBHHHI:]M HOMNOJMHHTENbHEIM  KOIOM.
Ha CYMMaTOpe HMEeeM:

11,001101

11,010111

10,100100
lMosiznenue napsl wugp 10 B paspsaje 3HAKOB €CTh yYKa3aTedb HapyLIeHHd
HOpManu3auuy Biaeso. CIBHHEM 4MCHO, CTOSLUEE HA cyMmatope, Ha 1 paspan
BUpaBo (coxpaHMB 1 B mneppoil uu)pe 3HAKa), MOJAYYHM Ha CyMMAaTope

11,010010. 3rto ecrp wusobpamenne uncra — 0,101110. Cymma paBHua
—25.0,101110.
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ITpu oOpaTHOM KOLe MMeeM Ha CyMMmaTtope:

11,001100
11010110

110, 100010
|

10,100011

[Nocne HOpmMaaWsauuh noavuum Ha cymmatope 11,010001. 3to ecrh u3o-
6panenne uyhcaa—0,101110. Cymma pasua—2% - 0,101110.

[lpu CJIOKEHHH 4YHCEJ TMPOTHBONOJOKHOIO 3HAKA MOMKET
NOJIYYUTBCS HApyLIeHHEe HOPMAJH3alMH BIPABO, H, CJENOBA-
TeJbHO, HEOOXOAMMOCTh HOPMAJIH3AIMH BJEBO. YKa3aTeaeMm
HEOOXOAHMOCTH TAKOH HOPMAJU3aLMH /A5 YHCEeJ, 3aJaHHEIX
O6GpaTHHM WJH JOTOJHHTEIBHHEM KOJOM, OOBIYHBIM HJIH MOIH-
(MIPOBAHHLIM, fIBJSIETCS HAJIHYHe Napbel OAMHAKOBHX Iudp 00
win 11 B pa3psaze 3naka H NEPBOM pa3pane Nnocae 3ansaToi.
Kamaplt 3Tanm HOpPMAaJH3alMH BJIEBO 3aK/IOUAeTCss B CABHIC
u B go6asiaenun K nopsiaky (— 1). [lpusenem npumep, npexnnoJia-
ras, 4To NOPSIIKU H300paxeHsl OOGpPaTHEIM KOAOM, IH(POBHE
YACTH— MOJH(MHIHPOBAHHEIM OOPATHBEIM KOIOM.

Mpumep 11.Haittu A+ B, rne A = 2%. 0,110011, B = 25 - (—0,100100)
Mopsanok Lindiposas wacte

0101 | 00,110011
o1+ 11,011011

100,001 110 Hukanueckas nepepava

R R
HNoGasnenne (—1) 0101 00,001111
K TOPSALKY 1110 Cuasur Baeso Ha 1 paspsp
Liskanueckas ne- 10011
penaua |-
JloGagnenuwe (—1) 2 0100 00,011110
K NOPSIKY o110 Cneur BiaeBo Ha 1 paspsn
Lluxanueckan me- 10010
penrava T
0011 00,111100

MNopsanox cymmu -+ 11(3), undporas wacte -+ 0.111100
A4+ B=2%.0,1111



Mpumep 12. A=2"2.(—0,110011), B=2"2.0,100100

[Mopaiok Lindporas 4acTh

1101 11,001100
1ot 1 00,100100 -
Hob6asnenne (—1) A 1101 11,110000
K [OPSAKY 1110 Cusur saeso na 1 paspsin
Luknnyeckas ne- 11011
penaua I A
Ho6aenenne (—1) 1100 11,100001
K NOPSAKY + 1110 Cusur Baeso Ha 1 paspsan
Lnknnueckan me- 11010
penaua |
1011 11,000011

Mopanok cymmsl —100(—4), unpposas uacte —0,111100

Ecin mopsaku cnaraemnix A =2°x, B=2'y wne papun
Mexay coboil (p # g), TO Npexae BCEro MOPSAKH Hano Ebpos-
Hump. Tlyctb, Hanpumep, p>¢, T. €. p=q+k, rne k>0.
Torna caaraemoe B 3amMensieTcs HEHOPMAJH30BAHHBIM YHCJIOM
B, = 2".y,, rne y, o6pa3oBaHO CABMIOM 4YHC/IA Yy HAa R pasps-
noB Bmpaso. B, ¢ Tounoctsio 10 277" coBmagaer ¢ uucaom B.
[Mocste storo ciaoxenue unces A U B, NpoxXoauT Kak ONHCaH-
HO€ BHILIE CJIOXKEHHE YHCEJ C PABHEIMH MOPSIAKAMH.

Mpumep 18. Cnomum uncaa A =28.0,100111 n B = 2%.0,100110. Paz-

HOCTH TIOPSULKOB 37€Ch PaBHa 2, W uncao B umeer Menbwnii nopsnok. lostomy
By = 25.0,001001 u cymma A -+ B, noayuaemas B Mawnne, pasua 2°-0,110000.

§ 11. YMHOYXEHHME W JEJIEHHE YHUCEJ, 3AJAHHBIX
MPSIMbIM KOJOM, U U3BJIEYEHHE KBAJIPATHOI'O KOPHS

YMHOxeHnne mnpu (UKCHPOBaHHOM 3ansitofi. Paccmorpum
cHAuAIa YMHOMEHHE 4HCes] B MallMHaX ¢ (puKCHpoBaHHON 3ans-
Toii. OrpanuunuMcst aJisi POCTOTH CJIyyaeM, KOrja sanarasi (Quk-
cupoBaHa nepen nepsoil nudpoi.

PaccmorpuM cHavajga yMHOMXKEHHE 4YHCeJ, INpeICTaBICHHBIX
MPAMBEIM KOZOM. JIJAsi MHOXKHMOTO X W MHOXHTEIS Y PacCMOT-
pPMM TpeacTaBIeHHs

[xll = xU: xl x-l! eR ‘xn' {}}II = }’(:, )"l ,V'z v yrl
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3nech Xy = 1(X),y, = 1(y) — 3uaxu uncea x u y. 3naxk mnpo-
usBeenusi xy onpegeasercs 1o gopmyJae: 1(xy)=1(x)-+
+1(y)(Mon. 2), T. e. MOJAYuACTCs CJAOKEHUEM M0 MOAY.JIO 2
JBYX 3HAKOB comuoxwute/ei. Jlas mnosyuenus 3uaxa IpoOH3Be-
JIeHUs] JOCTATOYHO MMETh OJHOPAa3ps/HBI JABOUYHBI CyMMAaTOp,
OCYLILECTB/AIOIHA TAKOE CJAOXKEeHHE.

[lpaBuio ymuomennsi uudpoBHX yacTeil B J1060# cucTeMe
CUHCJEHHS] aHAJOIHYHO OOBIYHOMY TPAaBH/IY YMHOMKEHHS B Jecs-
THUHOH cucreme: mHoxuMoe A = 0, x; X,...X,, COOTBETCTBEH-
HEIM 06pa3oM CIBUHYTOE, MOCJAEIOBATE/JIbHO YMHOXKAETCS Ha BCe
wupul MHOKNKTENsT B =0,y,¥,...Y, C IOCBIKOH MNpOU3BENE-
Huit B cymMmarop. OCOGEHHO TPOCTO TMPOU3BOACTBO YMHOKEHHS
B JBOHYHOM CHCTeMe: Kaxnuas Ludpa MHOMXKHUTEIS MOMXET IIpPH-
HUMATh Juiib jBa 3uavenws 1 u 0; ecan k-1 mudpa nocae
3anAToit y, = 1, TO MHOXHMOE, CABHHYTOE Ha R paspsroB
BIPABO, MOCHLIAETCSt B CYMMAartop, ecan xe ¥, =0, To Taxoi
IOCHIIKH He TIPOU3BOIHTCH.

MB  [OMKHBL MUMETH peructp (Xpamutedb) MHOXKHMOrO,
OTKYZa 4YHCJa MOTYT MEPegaBaThCs HA CYMMAaTOp, PErucTp MHO-
WKHUTEJMsI U CYyMMAaTop, OH JKe— perucrp npoussenenus. Kak Mol
VBHAUM HHKE, PErHcTp MHOMXKHTEIS MOKET OHTb COeNHHEH
C CyMMaTOpPOM B HEKOTOpHIH OGLIMH perucrp.

MO HO MPOU3BOAHUTE YMHOMKEHHS MHOXKHMOIO Ha BCE HHMPH
MHOKHTENAS Vi, Vs, ---,Y, HAUHHAS C OUPPH €ro crapuiero
paspsima y,, Kamjaeil pas CaBHras MHOXHMoOe Ha 1 paspsig
81PABO; MOWKHO TMPOU3BOAUTE YMHOMKEHHS MHOXKHMOIO Ha HHQPH
MHOKHTEJS V,,, Va1, ---, Vo, V1, HAUHHASL C €ro mocjaegnei n-i
mudpe y,, Kawablii pas CABHTas MHOMKHMOE HA OJHH paspsiy
8xaes0. TlpuBegem HpUMEp YMHOMKEHHS IBYX JBOHYHBIX 4YHCEJ
060HMH CHOCOGAMH.

1-ii cnoco®
0,110101
0,111010
11010[1
1101]01
110101
CupHr 1110101
Cupur ‘

0, 110000000010
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2-i cnocoB

0,110101
0.111010

110101 Cneur
110{101  Cpsur
1101|014
110101
0,110000/000010

Ilpu yMHOXEHHUM 110 MEPBOMY €COCOGY Ha CYyMMATOPE JIOIKHBI
CKJIAILIBATBCA BCE 27 pas3psiioB, BXOASUINX B MPOHU3BELCHUE.
¥YMuoxenne no BTOPOMY clocoby, Kak OyAeT yKasaHo HHKe,
MOXHO OCYLIECTBJ/ISATh TaK, 4TOOLl B CJOKEHHH YUaCTBOBAJIN
JUIIE MEPBHE /2 Pa3psanoOB PerucTpa NPOH3BEAEHUs], 4 OCTAILHBIE
€ro n pa3psiioB, HE YYACTBYSl B CJAOMXEHHH, BHIIOJHSLIH JWIIb
dyuKuuE nepexaun mHdp B CAENYIOMHHA paspsn NpH COOTBET-
CTBYIONIEM cjJBure BrpaBo. [lostomy, npu takom crnocobe yMHO-
KEHHUsS] pa3psijaMM CyMMATOpa MOJIKHLI OHTBH JHIIL I[ICPBHE 72
paspsaioB PErHCTpa INPOH3BCIEHNUS; CCIH IOCAeAHHE /A PaspsalLoB
perucrpa NpoU3BeAeHUs OTCYTCTBYIOT, TO YMHOMXEHHE IO BTO-
pomy crnocoby mact mepBee 7 HH(p MPOH3BEJIEHHS.

OcradoBuMcs nogpoGHee HA TAKOM OCYILECTBJIEHHH BTOPOrO
crnoco6a. Brilre MB Bce BpeMsi CABHMAJH MHOMXKHMOE BJEBO
U CABHHYTOE MHOKHMOE MOCJeJ0BATENBHO NPUOABJAIN K CTO-
AEMY Ha cyMmMMaTope u4ucay. MOMKHO OCTaBUTB MHOKHMOE
HEMOJBHKHBEIM, HO 34TO Kax/blif pa3 HA OJHUH pPAa3psii BIPABO
CABHraThb CTOSIIIEE B PETHCTpPe MNPOU3BEJIEHHA UUCIO: MOCIeNO0-
BaTEJAbHO paccMaTpHuBasl Kaxayilo HUPPYy MHOMKHTEIs,, HA4YHHAN
¢ nocaenHed, ¥,, Ya—1,--.,Ys, ¥;, MB Kamjblil pa3 wiu jg06aB-
JsieM MHOKHMOE K YHCIY, CTOSIEMY B 3TOM pEeructpe, ecau
Ve=1(k=n,n—1,...,1), HIH OCTAB/ISAEM HYHUCIO HEU3MEHHHM,
ectd y, = 0, mocae 4ero CABHraeM YHCIO B PErHCTpPe Ha OJHH
pa3psin BrOpaBo. TakuMm 06pasoM, JHlIb II€PBHE /2 Pa3psiioB,
a TaKxe CTOSIMHH BIepemaH NONOJHUTEJIbHBIN paspsii BHIOJJHSIIOT
CYMMHUPYIOILHE (DyHKLHH.

Bepuemcsi K nocsiefiHeMy MpPUMEPY YMHOXEHHSI MHOXHMOIO
A =0,110101 u muoxureas B = (,101101.
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Cxema 1 (yMHOXeHHE)

Lndpe MHOM®-
Teas (Haunnas CymmaTop Pernctp nponaeeneHus
¢ nocaeanei)

1 -4 0,000000 llepenaya MHOMHMOIO Ha CYMMaTOP
~ 0,110101]
0,110101 Chpur snpaso Ha 1 paspsn
___0,011010]1
0 0,0110101 MuoMHMOe Ha CYMMAaTop He Mepefaercs
Gusur snpaBo Ha 1 paspsjg
i 0,001101j01 Ilepepaua MHOMHMOrO Ha CyMMaTop
1 0,110101
1,00001001 Cusur Brpaso Ha | paspsin
+0,i00001 001 [Tepenaua MHOXKHMOrO Ha CyMMATOP
1 0,11(1101\ o
1,010110 001 Casur Brnpaso Ha 1 paspsan
~0,101011j0001 _
0 0, 1010110001 Cueur cnpaso #Ha 1 paspsn
+ 0,010101/10001 INepenaya MHOXKHMOrO Ha CyMMarop
1 0,110101

1,001010/10001 Cueur snpaso Ha 1 paspsp
0,100101|010001  Pesyabrar

B mnpouecce ymHoxenuss mudpH V,, Ya-1,...,¥s,Y; MHOKH-
TeJs BHINOJHSIOT N0CJIEN0BATEABHO (DYHKIMH YTipaBjaeHHst (MHO-
JKHMO€E TOCHIIAETCS WM HE MOCHIAeTCA B CYMMAaTOp B 3aBHCH-
MOCTH OT TOro, paBHa Ju 3Ta uucdpa 1 waum 0). [daa ynpouiexus
npouecca yOpapieHHs MOXKHO KaxIBil pas T1ocC/aIe NOCHUIKH
MHOJKHMOI'O B CYMMATOp CABHIaTh MHOXHUTE/Ib HA OJHMH paspsi
BIIPABO, B PE3yJbTATE Y€ro. B A-M Paspsjie PerucTpa MHOMHTE/IS
OVILYT CTOSIThL MOCJICAOBATENBHO HHAPPHL ¥V, Va1, - - . » Ya, Y1; TAKUM
06pazom, YNoMSHYTHE (PYHKIHH YIIPABICHUS BHIOJHSICT Ka AbIH
pas uudpa, crosuas B #-M (IOCAeAHEM) paspsae perucrpa
MHOMKHTEJIA.

Hanomuum, 4T0 B pPETHCTPE NPOMU3BEICHUS INOCJAeLHUE 7
pas3psiioB B Haua/je Npolecca yMHOXKeHus CBOOOIHB H 3aHHMa-
I0TCS1 TOC/IeIOBATEIbHO, HAYHHASA ¢ (72 4 1)-r0 paspsna B pesyJb-
TaTe CABUCOB BMPaBO U3 NEPBHIX (CYMMHPYIOIINX) pa3psiioB
3TOTO peructpa. B TO ke BpeMa B PETHCTPe MHOXKHUTES,
B PE3YJbTATE €ro CABHIOB, TNOCICNOBATENBHO OCBOGOKIAIOTCA
paspsiiel, HauuHas C 7€PBOro. ITO nosBoaseT o6ofituch 6e3
CrelHaJ bHor0 PETHCTPE MHOMKHTENIS, NepefaB (PYHKIMH Xpane-
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HUSI MHOXHTEJIS TOCJAEIHHM /1 pa3psiiaM PerucTpa NpoH3BeJeHHs.
ITpu stom QyHKIHH yNpaB/eHHs [PONECCOM YMHOXKEHHS HECeT
nocaenusst 2n-s nUdpa’ perucTpa Nnpou3BeLeHus.
Paccmotpennoe Toabko uto ymuoxenne yncea A = 0,110101
u B = 0,101101 Gyner npou3BOAMTHECS 10 CIEAYIONIEH CXeMe.

Cxema 2 (ymHOWEHHE)

Muoxumoe 0,110101 Muoxureas 0,101101

Peructp npodssenenys
CymmaTop M:g;;“-

+0,000000'101101 [Nepenaua MHOKHMOIO B CyMMAarop
0.110101|

0,110101/101101  Caueur snpaso Ha 1 paspsin
0,0110101]10110  MmuoxuMoe Ha CyMMaTOp He Tepejaertcs
‘ CuBur Brpano Ha 1 paspan
0,00110101]1011  Tlepenaua MHOXKHMOIO B CyMMAaTop
0,110101
1,00001001|1011 Casur Bnpabo Ha 1 paspsn
_f_O,IOOOGIO(]_l_lOl [epenaua MHOMHMOTO B CYMMAaTOp
0,110101
1,010110001/101  Cpsur BnpaBo Ha 1 paspsj
0,101011000110  MHOXHMOe B CyMMAaToOp HE TNepejaercs
‘ Cneur Bnpaso Ha 1 paspsn
g 0,010101100011 [lepenaya MHOMHMOrO B CYMMAarop
0,110101
1,00101010001|l ~ Cmsur Bnpaso ma 1 paspsn
0,100101010001]  PesyasTart

YMHOMeHHe yHcea B MallMHaX C nJaBaloued 3ansToi..
[lyctb HyXHO yMHOXHTb uucia A= +2°.0,a,a,...q, n
B=+27.0,b,b,...b, YMHONKEHHE 3aKIIOUAETCSH

1) B C/IOXKEHHH 3HAKOB COMHOMKHTEJEN;

2) B CI0KEHHH UX TOPSILKOB;

3) B YMHOXEHUH UMQPOBHIX YACTEN.

[Mocennee ymHOMEHHE HHYEM HE OTJIHYAETCH OT YMHOKCHHA
B MALIMHAX C (PUKCHPOBAHHON 3alATOM.

B pesyJabTate VMHOMKeHUs JBYX HOPMa/JH30BaHHBIX qucea
MOXKET TOJYUYHTBCST YHCIO HEHOPMAJAM30BAHHOE, KOTOPOE NOTOM
HYIKHO HOpPMaJiH30BaTh, Hampumep, 25.0,1001 X 2-2.0,1001 =
= 2%.0,01010001 = 22.0,1010001.

b=
k=]



YacTHHe cayuan yMHOXeHUs. a. Ecan ogud U3 com-
HOXKUTEJIEH €CTh HyJb, TO IPOHU3BEIEHHE eCTh HYy.Jb. MaiuuHa,
obiapatouasi CriocOGHOCTLIO PearupoBaTh HA PABEHCTBO OJAHOTO
M3 COMHOMKHTEJEH HYJIO, Cpa3y BBIAAET B KAueCTBe IpPOHU3Beie-
HHH HY.Jb.

6. ¥muoxenue Ha 2° (S — LEJOE MOJOKHTEJBHOE UHCIO)
‘CBOIMTCSI B MAalIMHAX ¢ (QUKCHPOBAHHON 3aMsiTOf K CABUTY MHO-
KHUMOTO HA § paspsiloB COOTBETCTBEHHO BJEBO WM BIPaBO,
a4 B MalUlMHAX C ILIaBaoLel 3ansaToii — npubaBIeHHI0 K MOPSAKY
MHOXHMOTO YHCTa S,

Jlenenne B MaliMHax ¢ (PUKCHpOBaHHO# 3ansaAToi. Pac-
CMOTPHM CHAua/Jd Caydail e/ eHuss B MallMHaX C 3ansiTofl, Quk-
CHpoBaHHOH Tepen neppoii mudpoil wucaa. B Takux mammuHax
JCIHMOE JOKHO OBHTH MEHbBIIe JeJHTEJH [Jd TOro, yYTo6B
ne/sas 4actb OblJIA HYJIb.

l_[yCTb JEJAMMOE U ACVIHTEJAb NPEACTABACHBI NPAMBIM KOILOM.
3HAK YaCTHOTO noJaydaeTcs CGI0MCHHEM HA OAHOPaspsaHoM CyM-
MaTope 3HaKOB AEJAHMOro M AeJHUTeJIsd. B JajpHeieM, ropops
O JeJHMOM H JIeJHTeJ e, MBI 6}’,{(83\»{ HMETB B BHIY HX abcoJioT-
HBIE BEJIHYHHEL.

Onepanus pAe/leHduss B JBOUYHOII CHCTEME COBEPIIACTCSI,
B OCHOBHOM, mo cxeme A (cMm. c1p. 9) ¢ TeM YIpouAKIIHEM
06CTOATENBCTBOM, UTO Kaxjaas LHdpa 4acTHOTO MOXKET MpPHHH-
MaThb Juub 3Hadenus O u 1: npu nesennn A Ha b oGpasyiorcs
nocjaegosateqbuue octatk Ay = A, A, A, ..., A,,.

Jasi onpenenenns k-ii nocste sanaroil nudps d, yacTHOrO
u3 R-ro ocratka A, BHUHTAIOT CABMHYTHIH Ha A uudp Brpaso
jgemutenb b, T. e. 27%p. Ecain pa3HOCTB NOMOKHATEIbHA, TO 1Hdpa
d, = 1. Jra pasnoctb ects (k- 1)-ii ocTaTox.

Ecan e pasnocts Ap — 27%b orpuuarensbnasi, To 1udpa
d,=0u (k+1)-it ocratox Apyi coBnagaer ¢ Ay Arer = A4,

J1st ero BOCCTAHOBJEHHs HYXHO K pasHocta A, — 2-%b
CHOBA m06GaBUTH CABUHYTHII neqaurtenn 2-%b.

[Tocie sToro Mbl caBHraeMm Ie/auTe b €LEe Ha ONMH paspsin
BIPaBo. JTOT UMK/ onepaluil nosropsiem n pas. Ecin casurarts
JeJuTeab KayablH pa3 Ha OIUH paspsij BIpPaBO, TO E€ro Mo-
caenHue UHQpL 6yayT MOC/IeN0BaTENbHO BEIXOJIUTDL 33 MPEILebl
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pa6Goueii yactu cymMaTtopa. Takoe pesenne ectb Je/€HHE IO
NpaBuay ,COKpPALEHHBIX JAelcTBHiI®. .

BumecTto caBura JeJHTeJs Ha paspsaj BIPABO MOXKHO IIPOH3-
BOMMTh KAXJBH a3 CABUT COOTBETCTBEHHOIO OCTAaTKA HA OJMH
paspsai BaeBo. Toraa s olnpejeqenus Kaxaol ups HCIob-
sylotcsa Bce mudps jpesurensi. JTO €CTh JEJEHHE N0 IIpaBHIy
MowH0ZO pesenus WiH jegenus ¢ octatkoM. [locae BHUHCIEHHS
nocaeHeil mugps d, YaCTHOrO MH NOJYUYUM OCTATOK A, Koto-
poifi 1 GygeT CABHHYTHIH HA 7 Pa3pslioB BJEBO TOYHHIH OCTATOK

A, or penenusi A na b: A, =2""A,
A=bd+A,=0bd+2"A,

ITpouspenetine bd Gepercs 31eCh C TOJHBIM YHC/IOM 27 3HAKOB.

(OCTAHOBKUMCSA HA STOM MpHEMe JeJeHUsl, OTBEYAIOUIeM yMHO-
WEHMIO TIo cxeme 1, crp. 58; MBI UMEEM pPerucTp IpoH3Beae-
HHSI, COCTOSALIMA M3 Pa3pagoB 3HAKOB H 271 LM(POBHX Pa3paLoB;
B 9TOT PErHCTP TOCHUIAETCs JeJHMoe (Tounee ero abCoaioTHast
pequuuna). [lociexpnne 7 paspsioB perucrTpa I1pPOUSBEACHHS
NoKa CBOGOIHH — B HUX OYVIYT HOCIELOBATENbBHO MOSBJAATBCS
uudps yacTHoro’.

Tesmmoe A = A, menbme peaurenas b. Cnpuraem A na |1
paspsiL BAEBO, H3 TIOAYYEHHOTO YHCIa 24, BHUHTAEM AE/IHTEND b,
noceLIas Ha CyMMaTop — b, Wil COOTBETCTBEHHO OGPATHHI KOJL
upcaa b. Ecuaum  pasmocts 24,—b >0, 10 mneppas uudpa
yactnoro d, = 1. Ecau xe ata pasnocTb 24, — b oTpunare/bna,
10 mudpa vacricro dy = 0, BoyuTanue b OHJIO JHMIIHHM, H MBI
ero KOMIICHCHPYeM, BBOAs B CymMmartop xeauteqb b. B oboux
cayuasx naGop, CTOSIIME B PETHCTPE MPOU3BEACHHS, CABHTACTCH
na 1 paspsai BJAEBO U B TOCAEAHMI OCBOOONMBIIMACA paspsj
peructpa mnochiaercss wugpa dy. Taxkolh IUKI NOBTOPAETCS 7
pas. Tlocie n-ro LMKIa B TNOCAENHUX R paspsaax perucrpa
npousBesenust 6yayT crosth LHPpH dyd, . ..d, H4aCTHOTO, 4 Ha
cymmatope (JeBOil TNOJOBHHE PErucTpa) — yMHOMKEHHHIH Ha b
OCTATOK OT JACJeHMS.

1 Yt we cBoOOLHBIE MOKa paspaasl Morax 6ot OBITH HCTOTb30BAHM
B cayuae 2/-3HAYHOTO AETMMOrO [1Asl €ro JLOTOJHHTENbHHX uHgp.
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Cymmatop
00,100111
01,001110
11,001111
00,011101
00, 111010
+11,001111

00,001001
00,010010
+11,001111
11,100001
+ 00, 110001
00,010010
00, 100100
T 11,001111
11,110011

-

00,100100
~ 01,001000
+11,001111
00,010111
00,101110
+11,001111

11,111101
+00,110001

00,101110

[Tpu onucansoMm cnocoGe jeseHuss Jd onpejeJeHHs OIHOH
uudpE YacTHOrO, Korxa sra nudpa paBHA HYJII0, MNPHXOIUTCH
yonoTpebasaTh IBE Omepaiiu — BHUHTAHHS U CJIOMKEHHA. YKamem
APYTOi BapHAHT MPOIECCA xeseHusi, TPeGYIOMUHE JUllb OLHOTO
N00aBJIEHHS CAOWKEHHUS HIH BHUHTAHHS A5 ONpeIeaeHUst Kam 01

Cxema 3 (nenenue)

Hemumoe x = 0,100111  Heauntenr y = 0,110001

Peructp 4acTHOro

000000
00000~

000001
00001 —

000011
00011 —

000110

00110—

001100

01100—

011001
11001 —

110010

uMQpsl 4aCTHOTO.

B atom cnocobe monmyckaloTCs Kak IOJOXKHTEJIbHHE, TaK H
oTpHLATeABHEE OCTATKH. Ecau ouepenHoll R-fi 0CTATOK MOJO-
JKHTEIEH, TO CJAGAVIOUIMH ITHKJI
AeJUTe I H3 CABHHYTOTO HA OIMH paspsill BJAEBO OCTATKa, eCJaH
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Cunpur Breso Ha 1 paspsij
Ha cymmarop nocuinaerca [—y],

Casur Bieso Ha 1 paspsn
Ha cymmatop nocninaercs [—y],

Cneur Baepo Ha 1 paspsan
Ha cymmatop mnoceuiaetcst [—y],

Ha CyMMATOp MNOCLLIAETCH KOL JeNHTeNns

Casur saeso Ha | paspsj
Ha cymmatop mnoceinaercs [—yly

Ha CYMMATOP MOCBLLAIAETCA KON NEJHTER

Cusur BaeBo Ha 1 paspsap
Ha cymmarop nocuiaaercs [—v],

Casur BIeBO Ha OIHH Paspsii
Ha cymmarop noceinaerca [—y],

Ha CYMMATOP NOCHITAETCH KOL JeJHTend

x/y = 0,110010

Ocratox = 279.0,101110

JAKJI0YAeTCd B BHYHTAHHH



e OuepejHoil k-l OCTATOK OTPUIATE/EH, TO CJAELYIOLHH UK/
COCTOMT HE B BHIUMTAHHM, a B J00aBjeHUN IeJIHTeIs K CHBH-
HYTOMY Ha OAUH paspsii BJAEBO OCTATKY.

Ecau B pesysibTate LHK/Ia BO3HUKAET MOJONKHMTEIBHHI OCTa-
TOK, TO ompejeasemass UHKJIOM Ludpa ecth 1, ecin ke BO3HU-
KaeT OTpUILATe/JbHHI OCTATOK, TO ONpeneseMas IMHKJIOM Iudpa

ectn 0.
Jlasi o6ocHOBaHusT 3TOTO crnocofa BOCHOJAbL3YEMCs IBOHUHOH

cncremoit ¢ mudpamu 1 u 1 = —1 (cm. mke § 13). Ecau B
takoii cucreme (k + 1)-s undpa nonoxuteabnoro uucaa (k= 0)
ecTb 1, COOTBETCTBEHHO 1, TO B OGLIYHOM ABOMYHOM IIPECTAB-
nennu R-si uudpa ects O wam, coorsercrseHHo, 1. Eciu nods-

30BaThCsl Juisi w3obGpaxenuss vactHoro nudpamu 1 v 1, 10 B
ONMHCAHHOM BHIIIE CIOCOOE JeMEHHSl BHIYMTAHHE JEIHTEJs H3
CABHHYTOrO k-ro ocratka osnauaer, uto (& -+ 1)-1 nudpa vact-
HOTO ecThb 1, a mpubaBieHue AEJIUTENs K ITOMY OCTATKY O3HA-
yaet, uto 31a 1MUdpa ectb 1. CONMACHO TMpaBuly MNEPEXOAa OT
TAKOTO JBOHYHOrO H306paeHus K OGHYHOMY k-f mudppa uact-
HOTO paBHa 1, B cayude MOJOXKHTEABHOTO k-ro OCTaTKa, U paBHa
HYJI10, B CJIy4ae OTPHLATENBHOr0 k-ro ocrarka. Ecau mocae onpe-
peqeHuss £ uu@p Ha CyMMAaToOpe OKAashBAETCs MOJOKHTEIbHOE
YHC/I0, TO OHO COBNALAET C YMHOMXKEHHLIM Ha 2" OCTATKOM OT
neqenust. Ecam ke uMC/I0 HA CyMMArope OKasBIBAETCS OTPH-
LlATEeJBHEIM, TO JUIsi ONpeJeICHHs YMHOMKEHHOTO Ha 2% ocraTka
OT JejeHuss HeoGXOAUMO IOCJAaThb B CYMMATOp KO JI@JIHTE/s.

Cxema 4 (nenenue)
Hennmoe x = 0,100111  Heautenn y = 0,110001

Pernctp
Cymmarop YACTHOTO

00,100111 000000 Cppur Breso Ha 1 paspax
01,001110 00000— Ha cymmarop noceiiaetca [—y],
11,001111

00,011101 000001 Cppur BaeBo Ha 1 paspsn

00,111010 00001— Ha cymmartop mochiaaercs [—y]q
+ 11,0011

00,001001 000011 Cpueur Breso Ha 1 paspsi

00,010010 00011— Ha cymmaTop mocwhnaercs [—y]g

11,001111

11,100001 000110 Cppur Bieso Ha 1 pa3psn
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11,000010 00110— Ha cyMMaTop MOCHIIAETCA KO REJTHTENs
+ 00,110001
11,110011 001100 Cppur saeso Ha 1 paspsn
- 11,100110 01100— Ha cyMmarop noceliaercs Koj AeauTens
T 00,110001
00,010111 011001 Cpueur Breeo Ha | paspsan
00,101110 11001— Ha cymmatop nocuaaercs [—v],
+ 11,0011
11,111101 110010 Ha cymmaTtop nocelnaercss Koj jpeantenst (BOCCTaHOB-
00,110001 JeHHE OCTaTKa)

00,101110

x/y = 0,110010

Ocrarox = 279.0,101110

B nponecce pesenuss KpuTepHeM AJist ONpeLe/]eHHs CAeLYIO-
mei HUQPH UYACTHOTO CAYXKHT nMdpa 3HAKA uNCIa, OKA3dB-
HIeroCs HA CyMMATOpe MOCJae OYepelHOro BLIUHTAHHA (WIH
ObITb MOKeT mpubaBAeHUst BO BTOPOM CHNOCOGE) JIeJHMOro.
Ouesuano, uto 0 crenopano Ob OTHECTH K 4uCJAaM C HHGPOI
aHaka 0. Ecan cymmarop paGoraer mo HpHHIUINY AOMOJHHTE/Ib-
HOTO Konia, TO Imdpa 3Haka HyJas ectb Bcerma O uw npu gene-
HHI HE BO3HMKAET HMKAKHX 3atpyanenuii. OJHAKO, eCau CyM-
Matop paGoTaeT mo MPUHLMNY OGPATHOrO KOJA, TO YHCIO HYJb
IMOABJIAETCS. B CyMMAarope nocjde CA0XKeHHs Bcerja kak ,—0¢
(em. § 7). Tlostomy mnpu nHameil cxeme [eJeHHss B YaCTHOM
BMecTo Ludpol 1 B 3T0M cayuae nossutcsa uudpa 0. Bee mudpw,
caepylomue  3a 3Tofl muppoH, OyLyT eIMHHLAMH, TAK Kak
BCE OCTaTK{ IOC/Ie cABura Ha 1 paspsig BJAeBO OYIYT paBHHL
yABOeHHOMY jesantento. Taxum o06pasomM, BMECTO YaCTHOTO
0,2,...2,-110...0 u ocraTka, pPaBHOrO HY.I0, MH HOJYUYUM

n—k

yacthoe 0,2, ... 2,-101....1 u ocTaToOK, PaBHHI YMHOXEHHOMY

R

n—k
Ha 2-" peauremo. Ecan peneHne npoBOIHTH HEOTPAHHUYEHHO,
T0 00a pesy.abTara cosnajgaior. Kamabii U3 HUX COOTBETCTBYET
JIBYM Da3HbHIM TPEACTABJCHUSAM JBOMUYHO-PALHOHAJBHOIO 4HC/IA
B Bule OeckoHeuHOH mBoudHOi npobu (¢ ,XBOCTOM® HYyJIel
H ¢ ,XxBocToM“ enunul). O6a pesy.abTaTa COBNAAAIOT TaKKe,
eCJH [e/IeHHE MPOBOAMTCA C OKPYr/eHHeM Ge3 BHBOJA OCTATKA.
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Juas toro, ytoOH OBLJIO BO3MOMXHHEIM H TOUYHOE JeJ/IeHHE IIpH
cymMMarope 06paTHOrO Koja, JAOCTATOYHO B ONHCAHHEIE BHIIE
CIOCOOH Je/IeHHs BHECTH CACAYIOIIHE H3MEeHEHHS:

a) peJquMO€ TOCHJIATE Ha CYMMAaTOp HHBEPCHOH mepejavei;

6) Bce mnpubaBJeHHS MEJAUTEIA 3aMEHHTh BHUMTAHHSIMH, &
BHUMTAHUST — NPHOABACHUSAMH, T. €. HHBEDPTHPOBAaTh BCE Mepe-
Jauu JieJqUTeNIsi Ha CyMMaTop;

B) B NMOCJEIHUH paszpsiii perucrpa 4acTHOro MOCHIAThL mudpy,
paBHy10 mudpe 3HaKa 4KCJIa, OKA3aBIIErocs Ha CyMMaTrope, T. e.
MHBEPTHPOBATHL IIPABUJIO TOCHIKH OUepeNHOH Hu(pPBE 4acTHOIO.

[locte oxoHuaHHSI mpomecca JefeHuf CTOfAIlee Ha CyMMa-
TOpe uMCIO OyHeT OCTaTKOM, YMHOXKeHHHM Ha 27. [lpaBmio
Onpeje/neHHs OCTaTKA IpPH JEJEHHH [0 BTOPOMY CNOCO6Y COOT-
BeTCTBYIOUIMM 0GpPasoM BHAOHU3MEHSAETCH.

Jlenenne GypmeT NMPOBOAMTHCS MO CJAEAYIOIIHM CXEMaM.

Cxema 5 (menenue)
Henumoe x = 0,100111  Jeautean y = 0, 110001

- Peruerp
Cymmatop JACTHOTO

11,011000 000000 Cpasur Baeso Ha 1 paspsan
§ 10,110001 00000— Ha cymmarop nochliaeTcs KOA HeNHTens
00, 110001

11,100010 000001  Cnapur BaeBo Ha 1 paspsan
4 11,000101 00001— Ha cymmaTop mochiaeTcs KON AenHTens

11,110110 000011  Cpsur Baeso Ha 1 paspsn
-k 11,101101 00011— Ha cymMMaTop MOCHIAETCA KO JAEIHTENs
00,110001
100,011110
| 0
+ 00,011111 000110  Ha cymMmaTtop HOCHIIAETCs KO JeNTHTENs HHEEPCHOH
11,001110 nepenaueii
11,101101 000110  Cpsur sneso Ha 1 paspan
+ 11,011011 00110— Ha cymmaTop nochlnaercs Ko A€JIHTENs
00,110001
100,001100
1
i 00,001101 001100 Ha cymmatop mnocslinaeTcs KO JeJHTelst HHBEPCHOH
11,001110 nepenauei

11,011011 001100 Cnpur Baeso Ha 1 paspan
5 Bak. 13 65



10,1101
* 00, 110001
11,101000
11,010001
00, 110001
100,000010

L . 7
00,000011
11 001110
11,010001

+

CymumaTop

11,011000
10,110001
00, 110001
11,100010
11,000101

+ 00,110001
11,110110
11,101101
00110001
100,011110
| 1t

o

00,011111
00,111110

T 11001110
100,001100

| i\
00,001101
00,011010

T 1001110

11,101000
11,010001
+£0,110001
100, 000010
[
00,000011

+
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01100—

011001
11001—

110010

Peruerp
YaCTHOTD

000000
00000 —

000001
00001—

000011
00011—

000110
00110—

001100
01100—

011001
11001 —

110010

Ha cymmarop mocwinaercss kon jenntens

Casur Baeso Ha 1 pasps
Ha cymmarop noceinaercs xon peantens

Ha cymmarop nocelaaetcs Kof JeJHTens H
nepenauei

x[y = 0,110010

Ocratox = 2—5.0,101110

Cxema 6 (nenenue)
Henumoe x = 0,100111 Heautean y = 0,110001

Capur Baeso Ha 1 paspsg
Ha cymwmatop mocelnaetca kon nenurtens

Crueur Baeeo Ha 1 paspsn
Ha cymMmatop mocenaercs kon geautes

Casur Breso Ha 1 paspsaz
Ha cymmarop noceinaerca kon jpenurens

Casur Baeso Ha 1 paspsn

Ha cymmatop nocenaetcs Koj jeauTensi HHBEpPCHOI
nepenavei

Casur Baepo Ha 1 paspsan

Ha cymmatop nochinaercs Koj HequTefss HHBEPCHOil
nepenpauei

Cnpur Breso ua | paapan
Ha cymMaTop mocbiiaercs KO AeNHTEs

HBEpCHOI



+ 11,001110 Ha cyMmaTop mochlnaeTcs KOJ| JIeAHTENsT HHBEPCHOI
m nepejaueil (BOCCTaHOBJIEHHE OCTATKA)
x/y = 0,110010
Ocrarox = 27%.0,101110

Jlenenue B MallMHAX C nJjasarowel dandrofl. Ilycts ne.u-
Moe A w meautenbp B 3aaHe B HOPMAJIM30BAHHOM BHJIE:

A e 0 V. - e o= 9o OMB B 05

Torga A:B=2""7C, rne C — uyactHoe OT pge/eHus HHPPOBHX
vacteil A u B, C=(+0,1a,...a,):(£0,1b,...5,). 10 mene-
HHE TPOBOAMTCS, B OCHOBHOM, KaK B MALIMHAX C 3ansiTOH,
(UKCHPOBaHHOW Tepen MEepBHIM 3HAKOM, C TOH JMIIB pas-
Hulei, uto yactHoe C MOKET O0KasaTbCs Mo abCOgI0THOR
BeinunHe GoJbire 1, ogHako MH Bcerma umeem 1/, <|C|<2;
IeJeHHe CJAefyeT HAYMHATH C OonpeneteHus Hu(pH IenBx emxu-
Hui  geautess. Omnpemenenne 39Tofl uudpb CcoBepLIaeTcss B
Hauaae mnpouecca (HO TPOHU3BOACTBA CHABHTOB) TAK IXKe, KakK
H OCTaJbHBIX IH(P uacTHOro. Perucrp uacTHOro JOJIKEH cojep-
xatp ue n, a (n-+ 1) muppy. Ecam uubdpa neasx eamHu
YaCcTHOTO OKAa3WBaeTcsl paBHOH 1, TO mnocae pejeHus Heo6xo-
JMMa HOpMaJmusaius Brnpaso. [lpouecc ge/eHus jgaerT BepHHI
pe3ysabTaT W B TOM CJyudae, KOria jgeaumMoe A 3aJaHo C Hapy-
LICHHEM | HopMasmsauun Brpaso: A =27.+0,0...0a4a, . . .
[lpu 3TOM B YaCTHOM MOXKeT TaKXe OKa3aTkCsl HAapyHIeHHOH
HOpMaJ/M3alMs BrnpaBo. HapylieHue HOpMaJHM3alMH AEJIHTEJS
MOXET [pPHBECTH IIPH TAKOM crocobe JeJeHHs K HEeBEepHBIM
pesy.JbTraTaM.

H3BieueHne KBagpaTHOro KopHsl. OOHUYHEI ,HIKOJBHBIR"
anropudm HU3BJAEUEHHUS KBAAPATHOTO KOPHSA 3HAUHTEJBHO YIIPO-
uraeTcs NpH Mepexoje K JBOWYHOH CHCTEME, MOCKOJBKY HCKO-
Mble UH(PH KOPHS MOT'YT NPUHHMMATD JHLIb ABa 3HaueHus O u 1.

[Mycte M namau nepsue (B —1) uudps by, by, ..., bey
xopus u3 A =0,a,a,...a,; oyeBunHo, 0,b;...br_1 ecTb Hau-
G6osbutee uuca0 BHuA 0,X3X,...Xg-1, KBagpaT KOTOPOTO He
npesocxogut A. O6osHaunMm 4epe3 Ag—1 COOTBETCTBYIOIIHMIL
ocratok A — (0,040, . .. bg—1)?. Caenyromtas k-a wudpa by moxer

o* 67



paBusitbest 1 wan 0. Ouerugno, ecim A — (0, byb, . .. bp s 1)‘2 >0,
10 b =1, eciu we A—(0,by...0,11)2 <0, 10 br=0; HO

A—(0,bby... bp 112 =A—(0,b;b,...bp1+27%)2 =
=[A—(0,byb,...0p 1] —2:27%0,b3b,...0p1—27% =
= Ap1—27FD.0,6,b,...b:101

Jl1s noJyueHus sTo¥ pazHocTH HYKHO K yucay 0, byb, . . . be—y
npunucare napy uudp 01, caBuHyTe 06pazoBaHHOE YHCJAO Ha
(kR — 1) paspsnoB BIpaBO M BeYECTb u3 (R — 1)-ro ocrarka Ag_1.
Ec/n npu BHUMTAHUH TOJYYHTCA 4Huca0 >0, To nudpa by =1
il 9T Pa3HOCTh COBIAjaeT co ciexaywolum octatkoM Ag. Ecan
e 3Td Pa3sHOCTb MeHbme HyJasl, TO by =0 u Ap = Ap_1. Ilas
BOCCTAHOBJIEHHS] OCTAaTKa Ax_1 HYXKHO K PasHOCTH CHOBa ja06a-
BuTh npexuee Buuutaemoe 0, b0, ... b1 01. INpouenypa Haxo-
aenus mudp xopHs 6/M3Ka K OOBIUHON Npolenype Haxoxuie-
HHA 1uQp YacTHOTO, TOJBKO pOJb JeJHTEeNs, HOCTOSHHOTO
B IIpollecce JeJeHus, urpaet nepemensoe yucao 0,0,0, .. . br_1 01,
KOTOpPO€ MOMKHO HAasbBaTh NEPEMEHHHM Je/HTeJeM. K-ii mepe-
MEHHHH Je/auTeJb CIBHraeTcs Ha R paspamoB BIpaBO, T. €.
KAKILIH CAeyIOIKi NepeMeH B AeJHTe b CIBHHYT IO CpaB-,
HEHWIO C mpeabayliuM Ha 1 paspapa Bnpaso. [lepBHii nepemen-
HHl geauTe b, CIyKauui 1s onpeneaenus nudpu b, ects 0,01.

BwmecTo Toro, 4To6H CABHraTh NepeMeHHHIl IeHTe/Nb BIpaBo,
MOXHO, KaK' 3TO JeJaJoCh B CJAyuae JeTeHHs, KamAwei pas
[OC/JIe HaXOXKAEHUS COOTBETCTBYIOMEH HH(PH KOPHA CABUraTh
OCTATOK Ha 1 paspsan BJEBO.

Cxema 7 (ud3BleyeHHe KOPHS)

2= ]f}(_, rae x = 0,100101
CyMmmatop
00,100101 000000 Ha cymmaTtop nocwuiaerca KOJ 4ucaa x
T 11,110000 Ha cymmatop mochtaetcss koj uucaa — 0,01
00,010101  000000|
00,010101 00000]1  Cpeur BmeBO Ha 1 paspsn

3 00,101010 {}DOO‘_I—- Ha cymmarop mnoceinaerca ko uucna — 0,101
11,011000 -

00,000010 0000‘11 Cneur Breso Ha 1 paspsan
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00,000100
+ 11,001100
11,010000
+ 00, 110100

00,000100

00,001000
+11,001110

11,010110
+ 00,110010

00, 001000

00,010000
* 11,001111

11,011111
* 00,110001
~00,010000
. 00,100000

11,010000

11, 110000
00, 110000

00, 100000

000]11—
000‘110'

000110
00[110—

00[1100

00{1100

0[1100 —
|

0\11000

0/11000
111000—

110000

!110000

Ha cymmatop mochinaerca kopn umcaa — 0,1101
BoccTaHoBeHHE OCTaTKa

Cueur Brepo Ha 1 paspsj
Ha cymmartop mochinaercs koi umciaa — 0,11001

BoccranoBnenne ocraTka

Casur Baeso Ha 1 pazpsan
Ha cymmatop moceinaercsi kon uncaa — 0,110001

BoccraHoBaeHHe OCTATKA

Capur Baeso Ha 1 paspsn
Ha cymmarop moceliaetcs kop uncaa — 0,110000

BoccranoBnenne ocrtartka

z =y x = 0,110000

Tak me Kak M B ciAyuae mejenus, A TOro 4to6w GBUIO
OCYIIECTBUMO TOYHOE M3BJEHYEHHEe KOPHSA U3 TOYHOTO KBajpara,

craemayer

HHBCPTHPOBATH BCE€ MNMOOAYH

Ha cymmarop,

NpaBU/IO ONpejeaeHHs: OuepemHoN HdpH KODHS:

Cymmatop
11,011010

+ 00,010000
11,101010
11,101010
11,010101

+ 00,101000
11,111101
11,111011
00, 110100
100,101111
| 1

_|..

CxeMma 8 (uM3BJIeyeHHE KOpPHSA)

000000

000000
000001
00601—

000011
00011—

z= V;, rne x = 0,100101

Ha cymmatop mochiiaeTcs Koj uucaa
Ha cymmatop nocwiaaercs kon umcaa 0,01

Capur Birepo Ha 1 paspsn
Ha cymmarop mochinaercsa kop uucaa 0,101

Casur BieBo Ha 1 paspsan
Ha cymmartop ncchinaetcs xon umcaa 0,1101

a TaKmxKe
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00,110000 000110 Boccranosienue OCTaTKa
+ 11,001011
11,111011 000110 Cpeur Bneso ua 1 paspsan
11,110111 00110— Ha cymMartop mochiiaercs kop uucaa 0,11001
T 00,110010
100,101001
I i
00,101010 001100 BoccraHoB/leHHe OCTAaTKa
+ 11,001101
11,110111 001100 Cupur BieBo ma 1 paspsn
05 11,101111 01100— Ha cymmarop nocwinaercs xop uicna 0,110001
00, 110001
100, 100000
| 1
00,100001 011000 BoccraHoBaeHHe OCTaTKa
+ 11,001110

11,101111 011000 Casur Baeso Ha 1 paspsin

11,011111 11000— Ha cymmaTop nocweuraercs xon uncaa 0,110000
T 00,110000

100,001111 110000

1 i)

00,010000 Boccranosnenue ocratka
+ 11,001111

11,011111

z =1/ x = 0,110000
Ocratox = 2—8.0,100000

[To moBOj1y H3BJCUEHHS KOPHS B MALIMHAX C IIJIABAIOLIEH 3ansTOH
MOxHO po6GaButh caenywowee. Ilyere M = 27.0, a4a,... a,.
Ecau nopsinok m YeTHHH, TO VM waxomum mo dopmy.e:

VM =2"? V0, aa, ... a, Ecmu xe nopsaok m HeYeTHHl, TO
m+1

VM naxonum no popmye: VM =22 10,04, .... Jerenue
Ha 2 nopsjaka m (M cyMMel m + 1) noJydaeTcs CABUIOM H306pa-
XeHust uncta m -+ 1 Ha 1 paspsn B CTOPOHY MJAAIIMX PaspsjioB.

Onepauun ¢ GJOKHPOBKOH HOpMaJdu3aumu. B mammunax c
[JaBalONIeH 3anATof onepauud COBEPHIAIOTCHA HAJ YHCAaMH, 3a-
JNAHHBIMH B HOPMAaJIM30BAHHOM BHIe, pe3yJ bTaT TaKkKe aBTOMa-
THUeCKH HopMaiusyetcsi. MHorza 6rmBaer yJa0OHO OIEpUPOBATHL
C UHCJAMH, 3aJAHHLIMH B HeHOpMa.juzoBaHHOM Buje. Tak, Ha-
npuMep, MpH CEepHUHHOM CJIOKEHHH BHTOAHO HMETb MOPSJIKH
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BCEX YHCe/, NMPHBEJEHHHE K MOPAAKY MAKCHMAaJbHOIO IO abCo-
JIOTHOHR BeJWYMHE 4YHCJA, TOTAA CJOXKEeHHe 3aiMeT MeHblue
BpeMEeHH. '

MoxHO mpepycMOTpeTh B MaumnHe GJOKHPOBKY HOpMaJi3a-
LMH, KOTOpas 3aK/JIOYaeTCs B CJEAYIOLIeM:

a) uucja ynotpebasiorcs B Bume 29-0,a,a, ...a,, Toe a
He 00s13aTe/IbHO eNMHHIA;

6) Mo OKOHYAaHHH apU(METHYECKOH onepamuyu OKOHYaTe bHas
HOpMAJIM3anusl BJAEBO He IIPOH3BOIHUTCH.

Tak, npu C/JAOKEHHH WIH BHIUHTAHHH YHCEJ C NMOPAAKAMH ¢,
H ¢, OTBeT OyAeT UMEeTh MOPSAOK ¢ = Makc (¢, §;), IpH YMHO-
KEHHHR ¢, + ¢,, IpH JCJCHHH ¢; — ¢,. PasyMeercs, nosBIeHHE
U@ poBEHX yacTell GOJBIIMX eIMHHIB BCE Xe uckadeHo. Ecan
B pesyJbraTe onepauuu Tpebyercs HOpMA/IHM3alMs BIOPaBO, TO
MAIIHHA JOKHA aBTOMATHYECKH OCTAHOBHTHCH.

[1pn omepauusx ¢ 610KMPOBKOH HOPMAJIH3aIHA YMEHbIIACTCS
BpeMs, Tpebyloumeecs AJas IPOM3BOACTBA ONepaliH, HO IOHH-
xaetcs TouHocTh. Omepamuu ¢ OJOKMPOBKOH HOpMa/n3aluu
MOTYT LIHPOKO HCIOJb30BATBCA TNpH JEHUCTBUAX C yIBOCHHBIM
yucJaoM paspspoB (cum. § 16, 27).

§ 12. YMHOXEHHUE U JEJNEHHE 4YHCEIJ,

3ANAHHBIX JONMOJMHHUTEJBHBIM H OBPATHBIM KOJIOM

YMHOMeHHEe uYHce], 3alaHHbIX [OMNOJHHTEJNbHBIM KOIOM.
Eciu uucsa B MauiMHe 3afaHbBl MX JONOJHUTEJBHBIMH HJIH 06-
paTHBIMH KOZAMH, TO /s BBHIIOJIHEHHS ONEpalHH yMHOMXEHHS
MaliMHA JOJDKHA yMeThb komaMm [x|, u [y], wim [x|g u [y]s ABYX
yuCeJ X W Y NMOCTABUTH B COOTBETCTBHE KOL [xy|, mim [xy]s
UX IpousBemeHuss xy. CXeMy TaKkOro SKBHBAJEHTa OIepaluu
YMHOXEHHSI MOYHO COCTAaBUThH PA3JHUYHBIMM CrHoCcoGaMH, HanpH-
Mep, nmyTeM mpeo6pasoBaniisi B NPAMOH KO, YMHOMKEHHs B Nps-
MOM Koze W npeo6pasoBaHusi IPOH3BEAEHHUS B JONOJHHTEIbHEIHR
i obpaTHeifl Komgel. OcTaHOBHMCS CeHvac Ha APYroM BapuaHTe
YMHOXKEHHS YHCEJ, 3aJaHHBIX JONOJHHTEJBHHM KOJIOM.

Peructp npousBeseHust OTJIHYAETCS OT OMHCAHHOTO BHIIE pe-
THCTpa TEM, YTO OH HMeeT [Ba pa3psjla 3HaKa, a 3TH paspAibl
BMecCTe C MEepBHIMH X pas3psiiaMH IoCJe 3ansaToil o06pasyloT cym-
MaTOp YHCe], 3aJaHHBIX MOAU(HIHPOBAHHBIM JOMOJHHTEbHEM
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xomom (cm. § 10). Cueur Ha OJMH . paspsifi BIPAaBO B 3TOM
perucrpe ectb MOAMGHUHPOBAHHBIA CIBHT, T. €. OH NEPEBOIUT
HAGODP XXX\ X, ... Xy, Xy, B HAGOD XgXoXoXXp ... Xy, ; (1pH
CABHTE BIIPABO B KPafiHEM JIEBOM Pa3pslie COXPAHAETCSH MPEIKHss
uudpa).

PaccmoTpum cHavasa mpouecc YMHOXKEHHS MHOMXKHMOTO X HA
NOJIOKUTENBHEL MHOXHUTENL Y = 0, y;¥5...y,. Tlycts [x], =
= XoXg, X1 X3 ... X,. [Tlpouecc yMHOMXEHHS COBEpIIEHHO aHAJI0-
THYEH BTOPOMY CIOCOOY YMHOXEHHS IO CXeMe 2 B MpPsAMOM
KOZE, C TeM JHMIUb OTJIHYHeM, YTO CABHI SIBJISETCH MOAMMHIH-
POBaHHLIM CJBHIOM H 4YTO Ha CyMMAaTOp IOCHJIAeTCs BECh HAaGop,
COCTaB/IAOIINIA KON MHOXHMOTO, BKJIOYast 06a paspsia 3HaKa.
FiMeHHO Takolt CABHI' H TaKoe CJIOXKEHHE eCTh, COOTBETCTBEHHO,
YMHOXEHHE Ha 27' U CJOKEeHHE unCeJ NPON3BOIBLHOTO 3HAKA,
3aJaHHLIX B JIONOJIHUTEJBHOM KOIE.

IMepefinem x cayualo, KOrga MHOXKHTEIb Y OTPUIATEJICH.
Mycts [yl =2+y =1, y1y5...y,. Orciona y = 0, y1y5 ...y, — 1;
Xy = x-0,¥1¥s... ¥, — X. YMHOXKEHHE UHC/]A X HA OTPHLATE]b-
HHIl MHOXHUTEJIb Y CBOAMTCS K YMHOMXKEHHIO X HA MOJOXKHTEIbHOE
uncao 0,y,y,...y, = 1 +y (mpobHyio wyacTs nsoGpaxenus y) u
noGasiennio uucia — x. Takum 06pasoM, NpH YMHOKEHHH X Ha
MHOXKHTEJIb Y- BCJIEN 38 NOCJAEIHHM CABHUTOM MPOUCXOIHT WJH HE
NPOUCXOAUT MOCHUIKA JOIOJHUTELHOIO KOJAA 4HCJIa — X.

Cxema 9 (ymMHOmeHue)
Mpumep 1.
Myets x = —0,110101, y = 0,101101, [x], = 11,001011

Perucrp npoussesenys

3nak Apobuas
MuO#MH-  CyMMaTop  4acTh kcia
TEAA MHOANTENH
0 00,000000/101101  [lepesaya KOAA MHOKHMOIO B CyMMAaTOp
11,001011]

11,001011{101101 ~ Casur supaso ma 1 paspsa
11,1001011{10110 Koz MHOMHMOro B CyMMaTtop He mepenaercs
Capur snpaBo ua 1 paspsn
11,11001011(1011 [epegaua kKo1a MHOMHMOIO B CYMMaTop
* 11,001011
10,11110111/1011 ~ Cpapur supaso ma 1 paspsz
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11,011110111|101 Tlepenaua koma MEHOMHMOTO B CYMMATOp
11,001011 |
io,mmouﬁl@ Casur Brnpaso Ha 1 paspsapn
11,0101001111‘10 Kon mMHOMMMOro B cymMMaTop He nepegaercs

Cueur enpaso Ha 1 paspsg
Il,1010]00111'l\1 Ilepepaua Koma MHOMKHMOIO B CYMMaTop
11,001011 |
10,11010101111]1 ~ Capir snpaso ma 1 paspsa
&MM [Mockinka [—x], B cyMMaTop HE NpOH3BOLHTCH
11,01101010111 Kon peaynbrara

xy = -—0,100101010001
Illpumep 2. Ilyecrs x = —0,110101; y = —0,101101

[x]z = 11,001011,  [—x], = 00,110101, [y], = 11,010011

Peruer [ NpOH3BE 1eHIisn

3uak [potuan
MHOMH-  Cymmatop  4acTh Kona
TeAHd MHOMHUTEAA
1 + 00,000000/010011
ll ,001011, .
11,001011/010011  Cueur enpaso ua 1 paspsn

+ 11,1001011/01001 [lepesaya KOja MHOXKHMOTO B CYMMaTop
11,001011
10,1100001]01001  Cpsur snparo wa 1 paspan
11,01100001/0100  Kon MHOMHMOIO B CYMMATOp HE [EpEiaercs

| Casur Bnpaso na 1 paspan
11.101100001‘010 Koa MHOMUMOTO B CyMMAaTop He Nepenactcs
Casur Brnpaso Ha 1 paspan '

11,1101100001[01 [Mepenaua KOmA MHOKHMOTO B CYMMaTOp
T o000 |
11,0000010001{01 Cpeur snpaso ua 1 paspag

11,10000010001j0 Koj MHOMHMOTO B CYMMAaTOp HE Meperactcs
Capur enpaso Ha | paspsj
11,11000001000'1_| [Mepenaua [— x], B cymmaTop
* 00,110101

00,100101010001' Kog pesyabtarta
xy = +0,100101010001

Mbl nmoJyyaeM B perucTpe IPOM3BemeHHss HAGOp XoX,
X1Xg ... Xg, — NOTMOJHUTENbHHE KOJL TOUHOTO 2#-3HAYHOTO MPOU3-
BesleHns1 xy. Habop xgx,, X1Xs...X,, CTOSWHI B CyMMarope,
AaetT MOonu(HUUUPOBAHHBIN JONOJMHUTENbHHE KOA TJIABHOH 4acTu
3TOTO MPOU3BEJIEHHUs], T. e. NpPuUOJHIKEHHOr0 3HAYEeHHSI C TOY-
HOCTBIO IO 27,
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B nocremnnx n paspsimax peructpa NpOHM3BENEHHS CTOHT
HAb0p Xpi1Xni2...Xs, UHucao 2770, Xy11Xn42...Xs, €CTh
NonpaBKa K 3TOMY NPHUOMMKEHHOMY 3HAYEHMIO [0 TOYHOTO,
npy4YeM 3Ta TMONpaBKAa Bcerga Hoaoxcumeasunas. B camom
DEJIe, XoXgy X1 Xg s+ XyXntle.. Xgy = XgXgy X1 X2...%X,00...04

——
+00,00...0 Xpp1 X042 - . Xs
n

Bropoe cnaraemoe u ecrb nompasxa. B cayuae, ecau HYXHO
3HATh TOYHOE MpOHu3BexeHHe, monpaBka co 3Hakom 0 (4 ) mocw-
JaeTcs B OTHAEAbHYIO sueiiky 3¥.

YMHOXeHHe uucel, 3alaHHBIX 0OpaTHbiM KomoM. [lepeii-
JeM Telepb K YMHOXKEHHI0 YHCeJ, 3aJaHHBIX OOpaTHBIM KOIOM,,
1o aHajoru4yHoii cxeme. EcrecTBeHHO, UTO CyMMaTop B 3TOM
cl1yyae ectb cyMmarop o6GpaTHOro Koja, T. €. ero crapiuui
paspsAn 3HAKOB CBSI3aH UHMKJIHYECKOH nepenadell C NOCTIeIHHM
paspanoM cymmartopa (eciad, Kak B Npeguayuie# cxeme, CyMm-
Marop uMmeer n -+ 2 paspsina, BKJIOuas ‘2 paspsnga 3HaKa, TO
CTApUIMH pa3psii 3HAKA CBSI3AH C ©-M pa3psioM IOCjae 3ans-
Toil). B ciyvae, ecnnm MHOXHTEJNb Yy OTpPHUATENBHHH H [Y]s =
= I,}’1)’2---)’n:3’+2_2n: TO Yy :0,}’1Y2---}’:;_1+2"-

[Mosromy xy = x-0,y1y5...¥,— X+ 27 "x. Ecin MB Huem
IJIABHYIO0 44CTh NPOM3BENEHUs, T. €. NPOU3BEEHHEe C TOUHOCThIO
10 277, 70 yiieHOM 27" X <. 27" MOXKHO npeHebpeub, 1 yMHOXKEHHe
COBEpPIIAETCs TAK K€, Kak B CIyyae JONOJHHTEJbHOTO KOJd.

n*

Mpumep. x=—0,1101, y=—0,1010
[x]s = 11,0010, [y]s = 11,0101, [—x], = 00,1101

Pernerp MPOH3BEACHHA

3uak Ipobuas
MHOMH- CyMmaTop wacTh Koaa
TEns MHOKHTENSN

0101 TIlepepaya Kojga MHOMHMOIO B CYMMarop

11,0010 | 0101 Caeur snpaso ma 1 paspsal

11,1001 — | 010 Kom MHOXHMOrO B CYMMatop He Iepegaercs
r Cneur Brnpaeo Ha 1 paspsn

1 [TocKOAbKY MBI HICM MEPBBIE M Pa3paloB MMPOH3BELCHHA, HAC HE HHIe-
pecyT Wi@pbl MPOH3BEICHNS, BHIXOASINHE 33 Npeaentbl CyMMaTopd,
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11,1100 — —|01 Tlepepaya Koma MHOMKHMOrO B CYMMArtop

11,0010 — —

110,1110 — —

L1

10,1111 — —| 01 Cpsur Bnpaso Ha 1 paspsn
11,0111 ——— 0 Kon MHOMHMOTO B CYyMMaTop He IEPeLaeTcs

Casur enpaso Ha 1 paspsn
4 11,1011 [Nepenaua [ —x]; B cymmarop

00,1101 ‘

100, 1000
L7

00, 1001 Peaynbrar

TouHoe 3HaYeHHE NMPOH3BENEHHA C€ MNOJHEM YHCJIOM (8) 3HAKOB 6)’}1@1‘
0,10000010.

Jasi Toro uto6H MOJIYYHTh TOYHOE 2r-3HAYHOE TIpOU3Be-
JleHHe Xy, HYXHO yuyecTh, BO-NEPBHIX, UTO LHK/IHYECKas mepe-
Jaua B HAII CYMMATOp COeIMHAET pa3psld 3HAKOB C #-M, a He C
2n-m paspsagoM mocjae 3anfToif; BO-BTOPHIX, BBECTH B CJayuade
OTPHLATEJBHOTO MHOXHTEJs cjlaraemoe 2-7.x.

3aMeTuM, YyTO €CJIM OGpaTHHIl KOJ /2-3HAYHOTO YHCJIa X n06a-
BUTh K KOAY 4ucjia A TOro e 3HakKa, CTOfAIIEMY B perHcTpe nmpo-
M3BENEHHs, TO Pe3yJbTaT CJAOKEeHHs He 3aBUCHT OT TOro, 6yayT
JH CYMMHpYlomue (QYHKLUHH BHIOJHATH BCe 27 paspsloB HJH
TOJBKO 1 pa3psiioB INocje 3ansaroil u OyAeT JM, CJIel0BaTe/b-
HO, OCylecTB/JeHa UUK/JAMuUeCcKas nepejaya B A-U uHau 2n-f
paspsj mocae 3amnsiToH.

JIs caydyasi TOJIOKHTENbHBIX X U A 3TO OUEeBUJIHO, TAK KaK
IPH CJIOXKEHHH IIOJOXHTEJBHBIX YHCEJ He BO3HHKAeT UMKIH-
yeckoil nepemauu. Ecim x wm A oTpunatespHH, 71-3HaYHOE
n3obpaxcenne X B o6paTHOM koje ectb 11,xx%5...x,, TO
2n-3HauHoe u3obpaxeHHe x Oyner 11,x.x,...x,111...1, T.e.

n

MOJIyyaercsi U3 €ro /f-3Ha4HOro u3o0paxkeHHd npubaBIeHHEM
2
yuena 0,0...00 11...1 =2"—2%,

R
n n

B cayuae npob6aBienust Koja /-3HAYHOTO OTPHIATE/JNBHOIC
ypcJa X B PErMCTP NMPOU3BEJEeHHil, B KOTOPOM CTOHUT KO OTpH-
HaTeJapHOTO uucaa A, BO3HHKAeT NUKIHueckass nepenaua. Lluk-
Juueckas nepemaua B n-ii paspsj nocjae 3ansToH 3KBUBAJEHTHA
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nepemaiye B 2n-it paspap v jpoGaBiennio 1 Bo BCe paspsuw
peructpa mocjae n-ro.

Taxum o6pasom, pesy.nabTaT npuGaB/IeHHs KOAA YHCIA X NpH
1-3HAYHOM H 271-3HAYHOM CyMMATOpPE€ OJIMHAKOB:

Mpumep (n=4). [A]; = 11,11100110, x = —0,1011

71-3HAUHBIT CymMMaTOp 2n-snauneil cyMMaTop

Kom A 11,1110]1110 Kox A 11,11101110

Kox x 11,0100 Kon x 11,010C1111

111,0010/1110 111,00111101

b I 1
Liukamyeckan nepesaua Linanyeckan nepefaya

11,0011{1110 11,00111110

Takum o6pasom, n-3HauHblii cymMmaTtop O6yAeT BHIOJHATD
(yHKIMH 27-3HAYHOTO CymMMaTtopa npu a06aBjJeHHH KOAAa MHO-
HKUMOTO X, €CJH B Cymmartope OyaerT 4YHCJIO TOrO KE€ 3HAKA.
[TosTomy nepen nponeccom yMHOMEHHS B CYMMATOp NOCHLIAETCS
MHOXHTEJIb, B3ATHIH CO 3HAKOM MHOXHUMOro (cM. crp. 39). Moau-
(ULHPOBAHHBI CIBUT MOy YEHHOrO HAGOpa Ha 7t paspsiioB BIIPABO
nepepesieT APOGHYIO 4aACTb H300PaKEHHsT MHOXKUTENs B IOMOJ-
HUTEJBHBIE 1 Pa3psiiloB Perucrpa, a B CyMMaTope ocTaBuT -+ 0
win — 0, B 3aBHCHMOCTH OT 3HAaKa MHOXuMoOro x. Ilocienosa-
Te/bHHE BBOJBI KOJA MHOXHMOTO X B R-3HAYHBIH CyMMarop
OynyT B CHIY NpefblAYyUIero SKBHBAJEHTHH BBOAY B 2/-3HAUHBIf
cyMmarop. 3areMm, B 3aBHCHMOCTH OT 3Haka 1 wiau 0 MHONKHTEs
BBOJIUTCSI WJIH HE BBOJMTCSI B CYMMAaTop KOX 4YHCJIa X. B pe3yiib-
Tare NOCJAENYIOIHX A CABHIOB, 3TOT BBOJI OKA3BIBAGTCS 3KBH-
BaJEHTHHM J06GaBJIeHHIO Cj1araeMoro 2-—"-.x.

Jlasiee 1mpOMCXOAMT NPONUECC YMHOXKEHHSI KOJAd UMCJad X Ha
JApoGHYI0 YacTh KOJA Y TAK e, KaK B CAyude JOMOJHHUTEJIbHOTO
kona. [locrme storo B perncTpe npousseneHusi OKa3HBAETCH
HAGOp  X¢Xg, X\ X3...X,Xn41...Xon, THE X,— Uuppa 3HaKA
MHOXHMOTO, X, X;...X, — 0OpaTHHH KOJ TJABHOH 4acTH H300-
paxaeMoro HaboOpOM HYHCAA M Xg, Xpi1...Xs, — KON JHOGABKH,
YMHOKEeHHOH Ha 2¢,

Haxonen, B 3aBucumocTH OT 3naka MHOxuTeqas O uam 1, B
CyMMaTOp BBOJMTCA HJIH HE BBOAMTCA KOX [ — X|s. B cayuae
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BBOJa 3TOr0 KOJAd B M-3HAYHOM CYMMAaTOpe CKJA4ABBANOTCH

HYHC/JIa pasHblX 3HAKOB,

H 051 TAdKOTO IIpouecca CJI0XKEHH

n-3HAYHBI CyMMAaTrop He 3KBHUBAJIeHTeH 2n-3naunomy. Jlob6aBka
He Y4yacTBYeT B CYMMHMPOBAaHHMH M OCTaeTcsi HeudMeHHoil. O6par-
HEIH KOJ TJIaBHOH dYacTH IIPOM3BEIIeHHS CTOMT HAa CyMMarope;
KOJ 10064BKH, YMHOMXKEHHOIl Ha 27, noJjyuyaercs IpHCOEAHHEHHEM
3HAKa MHOXHMOTO X K rpynne 7 uudp perucrpa Nnpou3Be-

JIeHHS.
fMpumep L.

Perucrp npousBeieHHsa
3HAK Perucrp
MHOAH- C}’MM.’!TOI} MHOMH-
Tend TEAH

0 11,11]111‘101100
|
|
1],1]11111‘10110
& 11,11111111]1011

11,001010 |-

111,00100 ‘

11,00101011_1011

11,100101011(101

11,001010 -

110,101111

Cxema

10,1 10000011‘[01

11,011000001 lllO

11,10110000011]1
~11,001010

110,110110 ‘
10,11011100011]1
11,011011100011]

11,011011100011

Mycrts x = — 0,110101,

10 (yMHOXKEHHE)

y =0,101100, [x]; = 11,001010

B cymmarop noceiaaercs ,0-sign x“, a B peructp
MHOMHTEAst — APOGHAs YaCTh KOJA MHOMHTEs
Capur BNpaBo Ha OIHH pazpsf
Kom MHOXKHMMOTO B CyMMaTop
Capur BnpaBo Ha 1 paspsan
lepenaua Koga MHOXHMOrO B CYMMAaTOp

HE Tnepenaercd

Cagur Bnpaeo Ha 1 paspspg
[Mepenaua Koxa MHOMXHMOIrO B CyMMAatop

Cpeur enpaso Ha 1 paspsan
Kon muOMHMMOro B cyMMaTtop He mnepenaetcst
Capur enpaso na 1 paspsan

l'[epena-m KOJla MHOMHMOrO B CYMMAaTOp

Capur Bnpaso HA OMH paspsin

[— x]s B cymMmmaTOp He mepepaetcs

Kopn raaenoii yactu npoussegenun 11,011011, kox
no6askn 276.11,100011

Tnauas wactb xy:— 0,100100, noGaska —2~9.0,011100

xy = — 0,100100011100
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Mpumep 2. Myete x = 0,110101; y = —0,101100
[v]s = 11,010011; [—x]; = 11,001010

PerucTp npouaBefeHus

3Hak Pernerp
MHOKH= C}’MMaTOP MHOMH=-
Tead TEAA
1 00,000000[010011 B cymmarop nocuiaetcs ,0-signx®, a B peructp
+ MHOKHTE/IS — pOOHas Y4CTh KOfa MHOMHTEJst
00,110101 [Nepenaya Koma MHOKHMOTO B CYMMaTop

+ 00,110101|010011  Tlepepaua Koja MHOXHMMOIO B CyMMATOp
00,110101
01,101010/010011  Cpeur snpaso Ha 1 paspsix
00,1101010[01001  [lepenaya KOla MHOMHMOFO B CYMMAaTOp

+ 00, 110101

01.1010100|01001 Cnsur BnpaBo Ha 1 paspsf
00,11010100[0100  Koa MHOHMOTO B CyMMaTop He Nepenaetcs
9 Casur Bnpaso Ha 1 paspsn
00,011010100/010 Koa MHOXHMMOro B CyMMaTop He mnepenaercs
‘ Cagur srnpaBo na 1 paspan
00,0011010100j01  Ilepenaua KOga MHONHMOTO B CyMMaTOp
+ 00, 110101 ‘

01,0000100100/01 ~ Casur Bnpao ma 1 paspsa
00,10000100100[0 Koa MHONMHMOTO B CyMMaTOp He MepeacTcs
Caeur snpaso na 1 paspsi
+00,01000010010i)_ [lepenaua [—x]; B cymmarop
11,001010

11,011010100100 Kop raagHOi 4acTH NpPOHM3BENEHHH:
11,011010, kon nobasxu 00,100100

aaBhas wacts xy: — 0,100101, po6aska-+ 27° . 0,100100
xy = — 0,100101 4- 8, 0,100100 = — 0,100100011100
JleneHue uuceJ, 3aJaHHbIX NOMNOJHHTEJbHBIM H OOpaTHBIM
KonoM. Onepanusi JgeJeHHs 3aKJAIOUAETCSI B CEPHH OINEpaIyH,
.06paTHEIX TEM, K KOTOPBIM CBOJHTCS onepauus ymMHoxKenus. [Ipu
3TOM HEJHMOE OTBEYAeT IPOU3BEJEeHHIO, AeTHTeNb—MHOXKHMO-
MY, 4aCTHOE — MHOXHUTEI0. Takoe COOTBETCTBHE yIOOHO NOTOMY,
YTO B ONHCAHHHIX BHIIE MPOIECCAX YMHOMKEHHS MHOMKHMOE
MOCTyNaeT Ha CyMMarop BCE ULEJIMKOM, BIMIOTH A0 KOHIA Mpo-
mecca, MexJy TeM B KamIOM 3Tale YMHOKeHUss (HrypHpyer
JIMIIBL  OflHA uugpa MHONKUTENS, HauuHas ¢ waagmed. [lpu
obpamieHuy 3TOro mpouecca M OyaemM mnoay4atbh UIHQPH
YacTHOIO, HAYHHAS CO CTaplled.
HauneM ¢ pesenuss B JONOJHUTEJNBHOM KOAE 10 CXeMe,
o6patnoii cxeMe 9. 3HAK YACTHOrO (MHOMKHTEJIA) ONPENEJSETCs
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COBIIAZIGHUEM HJM HECOBIANEHHEM 3HAKOB JE/JHMOr0 HJH JeJH-
teqs. Jlenumoe noceiaeTcss B CyMMAarop, ABjsiouyiiica nepsoii
YacTbiO perucrpa IpousBeneHus. B 3aBucuMocTH OT LHQPH
sHaka 1 wan O uwacTHOro, neauTeJab nNpHOaBJsieTcs HJAM HE IIpH-
GapasieTcst K geaumomy. Jlamee MH onpenessieM IOC/Ie10Ba-
TEJIbHO BCE HU(PH APOGHOH 4aCTH Y4CTHOrO, IIPUYEM I[POLECC
uaeT no caemylomeii cxeme (orseualomieil cxeme 3).

1. Yucao, crosimee B perucTpe MNPOM3BEINEHHHA, CIBHIAeTCs
na 1 paspsii BJ€BO.

2. M3 uncaa, CTOSIEr0 B PErHCTPE, BHIUHTAETCH JEJAHTE/b.

3. Ecan 3Hak pasHOCTH COBNANAET CO 3HAKOM JEAHTEJNs, TO
B MJIANIIHA paspsii pErHCTpa NPOU3BEIEeHHS MOCHIaercs 1; mocie
9TOro BO3Bpamaiorcs K omepauuu (1).

4. Ecau 3nak pasHoctH o0paTeH 3HAKy MIEauTe/s, TO B MOC-
JEeJHUIA pa3psii pPerucrpa IpPOM3BEAEHHs HoOChlIaeTcss Iudpa
0; ¥ uucaIy, CTOSILIEMY HAa cyMmarope, N06aBJsieTcsi KOJI Ae/H-
“TeJqsi, 10CJIe Yero Bo3Bpaiaircs K onepauuu (1).

B xouue npouecca pejaenus (mociae n IHK/JIOB) HA cymMMaTope
CTOMT yMHOXEHHHH Ha 2" OCTAaTOK OT JE/JCHHs,, a B PErucrTpe
MHOMKHTEISI—Apo06Has 4acTh JONOJHUTENLHOIO KOAa 4YacTHOrO.

Cxema 11 (meneHue)

Mpumep 1. Heanmoe x = —0,100111 Henureanr y = —0,110001
[x]; = 11,011001 [vle = 11,001111
3uak uactsHoro - (0)
Cymmatop E:;’:eru

11,011001 000000  Cpsur Baeso Ha 1 paspsg
-+ 10,110010  00000— Tlepenaua [—y], B cymMmaTop

00, 110001

11,100011 000001 Cpeur Brepo Ha 1 paspan
i 11,000110  00001— Tlepenaua [—y]; B cymmatop

00, 110001

11,110111 000011  Cpsur BaeBo Ha 1 paspsn
kA 11,101116  00011— TIlepepaua [—y]s B cyMmarop
00,110001
00,011111 000110 TIlepenaua [y], B cymMmarop
11,001111

11,101110 000110 Cppur Bireso Ha 1 paspsn

..|_
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11,011100
00, 110001
~00,001101
11,0011
11,011100
10,111000
+ 00,110001
11,101001
11,010010
00, 110001
, 00,000011
F 11,001111

11,010010

+

00110—

00100—

001100
01100—

011001
11001—

110010

YactHoe

OcraTox

[Mpumep 2. Jeaumoe x
[x] = 11,011001 [v]ls = 00,110001

3uak nenntean 0

3uak vactHoro 1

Cymmatop

~11,011001
+ 90,110001
00,001010
00,010100
11,001111
11,100011
+ 00, 110001
00,010100
00,101000
T 11,001111
11,110111
+ 00, 110001
00, 101000
01,010000
11,001111
00,011111
00,111110
11,001111
00,001101

Peruerp
HacTHOTO

000000

000000
00000 —

000000

00000—

000000

00000—

000001
00001—

000011

[lepenaua [—y]y B cyMMarop
lMepenava [yl B cymmaTop

Capur Baeso Ha 1 paspsj
lMepenaua [—y], B cyxmaTop

Cneur BieBo Ha 1 paspsj
Tepenaua [—y]. B cymMmaTop

[Tepenaua [y], B cymmaTop

—;—= 0,110010
— —275.0,101110
— —0,100111 Heautexs y = -0,110001

—y =—0,110001
[—¥]: = 11,001111

B CYMMATOD [ependercd KOO AelHTels

Cnpur Baeeo Ha 1 paspsg
B cymmatop nepenaetcs [—y].

B cymMmarop nepenaercs Koj JeiHTes

Capur Breso Ha 1 paspsan
B cymmarop nepenaetcsi [—y]q

B CyMMATOp nepenaercd Kon JeldHTensd

Cupur BreBo Ha 1 paspsij
B cymmaTop nepenaercs [—yl;

Cneur Breso Ha 1 paspsa
B cymmartop nepepaercst [—y]s

Casur BaeBo Ha 1 paspsn



. 00,011010 00011— B cymmarop nepenaercs [— y];

11,001111
11,101001 000110 B cymmarop nepepaercil KoL AelHTENs
€0, 110001
00,011010 Capur Breso Ha 1 paspan
K 00,110100  00110— B cymmaTop mochmnaercs [—y],
11001111
00,000011 001101
Hactioe ~-— —0,110011
OcTtaTok = 1 2-5.0,000011

Jlesenne B o6paTHOM KOAE OTJAHMYACTCSl OT JEJNEHHS B JO-
IOJHUTEJBHOM KOJE€, BO-IEPBHIX, TEM, YTO CYMMAaTOp SBJAAETCS
cyMMaropoMm o06paTHOrO KOJA C ILMKJAHYECKOH mepepaucii U3
paspsiia 3HaKa B MJAQAIIMH paspsil CYyMMAaTropa, BO-BTOPHX, TEM,
4TO AJISI IOJYYEHUS OCTATKA OT JEJeHHs, B CAy4ae OTPHIATEe/Nb-
HOT'O YaCTHOTO, HAJ0 Mocje onpeneeHust n-il Hudpbe BHUECTD

JACAHTEND H3 YHCA4, CTOALIErTo B CyMMarope.

Cxema 12 (nehenne)

Mpumep 1.
Hemimoe x = —0,100111 Heauwrteas y = — 0,110001
[x]s = 11,011000 [¥]ls= 11,001110

Peruerp

CyMMaTop  yaeruoro

11,011000 000000 Cppur Biaeso Ha 1 paspsan

10,110001 00000 — Tlepepaua y B cCymMMaTOp HHBepCHoil mepepaueii
00,110001

11,100010 000001  Cpsur Bieso Ha 1 paspan
11,000101 00001— Tlepenaua y B cymMmMarop HHBepcHOii nepenaueii
00, 110001
11,110110 000011  Cpeur BieBo Ha 1 paspsj
11,101101 00011— Ilepenaya y B cymMMaTOp HMHBEPCHO Iepepaueit
00,110001
100,011110
I T
00,011111 000110 Iepenaua [y]y B cymmarop
11,001110
11,101101 000110  Cnpur Baeso Ha 1 paspsn
5t 11,011011 00110— [llepegaua y B CyMMaTOp MHBEPCHOH Iepepayeit
00,110001 ;
]00,0011010
|

+

-+

6 3ax. 13
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00,001101 001100 [lepemaua [y], B cymMmaTop

11,001110

11,011011 001100 Cneur Brepo Ha 1 paspan
+ 10,110111 01100— Tlepenaya y B CyMMaTOp HHBEPCHOH mepemaueii

00, 110001

11,101000 011001  Cnsur Breso Ha 1 paspsin

11,010001 11001-— Tlepenaua y B CyMMaTop HHBEpPCHOH nepegaueii
+ 00, 110001

100,000010

I i)
+ 00,000011 110010 B cymmarop nocenaercsa [y]g

I_]_,OOIIIO

11,010001

YactHoe ‘f; = 0,110010
Ocratox = —27%.0,101110
Mpumep 2.

Henumoe x = — 0,100111

3nak vactHoro: 1 (—)

Henwrenb y = -4-0,110001

[x]g = 11,011000 [y]ls = 00,110001

[—y]s = 11,001110

3nak penurens: 0 ()

Cymmatop

11,011000
00, 110001
|100,001001
00,001010
00,010100
11,001110
11,100010
" 00,110001
100,010011
| 4
00,010100
00, 101000
11,001110
11,110110
00,110001
100,100111
| %
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Peructp
HACTHOTO

000000 B cymmarop mepepnaercsl KON IeNHTend

Cneur BreBo Ha 1 paspsan
B cymmarop nepenaerca [—y]q

000000
00000—

000000 B cymmarop mepeaaeTcs KON JeRHTens

000000
0000—

Cneur Baeso nHa 1 paspsn
B cymmarop nepenaerca [—y],

000000 B cymMmatop nepeiaerca KOML AENHTEJS



00,101000 000000 Cpupexr Biepo Ha 1 paspan
01,010000 00000— B cymmarop mepenaetca [—y];
11,001110
?00,011110
00,011111 000001 Cpapur Breso Ha 1 paspsan
00,111110 0000l— B cymmaTop nepenaercs [—y]s
11,001110
100,001100
[ |

00,001101 000011  Cnsur Baeso Ha 1 paspsn
EP 00,011010 00011— B cymmarop mepegaercsi [—y]s
11,001110
11,101000 000110 B cymmaTop nmepenaetcs KOJ HeJuTens
00,110001

100,011001

IS

00,011010 000110 Cnueur Brepo Ha 1 paspan
00,110100 00110— B cymmartop mepenaercst [—yl,
11,001110

100,000010
1 T

_l_

+

+

-

00,000011 001101 B cymmarop nepenaercsa [—y],
11,001110
11,010001

-+

Yacthoe — = — 0,110010
y
Ocratox = — 27%.0,101110

Jipyrue BapHaHThl YMHOMEHHsSI H JeJeHHs] YHcel, 3alaH-
HbIX 00paTHBIM KOmOM. PaccMOTpuUM JApYTrod BapHaHT YMHO-
WEHHsT UHCeJ, 3aJaHHEX OOpPAaTHEIM KOJOM, OCHOBAHHHIH HA

dopmye
xy = sign y-x |y|

CxeMa YMHOXEHHsI, OCHOBaHHAs Ha 3TOH (Qopmyse, Mo cymie-
CTBY COBIAZAET CO CXeMOi YMHOMXKEHHs 4HCJIA, 33 1aHHOTO 06paT-
HHM KOZOM, Ha IOJIOKHTEIbHHI MHOXKHUTENb (CM. cTp. 74). Cxema
YMHOXEHHA CJaeLyIoLas.

[lepemaua B CcyMmaToOp TNPOMCXOAMT BCETAa NPSMBEIM H/H
MHBEPCHBEIM 06PAa3oM, B 3aBHCHMOCTH OT HU(PH 0 uian 1 3naka
MHOXKHTe 5. Brauaje Ha Bce paspsigbl CymMMaropa IHofaercs
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(NpsIMBIM MJI MHBEPCHHM 006pa3oM) 3HaK MHOKHMOrO (T. e.
nogaercs xox + 0 nau — 0).

B nomosinuTeNBHEE 72 pa3panoR noxaetcs (MpAMHM 06pazom)
ApoOHast 4acTb OGPAaTHOrO KOJA4 MHOMXHTE/S. 3HAK MHOMHTE/S
(dukcupyercst /sl YIOPaBJIE€HHs IPOLECCOM YMHOxeHud. [lpu
HECOBNAZeHHH nocjaeHed undpul perucTpa npoussesenus ¢ uud-
poHl 3HAKa MHOXHTEJsSl INPOM3BOAMTCA IIepenaya B CyMMartop
NPSMBEIM HIH MHBEPCHBIM 06pasoM Koja MHOXHMOro. [lpu cos-
NajeHuu 3THX LHUQp Tako# nepemauu HeT. 3aT€M IPOU3BOJAUTCS
capur HaGopa, CTOSIIEr0o B PErucTpe MPOU3BEAeHHst Ha OHH
paspsa Brnpaso. Ilocse MHOBTOPEHHs 3TOro mpouecca 7 pas,
B perucTpe MpPOM3BeJeHHs OKA3BIBAaeTCsi 0OpATHEIH KO 2n-3Hau-
HOT'O IIPOHM3BEJEHUS.

B camomM pese, mpsMasi MM MHBEpCHasl mepenada Kojaa MHO-
BUMOFO X B 3aBUCHMOCTH OT 3HAKa MHOXKHTE]S ) O3HAyaeT
npsaMylo nepenady Koja yuciaa A = sign y-x, T. €. HMEHHO 9TO
yucsao dakTHueckd (GUrypupyer B KayecTse MHOxumoro. [lasee,

ecit [yY]s =Y, Y1 Y2 ¥ TO ¥|=0,0,0,... a, rIE A=
=y, — ¥, =12, ...n. [locnenosareqbHoe yMHOXEHHE YHC-
na A na uudpst a, (R=n, n—1,...,1) uncra |y| obecneun-

BaeTCs MOCHJIKOH HJIH He MOCHLIKOH KOJa 3TOro yHCjaa B CyM-
MATOp, B 3aBUCHMOCTH OT pas/IMuHs WM COBIALEHHS nudp y,
H Yo, TAK KaK TPH Y 7 Yo, %, =1, @ NPH Y, = Yo, & = 0.

Cxema 13 (ymMHOMXeHHE)

Mpumep 1.
MHOKHMOE X = — 0,110101 Muoxurenp y = — 0,101010
[x]s = 11,001010 [¥]s = 11,010101
Pernctp npousBeneHHs
Ms:;')?:;- Cymmarop M]:Ig;:{:-‘?ng

Tensa
1 00,000000 |010101 Cnpur Ha 1 pa3spsj BIpaBo
00,000000 3101010 B CyMMaTop MOCHUIAeTCsl KOJ MHOMKHMOTO
= 00,110101 HHBCPCHOH nepejayuei
00,110101  0/01010 Cupur Ha 1 paspsin BIpaBo
00,011010 10]0101 Cnewr na 1 paspsn BOpaBo
00,001101 010010 B cymmaTop MOCHTAETCA KON MHOMHMOTO
o5 00,110101 MHBEPCHOI nepenaveii
01,000010 010

010 Cuasur ma 1 paspan BNpaBo
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00,100001 ~ 0010[01 Cpneur na 1 paspan Bnpaso

00,010000  10010/0 B cymMMaTop NOCHLIAETCS KOJ MHOXHMOrO
I : Z

00, 110101 _ MHBEPCHOIi Nepejaueil

01,000101 ~ 10010/0  Cusur Bripaso ma 1 paspsx

00,100010 110010

xy =--0,100010110010

[Tpumep 2.
Muomumoe x = —0,110101 Muomurens y = -+0,101010
[x]; = 11,001010 [v]s = 00,101010
Perncrp nponssenenns
m?ct:lcﬁ- Cymmarop 'mmﬂ?;ﬂn

TeJas

0 11,111111 101010 Cgasur BnpaBo Ha 1 pa3sps

+ 11111111 | 110101 B cymMmmaTop mochlIaeTcst KOA MHOKHMONO
oy )
111,001001
Lt
11,001010 1/10101 Cpupur Bnpaso Ha 1 paspan
11,100101  01]1010 Cppur Brpaso Ha 1 paspsan

o 11,110011 lOITlDl B cyMMaTop NOChIIAeTCs KO MHOXKHMOrO
11,001010 .

110,111100
|

10,111101  101]101 Cppur Bnpaso Ha 1 paspsn
11,011110  1101]10 Cneur pripaBo Ha 1 paspsan

s 11,101111 01101‘1 B cymmarop noceuiaeTca KOI MHOXHMOIO

" 11,001010
110,111001
1
10,111010 01101{1 Cneur Bnpaso Ha | paspsi
11,011101 001101|

xy = —0,100010110010

PaccmoTpum fesenHe uucel1, 3aJaHHbpX oOpaTHHM KOJAOM, 1O
NPUHIUIY CBEIEHHs K JIEJCHHIO YHCE] OJMHAKOBOrO 3HaKa C Ie-
peMeHOfl B c/yuae HeoGXOXMMOCTH 3HaKa yacTHoro. Kax Bceraa,
JIeJIMMO€  COOTBETCTBYET IPOU3BEJEHHIO, JEIUTE/Ib — MHOKH-
MOMY, a wacTHoe — MHOxHTe 0. CoraacHo 3TOH cxeme Je/nMoe
JOIKHO JEJHTHCH HA AEJAUTe/b, YMHOXKEHHHA HAa 3HAK YaCTHOrO.
Liuppa smaka uwacruoro pasna O uam 1, B 3aBUCHMOCTH OT
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COBNAJEHUS] HJIH HECOBHAAECHHA 3HAKOB JEJHMOrO H JEJAHTEJsA.
CaenoBateibHO, NPH HECOBIAJEHUHM 3THX 3HAKOB MHEL JIO/IKHBI
3dMEHHTb KOJ JEJHTeJsl ero MOopaspsIHBIM JonoJHeHueM (4To
OoTBEuUaeT H3MeHeHulo 3Haka). Lludpa smaka uacTHoro ompenue-
JSIeTCS COBIANEHHEM WJIH HEeCOBNaAeHHeM IH(P 3HAKOB AeJHMOro
u jpeautets. Ita nudpa BHNOAHAET QYHKIHH yIPABICHHS TPO-
eCccoM JIEe/IeHHS.

B saBucumoctu ot 3uauenus O wam 1 atofi mudps xox me-
JHMOIO IOCBLIAETCA Ha CYMMAaTOp NpPAMOA HJAH HHBEPCHOM
nepenaved, T. e, Mb (PaKTHUYECKHU MeHAeM 3HaK JeJIHMOro, ec/u
uudpa 3Haka uyacTHoro paeHa 1. Jlanee mpoiecc peneHus
YHCJa, CTOSIIIEr0 Ha CyMMAaTope, HA LEJHTe/Nb COBEpLIaeTcs Mo
0OHYHOH CXeMe JeJeHusi ¢ TOH pasHMIEeld, YTO B C/Iyuae, KOrja
nudpa 3HaKa yacTHOro paBHa 1, uMpPEH, NOCH/IAEMBIE B PETHCTP
YaCTHOrO (NOCJAeAHMH paspa]y perucTpa NmpoH3BEAEHHUsi), moma-
JAl0T TyJa CBOMM JoOno/HeHueM. TakuMm cnoco6oM MBI (haKTH-
YeCKH MEHsleM B3HAK YacTHOTO, YTO KOMICHCHDPYeT TepeMeHy
3HaKa JAeJMMOTO IIpH TIOCHLIKE €ro B CYMMAaTOop.

Cxema 14 (nenenne)
Mpumep.

Heaumoe x = —0,100111 Heaurenar y = - 0,110001

[x]s = 11,011000 [v]a= 00,110001
3nak gacrnoro: 1 (—)
3nak peaureas: 0 +) [—yls= 11,001110
Perucrp

Cymmarop YACTHOID

00,100111 000000 Cpsur saeso Ha 1 paspsan
A 01,001110 0Q0000— B cymmartop mepegaercst [—y],
11,001110
100,011100
L7
00,011101 000000 Cppur BreBo Ha 1 paspsn
+ 00,111010 00000— B cymmatop nepepaerca [—y];
11,001110
100,001000
IR
00,001001 000000 Cpasur Baeeo Ha 1 paspsan
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+ 00,010010 00000— B cymmartop mepepaerca [—y],
11,001110
11,100000 000001 . Ha cyMmaTop mepepmaercs KOJ, JAeJHTeNsd
+ 00,110001
100,010001
I
00,010010 000001  Cpeur BieBo na 1 paspan
+ 00,100100 00001— B cymmarop nepegaerca [—y];
11,001110
. 11,110010 000011 B cyMMaTtop nepejaercsl KOJ JefHTens
+ 00,110001

100,100011
| 1

00,100100 000011  Cusur Breso Ha 1 paspsn
+ 01,001000 00011— B cymmatop nepegpaetcad [—¥]s
11,001110

100,010110
|

00,010111 000110 CpBur BicBO Ha 1 paspajn
i 00,101110 00110— B cymmartop nepenaerca [—y];

11,001110
11,001110 001101 B cymmarop nepefaercs Koi JefuTteis (BOCCTAHOB-
T 00, 110001 NeHne OCTaTKa)
100, 101101
b )
00,101110
Llacmocj— — —0,110010

Ocratok = — 279.0,101110

BmecTo TOro, yto6H MHBEPTHPOBATH HEJHUMOE, MOXHO GHUIO
OBl HHBEPTHPOBATb [EJHTE/b.

O6uuHO, oaHAKO, nepenaua u3 siuefiku 3Y NeJUMOro B CyM-
MaToOp ¥ JeJuTeasi B ero peructp (OH Ke PerucTp MHOXKHMOTO)
coBepuiaeTcsi 6e3 HHBEPTUPOBaHHS. Takoe WHBEPTHPOBaHHE Tpe-
6yeT NOMOJHUTEJbHBIX YCTPOHCTB WJIH JOMNOJHHTEJNBHBIX Tepe-
Ja4 B apH@METHUYECKOM YCTPOHCTBE.

YnoGuee, He TPOHU3BOJAS (PAKTHUECKH MHBEPTHPOBAHHS IEJIH-
TeJsl, BECTH BHIUMCJICHHS TAaK, KaK GYATO y JEJHTeJs OblI H3-
MEHEH 3HAK, T. €. 3dMeHHTb BHYHTAHWE JEJHTe]s ero npubas-

JIeHHeM: B CJyuae COBHajeHHs UM(p 3HAKOB AEAUTE]sl U YHCIIa,
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CTOALLEr0 HAd CYMMAaTope, TPOJA0JIKATH JEeHCTBUS, KAK IpPekje
npu HecosmnaneHuu, ¥ nao6opor. Torpa npouecc nesenusi 1po-
UCXOIMT TO caenylomell cxeme, sB/sollelica obpatieHuem
cxemu 13 yMHOMEHHS.

a) Ha cymmaYop nocwuiaetcss KOJ JHEJHMOTO, B PETHCTp
MHOXKHMOTO — KOJI JAeJuTeNsl; ecain nudpa 3Haka JeJUMOro H
jgesuresss coBnanaior (He COBIAAAIOT), B sUeiiKy 3HAKA YaCTHOIO
noceltaercst 0 (1).

6) Uucso, crosimiee B perncTpe NPOM3BEIEHUd, CIBHIAETCH
HA OAHH paspsii BJEBO.

B) B cymmartop noceuiaercst KOA JeJuTessi HHBEPCHOH (mps-
MOIi) nepenauveii.

r) Ecom mmdpa sHaka umcia, CTOSIIEro HAa CyMMaTope, COB-
nagaer (me cosnajgaer) ¢ nudpoi 3maka JeJAUTENA, TO B IO-
CJAeNHUH pasps)i perucTpa NPOM3BeJNEHHs NOCHIaeTcs uudpa,
JIONOJIHUTEe/IbHAA K LM(dpe 3HAKA YACTHOIO, HOCJE Yero NOBTO-
psercsa 6).

r') Eciu uudpa 3maka umciaa, CTOSIINEro HA CyMMaTope, HE
coBnagaer (coBmagaet) ¢ mudpoi 3HAKA JeJIUTENs, TO B IO-
cJAeJHHH pa3psii perucTpa IPOM3BEfEHHSl MNOCHJAeTcs uudpa
3HaKa yacTHoro. B cymmarop mnoceuiaercd mpsiMOH (HMHBEPCHOI)
nepefaveil KOA HeauTe s, NOCJAe 4Yero nopropsaercs 6).

ITocne n-xpaTHOro BHIOJAHEHHSI Omepanuii ) uaun r') Je-
JeHHe 3aKaHuYMBaeTCsi. B JOMOJHHTENBHHIX paspsiiax perucTpa
NIPOU3BEJCHHS OKasbiBaeTcss ApoGHAas 4vacTh KOJAA 4YaCTHOrO.
B orBemennoit a1s Hee fuefike HAXOOMTCH LM(pa 3HAKA yYacT-
HOTO, @ B CyMMAarope — KOJ OCTAaTKa, YMHOXEHHOTO Ha 27.

C xema 15 (nejenne)

Heaumoe x = —0,100111 [eaurens y == - 0,110001

[x]s = 11,011000 [v]s = 00,110001
3nak uacthoro: 1 (—) [—y]s= 11001110
3nak peauteasn: 0 (+)
3Hak
yact-  Cymmatop Peructp
HOTO YACTHOTO

1 11,011000 000000 Cpsur Baeso Ha 1 paspan

10,110001 00000— B cyMMaTop MOCHIIAETCA KO MNCAHTENS
UO.IIOOOI_ '

11,10{% 000000 Cpgsur BaeBo Ha 1 paspsn
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11,000101 00000— B cyMMaTop nOCHIAETCsl KO jaeautens
T 00,110001

11,110110 000000  Cpeur Baeso Ha 1 paspsj

11,101101 00000— B cymMMaTop MOCBIIACTCS KO JIETHTENs
 00,110001

100,011110

. 1t
. 00,011111 000001 B cymMarop nocwmaaercs [—y],
" 11,001110

11,101101 000001 Cpgeur BaeBO Ha 1 paspsx

11,011011 00001— B cyMMaTop HOCHIAETCSs KO AeduTeds
+00,110001

100,00110

[ |

00,001101 000011 B cymmatop noceiaercst [—yl,

11,001110

11,011011 000011 Cppur Bireso Ha 1 paspsn

10,110111 00011— B cyMMarop MOCHITAETCH KO JefduTens
+ 00,110001

11,101000 000110  Cppur Baeso Ha 1 paspsn

11,010001 00110— B cyMMaTop MOCHITAETCS KOX JeaHTes
00, 110001

100.00001?

| h

00,000011 001101 B cymMmaTop nocblnaercs [—y],
11001110

11,010001

| =

HactHoe = —0,110010

[

Ocratok = — 276.0,101110

Bce onmcanHee HaMu MeTOAH JIEJIEHHS YMCEJ, 3aJaHHLIX
B JIOTIOJIHUTEJIBHOM HJIH 00paTHOM KoJe, ABJASIoTCA 06001eHneM
NePBOro U3 CrocobOB NeNeHusl MOJOKHUTETbHHX unces. Kamapi
U3 TAKHX METOJO0B JONYCKAeT H3MEHEeHHs, OTBEYaIoIUe BTOPOMY
C1ocoby pesenus MOJOKHUTEJNbHEX 4HCeJ. DTHX H3MEHEHHH MBI
3[eCb NPUBOANTL He GyneM, a B C/leaylomeMm mnaparpade npu-
BelleM CHoco6 JeseHuss uHCe, 3aJAaHHBIX B JONOJHHTEILHOM
WM 00paTHOM KOjfie, ABJASIOLMACS HEIOCpPeACTBeHHHM o06obiie-
HIEM BTOPOTO Crocoba neneHus MNOJOKUTEIbHEX uncesa. Kpome
TOro, CJjelyeT HMeTb B BHAY, YTO B ONHCAHHHX crnocofax
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JeJenysi TPH HEKOTOPHX KOMOHHALMfAX 3HAKOB JEJMMOrO H Je-
JINTE/IsI OKA3KBAETCS HEBO3MOXKHBIM TOUHOE JesieHue (cM. cTp. 64).
Kamayio u3 mpuBefeHHHX CXeM HeTPYAHO BHJOHM3MEHHTH TakK,
uTOObl TAKOE JEJEeHHE CTAJO0 BO3MOMKHHM.

§ 13. MPUMEHEHHE JIBOUYHON CUCTEMbI C LIHPPAMMU 1,
—1 JJiIS YMHOXXEHHS, JEJIEHHSI U U3BJIEYEHMS
' KBAJIPATHOIO KOPHS

JlBonynasi cucrema (1, 1). Paccmorpum cefiuac BapuauT
IBOMYHON CHCTEMH, B KOTOpOH mnpuMensiorcs ABe Hudpu 1 u
_ =1
1=—1.Tak xak 2°— ¥12' =1, 10

1=0

111...7=00...01

k

TeM caMBIM yCTAHAB/JIMBAETCS CBA3b MEKIY OOGBIYHON JIBOHUHOM
cuctreMoii M 9Toll HOBOil cucTeMmoit — cuctemoit (1,1): rpynna
u3z k-1 uudp — uudpa 1, 3a xotopoit caenywr k uudp 1, 3a-
MeHsieTcsl B OOHYHOP CHCTeMe TpYyNHoi u3 k HyJjeil u ciaemyio-
meil 3a Humu uugpoi 1.

[lepexon oT rpynnel HMQp CHCTEMHI (1,1) x rpynne uudp
06HIYHOH cHCTeMH M 06GpaTHO 3amaeTcst caenylolled Tabauuei:

(s+D)i(s+2)|...|s+k|s+rt+1]s+R+2...|...
1‘ a
1’1‘ 1’\0[ 0 J 0 1 1

Ecin B I-M paspame oOGHUYHOH cucTembl crouT uugpa O
wm 1, 10 8 (I +1) paspsne cucremn (1,1) cTouT cOOTBETCT-

BenHo 1 wian 1. DTO COOTBETCTBHE HE OTHOCHTCS MOKA K IepPBOMH
nudpe uwucsaa, 3aJaHHOTO B JIBOMUHOH cHCTEMe (l,T).

Homep
uudpa |7 r—|—ll...

Lingpa
CHCTEMBI | . .. 1| 1
(L1)
~ Lugpa

OOBIYHOMH
CHCTEMBI

8
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[lyctb X B OOHIUHOM cHCTEME PaBHO
X% = "0Hg g e Xy
FHe Xy,Xs, - -, X, paBup 0 win 1.
Torga B gsonunoii cucreMe (1,1) YHCI0 X MOKHO TPEACTABHTE
B BHJIE

= 1,1x1x2. "xﬂ

rue xk =1, eciu x, =0, xk— 1, ecan x, = 1.

BooGure, ecmt @ ecth 06H'—]H3H JABouyHas uudpa (0 wm 1),
TO uepes a 6yaem 0603HauaTh COOTBeTCTBeHHO HMUppH 1 wam 1
cucremn (1,1):

T 1 nmpu a=1
G~ 1_{—1 npu @ =0 (1)

VeranosuM obmiee npaBuao samucn umcaa X, (| x|<1),

g cucreme [1,1]. PaccmMoTpuM JOMOJHMTE/BHHH GeCKOHEeUHO-
3HAYHBIH KOJ 4HC]Ia X!

[xl‘; = Xgy X3 Xp--o Xy oo (2}

Mpu x>0, x,=0, x,=1, [x]7 =x; npu x<0, Xx,=1,
X, =0, [x]5 = x +2. Tostomy Beerna x = [x]3 — 2+ 2x,.
[TocraBu mepen 3anuchbio (2) uncaa [x]s B paspsje LeaTBX
nBoeK mudpy X, (HONOAHHTEJBbHYIO K IH(pe 3HAKa), MOJYYHM
UHCIO0
Wiy Ko co Mg a3 |x];+2;£0=x+2 (3)
Jlas mozo, wmobet. noay4ums 6ECKOHEYHO3HAYHYIO 3Qnuch
qucaa x 8 cucmene (1,1), HYHCHO 3ameHumb KaHCOYIO YUPpPy @
6 npasoit wacmu (3) (a= Xo Xg, X1 -..) COOMBEMCMBEHHOIL
yugpoit @ (1. e. coxpanuth 6e3 usMmenenus LuQpH, pasHbe 1,
u 3amenuTh Kammyio umgpy O mudpoi 1) U HOAYHEHHOE HUCAO

cOsuHymMmb Ha 00uH paspsd 6npaso: X = x.],x.})cl.:c2
B camom meae, B cuay (1), (3)

X0, X0 X1 Xg o oo = 2+ (Xgy Xo Xy - - - Xy - .)—1,111.
=.TCDX0,)CIJC.3JC3...—2 :(x+2)_2:x
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VMneiMu  ciioBamMH, mpd  mepexoje  OT OOBIUHOM JIBOMUHOMN
cucrems K cucreme (1,1) kaxmpas nudpa, BKTouas mudpy sHaxa
B GECKOHEUHO3HAUHOM KOJe 4HCjaa X, cABuraercs Ha 1 pasps
Bnpaso, npuuem mudpa 0 samensiercst mudpoit 1. B paspsie
Hesnx enunun craputcst nudpa 1 npu x>0 u umdpa 1 npu
x < 0. Hanpumep, 1/3=0,10101... B cucreme (1,1) uncio
1/3 umeer samuce 1,11111 . .. ; uucao —1/3, umelomee XOMOI-
HuTeapHBi kom 1,010101 ..., sanumercss B Buge 1,111111. ..

n-3HAYHOE YHCJI0, M300PaKEeHHOe MOIMOJHUTEJIBHHM KOIOM,
MOMKHO paccMaTpuBaTh Kak OeCcKOHeuHO3HauHOe, B KOTOPOM
Bce uudpe, Haumnas c (n - 1)-i, paBum 0. KHzo6paxenue

3T0r0 umcaa B cucteme (1,1) JOMKHO uMeTh BCe 1UDPH, HAUUHAS

¢ (n+2)-it uudpw, paBuemu 1. Ho — Y 2-% = 2=+ []o-
kRen+2
3TOMY Takoi OeckoHeunblif XBocT M3 HMBPH 1 3SKBUBAJEHTEH
no6asaennio wudps 1 B (7 4 1)-it paspan.
Taxum 06pasoM, #2-3HaUHOE YHCIO X, AONOJHUTEJBHBIH
KONl KOTOPOTO PaBeH  XoXyX;...X, (XeXoX1X;...X,), PAaBHO

= XKy Ko i X DY,

JlonoauuTeIbHBIH U OGPATHEIl KOJ, TOJOKHTEIBHBIX UHCeJI
coBnajaior. B ciayuyae oTpunatesbHOro umcia, 3aiaHHOro o6par-
HBIM KOJIOM, NpeNIoJaraercs, 4YTO BO BCEX paspsjax Koja
nocae n-ro crout mudpal. B coorBercTBeHHOM HM306paxKeHHU
B cucreme (1,1) MB AOMKHH OBAM GH CuuTaTh BCe UMPPH
nocne (7 4 1)-i paBHeIMu 1. DTOT GecKoHeuHblii ,xBOCT nudp 1
SKBHUBAJIEHTEH JONOJHUTENBbHOH emunuune B (7 -+ 1)-m paspsime
(uucay 2—+D). Taxkum obpasom, mpu nepexope OT 06pPaATHOrO
KOZIA Yo, V1Vo ... ¥, UUCAA ¥ K ero H300pa)eHuio B CHCTEMe

(1,1) umeeM: y = yo,¥o¥1 - - - ¥, F 2-+D (3naKk — uau 4 B 3aBU-
CHMOCTH OT TOJIOKHTEJIBHOCTH HJIH OTPULATENBHOCTH YHCIA Y).

[lpuBenennoe mpocTtoe NPAaBHIO MepeXOAa OT AONOJHHTENb-
HOTO MJIHM O6PATHOrO KOJA uYuCia K ero u3o6paxeHHio B CHCTe-

me (1,1) MokeT GHTb HCIOMBb30BAHO IS IPOM3BOJACTBA YMHO-
JKEeHHs] U JIeJeHHsI.
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YMHoOxeHHe. YMHOKeHHe YyMuC/aa X Ha MHOXHTEAb V, 3alaH-
uefi B cucteme (1,1), COCTOUT B OC/A€J0BATEIBHOM YMHOKEHUT X

na uudpe 1 wam 1 MHONKHTENIS, T. €. B NOCHJIKE Ha CyMMAaTop
KOJIOB YHCE.I X WU — X U COOTBETCTBEHHBIX CJABHUIOB.
PaccmoTpum cayuait monoanuressnoro xopa. Ilyern muo-
KUTEJAb Y HMeeT KON [V¥]s = Vo ¥1---¥, JlONOJHMM 3TOT KOx
o6patHOil 1wudpoit 3HAKA Y, ¥ NOMECTUM 3TO H300paNeHue

VoVosV1Yse - - - ¥, MHOXHUTEA B PErUCTP MHOXHTEJIsI, COBIANAIONIHI
C NONOJMHUTEJBHBIMM uudpamMu peructpa npoussenenuit’. Tax

KaK Y = Yo,Yo¥s - - - 5,"”_2—-(;”1}, TO XYy = X-YoVo - - -3’.-:_ 200 .

[Tpouecc ymMHoKeHHsI HAauMHAETCs C TOCBUIKH KOJAa 4YMC/a
- X, Kortopas 3KkBupajsentna (u3-za nocaepyoumx (n-+41)
CABHrOB) poGaBiaeHMIO CaaraeMoro — 2(*tx k pesyqpTaty.
Janee caemyer OOGHIYHBIH NPOLECC YMHOMEHHS Ha LHQPH

YouVn-1, .., Yo, Vo. PaKTHUECKH K€ MBI UMeeM IHDPH Y, Yn-1,
.oy Yo,¥o. TlostOomMy ecaun mocaemusasi uucdpa y, nocae (n— k)

CIBUTOB peructpa mpoussenenus pasua O (T. e. y, = 1), B CyM-
MATOpP mochl/iaeTcss Kopx uucaa — x. Ecau sra uudpa pasna 1,
B CYMMaTOp HOCHJIAETCs KO unciaa x. B pesy.brate B perucrpe
NPOU3BEHAEHHA HOJYUUTCSH JONOJHUTEJNBHHIl KOJL 2n-3HAYHOrO
IIPOU3BEIEHHUS.

Cxema 16 (yMHOMXeEHHE)

Muoxumoe x = 0,110101 Muowurens y= 0,101101
[—x], = 11,001011 [¥]e 0,101101

[¥], = 10,101101
PerucTp npoH3eeieHua -, o =T
Cymmatop  MHOMHTeMb B cucteme (1,1): y=1,1111111-2

00,000000 10101101 B cymmartop noceaaercsa kon [—x]s
T 11,001011
11,001011 10101101 B cymmarop nochliaercs KOJ YHCAA X
00,110101
100,000000 10101101 Cpasur Bnpaso Ha 1 paspan
1 B panbHeilleM TAKOC BHILOM3MEHEHHE JOMOJHUTENBHOTO MM 06paTHOro
Kopa Gyjmer oTmeuarbcd pno0aBienueM LITPHXA K TpPEXHHM OO0O3HAUEHHAM:

Il

o ’
[x], anst momoanuTenbHOrO M [X]; A48 06PaTHOTO KOLOB.
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00,000000 01010110 B cymmarop mochiiaercst Koi [—x],

11,001011
11,001011 01010110
11,100101 10101011
00,110101

100,011010 10101011
00,001101 01010101

+ 00,110101
01,000010 01010101
00,100001 00101010
11,001011
11,101100 00101010
11,110110 00010101
00,110101

100,101011 00010101
00,010101 10001010
11,001011
11,100000 10001010
11,110000 01000101

Cnsur Bnpaso Ha 1 paspsn
B cymmaTop mochiaercs KOJA uHCAA X

Caeur BnpaBo Ha 1 paspsj
B cymMMatop mochlaeTcs KON YyHCaa X

Cameur BrpaBo Ha 1 paspsn
B cymmaTtop moceinaerca Koj [—x]s

Capur BrnpaBo Ha 1 paspsn
B cymmarop noceuiaercsi KOja uucia X

Cueur BnpaBo Ha 1 paapsan
B cymmatop nocbliaercs Kol [—x]e

Casur BnpaBo Ha 1 paspsn
B cymMmarop moceliaeTcsi KOI 4HCIa X

+ 00,110101

100,100101 01000101
00, 100101 01000101

xy = 0,100101010001

[lycTh Temepb CyMMarop €CTh CyMMatop o6GpaTHOro Kojua,
MHOXHMOE X U MHOXHTEIb Y 3afaie OOGPaTHEIMH KOLdMH.

Ecmn  [y]s = Yo, y1¥2-- Yo TO Y =YoYo¥1Ya - .- Y, F 27040,
[103TOMY XY = X- Yo, Vo¥i - - - ¥, F 2~ +Dx. [TomemaeM B peructp
MHOXKHTEsT, 06pasoBaHubil nocaequumu (7 + 2) mudpamu peru-
CTpa TPOU3BENECHHS, M300paxeHne MHOKHTEAA (Yo¥oViYz---Va)s
B CyMMAaTOp IIOCHLIA€M KOJ 4{Cjaa — X WJIH X, B 3aBUCUMOCTH
or paBeHctBa O wam 1 nudps 3Haxka y, MHOXuTeas. J[lanee

nepexoiuM K YMHOMXEHHIO X Ha Iu@ph ;,3,;,1_1,-.. ,ﬁl,yu,yu 51
CYMMHPOBaHHIO npOHSBEILEHHﬁ C COOTBETCTBEHHBHIMH CIABHIaAMH!
ecau mocaefnsis umdpa peructpa mpoussenenus pasna 0, To
IIoChlJIaeéM Ha CyMMAarop KO 4YHC/aa — X; eCJH OHa pdaBHA 1, TO
noceljiaeM KOJ 4MCJa X; ecJId Takasa onepanus IITOBTOpeHA
MeHbIle, yeM 72 42 pasa, TO Ha PErucTpe IpPOU3BeIeHHusl MPO-
MCXOAMT OOIMil CcABHr Ha 1 paspsia BIPaBO, MOCJaE Yero cJjae-
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nyeT mnosropenHe nporecca. [locae Toro, xax 3sta omnepanus
IOBTOpPeHa A + 2 pasa, HA CyMMaTope OKa3uBaeTCsi 00paTHHI
KOJI 7-3HAYHOI'O TIPOU3BEJIeHHA.

Tak xax uudph, OKazaBLINECS B NPOLECCe YMHOMKEHHs Ha
JIOLNOJHUTEJIBHBEIX K CyMMaTOpy paspsafax perucrpa MpousBseje-
HMS, NONMAfaloT M3 NOCJAENHEero paspsajza CyMMaTopa Ha JOIOJ-
HUTE/JABHBIC PA3PSAE C TEM 3HAKOM, KOTOPHI OBbLI Ha CymMMarope
B MOMEHT CABUra, U B JdJbHEHIIEM CYMMHUpPOBaHHH (AKTHUECKH
HE YuacTBYIOT, TO TPONECC CIBHra JJas NOoJyueHus 2n72-3Hau-
HOTO IIPOM3BENEHHS TPUXOAUTCA H3MEHUTh. Y moOHee HMeThb
JUISL 3TOH 1esu 72 + 3 NONOJHUTEJBHHX paspsifia PerucTpa npo-
M3BEIEeHHS, IIPHUEM CTApPLIHH U3 3TUX JONOJHHUTEIbHBIX Pa3psloB
HeceT CneuuaJbHee (YHKUUH YApPaBJeHHA CIBHIOM H IPOLEC-
COM I[HKJIMUeCKOH mnepenaun. B navaje npouecca yMHOKEHHS
B 3TOM pa3psaze crout uudpa 0. Ilpu casure nudpa us nocaen-
Hero paspsjga cymMMaropa HepexOmMT B 3TOT paspsij 6e3 usMe-
HeHWs WJM CBOMM JAONOJHEHWeM B 3aBHCHMOCTH OT paBeHctsa (
w1 mepeoit uudps 3Haka Ha cymmatope. Kpome Toro, eciau
B 3TOM JONOJHUTENBHOM paspane cTouT uudpa 1, TO BHKJIIO-
yaercs IMKJIMYeCKasi nepepaya #a cymmartope. Cama wudpa,
cTofAlasg B 3TOM paspsaje, lepejpaetcsi B CAeJylOliHe paspsiibl
6e3 usMenenusi. [1pH Takux CABHrax B PErMCTpe IPOM3BENEHHUS
B KOHIE IIPOIECca OKaXeTcs KOJI 2/2-3HAaYHOro IIPOM3BeeHUs,
npuyeM gnob6aBKa, CTOSIIAA B JIONOJHUTENBHBIX paspsjax,
BCerja IOJIOKHTENbHA.

B camom nmese, n-s1 mudpa 1mos0xuTEILHOTO YUC/IA, CTOSILAS
Ha cymmaTope, nepemaercs B noGasky Ge3 uamenenus. Lludpa 1
KOJld OTPHLATEJNbHOrO 4HCJI4, CTOSIIEero Ha cyMMaTope, SKBHUBa-
aentnast uudpe 0, mepenaercst B nobasky B Buae uudps 0.
[lndpa 0 xoma oTpuLATEIBHOrO uMCJ/8, SKBUBAJEHTHAs LH(pe
—1, nepenaerca B mo6asky B Bume uudps 1. Ilpu sTtom mpo-
MCXOINT YBe/JHYEHHEe YHCJA, CTOSALIETO B 100aBKe, HA 2 eQHHHUIL
JONOJIHUTENBHOrO pa3psja, T.e. na 2-2-¢+) — 2-7, Kak ceiuac
6yneT 10Ka3aHo, 3TO yBeIHYeHHe KOMIeHCHPYeTCs BHK/II0UeHueM
IUK/JIHUECKOH Ilepejayy Npu CJAeLYIONEM CJI0XKEHHH.

[Tpexne Bcero MACKa)eM MeETOHZOM KOHEUYHOH WHAYKLHY,
uTO nocae Kaxgoro k-ro (k=12 ...,n+4 1) capura Ha CyM-
MAaTOpe CTOMT KOJ 4HCja, He [NPeBOCXOMSUIero Mo abCoaioTHON
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BeJIMYHHE X; €C/]H )K€ B epPBOM JONOJHHTEIbHOM paspsifie CTOUT
uyuceso 1, To OHO He MHPEeBOCXOAMT TO alCOJMIOTHOH BeJHUHHE
| x| —2-n.

B camom gese, 310 umeer Mecto npu k=1, T. e. nocae
nepBOro CABHra: B HAYaJbHbIH MOMEHT Ha CyMMaTtope CTOHT
'+ x; mo6aasisg 4MCIO + X, NoJgyuaeM Ha cymmatope O uan 2 x
(uncso, oKaHuMBaKIEecs HyJeM); NOoC/Ie CABUra B JOMOJHH-
TeJabHOM paspsime Gymer 0, a HA CyMMaTtope — YHCJIO0, He mpe-
BOCXOAsiIee X [0 abCOJIIOTHOH BeJUuHHe.

ITycte 310 uMeer Mecto nociae (kK — 1)-ro CABHra; HOKame,
4TO mpH k<< n-+1 3T0 MMEeT MecTO H TOCAe R-TO CIBUra.
Ecin B ponoanuteapnom paspsne mnocie (R —1)-ro casura
crout 0, TO Ha CyMMaTOpe CTOMT YHCJIO, HEe NPeBOCXOAsIIee
|x| mo a6comotHo#t Besuuune. Jlo6aBaeHHE X HJIM — X HA CyM-
Martope MPOHCXOAUT IO OOBIYHOMY IIPABHJIY CJIOMKEHHS HA CyM-
Marope 06paTHOrO KOja, H Pe3yJabTaT CJA0XKEHUs N0 aGCOM0THON
BeiMuuHe He npeBocxomuT 2x. Ecau ke B JONOJHUTEIBHOM
pa3psime CTOMT 1, TO HA CyMMAaTOpe CTOHT 4YHCIO, MO abCogaioT-
HOil BesJuuuHe He mnpeBocxomsmee |x| — 27, Ot npo6asiaeHust
uMCaa X MIM — X NPH BHK/IIOYEHHH [HMK/JIMYECKOH Nepexauu
NOSIBUTCH YHUCJIO, 10 aGCOMIOTHOH BEJMYMHE HE IPEeBOCXOsliee
|x| + (|x] —2-7) + 2" = 2| x| (BHIK/IIOUEHHE LMKAMYECKOH mepe-
Jlaud MOXKeT M3MeHHTh a0COJIIOTHYIO BEJIMYHHY pe3yJbrata He
6onpuie wyem na 2-7). HMrak, mocie k-ro CloXeHHUsi cTosiee
Ha CYMMAaTope 4YHCJIO He NPEeBOCXOAUT IO abCOMIOTHOH BeJH-
upHe 2|x|. CuBuUr Ha OAMH paspsii BIPABO HUCJIA, CTOSILIETO
HA CyMMAaTope, O3HAuaeT ero jeJeHde Ha 2 (TOuHOe WIH C He-
JOCTAaTKOM 10 abco/oTHOl Beqauuunne). Mrak, nocae R-ro casura
HAa CYyMMATOpe CTOHT YHCIO, He IpPeBOCXOAsIee 4YHCIa X 1O
abcosoTHOl BesqnuuHe. Ecin e B JONOMHHTENIBHOM paspsiie
oxasajace 1, To cABUr OB JieJeHUeM C HeJOoCTaTKOM no abco-
JIIOTHOW BeJMYMHE; YHCJO, CTOsIee Ha CyMMarTope, mo abcomaior-
HOM BeJMYMHEe MeHbIe X, T. €. He NMPeBOCXOAMT [x| — 27"

Takum o6Gpasom, ecau B AONOJHHTEIBHOM paspsifie CTOMT 1,
TO YHCJIO, CTOSIIIlee HAa CyMMaTope, BCerja Menele 1o abco-
JIOTHOW BenuuHe M06GaBISEMOro cjaaraeMoro X wam —x. Eciu
9TO YHCJIO MOJOKHUTEABHOER, TO LHK/INYECKas epeaaya ne J0/KHa
HMeTh MEeCTa W ee BHIK/IIUEHHe He BJHfeT Ha peadyabraT. Ecan
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e UHCJI0, CTOsllee HAa CyMMAaTope, OTPHLATENBHO, TO NpH JO-
GaBjeHHH uyncaa, GOJbLIEro Mo abCoJMIOTHOH BeJHuHHe, TO/KHA
HMeTb MECTO LMK/JMYecKas nepepaua. Ee BHKIOUEHHE YMEHb-
maer pesyabTaT Ha 2" U KOMIEHCHPYET pe3yJbTaT CHBHra,
MPOM3BEAEHHOrO MO YKa3saHHOMY BHILIE TPaBHIY.

3ameuanue. OnucaHHselfl CABUT BMECTE C BHIK/IIOYEHHEM
IMKJINYECKOH Tepefiaud OKas3biBaeTcs 3KBUBAJEHTHHIM BhHIUMTA-
HMIO YHCJAA Z5-27" M3 YMCiIa 2, CTOSIIer0 Ha cymmartope (2o —
mudpa 3HAKA UYHCAA Z), ¢ HOCASLYIOMMM OOGBLIYHEIM CHBHIOM
BIPaBO HAa OJXHH Pa3psL.

Cxema 17 (yMHOXEHHE)

Muoxnmoe x = 0,110101 Muoxurean y = —0,101101
[— x]5 = 11,001010 [y]s = 1,010010
[x]s = 00,110101 [vy]'s= 01,010010

Yo = 1

Peructp npoussenenus
Cymmarop Muoxnrenb

00,000000 01010010 B cymMmaTtop HOCHJAeTCH KOJ uYHCiAa X

+ 00,110101
00,110101 01010010 B cymmatop mocwinaetcs xom [— x]g
11,001010
11,111111 01010010 Capur Brpaso Ha 1 paspsan

+ 11,111111 10101001 B cymMMaTOp MOCHUIAETCA KOJ 4HCad X
00,110101
100, 110100
I
00,110101 10101001 Cpsur BnpaBo nHa 1 paspsig

& 00,011010 11010100 B cymmaTop nocelnaercs koi [— x];
11,001010
11,100100 11010100 Cneur Bnpaso Ha 1 paspsan

. 11,110010 01101010 B cymmaTop moch1aeTcs Koj [— x]s
11,001010
110,111100
|
10,111101 01101010 Capur Bmpaso Ha 1 pasps

of 11,011110 10110101 B cyMmaTop MOCHIAAETCSl KO uucaa X
00,110101
100,010011

l 1
00,010100 10110101 Cneur Bnpapo Ha 1 paspsi
00,001010 01011010 B cymmartop nocunaercs xoi [— xlg

T 3ax 13 a7



+ 11,001010
11,010100
11,101010
00,110101

100,011}
£00,100000
00,010000

11,001010
11,011010

-+

_l_

MHOKHMOE X =
[— x]s=11,001010

01011010

00101101 B

00101101
00010110

00010110

Cneur Brnpaso Ha | paspsn

CYMMATOp IOCHIIAETCA KOA YHCIa X

Cusur Brnpaso Ha 1 paspan
B cymmarop mnocmnaercst Kon [— x]g

xy = — 0,100101

C xema 18 (ymMHOMeEHuUE)

PerucTp NpoHsBeLcHUs

Cymmarop

00,000000
+ 00, 110101

00,110101
G4 11,001010
11,111111
11,111111
00,110101

100,110100
)
00,110101
00,011010
+ 11,001010

11,100100
11,110010
+ 11,001010

10,111100
11,011110
+ 00,110101

100,010011
00,010011
00,001001
11,001010

11,010011

_[_

+

98

0

MHOXHTENB

01010010

01010010

01010010
00101001

00101001

00101001
00010100

00010100
10001010

10001010
11000101

11000101
11000101
11100010

11100010

0,110101  Mwuoxurens y = —0,101101
[yl = 1,010010
[v]'s= 01,010010

B CYyMMATOp MOCLLIAeTCH KOOI 4YHCIa X

B cymmaTop mochiraercs koi [— x]g

Cneur Brnpaeo Ha | paspsan
B cyMMaTop MOCHJIAETCA KON YHCAA X

Cnpur Brnpaso Ha 1 paspsin
B cymmatop mocenaercs Kon [— x]g

Cnapur BnpaBo Ha 1 paspsan
B cymmatop nocmnaetcs Ko [— X,

Llnkauueckas nepepayvya BBIKJIOYEHA. Cnsur
B CYMMAaTOp NOCHIIAETCA KOO 4YHCIa y

Linkauyeckas nepejauya BHIKIIOYEHA
Cusur Brnpase Ha 1 paspsan
B cymmartop noceaaetcs Kom [— x],

Casur Bnpaso Ha 1 paspsan



11,101001 0
00,110101

100,011110 0
I
0o,011111 O
00,001111 1
11,001010

11,011001 1

+

+

['aaBnas yacth npoussenenus: —0,100110, nobaska: - 2-6.0,101111

11110001

11110001

11110001
01111000

01111000

B CYMMATOp IOCHIIACTCH KOO 4YHCIa X

Cnpur Bopaso Ha 1 paspsapn
B cymMaTop mochinaercs Kom [— x|,

xy = — 0,100101010001

Ilpu yMHOXKEHMM TaKUM CrnocoboM HH(PPOBHX dYacTed B Ma-
LIHHAX C TIIABAlOIIeH 3ansiToOd Moc/e NMPOU3BOACTBA YMHOXEHHS
MOXET BO3HUKHYTBH HEOOXOJHMMOCTE B HOPMAJH3ALMH BJIEBO.
Takasi HOpMaJu3aldss IPOBOAMTCS BbHIYMTaHHeM 1 U3 mopsiixa
CABUra BCEro IPOU3BEINEHHs] HA OJHH pPaspsl
BJAEBO H MOCHUVIKH TOC/JIE CABHra B IOCJAENHHH paspsia cyMmMma-
TOpa IMOPH 3HAKA NPOU3BEAEHHS.

NPOH3BEI@HHUST,

Muoxumoe x = — 28.0,1011

CxemMma

[x]s =
[—x], =
Cymma- PervcTp NpoH3BeIeHHs
TOp Mo-
paika Cymmarop MHomHTENb
npous-
BEEEHHA
+00,0000 0 101001
00,1011
00,1011 0 101001
3 )
+5 T 11,0100
g 11,1111 101001
=S 11,1111 ¢ 010100
00,1011
100,1010 0 010100
e
00,1011 0 010100
4 00,0101 1 001010
00,1011
01,0000 1 001010
7

19 (yMHOMEHHE)

Muoxurens y = 22-0,1001

11,0100 [¥la= 0,1001
00,1011 [v]'s = 10,1001
Ha cymmarop nochinaetcs Kon [—x]g

Ha cymmarop noceuiaercs Koj [x]g

Cppur snpaso Ha 1 paspsn
Ha cymmatop nocsuiaetca Ko [—x|,

Lluknnueckas nepenava

Casur BrnpaBo Ha 1 paspsan
Ha cymmartop mocblnaercs Kom [—x],

Cusur BnpaBo Ha 1 paspsn
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4 00,1000 0 100101 Ha cymmatop mnocwliaerca Kou [x],
11,0100

11,1100 0 100101 Cpsur pnpaBo Ha 1 paapsn
11,1110 1 010010 Ha cymmaTtop nocoaaercss kon [—x],
00,1011

10_(],1001 1 010010 Umukaumueckass nepejava BpiKIoYeHa. CAOBHT
BIIpaBo Ha 1 paspsn

00,0100 1 101001 Ha cymmarop mochaercs Kog [x],
11,0100

11,1000 1 101001

+

+

M3 nopsanka npousBeIEHHA BBHYHTAETCA €JH-
HHIIA

nh|-—r_:1

11,1000 1 101001 Cpeur BreBo Ha 1 paspsan
11,0001 1 010010 Ilepepaua B mnocieaHuil pa3paj  CyMMaTopa
11,0010 wH(pbl 3HAKa MPOU3BENEHHS

[nasmas wacte: —O0,1101, nobasxa: -2-%.0,1010
Lindposast yacTb NMPOH3IBEACHHA:

—0,1101
40,1010

“220,11000110
lMpoussenenne pasno — 24.0,11000110

Jlenenue. Tlpouecc jpenenus MOXeT OHTb OPraHH30BaH Kak
o6pamenue ONHMCAHHOTO TOJBKO 4YTO IIpOuecca yMHOMXEHHs,
npuyeM MONpPeXHeMy JeJUMOoe OTBeuaeT NPOM3BENEeHMIO, HeH-
TeJqb — MHOKHMOMY, uYaCTHOe — MHOXHuTea0. YacrHoe, B 3aBU-
CHMOCTH OT THNA CyMMarTopa, [OJYy4YaeTcsi B JAOHOJIHHUTEIbHOM
uan o6paTHOM Koie ¢ J06ABOUHOH WHBEPTHPOBaHHOH 1H(pOH
gHaka Bnepeau. st MAlIMHB C 3aNATOH, PUKCUPOBaHHON mepes
nepBoit uudpoil, AeuTen s HOMKeH GHTh N0 a6COMOTHON Be/u-
ypHe OoJaplie AeJauMoro. B MmamuHe ¢ nuasawoomed  3ansToi
JeJauTeb JOMKeH OBTh HOPMAJH30BaH, B YaCTHOM MOXeT OHThb
HAPYIIEHHE HOPMAJIM3ALMH BJEBO, NPHYEM IPU3HAKOM HApylle-
HUS HOPMAJM3ALMU SIBJISIETCs COBMazenue obeux Hudp 3naka
YAaCTHOTO - MHBEPTUPOBAHHON 1 mpsMoit (cpaBuu cTp. 51). [Jlas
HOpMAN3alMH YacTHOE MOAAETCS HAa CYMMarop C HHBepCHeH
JOTIOJHUTENBHOTO  paspsila 3Haka, M0CJAe 4Yero HOpMaJju3alus
BIPaBO NpoTeKkaeT OObuHHM nyTem. [lepex jpesennem Ha CyM-
MATOp NOCHIIAETCS KOoj aesumoro. Ecau snak jpequreisi y COB-
najaeT o 3HAKOM UHCJd, CTOALIero Ha CyMMarope, TO B [O-
CJAENIONn AYeliKy perucTpa npousBejenis nochaaercs uugpa 1,
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ecd Ke 3TH 3HaKH He cosnajawt, 1o -wudpa 0. B nepsom
clyyae Ha CyMMaTop TOCHLIAeTCss KOJA 4HCJIa — Yy, a BO
BTOPOM — Kkoj pmeaureass y. Ecau npeawmaymasi — omnepais
NOBTOpEHa MeHbIIe, YeM # -+ 2 pasa, TO TNPOU3BOAMTCH CABHT
Habopa, CTOSIIEr0 B PErucTpe NPOU3BCAEHHUIl, HA OAMH pa3psia
BIIEBO M ONepallusi NoBTOpsercs cHosa. Ilocae n + 2 nosrope-
HHil 3TOH onepauuu jaesenve konueHo. Ha cymmarope crout
KOJ OCTaTKa; HA N1 + 2 NOC/JEIHHX paspsiax peructpa Mpous-
BEJICHUS] CTOMT COOTBETCTBEHHO AOTIOJIHUTEJBHBIH MM OGpaTHBIH
KO 4YaCTHOTO, C JONOJHHUTE/IbHOH WHBEPTHPOBaHHON Kb POl
smaka Bnepeau. Octatok, ymuoxennwit va 2" nosyuaercs
HAa CyMMarTope mnoc/e MOCHUIKH TyAa KOJAa IEJUTeNs B Cayyae
JONOJHHUTENBHOTO KOJIa U JIeJUTeJIs TPSIMOH MK HHBEPCHOM Tepe-
jpadeit (B 3aBucumocTH OT paBenctBa O wmam 1 nudpn 3uaxa
4aCTHOrO) B CJydae O6paTHOrO Koja.

,[LJ'[H Caydast NOJOXKHTeJbHBIX JeJHMOro H JACJHTea 3TOT
cnoco6 jeseHusi COBHAZAeT MO CYHIECTBY C OIMCAHHHIM HA
cTp. 62.

Cxema 20 (nenenue)

Ileanmoe x=— 0,100111 Jenutenn y =4 0,110001
[x]e = 11,011001 [vl]e = 00,110001
[—x]. = 0,100111 —y =— 0,110001

[—yle = 11,001111
3nak nenurtensn 0

. Perucrp
Cymmarop HACTHOTO
11,011001 -------- 3uaku He cosnapawT. [locwnaem 0
+ 11,011001 ------- 0 Ha cymmatop nepemaetcs Kom y
00,110001
00,001010 ------- 0  Cusur saeso Ha 1 paspsan
00,010100 ------0- 3uaku coBmanawt. [locuaaem 1
4 00,010100 ------ 01 Ha cymmatop nepegaercs Kou |—y),
11,001111
11,100011 ------ 01  Cusur Bneso Ha 1 paspan
11,000110 ----- 01 - 3saku ne cosnazawt. [Tocuinaem 0
& 11,000110 ----- 010 Ha cymmarop mepenaetcsa Kom y
00, 110001
1,110 ----- 010 Cpsur Baepo na 1 paspsn
11,101110 ----010- 3uaxu ne cosnapawT. IMocwaaem O

101



11,101110 ----0100 Ha cymmatop mepejaercs Koi v

* 00.110001
00,011111 ----0100 Cnsur Breso Ha 1 paspsn
00,111110 ---0100- 3uaku cosmanawoT. [lochaaem 1
4 00,111110 ---01001 Ha cymmaTtop noceinaercsi kKof [—y],
11,001111
00,001101 ---01001 Cpasur Baeso Ha 1 paspan
00,011010 - -01001 - 3unaku copnapaiot. Ilocwnaem 1
- 00,011010 --010011 Ha cymmaTop nepepaetcs Koi [—y],
11,001111
11,101001  --010011  Cpsur saeso Ha 1 paspan
11,010010 - 010011 - 3uaku ue cosnanaiot. Ilocwinaem 0
+ 11,010010 - 0100110 Ha cymmaTop nepenaetca Koi y
00, 110001
00,000011  -0100110  Cpsur Bneso na 1 paapsn
00,000110 0100110-  3naxu cosnapator. INocwaaem 1
+ 00,000110 01001101 Ha cymmatop mepenaetcs kon [—y]s
11,001111
n 11,010101 Ha cymmatop nocelaaercs Koj AeaHTens (soccra-
00, 110001 HOBJEHHEe OCTATKa)
00,000110
Yacrhoe: —0,110011
Ocratok: --277.0,000110
Cxema 21 (nenenue)
Hemmoe  x = -— 0,100111 [lenntenn y=— 0,110001
[x]a=  11,011000 [v]s = 11,001110
[—y]s = 00,110001
3nax peautens 1
Cymmatop f:(li'l“'lfOTll")U
11,011000 -------- 3naxkyu copnajgaot. [locuaaem 1
T 11,011000 ------- 1 Ha cymmarop nepenaetcs kon [—y]s
00, 110001
100,001001
|
00,001010 - --=---- 1 Cnusur Baeso Ha 1 paspan
00,010100 ------ 1- 3unaxu He cosnaaaioT. Ilocwinaem 0
4 00,010100 ------ 10 Ha cymmatop mepepaetcsi KOm ¥
11,001110
11,100010 ------ 10 Cpgsur
11,000101 ----- 10- 3naku cosnapawnT. [Tocenaem 1
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we 11,000101 ----- 101  Ha cymmartop nepenaerca Kom [—y]s

11,110110 - ---- 101  Cusur
11,101101 ----101- 3saxu cosmagaioT. [Mocuaaem 1
4 11,101101 ----1011 Ha cymmarop nepejaetcs Kox [—y]s
00,110001
100,011110
i t
00,011111 ----1011 Cuasur
00,111110 ---1011- 3uaku He cosnagatwt. [focuaaem 0
, 00,1711110 ---10110 Ha cymmarop mepemaercs Kom y
" 11,001110

|
00,001101 ---10110 Cnasur

00,011010 --10110- 3uaxu ue cosnagawpT. [loceliaem 0
00,011010 --101100 Ha cymMmaTtop mepepaercs Kom ¥
11,001110

11,101000 --101100 Cpsur

11,010001 -101100- 3uaxun cosnaganTt. [locuaaem 1
11,010001 - 1011001 Ha cymmartop mepepaercs Ko [—y]g
00,110001

100, 000010
[

00,000011 -1011001 Cpasur

00,000110 1011001 - 3saxu ne cosnapawTt. [locunaem 0
00,000110 10110010  Ha cymmatop nepepaetca Kon y
+ 11,001110

100,001100
i

-+

_|_

+ 11,0101¢0 Ha cymmatop mepenaerca kon y
11,001110
© 110,100010
A
10,100011 Hopmaansauus
11,010001 '

Yactooe: - 0,110010
Ocratok: — 276.0,101110

H3BaeueHne KBaapaTHOro KopHsi. Paccmorpum omnepauuio
u3B/Ievenusl KeajgpatHoro kopus B cucreme (1,1). Tlycrs Tpe-
Oyercsi HaifiTH KOpPeHb KBaJpaTHHI M3 4MCAd X. YKa)eMm aJjro-

pudM OCJAEA0BATEIBHOIO 10JAYYeHHst THDDP Yo, ¥Yi,... pasio-

wenusi kopusi B cucreme (1,1). Kon uymcia x nomaercs na cyMm-

103



MaTOp M NPOMCXOAMT CHABHI KOJA BIPABO HA OXHH pPaspsii.
JlomycTHM, 9TO yiKe ompexeseHs HHBPH Yo, Vi, - - .,ys , pas-
JIOXKEHHUS KOpHﬂ B cucreme (1,1). Lndpa ys Ompeae/sieTcs 3Ha-
koM octatka 2% (umcaa na cyMMarope): ys—l ecm 29 >0
uy, =1, ecan 2¥ < 0. 3arem u3 ocratka 2z BBIYMTAETCS PO~

Hu3BeICHHE }S (L vy 2 . 2“(“”), T. €. BBHIYHTAETCSl HJH

1puGaBASETCs B 3aBUCHMOCTH OT 3Haka octatka 2z yixe moy-
yeHHoe NpHGAMKEHHOe 3Hauenue Kopua y© — Ly, ‘¢ no-

- 3= — 1
npaskoit — y 27"V,

B CHCTeMe (1,1_) oyner
io, 3}1 3;2 ce- §3—1 _i;s(— ;w) 0k

[locsie onepauuun BHuUWTAHUS CIEAYET CABHI HAa CyMMaTope

Ha OAMH pa3psa BJAEBO. [loaydeHHBIl HA CyMMaTope KO SIBJISI-

s+1
€TCA KOOOM CJaeAVIOUIero oCraTKa Z(H_ ), 3HaK KOTOpOro omnpe-

LeJsieT CACAYIonylo muppy ;Hl KOpPHA H T. [.

[Mepeiinem kK 060CHOBaHMIO NMPUBEIEHHOTO AJropudma.
Ilycts

T. €. BeJHYHHA, p33JIOH{CHHC KOTOPO#

2"

0

=
I
=
4
hetiy
sy
Aett)
-]
‘;—‘a
TT‘Ms

— TOYHHIA KOpeHb W ero pasioxeunue B cucteme (1,1).
QueBHIHO

oo

o o N
¥ S’kazz_(kl V= Yy. 2 Y2 % Yy o *=

=010 k=0 1=0 k=0

o (f5e )
0 I=0

Eciu B mpouecce u3B/1eueHuss KOPHA HHUPPH Vg, ..., ¥
JeJIeHBl TIPABHJIBHO, TO

oo k
=350 (L5 i—see)

1

r e
Y =3

il Nl

Il
Tl\’d

onpe-

5—1

R=s
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(0)

1
JleficTBuTeIBHO, 25 = Eyﬁ H, ecJu

k
2070 = 27h Z }’k (Z yi2 ' — ka-qu))

k=s— =0
H uucppa i}s—l ornpepejeHa BCPHO, TO

s—1
z(.s-) _ 2(2(3.-1) o 5;3"] (E 5]12—1 B ;,'kQ- {k--1)

=0

—2524 J’k g (L .Vf ‘_)-;k prird

k=5
Taxum 06]}330M, u mudpa y, GyaeT onpeseeHa IpaBHIbHO,

€CJIH 3HAK CYMMBI Z V2 (L §. 27 g ie ’) onpenensieTcs
k=g =0

&
- ~ ol = (541
3HAKOM ee NepBoro ujeHa y,2°° (X ¥, 27—y 270 ’). st
10
TOro, YTOGH IOKA3aTh 3TO, AOCTATOUHO MOKA3aTh, HTO

5 % = 5 k
bge-goe) - 32 HE5e-5, 8 2t
1=0

ke=5+1 =0 =541
T og—(k+1)
+y,2°" (A)
=
e 9 —{k41) -
B camom gere, taxk kak 3 ¥,2 ' —y,2 %" >0, us Bumnu-
1=0

CaHHOIO paBeHncTBa CJAEAYET, UTO abco/oTHasE BE/JIHYHHA nep-

BOTO UJICHA B pPsiJie, ONpeaeIsiioueM 2z Gospme CyMMB JIH0-

60ro KOHEYHOTO YHCJAA CAeAYIONHX 33 HHM 4YJIEHOB NpPOTHBO-
MOJOKHOTO 3HaKa. OTCIOga OYEBHIHO CJAEIYeT, uTOo 3HAK
ocratka 2

K paBeHCTBY

coBnazaet co 3nakom y.. Paseuctso (A) coautcs

oo k o
_ E 2—IZ E 2—f . Z 2—'2!.!-—1

k=s+1 I=s5+1 k=s+1

—25—1
2 &)
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Ho

oo kE o o o3
2 2—k 2 2—{ s 2 2—2}6—1 g 2—25 ZIQ—I, Z Q—k_
E=s+1 I=5+1 k=541 lwn1 k=1
o 2—23—1 i 2—2k = 2~-2$-I-1 ig—ﬂ_ 2—23-1 i 2—2k =
k=1 1=1 E=1

’ -2 Cog
— 3.97%-1, 1 2 = 921

yTO M TpebOoBaIOCh JOKA3ATh.
3ameuanus. 1. [loayyaembie mocsnenoBaresbHO UUDPH Y,

pasnoxenust KopHs B cucteme (1,1) moxHO cuurath uudpamu
¥,_; OOLIYHOTO ABOWYHOLO pA3JOKEHHS, BOCHpUHHMAas UHpY

1xkak O w 1 kak 1. Jlas onpemesenusi caenyiomeil mudph B
COOTBETCTBHM C TPaBWJAOM nepexoma oT cuctreMms (1,1) K 06biu-
HOIl JIBOMUHOW CHCTE@ME H3 OCTATKA BHIUMTAEGTCSI MOJYUYEHHOE
yiKe NpuOIMKEHHOe 3HAYeHHe KOPHsl C MPUIMCAHHBIMH C3a1H
mudppamu 01, ecaum OCTATOK MOJOKHUTENEH, H TNpUOABASETCSA
[OJYYeHHOe YiKe NPUOIHIKEHHOe 3HAYEHHE KOPHS C NPHIHCAH-
HBIMH C3aaH Imq::pamn 11, ecqu OCTATOK OTpHIIATEJEH.

2. Hudpu yn % y1 H3BECTHHL 3apaHee # [03TOMY MOKHO
B CYUIHOCTH HAUHHATL WM3BJEUEHHE KOPHA C OIpeAe/]eHHA LHUQ-
pH ;2. Jl1s1 nmosyueHus octaTka 29, kak HETPYAHO TIOKAa3aTh,
JOCTATOYHO BHYECTh M3 MoAKopeHHoro Beipaxenus 0,01 u caBu-
HYTb MOJYYEHHHH HA CyMMaTope KOJ Ha OJdH paspsj BJeBO.
JlaapHeHunii npouecc M3BJAeUYEHHS KOPHA MOMKET NPOAOMKATHCH
[0 ONUCAHHOH BHILIE CXeMme.

§ 14. JPYTHE ONEPAUMH

Basitue wuenoif 4yacth yucaa. Bynem o6osnauath uepes
E(x) u {x] coOTBEeTCTBEHHO LEIYI0 U NPOGHYIO YACTH YHC/IA X;
nanpumep, E (=) =3, {r}) =0,141589...,E(—n) = —4, {— =} =
= (,85840... Bo MuOrux 3sagauax BO3HHKAeT HEOOXOAUMOCTH
pacllenuTh YUCJA0 Ha Heaylo u Apo6Hyr uactH. Hanpumep, npu
BHIYHCJIEHUH 3HAYeHMii TNoKasaTespHOil QyHKuum 2%, uesas
W apobHAsi 4yacTH X WrpalT pasHyio poJb B BHYHCIEHHH. [1pH
HAXOWAECHUH 3HaueHull ¢yHkuuu f(x) no tabaume c marom 1,
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meas uyacTb X CJAYXKHT JJsi MOWCKOB B Tabuuue, a ApoGHas
YACTh X CJAYKUT apryMeHTOM HHTepHOJSLHOHHOIO MHOTOYJIEHA.
Onepanusi BbJAE/JMEHHs HeJOH HacTH MrpaeT CyLECTBEHHYIO
pPOJb TNPU TMEPEBOJAE UYHCET M3 JBOWUUHOI CHCTEMEl B HECSATHUHYIO
(cMm. § 16). Yacto mesass 4acThb HYXKHA HMEHHO Kak Habop
mudp — HanpuMep, B NOCJAENHEM Cayuae.

B mammunax ¢ GUKCHpPOBaHHOM 3alsiTOil paculenJeHue YHCaad
HA Leaylo W ApoGHYI0 4acTH u/aH, ofmiee, Ha 4acTh, 06paso-
BaHHYIO nepBhiMH Dudpamu, # uactb, 06pa3’oBaHHYIO MOCTEN-
HUMH LH(paMu, MOKeT OHTh CBeleHa K ONepanHu CAHYEHHS.
Kpome TOro, ajsi BHAEJTEHHS] TPYNIBl HEPBHX p 1P MOKHO
BOCNO/Ib30BATBCS CABMIOM BIIPaBO Ha (7 — p) paspamoB. Anajo-
CHYHO MOXeT OHTh BLIAEJeHa Jjiobas rpynna uudp, caeryonmx
JAPYT 34 ApPYrOM.

B mamppe ¢ maasawoueil sanatoil uucaa x=27-0, x3X, .. .X,
HMEIOT LEJNYIO YaCTh, PABHYIO HY./10, ecau mopsaaok p < 0. Ecau
nopsigoxk p >0, TO Lesas 4YacTb X 3alMCHBAETCS TNEPBHIMH P
uuppamu  ero uudpopoit uactu E (x) = xx,...x,. B sTOM
cayuae MOPSIOK p BHIOJHAET (YHKUHMH YNpaBJeHHs: Ipolec-
COM BHIEJIEHHS TPYTIH TEPBHX p HHPD.

Ecau 3Ta 1esasi wacTh JO/MKHA (DUrYypHPOBATHL KaK HOpMa-
JU30BAHHOE 4YMCJIO, TO BhAeJeHHas rpynna uwudp [K0/DKHA
3aHMMATh INEpPBLHIE p paspsiioB HOCJAe 3ansaTod, a B Ka4yecTBe
nopsiiKa yaep:KuBaeTcst 4ucao p. Ecau nopagox GoJplie YHCTa
n uudp B MamHHe, TO TaKas onepaius OOHYHO He HMEeT
CMBICJIA.

Onepauusi BHIEJAECHUS! LeJI0H U Apo6HOH yacTelt MOXKeT GHITh
cBejena K apudMeTHYeCKHM AefiCTBHSM, BHIIOJIHAEMEM MallHHOI.

B mammnax ¢ GUKCHpOBaHHOH 3anfAToil NpPH YMHOXEHHH
ypcaa x Ha uucao 27%(0 << k< n) cnocobom, ONMCAHHHIM HA
ctp. 58, MH NOJYYMM Ha CymMMarope nepsple B uudp uucra x,
4B JIONOJHHTENBHBIX Pa3psiiax perucTpa npouspemaeHus —oCTaab-
Heie (n — k) uudp.

B mammuHax ¢ njasaponiefl sansrtofi, ecau HanbOJBIIMH BO3-
MOXHBIH TOPSIOK 72, HE MeHbIle uuc1a # UWdp nocie 3ams-
TOii, OmepauMs BHIEJEeHHs I1eJ0il uacTH X B HOPMaJH30BaH-
HOM BHJE CBOAMTCHA K CJAOKEHHI0 § = X -+ 2771 ¥ K BHIUHTAHHIO
E(x) =s—27"'. B camom gnese, 27! 3anuchBaeTcsi B HOpMaJH-
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30BaHHOM Buie: 2*~1= 27.0,1. Ecin x = 27.0, x,%, ... X, p <n,
TO

s =2"(0,1+00...0x,%, ... x,) = 20:(0,1 00. .. Ox,x; . . . X,)

rzp np—l

nanee, '8 — 20 1= 220,100 - 0% 8, X, —0,1) =
mp_1

= 27.0,00. (Jxlxn...x =.0% 40, My 0 G 00,0

P
Talp -P

Ecimu  nauGospimuit  nopsifok  ectb uucao n—a < n, TO Tpu

X =2°.0,2%..0%

E (x) = [(277x + 2n—=-1) — 2n-n—1] ;2

Onepauvn ¢ nopsakamu. Brinesneunmne nopsajgKa B
BHIE YHUCJAA B HODMAJH30BAHHOM BHJ € 3aKI0UYAETCSH
B NPeo0pasoBaHuu uucaa X —=y-2" B UHCAO 2 — M, NpHueM
e/10€ YHC/IO M B CBOIO OYEPEeAb MOXKET OHITh INPEACTABACHO
B HOpMa/au30BaHHoil gopme. Paccmorpum noppoGuee 3ty ome-
pamuoo, npeamojarasi, 4To U UMQpOBas 4acTb W MOPSAAOK YHC/IA
X NPEACTaBJEHBl TMPSMBIM KOJIOM M HPUTOM TaK, YTO Pas3psiibl
3HAKA W LMD MOPsAKA ABIAIOTCS HH3LIKMH paspsaamu Habopa
[X]=Yoy1¥a- - - Ypu o . ¥, MMM, . . M, TPEACTABISIONIETO YHCIO X.

Ipu TakoMm npexctaBaenun uuciaa x nepejaua suaxa u wudp
€ro mopsiika B HU(PPOBYIO 4aCTb MOXKeT OLIThb OCYILECTBJeHA
OYeHb TNPOCTO — MOCPEACTBOM JIMLIL OHOH Onepanud CABUra
BJ€BO Ha 7 -+ 1 paspsii. B pesyabrare sToil omepaumm ciasmra
MOyqauM HaGop memym, ... m,00. . .0, npencTaBasonuil npamofi
KO 4yucaa m-27 (B l'IOleIKE crout 0).

Ilist nonyuenuss HaGopa, MPeACTABJAAIONIEIO0 HCKOMOE YHCJIO
Z =m, HeoOXOmMMO e€Ile, OYEBHAHO, B paspsiabl MOPsAIKA
OMECTHTD KOX Qofy...p, YHMCAA r (3a1aHHBHI pas Hapceraa
B JIaHHOW MAalldHe), TOCJAe 4Yero MOJYyYuM KOA UHCIA 2:
Moty ... 1,00 .. 0pep; . ..p...p, [Toaydenuoe Takum o6pasom
HUHCJIO Z He ABJseTCs, BOOOILIE roBOpsi, HOPMAIU30BaHHBIM. Hop-
MAJIH3ALNASA YHC/IA 2 = /M IIPOU3BOJMTCH COBEPIIEHHO TAK Xe, Kak
n BCex Apyrux uuces. Eciu paspsasl snaxa u uudp nopsaaka sisis-
IOTCS BEICIIUMH paspsiiamMu Habopa mgimy My . . . NM,YoYy .« - Yy - .. Y,,
NPEACTaBJAIONIETO YHCIO X, TO ONepalHsl BHAETEHHs IOpsSAKa
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Mm YHCJA4 X HECKO/JIbKO YC/IOXKHAETCS H3-3a HeOOXOAHMOCTH
npeaBapUTEJBHOrO ramenus OudpoBoii uacTw uucaa x. IJT0
raimende MOXHO OCYIIEeCTBHTh NOCPEACTBOM OIepauud CABUra
uzobpakeHuss uucIa X Ha h-+ 1 paspsn soparo. [loayuum
nabop

C0...0megmm,...m,

Casuras ero na (# — r) pa3psiioB BJ€BO, NOJIYyUYHM HAGOp
00...0mgnymy...m,00...0
T T

npeaCcTaBJAAIONINi KoM 4ucaa m-277.

Ecou B mepsuie (r 4 1) paspsimoB mochIaeTcst H306pakeHne
Pof1 - - - B, YHCTIA F, TO B PE3YAbLTATE ONUCAHHBIX ONEpaluil M01y-
yuM Habop ;
Pofrfs - - - B, MMyt ..., 00...0

NPeACTABJASIONINI UHCI0 2 = M, KOTOPOE OCTAETCsl TOJBKO HOp-
MaJKM30BaThl.
PaccmoTpennast onepaiyst MCHOJIb3YeTCs NPH JOrapupMHpo-
BaHuM, & TaK¥Ke IPH HEKOTOPHX APYTHX ONepalusax.
Onepanuss npeo6pa3soBaHis BHCIIUX pPaspsapoB
uudpoBO YacTH YHCIAA B HNOPAAOK [ApPYyroro
uhcJ/aa 3aKaoyaeTcs B npeo6pasoBaHMM uHCIA X = Y-2™ B

qucao z = u-2’, rjge y — 4HcJ0, NpPeiCTaBAsSeMOe  BHCIIUMHU
paspsinamu HAPOBOI YaCTH Yy YMC/IA X, # — UUQpPOBas YacTh
yHcsaa 2z, MpUYeM BeJqHuHHA ee Oes3pasauuHa.

Haubosiee 1pocTo OCYINECTBJASETCS 3Ta OlEepaldss B TOM
ciyyae, KOrja W NOPAAOK M IMQpPOBas 4HaCTb 4YHCJIA X Mpel-
cTaBaens OfHUM KOmoM. I1yCTh paspsajabl 3HAKa W LUQp mopsiika
SIBJISIIOTCSL BHICINMMH paspsimamu HaGopa

MMy .. .MYY1 - Vpee oV, (1)

IPeACTaB/ISIOUEr0 YHCIO X.
B stom cayuae J1s OCVILECTBJIEHHs Iepelauyd Bcex r + 1
paspsiioB YeV¥;Vs ... Y, UMPPOBOH YacTH 4YHCJIA B €ro MHOPAJLOK

! [TpuMensis o6paTHEIT KOJ 1T MOAM(HIMPOBANNBIN CABHT, MBI HOCAE HEp-
BOFO CIBUFa TOAYYHM HAO0Op Highy ... Mgy . . . My, NPEACTABASIOUMH YHCIO

27" m. YMHOXHB ero Ha 2”7 ¢ HOpMaau3alpeli pesyabTata, MOAYyYHM /1.
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JIOCTATOYHO MPOCTO CABHHYTH BCe paspsiabl Habopa (1) na r + 1
MmecTo BJaeBo. Torpa mosaydum HaGop:

YoV1¥2-- - Y ¥r41-..¥,00...0

nepseie 7+ 1 pPa3psIoB KOTOPOTO MPEACTABJSIOT TMOPSAOK Y,
a ciaegywooumue paspsiasl Yrir-..y,00...0 — wuudposyo uactb
« uucna z. Tak kak uudposas dyacTe uucaa 2 6e3pas/nyHa,
‘TO HOPMA/IH3ALHsI HE HYXKHA H MOJYUEHHOE HHCIO Z SIB/SIETCH
OKOHYATE/JbHBIM PE3YJbTaTOM.

Ecan paspaab 3Haxka u uu@p mnopsiaxa fABASIOTCS HU3IIHMH
paspsgaMu  HAGoOpPa Ye¥1Vo ...V, ..V, MMy, .. . M, [PEeICTaB-
JSIOUMMH  YHCJIO X, TO omnepauus nepeiaud » -1 BBHCIINX
paspanoB y,¥iYs ...y, nabopa (1) B NnopAgOK YHCAA X MOXKET
OBITh NIPOM3BEJEHA NOCPEACTBOM CABUra BCEX paspsilioB 3TOro
nabopa Ha n -+ 1 mecrto BIpaBo. _

B pesyabrate Takoro ciasura moJayuyHMm HaGop

000...0...0yy1ys...y,

TMpenCTaRAAIIMIE duCaI0 2 ¢ ,HYyJAeBOi" UH(POBOH 4YacCThiO:
z=0-2¥

T. €. NPEeACTaBJSAIONIEe YHCJIO0 HYJIb.

Tak xax 3navenue uMQpoBOH yacTH Ge3pasjHUHO, TO HOPMA-
JH3alHA, KaK H BO BCeX CIy4asX NPHMEHeHHs 3TOH onepaluH,
TIPOM3BOJUTLCS He JOJIMKHA.

Onepanusi nepexauu HUQPOBOIl YACTH YHUCJIA B €ro HOPSIOK
MOXET HCHOJb30BATLCS IPH ONepalud NOTeHIUPOBAHHS.

W3 npyrux omepaumii ¢ mopsakaMH yKa)KeM Ha CJAeLyoIHe:
npubapjieHue K MOPSAAKY HJIM BLIUHTAHHE M3 HEro MOpAAKa Ipy-
TOro 4MC/Ia; MpHCOeAMHeNHe K IU(POBOI 4acTH OJHOTLO YHCIA
MOPSIAKA NPYTroro 4uc/a.

Onepauusi cpaBHeHusl. Jlanbl gBa uucaa a u b; tpebyercs
ykasatb Ha Gosbiiee (Menbimiee) u3 3THX uucesa. OueBwIHO,
IJIst 3TOH 1le/M NOCTATOYHO IPOM3BECTH BHUYHWTAHHE. 3HAK pas-
HOCTH @ — b 1noKa)eT, Kakoe 4yHc/aI0 Goabuie: ecad a — b >0,
T0 @ >b; ecth a— b <0, To b>a.

Eciau B cymMMarope HpUMEHSITCS JOMOJHUTEMbHEI KON /s
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u3o0pameHus OTpUIATENBHBIX uHCeJ, TO (cMm.§ 7) HyaB u300-
pamxaercs kak - 0: [0], = 0,00...0

Ecan mpumensiercss o0paTHbIl KOA sl M306paieHus OTpH-
nareabHbIX uucesa, 10 0, NOJAyuYeHHBHIl HAa CyMMaTOpe NpH BHIYH-
TAHMH PaBHHX YHCEJ, €CTb OTPHLATEJIBHBIH HYJIb:

[—0];=1,11...1

Taxkum o6pa3om, cayuail paBeHCTBa @ = b BOCHPUHUMAETCS
TIpH JAOMOJHHUTEJIBHOM KOJAE TaK 3Ke, KaK HepaBeHCTBO a > b,
a mpu o6paTHOM KOJIE TaK e, Kak-HepaBeHCTBO a < b. Jlpyrumu
cjoBamMH, 3HaK a — b onpeneaser CaeayIOIHE IH3BIOHKIHH:
IpH JONOJHHMTEJBHOM KOLE
a > b(a— b umeer 3Hak +) wim a < b(a — b umeer 3HaK —);
npu 06paTHOM KoAe
a>b(a—b umeer 3HaK +) WIH @ < b(a — b umeer 3HaK —).

Jas Toro, 4TOGH MOJIYYUTH NEPBYK H3 3THX JAHIBIOHKIHI
npu 06paTHOM KOJie M BTOPYIO NMPH JAONOJHHTEJALHOM KOJE, Hago
IIPOU3BECTH BHUMTanue b —a. MOKHO B psge cayuaeB usbe-
*kaTh BeUHTanus. Mmenno, ecau a >0, a <0, 10 BCerja
a>b. Ecnu a v b HopManu3oBaHbl, HMEWOT OJHHAKOBLIE 3HAKH,
HO pasHHe NOopsAnkH (B MAIIHMHAX C IJIaBalouleil 3ansdToi), TO
a>b, ecan nopsaox uucaa a OoJblie NOpAAKa YucIa b U
a>0,b>0 wm ecau mopsox uuciaa b OGoapule nopanka
yncaa @ u a <0, b <0. HaxoHen, npu OAMHAKOBBIX 3HAKAX
¥ PaBHHEIX NOPsJKax AIsi cpaBHeHusi @ u b Tpebyercs npousse-
CcTH BHUNTAHHE @ — b (6e3 BHPABHUBAHHUS TMOPSAKOB).

.B HexoTOpHIX MamuHax (HanpuMmep, B PaCK/IaJOUHOH MalIHHe
U3 KOMILIEKTA CUYETHO-AHAJMTHUECKHX) CpaBHEHHE YHCeJ 3aK.10-
yaeTcst B MOC/ENOBATEJIBHOM CpaBHEHHM HMX LM(p, HAUMHAH CO
crapmux paspsinoB. M3 IBYX NOMOKHTEJNBHBIX 4YHCea OoJblie
TO, Y KOTOPOTO TepBasi neoanHakosas uudpa 6oJblie (npu aBo-
WYHOM CYMCJIEHHH — TO, Y KOTOpPOro IepBas HEOAHHAKOBAs
uudpa ectb 1). Jasi oTpuuare/abHOll nape 4ucesa 3TO MPABHIO
OUEBHAHHIM 006pa3oM H3MCHAeTCH.

§ 15. TOYHOCTb NNPOHU3BOJCTBA OMNEPALMIM
M OKPY¥TJIEHHE PE3YJIbTATA

Onepauusi capura. Onepauus CiBura, pacCMaTpHBaeMas Kak
apudMeTHYECKast Onepanusi, eCTh YMHOXKEHHE YHCJAA Ha CTeneHb
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asoiiki (cm. § 9). ApudmeTnueckoii omepauuei sBJASETCS IO
CYIECTBY JIMILb MOAMGUIMPOBAHHBIN CIABUI, M IO3TOMY 3A€Ch
MBI OCTAHOBUMCS TOJbKO HAa HEM, HA3HBasg €ro B jajblefiliem
npocto casurom. 'oBopsi O caBure BJAEBO, MH Oynem HMETh
B BUAY JONYCTHMEIfl CABMI, T. €. CABHMI, HE BHBOJSILIMIA 3a pac-
noJaraemble paspsabl. [1pH TAKOM CABHMI€ BJEBO HE NMPOHCXOJHUT
noTepu 3pavamux uudp ¥ MO3TOMY TAKOH CABHI €CTb TOYHAS
onepauusi yMHOXKEHHS HA MOJOKUTEIbHYIO CTENeHb JABOHKH.
HanpoTtus, mpum cmsure BIPaBO Ha p pPaspsifioB HPOUCXOIHT
norepsi UHQp NOCJAECAHUX p pPaspadOB U PE3YJbTaT Ollepanuy
OT/IHUEH OT pe3yiabTata TouHoro aexenns Ha 2°. AGcomornas
omH6KA MEHbIIE €JMHHIB TOCJEJHEro paspsna, OJAHAKO MOKET
B naubojee HebJArONpHUATHOM CJay4ae OTJIHUYATBCA OT EeAHMHHIH

nocennero paspsiga Juinb xoadduiuuentom (1 — o=y,

B mamuHax ¢ cymmatopom, paboTalouiHM N0 AOINOJHHTEb=
HOMY KOJy, CABHUI BIIPaBO €CTb JEJEHHE HA CTeNeHb JBYX, KaK
PaBHJIO, C HEAOCTATKOM. B MamMHax ¢ cymMMaTopoM, paGoTaio-
muM B OOpaTHOM KOJ€, TAKOil CABHI eCThb jelenne, BooOILe
ropopsi, C HEAOCTATKOM B abCONIOTHOH BEJHYHHE pe3yJb-
Tara.

st Toro, 4To6bl YMEHBLUIHTh OLIMOKY CABUra BPABO, MOXKHO
NPUMEHSITH Tpolece OKpyr/eHus. OmHUM H3 BO3MOMKHBIX CIO-
co6OB TAKOrO OKpYIJeHHs sBjserTcs cieiytoumil. Ha cymmarope
BBOAUTCS JIONOJHMTEIbHBIE pas3psif, T. €. UHCIO UM(POBHX pas-
PAZOB CyMMATOpa, Ha enuHMIly Goabuie uucaa Lupp uwucels,
xpausimuxcs B Mamuue. [lpu mepejaue uucaa Ha CyMMaTop
B IONOJHUTE/IBbHHI paspsa nepenaercs wigpa O mis cymmaTopa
JIOTIOIHUTEABHOTO KOAd M lmdpa 3HAKA YuCaa Uil CyMMaTopa
06GpaTHOro Koja. BBeneHne TAaKOro JOMOJHHTEJBHOTO paspsia
SKBUBAJCHTHO TNpPHIMCHBaHHIO nocieanedl wudpe 0 KO BCEM
yuc/aM, Xpansmumcst B 3Y MamuHbl. EcaH nocie CaBHra BipaBo
MOCJIATD IMHHUILY B JONOJIHUTEAbHLI pa3ps CyMMaTopa B Ciyuae
JONOJHUTEABHOTO KOXA, 4 B cayuae o6paTHOro KoAa R06aBsTh
WM BLIUUTATL (B 3aBucHMOCTH OT Iudper O win 1 3Haka yucaa na
CyMMATOpE) eIMHHIY B JONOJHHTEJIBHOM paspsie, a 3aTeM
OT6POCHTL JONOJHHTE/IbHBIA Pa3psji, TO MAKCHMAJIbHO BO3MOXK-
Has omuOKa AeJeHusl Ha CTeNeHb ABY X C NOMOLLbIO CABHIA BIPaBO
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yMeHbLIdeTCss  JI0 NOJOBMHHE €IMHHMIIBL TOCJAEJIHEro paspsiaa
pesy.ibTaTa.

Jsi HONOJHUTENBHOrO KOAd pe3y/JbTaT CHBHTa C TaKUM
OKPYTJIEHHEM OTJIHYAeTCS OT pe3yJbTaTa CABHra 6e3 OKpPYTJ/eHHs
TOJBKO TOTAA, KOrJa B JOIOJHUTENBHOM paspsiie OKa3hIBaeTCs
mugpa 1. Ilpu 3TOM pes3y.bTaT CABMra C OKpyIJaeHHeM Ha eJu-
HHMIlYy TIOCJIefHero paspsima GoJblie pesyabrata cupura 6es
OKPYTJIEHHs], 4 MOCJAEIHHUA COMEepPKHUT OTPHLATENBHYIO OIIHOKY,
abcosoTHas BEJMUHHA KOTOPOW HE MeHbIIe NOJOBUHBL €JIHHHIE
nocJjeiHero IBOMYHOTO paspsaa . Takum o6pa3oM olHOKa pe3yJib-
TaTa CABHra C OKPYIVIEHHEeM He IPEBOCXOJUT IOJOBHHH €JH-
HHIBL NOcsenHero paspspga. Ecam ke B J0NOJHUTENBHOM pas-
paje oxasmBaercs Iu@pa HOJB, TO OWMOKA pe3yabTaTa CABHTA
0e3 OKpyrJieHHsl HE TPEeBOCXOJUT IOJOBHHBI €AHHUIBl MOCIeN-
HEro JABOMYHOrO paspsifa, a Tak Kak B 3TOM C/Iyyae pesyJnabraT
casura 0e3 OKpyTIJIeHHsl COBIajaer C pe3y/JabTaTOM CHBHra
C OKpYTJIEHHEM, TO OLIMOKA B IIOCJAEHEM U B 3TOM C/ydae He 1pe-
BOCXOJHT TIOJIOBUHEI €IMHHUIL TOCJAeAHEro paspsiia pesy/bTaTa.

B cayuae oGpaTHOro xona, ecaM uu@pa 3HaKa 4YHCaa COB-
naia ¢ widpoit B AONOJIHUTEJIBHOM paspsjie, TO pe3yJabTaT
CIABHTA C OKpYTJIEHHEM COBMajgaeT ¢ pesy/bTaToM CaBura 6es
OKpYyTJieHHsi, HO B 3TOM cjydae omubKa B NOC/AEAHEM He Ipe-
BOCXOJIHT MOJOBUHBL €IMHHUILL OCAeHero paspsaa. Ecan ungpa
3HAKA UMCAA OTJHYHA OT LM(PH B JONOJHMTEJNBHOM paspsie,
TO abCoJI0THAA BeJWUYMHA pesyJ/bTata cjJBura 6e3 OKpYTJIeHUs
HA eJMHHIlY TOCJeJHero paspsjaa MeHbUle pesyJbTaTa CABUra
C OKpyIJIeHHEM, HO B 3TOM cJayuae abCo/oTHas BeJVYHHA
pesyabTata caBHra 6e3 OKpYIJIeHHs MOJYy4aeTcs ¢ HeLOCTATKOM,
paBHLIM, 0 Kpafineil Mepe, [IOJIOBHHE NOCJEJHEro paspsaa. Tax
uTO ¥ B 39TOM CJydae omnbka pesyabraTa CIBHra ¢ OKpyrJie-
HHEM He MNpPeBOCXOAMT MNOJOBMHEL TocaegHero paspsga. llpu
TAKOM CrocoGe OKpyIJieHHs pe3y/abTaTa CIABUIa JBa IOCIENO-
BaTeJbHO MPOBEJEHHHIX CJABHTA BIPAaBO HAa p U ¢ paspanoB He
9KBUBAJEHTHE OJHOMY CJIBHTY BIpaBO Ha p ¢ paspsampoB.
Kak gss cnsuros 6e3 OKpyrJeHHH, TaK M JJIS1 CABHIOB C OKPYT-
JeHussMH  OommuOKa pe3y./bTaTa HECKOJbKHX MOC/Ie10BATeIbHO
NPOBEJEHHLIX CABHIOB BIPaBO He [PEBOCXOJAUT EIWHHUIH I10C-
JeJHEro JBOUYHOTO paspsijia pesyJbTara.
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Eciu oauH M3 ABYX TNOC/AEIOBATE/IbHO IPOBEJEHHBIX CABH-
roB €CTh CIBHT BIIPABO HA p paspsifioB, 4 BTOPOH — CIABHT BJIEBO
HA ¢ paspsanoB, TO Takue ABa cABHra ectb saeaexne na 2777
Eciu casur BA€BO NPOHCXOAHT MHEPBHIM, TO OIIMOKA MOMET
NOSIBUTBCSI TOJBKO 1pu p > ¢. Taxas omubka He NPEBOCXOAUT
eAMHHIB TOCJAEAHEr0 paspsga ajas CABUroB 6e3 OKpPyIJaeHHs
' M TOJOBMHEI 3TOrO paspsia JJis CABHTOB € OKpyrJenuem. Eciu
CABMT BIPAaBO INpPENUIECTBYET CABHIY BJIEBO, TO OwHMOKa s
CIBUTOB 6€3 OKPYTJCHHH MOKeT TOCTHIHYTh efuHuLbl (¢ -+ 1)-ro

JBOMYHOTO paspsija, ymuoxeutoit na (1 — 27), cuuras ¢ KoHua.
JLjist ciBUrOB HAa CyMMaToOpe € JAONOJHHTEJBHEIM Pa3psiioM TAKOE
nepeno/3aHne OMHOKH HAa CTapiide ABOWYHHE Pa3psiibl MOXKeT
TMPOH30HTH TOJBLKO npu p > 1. Hannuue DOMOJHHTEIBHOTO pas-
pajaa CBOAMT K Hymo owubky npu p=1 u ¢ >0. Ho n npu
p > 1 JONOJHHUTE/BbHHH paspsaj yMeHbIIACT MAKCHMAJbHO BO3-
MOXHYIO OHIHOKY BJIBOE.

H3meHeHHe nopsiika M HOpMaJu3aumsi. B mamumnax ¢ mia-
BaIOIel 3anATONH Onepanns H3MeHeHHs MopsAKa yuc/aa 1, B 4acT-
HOCTH, HOpPMaJM3alus eCcThb CHABHUT, COMPOBOKAAEeMbIH yMEHBIUe-
HUeM (IpH CABHTE BIEBO) WM yBeaudenneM (IpH CABUTE BIPABO)
TIOpSiIKA HA 4MCJIO, paBHOE YMCJIY paspsioB, HAa KOTOpoe Ipo-
uzowmea casur. Tax xak npubasieHHe K NOPAAKY 4UHCIA X YHCIA

P 3KBHBAJTEHTHO TOYHOMY yMHOXenuto uucia x na 27, To caswr,
COTIPOBOKJAEMBIH YKa3aHHBIM H3MEHEeHHWeM MOpsJKa, MOJIKEH
OCTaB/JSITH YHUCJIO, IOJBEpraeMoe onepaiuud, 06e3 H3MeHEeHHil.
OJHAKO CABHT BIPaBO €CTh Je/JeHHe C OWHOKOH H TMo3dTOMYy
CIBHI BIPABO Ha P Pas3pslioB, CONPOBOXKAAEMEIH KOMIEHCHPYIO-
1M YBeJHYEeHHEM NOopsika, AaeT owHOKy, abCoaioTHasi BeJi-
yuna kotopoit B 2”7 pas Gosbuie omubku omHoro capura. OTHO-
caTesbHasi omnOKa, KOHEYHO, OCTAeTCs MpexHeid. IDTo 3HAYMT,
4yTO OmMOKA NMPH YBeJIHUEHHH TMOPSAKA YHCIA HA P He IpPeBoC-
XOAMT yMHOXKeHHO# Ha (1 — 277) eauuuipl NOCJAEIHEro IBOHY-
HOr'O pa3psiia pe3y./bTaTta, ecjai HeT OKPYIJVIeHHs, U He MPeBOCX0-
JIAT TOJIOBUHBL 3TOH eIWHUIIBL LIS onepaLyy ¢ okpyraenveM. Tax
KaK HOpMaJiM3alysi BIPaBO eCTh yBeJAHUEHHe IopsAKa Ha p =1,
TO TIPOLECC OKPYIVIEHHs] HE YMEHBbIIdeT MAaKCHMyM BO3MOXKHOMH
owHGKH TPH HOPMAMIH3ALUMH #72-3HAUHBIX uuces. OpHAKO omnepa-
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M5 HOPMAJIH3AIHH OGBIYHO TIPUMEHSETCsl K YHC/IaM, Y KOTOPHIX
ectb uudpa B JTONOJHUTEJIBHOM paspsjie CyMMaTopa, a Caellylo-
ue nudps Moryin GHTL 0TOpONIEHH. B 3THX yCJIOBHAX NPOLECC
OKpPYTJIEHUs PEe3yJbTaTa HOPMAJH3AIHH OKA3HBAETCS 1€/1eC006-
pasubim. Kpome 3toro, B mosb3y nporecca OKpPYTJICHHS Haxe
NpH HOPMAJIH3ALMH M-3HAYHLIX YHCeJX TOBOPHT TO, 4YTO Oe3
OKpyT/enusi OmuOKY BCEX HOpPMaJu3anuil OyAyT CKIAABBATLCH,
B TO BpeMsi KaK IpH OKPYIJIGHHH BO3MOXHA KOMIEHCAIUA
OMHO0K HOPMAJIH3ALMH.

CnoweHue W BblYWTaHMe. B MmammHax ¢ (QPUKCHPOBAHHOM
3ANATOH ONEpanuy CJI0XKEHHsI W BHUHTAHUS SABJISIIOTCH TOYHLIMH
omepaiuamu. B Mammunax ¢ mniasaomiell 3anaToft sTH oneparHu
CONepaKAT CABHIH M, CJIEAO0BATEJIBHO, He SBJISITCH TOUHBIMH.
B npouecce c/0xeHdsi © BHIYMTAHUS YHCEJT B MAlIMHAX C ILIa-
Baloulefl 3amAToi CABHUTH BO3HUKAIOT, BO-TIEPBHIX, NPH BHPABHH-
BAHWM TOPSIAKOB, BO-BTOPHIX, TPH HOPMAJIH3AIMH pe3y./IbTaTa.
Ecin B cymMmaTope HET HOTOJHHTENBHOrO paspsiia MIJjs OKpyr-
Jenusi, TO BHPABHUBAHHE TMOPAAKOB JaeT OIHOKY, MEHBIIYIO
€IMHHIBI MOCJAeIHer0 3HaKa, W €C/H He NPOMCXOAMT HOPMAJiH-
3a1sl PesyabTaTa BJAEBO, TO OMIMOKA OCTAHETCs MOINpPexKHeMy
MeHbIlIe eJMHHIH TNocaeaHero 3xvaka. OIHAKO, ec/ay pe3y.abTar
HOPMAJIN3YETCsl B/IEBO, TO OIIMOGKa MOMKET TNPEeBPAaTHTLCS Jaxe
B €IMHHUILY MEepBOro 3HakKd, T. €. nepefiier B MNOPANOK YHC/IA.
Hanpumep, nycte n =6, o=22%.0,100000, p = 2%.0,111111 u
Tpebyercs Hafiti a — . B pesy.ibraTe BhIpABHUBAHHS NOPSLKOB
B samensiercsi uucaom B; = 23-0,011111, « — @, = 23.0,000001 =
= 2-2.0,100000, TouHoe 3Hauenue pazHoctu ectb 2-2-0,1. Hasu-
Yyje B CyMMAaTOpe MOTOJHHTEJIBHOTO paspsifia MellaeT TaKOMy
pocty omnOku. JleACTBUTEIBHO, HOPMAIM3aLHA OC/Ie CAOKEHNS
Gosiblile YeM Ha OMH pa3psal BJAEBO MOXKET BO3HUKHYTH JHIIbL
B TOM CJy4Yae, KOra NOPAAKH CJaraeMBX OT/IHYAIHCh He GOJblie
yeM Ha enuHuny. Ho B 3TOM cayuae HOMOJHHTENBHBIH paspsit
obecrieunBaeT coxpamnenue Bcex UH(P H, CJI€I0BATENBHO, TOU-
HOCTh peay brata. Eciu mocie cl10XeHHs NPOUCXOAMT HOpPMa-
JIM3aLuUs BJEBO JHMLIb HA ONUH pa3psil, TO OWMOKa pe3yJbTaTa
He NPEeBOCXOAMT EJHHMIB MOCJAEAHEro IBOMYHOrO 3HAKa, KaKOB
6bl HE GBI CHBHT BIPAaBO NPH BHPABHUBAHUM HOPAAKOB.

[lpn croxeHun u3-3a CABHUTA BIPABO TOTO U3 CJIATaeMBIX,
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NOPAJOK KOTOPOrO MeEHblIe, TPOMCXOAHT OTOpACHIBAHHE —[0-
crenHux nuMdp ero Koja, a 3ateM CyMMHpoBanue. Jlasi cymma-
TOpa, paboTalIero no JAOHOJHHTEJBHOMY KONy, Pe3yJ/bTaT
NOJIy4aeTcst TAKOH e, KaK ecad 6bl MH IPOBEIH CYMMHPOBaHHE
¢ yuetrom Bcex Uudp, T. €. TOYHO, H TOJBKO [OCJE 3TOro
or6pocuan OBl mociaegHue HUBpPH. ITO 03HAYAET, YTO BO3HUKAET
TaKas e omubka, Kak OmHbKa NpH CJBHre, METOJ yMeHbIIe-
HUSI KOTOPOH IpPH MOMOIIH OKPYTJIEHHH MBl PACCMOTPEJIH BHIIE,
rosopsi 0 casurax. Ilosromy pas cymmartopa, paGotaioiiero mno
JOTOJHUATENBHOMY KOOy, OKpYTJieHHe pe3yJabTata MOCHLTKOMN
eMHHHIE B JOIOJHUTENBHHI Pa3psn CyMMaTopa B TOM cCJjyuae,
KOrja HOpMa/JM3al{y BJEBO He NPOHCXOAMT!, MPHBOIUT K TOMY,
YTO MAaKCHMaJbHO BO3MOXHas OIIHOKa He MOXeT INpeB30HTH
MOJOBUHH EJHHULL IOCIEJHEro paspsiia pesyJbTarta.
Auanoruunpie coobpaxeHust NpUMEHHME K CyMMaTopy, pa6o-
TalomemMy B o0paTHOM KOJe, TOJBKO B TOM CJyuae, KOrua
CKJIa[BBAIOTCA 4YNCJAa OJMHAKOBOro 3uaxa (cp. § 12 crp. 75).
[Ipu ciioxkenun umces pasHeIX 3HAKOB BO3HHKINAA OmH6GKa CKJa-
JIBIBAETCSI M3 3HAUEHUH rpynnel nudp, or6poieHHol IpH BEIPAB-
HUBAHWUM IOPSAKOB, H 3HAUEHUS LUQPPH JONOIHHUTEJIBHOTIO
paspsanga. JTH OWHOKH MMEWT B PacCMATPHBAEMOM CJy4ae Tpo-
THBOIOJIOXKHEE 3HAKH H Kamjaas H3 HHX 110 abCo/IOTHOH BesH-
YHHE He MPEeBOCXOJHT MOJOBHHH EIHHHUIH TMOCJAEIHEero ABOWY-
HOro paspana pesyabrata. CiegoBaTe/ibHo, 0OHYHOE OKPYIJeHHe
IpH NOMOLLIH NpHOABJEHHA WIH BEIUMTAHUS €IUHHIBL JIONOJHHN-
TEJNBHOTO Pa3psua ABJASETCS B 3TOM CJAyyae M3JAUIIHUM H MOKET
IPHBECTH K YBEJIHYEHHIO OIMHOKH, ecad mudpa LONOJHUTEILHOTO
paspajza cyMMaTopa OTJMYHA OT HH(PH 3HAKA PE3yJbTATA.
Tak kak BHUNTAHHE 4YHCEJ o — 3 3aMEHSIETCS B MAlIHHE
CJOXKEeHHeM KOMOB uuces o U (— ), TO BCe CKA3aHHOE MOMKET
OBITH OTHECEHO M K ONepalud BLIUHTAHUS C TOH, OIHAKO, OrOBOp-
KOH, YTO B C/Iy4ae JONOJHHTEJBHOTO KOIA ONEpaIHd CIBHTa
H NepeMeHbl 3HaKa 4YMcJja He KOMMYTATHBHBHI H NO3TOMY CJleayer
criepBa MOJYYHTh KOX 4uc/ia (— f), a 3aTeM NMpOH3BOAMTH BLIPAB-
HHUBAHHE MOPSAKOB. B cBfA3M ¢ Tem, 4TO onepauLuio NepeMeHHl

! Takyio NOCHIKY MOXHO M YI10GHO NPOH3BOIHTH BO BCEX Clyuasx, HO
foc/ie HOPMalH3alMH pe3yibTaTa BIEBO TakKas IOCBJIKA He MOXET NMOBIHATh
Ha pesylbTar.
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3HAKa B JOIOJHHTEJBHOM KoJe YAOGHO HPOU3BOAHTE NPH IO-
MOILIH HHBEPCHOH mepefaydm uuc/aa Ha CyMMaTop € IOCBUIKOI
JIOTIOJTHUTEJIBHON eIMHUIEL B MJAAWIKA paspsi CyMMaTopa, NpH
ofepanuy BHYMTAHHA [EPBHIM YHCJAOM HA CYMMATOpP CJAEAYET 10-
JlaBaTh BHuuTaemoe. B ciyuae o6paTHoro Koja ato 6e3pas/inyHo.

YMHOXeHHe. B 6oJbIIMHCTBE NPUBEIEHHBIX BHIILE CXEM yM-
HOXEHHSI UHCeJ B pesyJ/bTaTe OIepalMH MOSIBJASETCS] TOYHOE
2n-3nauHoe mpoussegeHune. OpHako vame Tpe6yeTcss HMETb
BO3MOXKHO 60J/1ee TOuHOe f-3HauyHOe IMpousBenenue. Pacemorpum
METOMBl MOJIYYEHHS] TAKOTO NPOM3BEIEHUS, HCXO[s M3 IPOH3Be-
JeHus 21n-3HaYHOTO.

Ecin B pesyapTaTe yMHOKEHHMS HA4 PErHCTPE NPOU3BEIEHUS
(cymmaTope M paspsaax perucTpa MHOMKHTE/s) IOJydaeTcs COoT-
BeTCTBYIOIIUIA KOJ 2/-3HAYHOTO TNpPOH3BENeHHsi, TO OmHbKa,
BO3HHMKAIOIAs NPH OTOPACHIBAHUM NOCJAENHHX 7 udp, TaKas xe,
KaK owunbka CABHra BNPABO, H, CJAEIOBATENBHO, JOINOJHHTE/Ib-
HHI paspsii CyMMaTropa W TOT e IPOIEeCC OKPYIJIEHHs, UTO U
1pH CIABHTax, NPHBEJET K TOMY, 4TO OWHOGKA 72-3HAYHOTO pe-
3yJbTaTa HE NPEB3OHAET MOJOBHHBI €IMHHIB MOC/IEJHEr0 pas-
paga. Koneuno, ecqan noJsyueHHoe B Mamupe C I/IaBaiomei
3ansATOH 2n-3Ha4yHOE IPOHM3BEIEHHE OKA34J0Ch HeHOPMaJU30BaH-
HEIM, TO HOpMAaJu3alHsa MPH NOMOUM O6GIIEero CABHId Ha peru-
CTpe MPOM3BENEHHS JOMXKHA OHTH NpPOBEIEHA IO OKPYTJIEHHUSI
i orbpaceiBaHusl mocjenHux 7 mupp. K cxemam ymHOMKeHws,
NpH KOTOPHX B perucTpe IPOH3BeIEHHs TOABAAETCH KO
2n-3HAYHOIO IPOU3BEEHHS, OTHOCSATCH CJIELYIOIIHE

a) YMHOXEHHe 4YHCeJ, 3aJaHHBIX npsiMbiM komom, (§ 11,
cxema 2);

0) YMHOXEHHEe uNCeJ, 3aJaHHBIX JONOJHHTEJBLHEIM KOIOM
(§ 12, cxema 9; § 13, cxema 16);

B) YMHOXEHHE YHCEJ, 3aZaHHBHIX OGpPATHHIM KOAOM, IO CXe-
me 13, § 12.

B HekoTophX cxemMax yMHOMXEHHs YHCeJ, 3aJaHHBIX 06paTt-
HBIM KOJIOM, 2/2-3HAYHOE NPOM3BEJEeHHe IOJyYaeTcss He MPOCTOo
B BHJE 271-3HAUHOTO KOJA, 4 COCTOSIIIUM H3 KOJA TJIABHOH 4acTH
HAa CymMMaTope W M00aBKM Ha paspafax peructpa MHOMKHTEJs,
KOTOpasi MOXeT HMeThb 3HAK, OTJWYHHIA OT 3HAKA IVIABHOH 4YaCTH.
O6parupiii Ko 272-3HAYHOTO TPOM3BEAEHHUST HE MOJYYAeTCS MpH
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3TOM NPOCTOH MpHNHUCKoH 1udp A06AaBKH K KOLY TVIABHOH YacTH
i oTepatysl MoJy4eHHsi OKPYIVIEHHOTO NMPOU3BEACHHST CTAHOBUTCSA
HECKOJIbKO GoJiee CaoxHON. Hamiune A0MOJHUTENIBHOTO paspsja
HA CyMMaTOpe MPHBOJUT K TOMY, UTO N00aBKa, OKa3HBaOLIALCH
BHE CyMMAaTopa, CTAHOBHTCH N0 aGCOJIOTHOH BeJIWYHHE MEHbLIE
II0JIOBUHEL €IHHHIE IIOCIeHero pazpajia n-3HaUHOTO pesyJib-
TaTa W NMOSTOMY, €CJM €€ 3HAK IPOTHBONOJIOXKEH 3HAKY pe3y.b-
tarta, 374 A06GaBKA MOMXeT OLITH OTOpOLIEHa BMecTe C Iugpoi
JONOJIHUTEJNBHOTO paspsijia cymmaropa. Ilpu coBmageHuu 3HaKOB
[JIABHOIl 4acTH M J06ABKHM CJA€LyeT MPOH3BECTH OOHMHOE OKPYT-
JCHHE, TAK KaKk B 3TOM CJy4Yae Ha peructpe npousBeieHHst
OKa3BIBaeTCsi O6PATHBIA KOJ 2n-3HAUHOrO NPOH3BENEHHS.

[Mpu ymuoxenun mo cxeme 10 § 12 v Ha/M4UUK TONOJTHHTEIb-
HOTO pa3spsijia CyMMaTopa olepauus OKPYIJIEHHs CBOJHTCS
K TOMY, UYTO MOCJE YMHOXEHHS HHBepPTHPOBaHHas IMdpa 3HaKa
MHOXKHTE/IA MpUGAaB/IseTcss WM BLIYMTAeTCs B JOMOJHHTEJIBHOM
paspsge CcymMmaropa B 3aBucumocTdH OT umdpor 0 wau 1 3Haka
NpOUSBENEHUs, a 3aTeM OTGPACHBAIOTCH BCe UMGDPH, HAYHHAS
c (14 1)-i.

[Mpu ymuoxenun 1mo cxeme 18 § 13 Ta ke omnepanusi CBO-
AuTcs K nNpubaB/IeHHI0 B JTOMOJHHTEJNLHLIA paspsj CcyMMaTtopa
MHBEPTHPOBAHHON IMGPH 3HAKA MPOU3BEJEHHS C [OCJAEAYIOUHM
or6paceiBaHueM Bcex uudp, HaumHas ¢ (7 -+ 1)-i. Onucannoe
OKpyrJeHHe [/ MAaIIMH C TJIaBalolled 3anaTofl CJenyerT, KaK
BCErja, INPOM3BOAHTL Iocjae HopMaiusanuu. Hopmannsanuio
BJIEBO NPOM3BENEHHs, MoJayyeHHoro no cxeme 10 § 12, moxHO
OCYUIECTBUTL CJaeAyomuM croco6om. [locie obmero casura
KOZA HA OJMH pa3psili BJAEBO HA PEruCTPe NMPOU3BELEHHS K T10-
caeaneMy (IOMOJHUTENBHOMY ) Pa3psily CyMMaTopa npubasJsiercst
uudpa 3HAKA MHONKHTE/IA, eC/M 3HAaK NPOU3BEIEHHs OTpHuaTe-
JIeH, ¥ BBIUHTAeTcs 3Ta mudpa, ecaH 3HAK MPOH3BEJICHHA TNOJ0-
xutened. Tlpolecc HOpMAIU3alMK TPOU3BENEHHS /1A CXeMbl 19
§ 13 omucan ua crp. 99.

Jas1 BceX mepevHc/JAeHHBIX CXeM IpHMEHEHHE JOTNOJJHHTE/b-
HOTO paspsiia CyMMAaTopa W COOTBETCTBYIOIIEH OmnepaunH OKpyr-
JIEHHsI TPUBOAMT K TOMY, YTO owMOKa 72-3HAYHOIO INPOU3BELE-
HUS HE MPEBOCXOMHT MOJOBHHBI €IMHHMILI TOCJACAHErO paspsaa
pe3yJbTara.
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PaccMoTpuM Tenepb CXeMB yMHOMXeHHs, 1O KOTOPHM B pe-
3yJAbTATE MNOJyuYdeTcss yKopoueHHoe mnpousseneHue. K rtakum
criocob6amM YMHOMXEHHSI OTHOCSITCS:

4) YMHOMKEHHE YHCeJ, 3aJaHHBIX 06PaTHHIM KOJAOM, IO CXeMe
Ha crp. 74 § 12;

6) yMHOMXEHHE UHCeJ, 3aJaHHHX OOpaTHHM KOAOM, IO
cxeme 17 § 13.

VYMHOXKEeHHe 4duces, 3aJaHHHIX OOpATHEIM KOJOM IO CXeMe
Ha cTp. 74 § 12, mact npu OTPHUATEIBHOM MHOMKHTENE OWHOKY,
HE TNPEBOCXOASLLYIO ABYX €IMHHI, IOC/AeIHEero JBOHYHOTO pas-
psAga n-3HAYHOTO Pe3yJ bTaTa, eC/IH MoCJae YMHOXEHHs He IIpo-
HCXOAMT HOpPMAIM3ALUHM BJAEBO, H HE TNPeBOCXOMISIYI0 IBYX
eIMHHUIl MPeANnoCJeIHero JBOMYHOTO paspsaaa /7-3HauHOrO pesy.Jib-
TaTa, €CJad TaKas HOPMAaJH3aLHs TPOMCXOAUT. MakCHMalbHO BO3-
MOJKHas OLIMOKA YMHOMXEHHA MO TOH K€ CXEME Ha [0JO0XKHTe/b-
HH MHOXHTEJb BABOe MeHbue. Omubka npu yMHOMXKEHHH IO
3TOH cXeMe BCerja HMeeT 3HAK MHOXKHMMOTO H, CJIeJ0BaTe/JbHO,
NP  OTPULATEJBHOM MHOXHTENE — 3HAK  MPOTHBOTIONOXKHEIM
3HaKy npousBeneHus. [Tosromy owmnbka B Ciaydae OTpUHATENb-
HOTO MHOXKHTEJIsSI He BO3pacTaeT, ecjaH Mbl 0TOPOCHM NOC/IEIHION
mudpy pesyabrata. Mrak, npumenense IONOJHHTE/JIBHOTO pas-
psiza Ha CyMMaTope C TOCJEAYIOLUM OKpyTrJeHHeM B Clydae
NOJIO¥HTEJLHOI0 MHOMXKHUTEIS ¥ OTOpachiBaHHEM IH(PH KOOI~
HHUTEJBHOTO Pa3psiid MPH OTPHIATENBbHOM MHOXHUTE/E yMeHbIIAeT
MaKCHMAJbHO BO3MOMKHYI0 OWMOKY [0 MOJOBHHE €IHHUIE
NOC/JACAHEr0 pa3psiia pe3yJibTaTa INpH IOJO0XKUTEJIbHOM MHOMKH-
TeJie W eIHHHIIEL 3TOrO paspsija NpH OTPHIATEIbHOM MHOXKHTENE,
€CJIH TOC/Je YMHOXKEHHs He INPOMCXOMMT HOPMaJH3allu BJEBO.
Hannune Takoit wopmasusauuu yBeaHuuBaeT OWHOKY BiBOe.
[lpu yMHOKEHHMH YHCeJ, 3aJaHHBIX OOPATHEIM KOJOM IO CXe-
me 17 § 13, ownbka He NPEBOCXOANT EAMHHIE MOCTCIHEro

paspsia pesyabTata. B CBA3M € TeM, uTO 3HaK 3TOH OIIHOKH
MOXKeT OBTh NPOU3BOJBHHM, HA3HAUEHHE JOIOJHHTEJBHOTO pas-
psiza CBOAMTCS K (DyHKIMM XpaHeHus mocjaenHefl nupH peayin-
TaTa B TOM CJyyae, KOTAA NOC/AE YMHOXEHHs TPOHCXOAUT
nopmaJausaius BiaeBo. Ecau Takofi HOpmajM3aiuu HE MPOHCXO-
JUT, IH(pa TOMOJHUTENBHOTO paspsaga MPOCTo OTOpacHBAETCS.
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B o6oux cayuasx omuOKa He NPEBOCXOAUT E€IHHHIBI MOCJIeN-
Hero paspsja pesyJbrarta. '

Jenenne. Bo Bcex pacCMOTpPeHHBIX BhHIIIE CXeMax Je/eHHs
onpejessiicsi KOHEUHHIH /1-3HAUHBIH OTPE30K  GECKOHeYHOTrO
Koja uacTtHoro. Bosuukarmomias npu 3TOM OmMOKa, OYEBHIHO,
takas ke, Kak um ommbKa cjasura Bnpaso. Otcooma cienyer,
YTO TpPHMEHeHHe AONMOJHUTENBHOrO paspsjia B perucTpe YacTHoro
i OmpeeseHHe OAHON JHIIHe# HH@PH KOJa HacTHOro, ¢ nocie-
OyIome IMOCHLLIKOA YacTHOrO Ha CyMMAaTOp AJs HOpMa/u3aliH
BIPAaBO M OKPYIVIEHHS, [A€T BO3MOXKHOCTB IMOJYUYHTH A-3HAUHEIH
pesyJbTar, OTIMYAIOIMIACS OT MCTHMHHOTO YacTHOro He GoJee
YyeM Ha TMOJOBHHY €IHHHI(E IOCJAEIHEro paspsiid.



Faasa 11T

HEKOTOPBIE CTAHAAPTHBIE NMPOLECCHI
MPU ABTOMATHYECKHUX BbIYUCJIEHUSIX

§ 16. CTAHIAPTHBIE 3AJAYH

Mb ceilyac OCTAHOBMMCH KOPOTKO HA HEKOTOPHIX CTAaHAapT-
HHX apuMeTHUeCKHX rpoleccax, SBJASIONHXCH COCTABHOH
4acThi0 MHOTHX 6oJiee CJIOKHBIX MATeMaTHUECKHX 3anad.

Haxomwnenue cymm npousselneHui. Eciv nponecc ymHoxe-
HUSI TIPOUBBOAMTCS TI0 CXEME CJ[BUFOB MHOXHMOro (cM. cTp. 56),
4 yhcJa Ha CYMMAaTope OCTaloTC HENOABHXHHIMHM, TO TaKO#
CYyMMAaTOp MOMXET HAKaIIMBATh TPOU3BEACHUsI: €CIH Pe3yJ/bTaTt
YMHOMXEHHUs @,b; ocraercd Ha CyMMarope, a 3aTeM NPOUCXO AHT
NpOLECC YMHOMXEHHs @,b,, TO mocae ero OKOHuYaHHus Ha CyM-
MATOPE OKA3HBAETCS 4YUCIO a,b; 4 asb,. Ilpomonxkas TaKof

R
NPOLECC, MOMKHO HAUTH CYMMY TNPOU3BEIEHHH 2 a,b, 6e3 puk-
k=1
calMi pe3yJbTaTOB OTJAEJbHEX YMHOXKeHHH (TakuM cnoco6om
HAXOIATCH CYMMBl NPOM3BeneHUH Ha apudMoMeTpe).

Kax Boiiie GbUIO YKAa3aHO, BO MHOTHX CAy4asiX TpPearnouTH-
TeJbHEe CXeMa YMHOMKEHHs, 1P KOTOPOM CABHIAM NOABEPratoTCs
yycaa Ha cymmatope. Ecav B mMalmMHe MNpHAsATA TakKas Cxema
YMHOXEHHsl, TO OINHCAHHBIA BHIIE CNOCO6 HAXOXKIEHUS CYyMM
NPOU3BEAEHNI HEMPUMEHHM, TaK Kak IMepen KamIBM yMHOMKC-
HHEM CYMMATOpP OYMINAETCH OT PEe3yJbTaTOB NPEALILYHIHX One-
pauuii.

[Tpomecc HAXOXJAEHHS CYMM [POH3BENCHHH YTPOILAETCS,
ecaId MalMHa 06JagaeT CrnelHaJbHEM HAKAIVIHBAIOIIUM CyMMa-
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TOPOM, HE YYACTBYIOIHMM B YMHOXEHHH; €CJH Pe3Y.IbTAT KAXKA0r0
VMHOMEHHSI @ by, @b, ...,a,b, moCcHAAaTE B TAKOH CyMMAaTOp,
TO B pe3y/bTaTe B HEM IOSBUTCH HCKOMAS CyMMAa [IPOU3BEIEHHH.
[Tocsie MOCHIKH HA CYMMATOp OYEpPeNHOrO NpPOU3BEeLeHHS ab,
HAYMHAETCS TMPOLECC CAEAYIOMEro YMHOKEeHU Qri1bps1. K OKOH-
UAHHUIO 3TOr0 YMHOMKEHHS NO/KEH 3aKOHUMTLCS IPOLeCcC CJI0XKe-
HHS HA CYMMATOpE; TAK KAaK oOnepanus YMHOMEHHS CBf3aHa
C MHOIOKPAaTHHIM CYMMHPOBAaHUEM, TO SICHO, YTO HAKAIJIMBAIOIIHM
cymMmatop MoxeT paboraTh Memsiennee (OCO6eHHO B MAUIMHAX
C (hUKCHPOBAHHOH 3amsTOH) OCHOBHOrO CYMMATOpa, y4acTBYIO-
IEero B YMHOXKeHHH. A 3TO 03HAYAeT, YTO JOMNOJHUTEJbHBIH
CyMMaTop MOeT OHTh YCTPOEH TpOIIe.

Takne HaxkamiuBalmue CyMMaTOpPH HMEIOTCS B HEKOTOPHIX
MallHHAX C (PUKCHPOBAHHOH 3anATOMH.

K HaxompmeHuio CyMM npOM3BeAEHHH CBONUTCH YHCJIEHHBII
rapMOHUYECKHII aHA/IN3, ONMepaluu NepeMHOXKeHHs BEKTOPOB H
Matpui, ¥ T. A. B HeKoTOpHX ciayuadx HaxOXAEHHE CYMM
NPON3BEICHHH MOKET CBOAHUTBLCH K MOCAEAOBATEIBHOMY CYMMH-
poBanuio (cM. HHKe, cTp. 126).

[lepeBon 4ucea M3 OLHOH CHCTeMbl B Apyryio. Ecian mammna
paboTaer no ABOMYHOM CHCTEME, TO BBOJHMBHIE B MAILHHY YHC/Ia
JIOJDKHBL NIPEABAPHTEIBHO TOABEpPraThCd MNpeobpasoBaHUI0 U3
JIeCATHYHON CHCTEMBl B JABOHYHYIO, 4 MOCTYMNAIOIIHE OTBETH —
obpartnomy npeobpasoBanuio. ITH TpPeoOPA3OBAHUA CBA3AHHI
C BBOJOM 4YHCEJ B MALIHHY W C BBHJIAYEH 4HUCeJ] H3 MAllHHBI
[TosTOMy BO3SMOMKHO NPOUSBOAUTEL 3TU ONEPALMH KAK BHE OCHOB-
HOIl MAILIMHB HA CHeuHajJbHEIX OJI0Kax, CBA3AHHHIX C OJOKAMH
BBOJA M BBEIBOAA 4YHCEJ, TaK U BHYTPH MAIIWHEL Ha ee apud-
METHYECKOM YCTPOHCTBE.

Ecin npeo6pasoBannsi NMPOHU3BOJAUT CAMO apUpMETHUECKOE
YCTPOMCTBO MAIIMHE,, TO B KauecTBe IPOMEXYTOUHOrO 3Tana
BHICTYNAET 34NHCh YHCEJ B JBOHYHO-AECATHUHOH CHCTEME.

[TycTb HEKOTOpOE YHCJAO X, HMeloLiee JeCTHUYHYIO 3aMuch

x=Y aq10"7* (1)
k=1

JAOJIKHO NOABEPrHYTHCA npeoGpaaonaHmo B JABOHYHYIO CHCTEMY.
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Mp 3anduiemM yucI0 X B Buae Habopa
G110 2013%) 4 %21 %a0%a8%ay - oo Fpa%po%paPps --- EpaEme® matnm

YEeTBEPOK JIBOMYHBHIX [H(pP, COCTABISIONINX JBOHYHYIO 3aIHChL
uudp a,, as, ... Q,. ITa NOCAEAOBATEJILHOCTb BOCIPUHUMAETCS
KaK HEKOTOpoe aBouunoe uucao #. Hanpumep, mpu x = 0,967,
u# = 0,1001 0110 O111. YeTBepKa HHDP &y 0590505, H3006paNKaIO-
was dpy @, ectb koadduunent npu crenenu (m — k) uucia
necsite (1010 B mBouwuHo#i 3anuch). YTOOH HaWTH ABOMYHYIO
3aNUCh YHUCJIA X HYKHO BHJIEJNATH TOCJEN0OBATEIbHO YeTBEPKH
uudp uucta u, T. e. Koapduuuents a, B (1), U MPOU3BECTH

tﬂ’!—k

m
BHUMC/IEHHE 3HAUYEHUs MHOTOWIEHA Y, @ npu ¢ = 10. Kax
k=1
6pI0 oTMeuenno B § 1, ABOMUHO-JECATHYHASA 3aMUCh UHCIA HA
20°, ,mruuHee“ mBounyHo#. Hampumep, mamuxa, AeficTBYIOIIast
¢ 40 DBOMYHEIMHU 3HAKAMH, uTO OTBeyaeT 12-3HAaUHBIM HECATHY-
HEIM YHCJIaM, MOXKeT BOCHPUHHUMATE B JIBOMYHO-IECATHYHON
sanucu 40-3pauynpe Yucaa, UYTO OTBeuaeT Jaullb 10-3HAUHEIM
aecaTHUYHEIM. BBoa nosHoro 12-3HauHOTO AECATHYHOrO YHCIA
B JIBOMYHO-JECATHYHOA 3aMHCH MOXeT OHTb BHIIOJHEH B IBd
npueMa.
[Tepefizem Teneppr K npeo6pa3oBaHHI0 JBOHYHOrO YHCIA B

necsataunoe. [lycrtb x; = 0,040, ... a,, Toe ;=0 wiu 1, ¥ HALO
i

HAHTH ero AeCATHYHYIO 3aIIUCh Xy = Z aklo"k. QOueBHaHO, @ =
k=1

t
= E(10x,); COOTBETCTBEHHO, I X, = {10x} = Y aklo_"erI
r=2
(x, — mpo6uas uyacte 10x,;) 6ynem umetb a, = E(10x,) u T. 1.
Wtak, no/ydeHue TOC/AEN0BATEIBHOCTH @&y, Ay, ..., @; LHPP
JIeCSITHUHON 3aMHCH COBEPIIAETCS 110 CXEMe:

a, = E(10x,), x, = {10x,_,} (2)

B mMammpax ¢ nuaBaioniedl 3ansToil ABOMYHOE YHMCIO X = 27,
raet/, < u <1, mMB TnpeBpamaeM B JAECATHYHOE YHCJIO C IOPsSij-

\ 1
KOM §: UMeHHO, X = 10%v, rue 7Ty < vy<_1; nopsmoOK § onpene-
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Jigercsds Kag €eIUHCTBEHHOE [eJ0e 4YHC/JI0, YIAOBJACTBOPSIOIIEeEe

HepEBeHCTBaM
108> x > 105! (3)

OTHCKAHNE 3TOr0 YKUCJAA MOMKHO NPOHU3BECTH PA3HHIMH CIIOCOOaMH

(nouckom B Tabauue crenenedt 10, nog6opom u T. A.). Torna
v =10"x <1 u ero gecaTHyHas 3anuCh Hainercs no Gopmy-

Jam (2).

Taxkum oGpa3oM, nepeBOj YHCEJ H3 OIHOH CHCTEMBI B APY-
I'yi0 CBOAHWTCS K cepuu GoJiee 3/1eMEeHTAPHEIX Onepalui, BHIOJ-
HAEMBIX MAalIUHOH.

OnepauMu ¢ yIBOEHHbIM YHMCJIOM 3HaKOB. Maunubl, pa6o-
TAONHe C #-3HAYHBIMH  YHC/JaMH, MOryT OBITH HCIOJb30OBAHLI
U Jasi pabGoOTH C MPOM3BOJBHBIM YHCJIOM LHU(P; nogobHo TOMY,
KaK feficTBUSl Haj MHOTO3HAYHBIMH YHCJAMH MOTYT CBECTHCh
K cepud AeHCTBHH HAJ ONHO3HAYHBIMH YHUCJIAMH, T4K U NEHCTBUS
HAJl MA-3HAYHBIMH YHCJAMH CBOJSITCA K AEHCTBUAM HAaj n-3HAY-
HBIMM YucjaamMH. $ICHO, UYTO TpPOU3BeneHHE FM-3HAYHHIX YHCEJ
Hano 6paTh NPH STOM C IMOJHBIM (YIBOEHHBIM) YHCJIOM 3HAKOB.

Paccmorpum cayuatt ge#ctBuit Haj 2A-3HAYHBIMH UYHC/IAMH,
3AK/TIOYEHHBIMH 10 a6coioTHON Beauunne mexay O u 1. Kaxnoe
TaKoe 21-3HAYHOE YHUCJI0 UMEET BUA X; + 277X, rIe X; — 4HCIO,
06pa3oBaHHOE €ro TNepBHIMH A 3HaKaMmu, |x,| <1, X, — uucio,
00pa3oBaHHOE CJAEAYIOIIMMH 72 3HAaKaMM (X; U X, He 00fA3aHbl
UMeTh pABHBIE 3HAKH), X; U X, XPAHATCA B pPAa3HBIX sUEHKAX
3¥, x, Gepercd B HEHOpPMAaJuU30BaHHOM BHae ¢ mopsiakom 0.

PaccmoTpum, Hanpumep, onepaiuio yMHoxenus. Himem uncao
2y + 272y = (561 + 27 %) (y1+27"y2) = Xyyy + 27" (Xaya +XoW1)
(wren 2727 x,y, Mbl OTKuAHBaem). IlpousBenmenwe x,y; Hamo
6paTh ¢ 21 3uakaMu: X,y; = (X ¥ + 27" (X)), THE (X3V1); H
(x1¥1)e — uncaa, 06pa30BaHHBIE MEPBEIMH U TOCJIENHUMH 7 1HQ-
paMH [POU3BEHICHHUST XV. :

Hrak, uckomoe npoussenenue paBHO

2, +27"2, = (1)1 + 27" [(eayh)2 + X1ys + Xo3]

Ecin BBHIpaXECHHE B KBAJPATHH X CKOOKax MeHble 1, TO MBI
YKe NOJYUWUJIH IpoH3BeJleHHe B BHAE JABYX /A-3HAUHLIX YHCEJ;
€C/IH Ke OHO 6oJablie 1, TO €ro ueJjas 4aCTh, YMHOXEHHas HA
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27", nomxua 6MTH pubaBJIeHAa K TEepBOi wacTu (X1y;);. Jpo6-
Hasi €ro 4YacTh COCTABUT BTOPYK 4YacTb 2, [POH3BEIEHHS.
B neasx enwHoo6pasus 3TO BHIENEHHE IIEJOH YaCTH MOXKHO
NPOBOANTL BCErJA.

Paccmorpum Tenmepr onepaumio peqnenus. Ilycrs Tpebyercs
onpefeJauTh 2f1 3HAKOB YACTHOTO

s 2y
2, +27"2,= xl—i_ﬁ;—e
Yi+27"y,

B 3namenaresie nepBylo ABOHUYHYIO Y4aCTh OyJeM CUMTATb OTJIHY-
no#t ot 0, |x,| < |y,|<C1. Torza

2,42y =1 +27% 427"
- BT (1422
M1 (4)
B s B
I 2—_-5-“-2-) (1 gt 4 ) ~fi g9 n
Yo Y1) N Y1 Y1

(Mbl orGpachiBaeM wiens nopsimka 2-27). INpousBeseM aeseHue
X; Ha y; ¢ octatkoM. [lycTte noayueHHoe R-3HAYHOE YACTHOE

X
—1) . Umeewm:
M

X
ecThb (--1), a OCTATOK 0(
Y1

) sae o)
227"z, = (—1) 4 2-n. N o
Yi/a Y1

Jenenue uucauTeNsI HA Y; NMPOU3BOAMTCS TPUOAMMKEHHO (1O -
4aeM n-3HayHoe uyacTHOe Oe3 BHIBOJA OCTaTKa). Beimensis ua
NOJIYYE€HHOIrO ync/a LeJayl 4acTb W n00aBisis ee K (;ﬁ) , no-
1/1

JYYUM NEPBYIO 4aCTh OTBETA; ApOOHAs YaCTh AACT BTOPYIO YacCTh
OTBeTA.

Ipu BIBOZE OKOHUATENBHOR (GOPMYJIBI MBIl OTGPOCHJN UJIEHHI,
Ya
N
(1 y5#0), TO TOUHOCTH (POPMYJIBI MONKET CHABHO TOHUUTHCS.
[MosTomy nepen peseHueM I1esnecoO6pa3HO NPUBECTH IENUTEND

2
HaAYHHAaA C 2...2” . Ecaun HAYHUHAETCS C HECKOJBKUX HYyJel
W1
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K Buny y; + 27"y, Y, < |y;] <1 nytem mesenusi 4ucjaUTENs W

3HameHare st Ha 275 (S — YMC/JIO PaBHEIX HYJaI0 1nudp y; nocie
3anATOM).
BbluucieHHe MHOrO4YJeHoB. Broiuucienue 3sHaYeHHUsT MHOrO-
n
wiena P(x)= Y a,x* npu 3aganHnbx KoadduuuesTax oGBYHO
kw0
uesnecoo6pasHo Bectu no cxeme loprepa

Px)=(..((ax+an1)x+ano)x+..+a)x+a

B Tex cayuyasx, Korma Koahduiuent @, obpasyercs noc/jaenosa-
TEJbHO PeKypeHTHHM o006pasoM (Hanpumep, AJas MHOTOYJIEHOB,
COCTAB/JEHHHX W3 MEPBHX 7 UYJIEHOB CTENeHHBIX PpAas/OXeHUH
e*,sinx, cosx, J,(x) u 1. 1n.), nenecooGpasHo ToOC/TIENOBA-
TeJIBbHO O6GPA30BHIBATL WJIEHHI @,X*.

Cepuio 3uauenuii MuHorousiena P(x) B Touxkax x —a + Ik,
1=0,1,.., yno6HO BHYHCJISATH MA-KPATHHIM CYMMHUPOBAHHEM
KOoHCcTaHT A” P(x) (cm. Huxe crp. 127).

B § 27 pans nporpaMMBl BBIUHC/JEHHS MHOIOY/IEHOB U CTe-
NEHHBIX PsiIOB, OTBEYAIOUIME PA3JUYHBIM NPUEMAaM BHIYMC/ICHHI.

BbluHcieHue 3HayeHHH 9JeMeHTapHbIX (yHKumi. [lis
BHUUC/JEHUII 3HAYEHHH 3/eMeHTapHBIX (QYHKLUUH [OJb3YIOTCSH
OGBIYHO MX PA3JIOKEHHEM B CTENEHHBIe Psbl; BeCbMa yIOGHHIM
C TOYKH 3peHHust OBICTPOTH CXOAMMOCTH M IPOCTOTH SBJSAETCS
ajaropudM pasjioxeHuss HX B HenpepeBHHE npobu. Togpobnee
.06 3TOM CM. caenyloumuii naparpad.

BriunciieHue 3Hauenuit sin X U COs X B TOUKAX X, = a + kh,
k =0,1,... nonyyaercs MOCJaenOBATEIbHO U3 POPMYJ CAOKEHUS:

cos (a + kh) = acos [a + (k— 1) h] — Bsin [a 4 (k. — 1)A]
sin(a + kh) = Bcos [a + (R — 1) k] +
+asinfa 4 (k—1)h], a =cosh, B=sinh

Ananoruuno, pias Gyuxuuu b*: patkh — cpa+(k-Dh  c— ph,

Haxoxnenue mnociaenoBaTeNbHbIX CYMM M pa3HoOCTed.
CraHIapTHEIMH ONEepalUsMi SIBJASIOTCS TAKIKE ONepalni HAXOMWK-

J26



IeHnsd nocaeroBaTe/JIbHBIX CYMM

n n I
. R G N N o(N—
sl B, §l= FUdW o500 = 3 60D (1)
i=1 i=1 i=1
H pasHocTefl
B = _ A@) — A Al
AD=gq,  —a, AD=A0, —AD u 1. I (2)

Haxoxpenue pasHocTeii npuMeHsercs, B 4aCTHOCTH, BeCbMa
IIHPOKO MPH KOHTPOJbHHEIX ONEpalusiX.

Onepanust 1NOCJAEAOBATE/ABHOIO CYMMHPOBAHAS TPHMEHAETCS,
HanpuMep, IpH

a) HAXOXKIEHHH KPAaTHHIX HHTErpPajoB;

6) HBXO}I{H,EHHH UHTErpajoB BUAA
IIl\.’

s = Sf(x)P (x)dx, rtme Py(x)= Y bx* 3)
k=0
Takue WHTErpa/jbel BCTPEUAIOTCA NPH BHYHMCIEHHH MOMEHTOB
b
jf(x)x"dx, npu HAXOWKAeHHH Kos(hduunentop Pypbe AJs pas-

Joxenuss QYHKIHU 1O OPTOrOHAMBHBIM MHOrOUYJIEHaM, TMPH KBaj-
paTHyecKofl WHTEPNOJALMH IO MHOrouwseHam UeGwmesa s
(DYHKIUH, 3aJAHHOA B JMCKPETHOM psiie TOYekK, u T. K.

WUnrerpupyst B Qopmyse (3) NOCI€L0BATEIBHO IO HACTAM H
ob6o3Hauaa

foO() = | F)dx, f () = [ 0@ dx,

FV ) = | O ax
TI0JIy YaeM ‘

b ] b
s = [ () Pydx = o0 (x) Py (%) | = [ 9 () P dx =
= [ () Py (8) = D () P + [0 () Py () dx =
= [0 ) Py ) = D () Py () - o3

(1NN () PRI — (1Y Sf =M (x) PR (x)dx
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win, Tak Kax P (x) = by N, nonyuaem

s = f(0) Py (b) — 2 (b) Py (b) + ... +
+ (=N D () PYD (B) + (— DN - byuN1- f-N4+D(B)  (4)

Yucaa fEV(b), ..., f~WFD(h) naxomarcs noC/JaeL0BATEIBHEM
cymmuposanuem 1o gopmy.ae (1).

B HMuctutyTe TOYHOI MEeXaHHKH W BBIYHCJIUTENBHOH TEXHUKU
IPH MACCOBOM BEIYHCJEHHH HHTErpajioB BHIA

a, = 5' f(x)cosaxdx, b, — Y f(x)sinaxdx

NPUMEHSICH aHaJOTHYHBIA 1pHeM (C mpejBapuTe/bHON 3aMeHOMH
KA I0f NOJYBOJIHBHL CHHYCOMIH anmpOKCHMHUPYIOUeH ee mapa-
60Ji0ff R-rO MOpANKA; BHUHCJAEHHA TNPOBOAHINCE Ia5 k= 2).
DTO CBOJHUT HAXOXIEHHE TAKUX HHTEr PajoB B OCHOBHOM K (R -+ 1)-
KPATHOMY TOC/JE€IOBATENbHOMY HHTErpHPOBaHHIO (yHKIuH f(x)
1 3HAKONEepeMeHHOMY CYMMHPOBAHHIO 3Hauenui f~(*+1(x) B Tou-
Kax apudmMeTHUeCKOH NporpeccHy. “

Pewienne ypasHeHuii. Jl1g 9HC/AEHHOTO pellleHHUs] ypaBHEHUs
f (x) = 0 (nsiu cucreMsl ypaBHeHu# fyx,...x,)=0,i=1,2,...,n)
ya06HEL OOHYHEE CHOCOGH UYHC/AEHHOIO pelleHus, Hocsuue
uTepaunHoHHHi xapaxtep (meton Heiotona, meron Jlo6auesckoro
I CcAyuasi JNeACTBUTENBHHIX KOpPHel u T. IL).

Oco6eHHO BO3PACTALT MEHHOCTD CTOCOO0B, OHTH MOXKET H IIPO-
NOJ/KUTEJbHEIX, HO TPUBOASIIMX K CePHH COBEpPHIEHHO OJHO-
THITHBIX HECJOMKHBIX 3TanoB. OCTaHOBUMCH NMOAPOOHEe HA METoJe
npo6 (cpaBHeHuii) pemenus ypaBueuus f(x)=0. Ilycrs

a-+tb a-+b
f(a) f()< 0. Buuucium f(—2 ) Ecam f(—2 )‘ JOCTATOUHO
M4J0, BHUHCJAeHus' OkaHuuBaloTCs. B mpoTHBHOM cJaydae npu

f(a)f(‘-" 42. b) <0 mepexoaum K pacCMOTPEHHIO HHTE pBaJIa (a, a -2r- b‘)’

anpu f(a) f ({I——g—b) > 0 nmepexoauM K pacCMOTPEHHIO HHTepBAaJa

(a—l—b’ b).
2

1 3nech peub HIL.E!T O BBIYHCAEHHH OJHOr0O KOPHSA.
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Onmun 3Tanm 3Toro nponecca peleHHsT OYeBHIHO OUYeHb JIEI‘KO

peasin3oBaTh Ha aBTOMATHYECKOH MAlllHHE, a CIeAYIOLIHe STAIEL
CYyTh IOBTOpPEHHs II€PBOTO C HOBHIMH JAAaHHHIMH (UHTEpBAaJ

(a, i ;F_b) WA (“ ; b,b) BMecTO (@, b)). dToT Ke MeTox meJe-

HHf TIONOJAaM IPAMEHMM H B TOM CJyuae, KOrja Hajo HalTH
MeCTO IepeMeHEl 3HaKa MK obpalleHne B HYJab MOC/IeN0BaTe/Ib-
HOCTH @y, ...,@,: Ipu  @;a, <0 HyXKHO B3fThb aE(,,H] U B 3a-
2
BHCHMOCTH OT 3HAKa @;-@ (p+1\ HNEPEHTH K IMOCJIeJ0BATEb-
5()
HOCTH a4, ...,(IF (n.q} HIH a (n+1), ey Qe
: £ 2

2
10T cnocob MOKeT GHITE IPUMEHEH J1s1 OTHICKAHHS B TabJinIe
f(x;) snavenus x;, mas koroporo (f(x)—¢) (f(x,,,) —c) <O0.
Jliist aToro cayuas MOXKHO TPeJIONHTh TakKmke Crocob mocte-
JIOBATEJIBHOIO paccMOTpeHust 3Haka f(x;)—c U mepexoma K
JF(%; . ,)—c. Tepsuit cnoco6 Tpebyer MeHbIe neHcTBHil (MaKCH=
Ma/IbHO@ HX YHUCIO ~ log, i BMECTO ~ 1),
B raase IV B § 27 mpuBenensl nporpaMMbl pacCMOTPEHHBIX
3mechb 3anad.

§ 17. 3AJIAHUE ®YHKUMH B MALUMHE

Tabauynoe 3agaHve (PYHKUMM. B 3anomuHaiomeMm ycTpoi-
cTBe XpaHaTcs 3HaueHus QyHKUuH f(X) AJs HEKOTOPOH CHCTEMBI
S3HAYEHUH ApTYMEHTa X = X;, X3, ..., Xp,.

Ecu 3naueHwe apryMeHTa X HE COBHAZaeT HU C OJHUM H3
TAGIMYNBIX 3HAYCHHH X, Xy, ..., X, TpHYEM X, < X < Xp 41, TO
f(x) npencraBasieTcst ¢ HYXHOH HaM CTENEHBIO TOYHOCTH COOT-
BETCTBEHHBIM MHTEPIOJIAUMOHHEIM MHOIOYJIEHOM /-ii  CTeNeHH.

Has mensweit narpysku 3¥Y u o6serdeHns NOUCKOB MOMKHO
PEKOMEHIOBATh IIOJIb30BaHUE GoJiee peaxoil TAGIUUHOH CeThIo
H, COOTBETCTBEHHO, WHTEpPTOJSIHOHHEIM MHOTOYJEeHOM GoJsee
BHICOKOH CTeIeHH. .

IMponece BHYHCICHAs 3HAUEHUE (YHKIHHA CYIECTBEHHO YIPO-
maercs, ecad TabaUYHBIE 3HAYEHHS dpryMeHTa X JaioTcs
C MOCTOSIHHBIM 1IArOM f1, T. €. JAIOTCS B TOYKax apudmeruue-
CKOfl mporpeccuu X, + ph, p = 1,2, ..., m. MoxHo npeo6pa3oBarb
aprymMeHTt Tak, uToGHl Tab/JHUHBIE 3HAYEHHS ApPryMEHTa TpeBpa-
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TWIKCh B nesase uucaa 1,2,3,...,m. Coxpanas ajsi apryMmenrta
1 QyHKUHH npexuue obo3HaveHus X, f(X), MB noJyvaem: gaH-
HOMY X OTBeddeT B KauecTBe TabJHUHOrO 3HAYEHHST APryMeHTa
neJsasi yactb p = E (x) aprymenTa X, a apryMeHTOM HHTEPIOJS-
IHOHHOT'O MHOTO4/I€HA AABJISIETCH APOOHAS HACTh X; Y = (X} =X —p.

Eciu 3nauenus f(p) naxomsites B siuefikax « + Ip (I — uaty-
paJbHOE YHCJIO), TO CPa3dy, HAHAS AT AAHHOIO X UHCJIO o + [p =
=a+I[E(x), mb wHafigeMm azpec siuefikd, B KOTOPOH Xpa-

uures f(p).
WMureprossinuonnstii Muorounen PP (y) B xauecrse Koaq)cbn_-
unentos a), k=0,1,..., n, uveer juHefinple KOMOUHALUH

auauenuit ¢pyuxuun f(x) U ee pasHoCTeii B TOUKE X = p WIH
3HaueHuit (PyHKUHH B TAGJHUHBEIX TOUKAX, COCEQHUX C TOUKOH p.
Camo 3nauenue f(p) urpaer po/b cBOGOMIOro uaena @) MHOrO-

unena P (y).

MoxHo xpanute BmecTe ¢ snauenueM f(p) = a‘f) u mpyrue
(saBucsmue ot p) sHavenus koadpduuuentos a); k=1,2,...,n
MHOrounena  PW(y). Harpyska 3¥ npu 370M yBeauuyuBaeTcs,
OIHAKO BHIYKC/IeHWE 3Havenus PP (y) ypesBHUARHO yIPOCTHTCS

M 11pOrpamMMma TaKoro BHYHC/AEHHA CBEJeTCS K MPOrpPaMMe BEIUHC-
JIEHHs] MHOTOYJIEHOB, NpUBemeHHnoi B § 27.
[Tpouecc BHYHC/IEHHS CBEIETCS:
1) x naxoxaennio p=E(x) u y =x—p = {x}
2) K BHIYHCJACHHIO MHOTOY/IEHA

n
PO =Y aPy = (... (D y+a®)y+
k=0

+a o) +...)y+aQ

3ameuanue 1. Koappuuuent o' IpU CTAPIIEH CTeneHu y

1
O6piBaeT 00LIYHO MaJ. C TOYHOCTBIO JO por] MOXHO 3aMEHUTh HAa

orpeske [0,1] crenenp y* wmuorouwsenom (n — 1)-it crenenn

— Lu—1(y), tne L,_1(y) noayuaercss oT6pachiBaHHeM ujeHa iy~
14y

2 )

B MHOrousene YeGwiesa Tn(
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Ecin (R, — ocTaTO4HHI UJ€H) MEHBIIE €&, I

a!.i
g | R
e > (0 — ponyctumasi npu BHIGPAHHON TOYHOCTH BEJIHYHHA OTGpO-

LIEHHBIX YJAEHOB, TO MBI MOXEM 3aMEHHTh MHOTOWIeH f-il
crenenn PW (y) muorowsenom (n— 1)-ii crenenn
PO (y) —a y"+ Lo (¥)-aP

3ameuanune 2. MOXKHO YMEHBUIMTH KOJHUECTBO 3aNOMH-
HAaeMBIX YHCEJ, €CJAH TOJAB30BAThC HHTEPHOJALUOHHEIME (op-
Myaamu, Tana gopmy.ae Iseperta. B aTy hopMysy BXOIAT JHILD
Pa3HOCTH YEeTHOTO MOPSIIKA, HO B3SATHE B IBYX CMEMHBIX TAb/IHU-
HBIX TOYKax.

3ameuanne 3. [lpu cocTaBneHUH NPOrpaMMbl HHTEPIOJS-
HUOHHEIX BHIUHCJAEHHH CJIEAYET UMETh B BHAY, UTO XOTS Pe3yJb-
TAT MHTEPIOJSIHH YK/JIAJHBACTCS B JHANA30H YHCEJ, C KOTOPLIMH
Onepupyer MamiiHa, Pe3yJ/bTaThl NMPOMEKYTOUHBIX BBHYHCJAEHHUI
MOI'YT BHIXOAUTH 3@ Npeie/as 3TOro Juanasosa.

BBon (yHKuuii, 3a0aHHbIX aHAJUTHYECKHMMH MpoLleCCaMM.
Anasutrueckue QyHKIMH, B YACTHOCTH 3/J€MEHTapHBIE (DYHKIUH,
06HUHO GHIBAIOT 3aJaHBl HEKOTOPBIM AHAJMMTHYECKHM IIPOLEeCCOM:
6ECKOHEUHBIMM CTENMEeHHBIMH M WHBIMH psiiaMu, O€CKOHEeYHBIMH
NPOU3BEACHUSIMH, MHTET PAILHEIMH NPECTaBAEHUAMH, OECKOHEY-
HBIMH HEeNpepHBHHIMH JNPOGSMH, MpoIeccoM pemenus audde-
PEHUHMAJNbHEIX M JPYFHX YpaBHEHMH W T. JA. ITH MPOLECCH,
peasindyembie ¢ ONpeneJeHHOl TOYHOCTBIO, MOTYT OHITh HCHO/Ib-
30BaHBl JIIsT BBOJMA (PYHKIMH B MalIHHY.

Psigw. HauGojee MWHPOKO pacrnpoCTPaHEHO BHUUCJICHHE
(QYHKIHMIT ¢ MOMOIIBIO CTENEHHHX PAJLOB

Y a, x*
MoxXHO 3apaHee NpeflycMOTPeTh UHCJIO HYIEHOB psija, HYKHOEe
JJIS TOJIyHUeHHsi CYMMBI ¢ TpeOyeMOH TOYHOCTbIO, W/IH Ompeje-
JATH €ro B mpoiecce BHUHCIeHHE. Msbl npuBoanm nmixe (ra. V)
IPOrPAMMEI J/Isi BEIUMUCIEHHH CHHYCOB, KOCHHYCOB H Gecce/ieBHX
dyuxkuuit no psimam

. x5 X0

smx=x—§—]—3!-—... (1)
2 4

cosx=1—;—l—|—%—... (2)
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N - = — .6
2‘?@)( 4104 1) 126+ ) +2) ) ©

Jy (x) =

Briupcaenue GecceneBuix (GyHKImA Beperca no dgopmyJae (3)
NMpH 3HAYEHMSIX |X|, MEHBIIMX HEKOTOporo umucaa X. Jlias 3ua-
yenuit | x|, 6oapmux X, ynorpeGasercs npencrasienue J, (x)

ACUMIITOTHYCCKHM pPAIOM

L. (x) =(§x)1’f2 [cos (x — % é ) E = 1)2';(2‘:”2:::)

m=0
—sin(x—--f\m_l,)z (=D" (v2m +1)]
' 2 4 (2x)2m+1
(V +m4— )
rge (v,m) = ———"— )

1
m!I‘(v-«m-'r- E)

Crenennnie pans (1), (2), (3) u acumnroruueckunit psa (3") nawor
HAM NPUMEPH PSAOB, /I KOTOPHIX KaxAHH caefyiomui Kosd-
dUIHEHT @ry1 npu XA (mmm x—#~') 06GpasoBan yMHOKEHHEM
WIN JEeJeHHeM Tpeablaylero kosdguuuenra a, Ha 3HAYEHHE
HeKoToporo muorowiaena P (k) or mupexca k.

Maobpamenue ¢ NOMOINbIO HEMPEPHBHB X JpO-
6eil. B XIX Bexe pasi uzobpamenus (yHKUUHA IIHMPOKO INOJb-
30BAJUCh HENPEPHLIBHHIMHU JIPOGSMH

s=—0— @)
bt Byl
n-s1 nopxojsiias npobn
Fq et
G,
byt ... + an—:{ )
S 4)
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MOXeT OHTb HaiifleHd BBIYHCJICHHEM ,C KOHIA®, T. e. Mocaeno-
; ap iy Ip—1
BaTEJIbHBIM HAxXOMJIeHHeM uucesa —*, b, 1+ -2, —"—— u T. 1.
bn L
n
-‘ P,
Takoit cnoco6G Tpe6yer st BHUMCTEHHS 3HAUCHHS - 7 jeJe-
n
Huf, (7 — 1) cioXeHHidl W BecbMa NPOCT C TOUKH 3PEHHsi Ipo-
I'PaMMHPOBAHHS. '

Hucaurean u suamenatenmun P, u Q, noaxomsmux apoGeii

MOXHO HAXOAUThL TAKKE 110 PeKYpPEHTHHM (opmyaam

p_rj-]—l = bn pﬂ + a, Pﬂ—l; QIH-I =2 bn Qn % a, Q“_l

M3 3tux ¢dopmys BEBOAMTCA COOTHOLIEHHE

Prst Py _ D biby ... by

Qn +1 Qn Qr! Q.rz +1

Ilns GeckonewHON CXOMSILEHCs HeNmpepuBHON 1pobu (4) umeem:

St B8 g goe'Y (p,,+1 _&) _y bbby
n—>e Qy e Qﬂ+1 Qx P QnQpH.l

Orciona u BHITEKAeT OLEHKA TOYHOCTH 72-T0 NPUGIHKEHUs

‘s...,f}’i S

(%)

Qm Q41

o (—1)" byby... b
"m:n Om Qm+l

=1

Eciau @, u b, cyTh MHOrOWIEHH MO X, TO MOAXOAsAmAs ApO6h

P .

— ecTb pamionasbHas QyHKIUS X, 1ai0mas B HeKOTOPOM CMBIC/IE
n

ONTHMA/IbHOE palHOHAJBHOE TpuO/IMKeHHe (QYHKIHH § = f(X),

nsobpakaemoii cxonsmefics GeckoneuHol apobbio (4). B kaue-

CTBE TIPUMEPOB INPHUBEIEM PAa3/JOKeHHs B HEeIpephBHYIO JApo6b

runepOOJIHYeCKOr0 H OOBIMHOIO TAHTEHCA:
X

thxzixz—- tgsz (6)
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®opmyioit (6’) MOMKHO NOJB30BATHCH JJIA HAXOMHIEHHS

1 X 1
cosecx = — |tg—=+ —

2
x e* —1
J == axouMm
U3 dopmyaw (5) B cuay th 5 i HaXOJL
ex:_l_,_#’:_l_l_#
- -5
2 94X
.y
Ticp
1 g 7
+18 - ... (7

Popmyan (5—7) mawor BechMa OHCTPYO CXOAMMOCTh. Ecim
yAepxath B pasjoxenud (7) B HenpepHBHYI APOOL NPUBEAEH-
Hele 6 3HamenateJieit, noayuyaem jpoOb, AAIOIMIYIO 3HAYEHUH e*
npu 0 << x <1 c 11 TOyHBIMH mecATHYHLIMA 3HaKaMu. JI1g Haxox-
AeHHsl €* ¢ TAKOH TOYHOCTBIO HYXKHO NPOM3BECTH OJHO BO3BHI-
mexue B kpaxpar (maxoxaeuue x2), 6 meseunnit u 6 nobasaennii
neanx uuces. Kauaplii mgonoJHUTENBbHHIH 3HAMeHareab Jaetr
yBeJHUEeHHEe TOYHOCTH HA 2—3 JNECSITUUHBEIX 3HAKA LE@HOI0 OJIHOr0
JeJenuss U OfHOTO cjoxenus. [lpeuMymecTso 3TOro npeacra-
BJIEHHSI HE TOJBKO B OBICTPOTE CXOAMMOCTH, HO H B IPOCTOTE
€ro peajqusalnyy HA aBTOMATHYECKOH MallHHe, TaK KakK BCe Mpo-
MEXYTOYHHIE PE3YJIbTATHl MPOCTO U €AHHOOOPA3HO TMOJYUalOTCst
oauH u3 JApyrux. C: momoupio HenpepeBHEIX apobeill x0opoIo
noJyyaeTcsl panuoHaabHoe npubiumxkenue QyHxnuil BOAU3H ee
110/1I0COB.

Urepaunontbie metonbl. Jlis BHUNC/AEHHH 3HAYEHHH QYHK-
IHA HPOKO NPHMEHSIIOTCA WTepPAIHOHHBIE METOIBI.

Ecan nexkomoe 3nauyenwne y nosydvaercs: Kak npeuesa nocaeno-
BaTeIbHOCTH Y, The ¥, =¥ (Y,—1), TO HAXOXKAEHUE Y COBep-
maercst no cxeme, ykasansoil B § 4. IlpuBenem omiH U3 pacrpo-
CTPAHEHHBIX ITPHMEPOB OBICTPO CXOJANIETOCHA HTEPANHOHHOTO
nporuecca JIjsi Haxoxjaenuss sHauenui Qynxuuid. Ilyctb ypasHe-
Hue y = f(X) 9KBUBAJEHTHO ypPABHEHHIO

¢(x,y) =0 (8)
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Jlist pewrennst (8) npumenum uTepaunounsit meron Heiorona:
CTPOHM TOCJAEI0BATEIBHOCTD Y, HCXOAS M3 BHOPAHHOTrO Y, 10
pexypeHTHOH (dopmy.ie
7 (%, ¥n)

e U= ‘?; (*:¥n)

%)

Ecyii HBIOTOHOBCKHH MPOIECC CXOAWTCSH, TO HAYMHASL C HEKO-
TOPOrO MeCTa OH CXOAMTCH OYeHb OBICTPO — Kamjasd Caenyio-
1asi NOTPeIIHOCTh IIPHMEPHO MPONOPHHOHAJMBLHA KBAanpaTy Ilpe-
ALY Iei.

[Mpumep 1. B nexoropux mamunax, nanpumep EDSAC,
JieJIeHHe He BXOJAHT B YHCJAO 3/IEMEHTAapHBIX ONepamuid H OHO
CBOAMTCS K YMHOXEHHIO Ha o6paTHOe YHC/I0, HAXOAHUMOE IO
mertony Hbiorona (npumenenneMm onepamuil CI0KeHHsT H YMHO-

1
aenust). JLas HAXOKAEHUA Y = ~ PelliaeM ypaBHEeHHe ¢ (x,y) =

sk supef Tlonyyaem uacTHbill cayuait dopmyan (9):

g
1
— —x
yﬂ+1:yﬂ__}n 1“=}’n(2_}’nx) (IO)
%
IMpu x = 2" x, é < X; < 1 MOXHO TPHHATH 32 nepsoe npub/IH-

xenue y, = 277, [locse 7 urepanuii no/ay4aercsa OTBET C TO4-
HOCTBIO JIO 26 JNecATHUHBIX 3HAKOB.

[Tpumep 2. Ussrevenne kBanpaTtHOro xopus. Ilas Haxox-
mennsi ¥ =)/ X MOXHO HCHOJB30BaTh, HANPHMEp, CIELYIOLIHE
ypaBHEeHHs

o1 (x,y) =y2—x=0; %(x,y)=1-§=o

NepBoe M3 HUX NPUBOAMT K M3BECTHOH HTepanuoHHOH (opmy.e

1
yar1 =5 (vt ) (11)
3
BTOPOE MPHBOAHT K (POPMYJIE Yni1 =Y, (5 —2—;) (12)

BBHIMOJIHSAEMOMl yHOo6HO M HA MamuHax Ge3 jeneHuii: TpeGyercs
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- i 1
HaXO0XJIeHHe JHMIIb OAHOH 06paTHONH BEJHYHHEL 5 (cM. mpensi-
X

AYLIHE puMep).
B kauecrBe y, MOKHO B34Thb TpU X = 27 x,
£ (3)
Yo=2
CyLIecTByIOT aHaJIOrHYHbIe METOJH (He TpebyIolHe JIeaeHus)
JJIsT M3BJIEUEHHs] KOpHs J00o# HaHHOH cTelenu, a Takxe s
pelIeHdsi YpaBHEHUH n-§ CTEHeHH.

I[Tpumep 3. Ias BoUMCJAEHHS ¥ = In X HALO PELINTH ypaB-
HEeHHe

plx,)=¢'—x=0
3T0 NPUBOAUT K HBIOTOHOBCKOMY MNpOIECCy

VYn+1 Zyn_l Jl‘xe_y" | (13}

Paznoxenuem In (1 + x) B psig no muorousnenam Yebuiiesa
Ha orpesku 0<Cx <1 MOKHO NOCTPOMTH MHOrouwzen 6-i cre-
nenu, npubmnpxaiomui In (1 -4~ x) ¢ Tounocreio go 106 (cm. § 27).
Ecim 310 3nauenue paccmarpuBaTh KaK HAYaJAbHOE NPUOJIHIKEHHE
Yo K y=1In(l+ x), T0O MOXKHO nyTeM HAXOXKIEHUS 3HAUCHHS
€Y naiitu y, pasunit In (1  x) ¢ Tounocteio mo 10~ Bropoe
npuban:kenue y, TpeGyer HaXOmJAeHHs

e—Y—eg-Y eyi—Yo — g~ Yo [ 1 _I_ (yl — yn) + (yl _2}'0)2 + (l] —Gyl})3 + E:l

rae |e| < 10-%, u maer 3uadenue y = In(l 4+ Xx) C TOUHOCTBHIO
no 10-2%. st mosydenusi sorapudma ¢ TAKOH TOUHOCTBIO HEOG-
XOJIMMO € COOTBETCTBEHHOI TOYHOCTBIO HAlTH e~ Y. Ho BHIUHCIE-
HHE [10Ka3aTeJbHOH (QYHKIMH pa3JOXKeHHEeM B CTEeNeHHOH P
W HeTPEePHIBHYI0 Ap06h TpeGyeT 3HaUHTE TbHO MEeHBIIero 0obema
BHYHCJACHHUH, 4eM BHIUHCACHHE TAKUMH JKe MeTOAaMH Jorapugma,
TAK KAK JIIi HEr0 YKA3aHHHE [pPOLeCcCH CXOAATCA 3HAUHTEILHO
MeJJIeHHee.

Annpoxkcumauust GyHkumit. Bo mMHOrHx ciayuasx mnpejcTa-
BJAETCH YINOOHHIM ANNpPOKCHMHPOBATH (PYHKIMH [POCTO BHIUH-
CAeMBHIMH BHIPAXXEHUSIMHM, HampuMep, MHorodsgeHamu. Ecuan
YIOAeTCas ¢ HYXKHOH TOYHOCTBIO AaNNpPOKCHMHPOBATL HEKOTOPYIO
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3ajaHHyl0  TabauuHO  (QYHKIMIO MHOTOUJEHOM, TO BMECTO
Xpanenus B 3Y cepuu 3HaueHHit 9TOf (QYHKUMH HYXKHO Xpa-
HHTH HAG0p KO3(M(MUIHEHTOB MHOIOUY/IEHA, uTO, KAK MpPABHJIO,
Jaet OOJIBIIYI0O SKOHOMHIO B 3arpyske 3¥.

B HexoTopHXx CaIyuasx Le/necoo6pasHo pasbuBaTh OTPE3OK,
Ha KOTOPOM 3amana (pyHKIHs, HA YaCTHUHHE OTPE3KH, B KOTO-
pHX QYHKUHSA C HYXKHOH CTeNeHbI0 TOUHOCTH allpOKCHMHPYeTCs
MHOroY4JeHaMH HEBHICOKOH cremenn. Tak, mpu HHTErpHpOBaHHH
ypaBHeHHs1 BHelWHeH Oa//IMCTHKH OKa3ajoCh BO3MOMXKHBIM XO-
POIIO ANMPOKCHUMHPOBATH (PYHKIHUIO conportusaenus G (v) MHO-
roujeHamu 3-ii crenenu Ha 13 pasJHUHBIX HHTEpBaJax.

CregyerT OTMETHTD, YTO mpouece pasioxkenuss GyHkuuH f (x)
B psll MO OPTOrOHAJBHEIM MHorousexnam £, (x) c Becom p (x)
OueHb XOPOILO MPOBOJXHTCS HA ABTOMATHYECKHX MAlIHHAX, TAK
KaK HaxoxjaeHue KoadduuueHtoB Pypne

[ fx) P, (%) 6 (x) dx

CBOJIHTCA K HAXOXJEHHIO NOCJAEN0BATeJbHBEIX HeONpeaeJeHHbIX
uHTerpanoB ot ¢ynkuuu f(x)p (X), T. €. XOpOLIO aBTOMATH-
3UPYEMOMY MpOLEeCCY IOC/AeNL0BaTeJbHOro CyMMHPOBaHHUS.

Jas dyukuua ot AByxX wanm Gojee NepeMeHHHX Cjaeayer
HCKATb aNNpPOKCUMAIHMIO, MOJYYaeMyl0 apHudMeTHYECKHMHU LeHCT-
BUAMH H3 (YHKIHH OZHOIO [epeMeHHOro.

PaspmBubme ¢pynknuu. Ilpnm nomMomu onepauuu Cpas-
HEeHHs W BBI3BAHHOIO €l ,pPa3BeTBJeHHs IpoLecca“ MOMKHO
IIPOM3BOJUTEL BLIUHC/IEHHE 3HAueHMi QyHKuui, 3agaBaeMbIX Ha
PAa3HBIX mrrepna.r[ax pas.ﬂwmumn aHaJUTHYEeCKHMH MpoHeccamn
(moppoGuee 06 stom cm. § 20), W, B TACTHOCTH, HEKOTOPHIX
KJIACCOB paspbIBHBIX (DYHKIHHA.

Takue npumeHsieMbie B MAUIMHAX OIEpaIWH, KaK B3fiTHE
aGCOJIIOTHOM BEJIMYHHH Yucaa, APo6GHOA M IeJOH ero uacru
W T. M., O3HAUAIOT BEIUHC/JIeHHe 3Havennit Qynkuui x|, {x}, E(x)
u 1. n. C HX MOMOIIBIO MOMKHO TaKxKe BBIUYHCIATL 3HAYEHHS
cynepro3unuii stux ¢GyHkuui. Hanpumep, npH BHUYHCIEHHH
QyHKIMH Sinx s [POM3BOJIBHOIO X yAOGHO HCNOJB30BATH
QyHKIHIO

x |

409 = {53} e —n|- 3
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06pa3oBannyto u3 X nmpu nomoum 6 onepauuit: 4-x apudgmeriue-
CKHX JeHCTBHil, onepamuu | | — B3aTHS a6COMIOTHOH BeJMUHHLL
u onepanun { ) — B3ATHST ApoGHOH uyactu. Mmeem:

©

sin x = sin ¢ (x), |4 (%) | <%

Tpaguk pyskyuu Yy=¥x)

N\ A

3

ol

§ 18. KOHTPOJIbHbIE BbIYHCJIEHHY

[lpy BEIUMCIEHNN HA ABTOMATHUECKHX MAUIMHAX CYLIECTBEH-
HYIO pPOJIb MIpaloT BOIPOCH KOHTPO.IsI.

3anaun, pemaeMble HAa TAKUX MaUIMHAX, TPEGYIOT BEIIOJIHE-
Hust GOJIBIIONO KOJIMYECTBA ONEPAlMA, a OWHOKA TMPH BHIIOJ-
HEHHH OAHOH M3 HUX MOXET BHI3BATH OIIHOKY B pesyabTaTax
NOCJAEAYIOMUX onepanuid u o6ecueHuTh BClO paboty. Mu Koc-
HEMCS 3/1eChb KOHTPOJIS, OCYLIECTBJAEMOr0 B MPOLECCe BHIUKMC-
JIEHHH — KOHTPOJIS IPaBHJIBHOCTH BEIMOJIHEHHST TiporpamMMel. [1pa-
BHJIbHOCTD BBITTOJIHEHHUSI IPOrPAMMBI 3aK/TI0YAETCs B 11PaBHIBHOCTH
C1€IOBAHUS KOMAaHJ, MPABUJIBHOCTH HCTOJKOBAHHUS KAWKJIOH KO-
MaHael ¥ B MPaBH/JIbHOCTH BHIOJHEHHS Nepefau u AeHCTBHil,
NpeLlyCMOTPEHHBIX KaX(IOH KOMAaHjpOMH.

Mer ne Gynem kacaTbCsl 371eCh MPEABAPUTENBHOIO KOHTPOJIS
MPaBHAbHOCTH PabOTHl OTAEJAbHBIX Y3/0B MAIIMHEL, OCYLIECT-
BJISIEMOrO MPH MOMOIIH CIEUHATBHEIX TECTOB, U GyaeM paccMmar-
pUBATE JHIIb KOHTPOJIb MO XOAY BhuMC/IeHuiH. OcHoBHOH (op-
MOHl TAKOTO KOHTPOJISI ~ SIBJISETCSl  BBHIIOJIHEHHE HEKOTOPEIX
JONOJHUTENBHBIX KOHTPOJBHBIX BBIUUCJIEHHH, KOTOPHIE MOJMKHE
OBITH NMPEAYCMOTPEHH B MPOrpamMme pemieHus 3ajauyi. DTH BEH-
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YHCJIEHHS] BHINOJHSIOTCS OGBHIYHBIME  PaGOUMMH  yCTPOHCTBAMHM
MallMHH ¥ He TPeOyloT CHelHaTbHOro 060pyIOBAHMS.

[Tpumepom nporpamMmel, I[pejpycMaTpUBalolleil KOHTPOJIbHEIE
BBIYHCJ/JICHHUA, SBJAAETCH nporpanma pemeHHH CHCTEM JHHeHHBIX
aarebpanyecknx ypaBHeHuit, npuBenenHas B ri. V, § 30. B ne-
KOTOPHX MAIIMHAX MPeayCMOTPEHHl CHelHa/JbHHEe aBTOMaTHue-
ckue (GopMBl KOHTPOJIST OTHEJBHEIX Onepauuii, Tpebyloiine I0-
MOJHUTEJIBHOTO 060pYIOBaHHUA.

Koutpoab, npenycmoTpeHHbli nporpammoii. CylecTsylor
pas/JMYHBIE  CHCTEMBI TAaKOro KOHTpOJsi. DoubumiuHCTBO HX
OCHOBaHO HA TOM, UYTO HeKOTopas QYHKIUA f BHUHCJIEHHBIX
BEJIWUYUH X, V, ..., ¥, €CIH ONepalnH BHIOJHEHH IPaBH/IBHO,
JOJIKHAa TIPUHHUMATL 3Havenue HyJ ab. Hanpumep, ecau x = ab,
y=ba, to x —y = 0. Ilpy KoHTpO/IE HJUTEJNLHBIX BEIYHC/JIEHHN
sTa BesuyuHa f (X, y, ..., #) Jaxe NpPU OTCYTCTBHH OWIMOOK
MOXeT OBITh OTJHYHA OT HY.sl. ¥ CTAHABJAHUBAETCH JIOHNYCTHMOE,
npejiesibHOe OTKJIOHeHHe e > (0 abCcoMoTHON BeJaHUMHH | f| oT
Hy/sl — ,JIONYCK“, H IPOM3BOIUTCS ONEpPaLHs CpaBHUBAHUSI
|f| u e. Ecu BHIMO/IHSIeTCS HEpaBeHCTBO | f (X, V, . . ., &)| > ¢, M
CUMTAaeM, YTO AOIYIeHa OmHOKa, BHI3BAHHAS HENPaBHJIBHOCTHIO
COCTABJEHHS TPOTPAMMBI, B 4YaCTHOCTH, HEIOCTATOYHOH TOY-
HOCTBIO BBIYHCJICHUH, HAM 3TO ournGka MamuHe. B atoMm cayuae,
06BIUHO, TIPELyCMATPUBACTCS ABTOMATHYECKAs! OCTAHOBKA MAILIMHEL.

[Tpumepn: 1) [as npoBepKd IPABHIBHOCTH KOPHA X,
ypaBHeHus f(x)=0 mb BuuHcageM |f(x,)| U cpaBHUBaeM
ero c e, '

2) Ipu pewenuu cucreMbl auddepeHuasbHbX YpaBHeHHH

DU o (Kgy Ky ooy Xy B)3i=1,2,..., 1 (1)

MOYHO BHECTH MOMOJHHTEJAbHYI [epeMeHHYI0 X, 41 (), cBs-
3aHHYIO C X, X3, ..., X, COOTHOIIEHHEM

Yl (), %2 (B), - -, X, (£), Xn 41 (8), £] =0 2

COCTABHTDL /i1 Hee JOMNOJHHTEJbHOE YpaBHEHHE

dx

_:f -__fﬂ +1 (xls Koy o+ v oy Xng1, t) (3)
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W pemars cosmectHo cuctemy (1), (3) u3 n 41 ypaBueHust, Ha
KaXJIOM 3Tane NpoBepsis BHIOJAHEHHe Toxaecrsa (2) ¢ Tou-
HOCTBIO JI0 3amanHoro e > 0. -

Tak, npm wuHTErpHpPOBAHMM CHCTEM YpaBHEHHH MeXaHHKH
4acTo yAoOHO B KauecTBe JONOJHHTENBHOH (yHKIUH B3AThb
KHHETHYECKYI0 SHEPTHIO MM IOJHYIO SHEPTHI0 CHCTEMHI.

3) B HexoTOpHIX MeTOmax pelieHHsi CHCTEM aareGpanueckKux
YpaBHEHHH OCHOBHEIE ONEpalid 3aKJII0UAIOTCH B JHHEHHHX OIe-
panuax Ham cTpokamu (W CTOIGNAMU) MAaTPHLE || @i || — n-mep-

HOH MaTpuibl CHCTEMBI, HAIPHMED, B 3aMeHe KaJaoro 3/AeMeHTa
n

@yj i-fi CTPOKH 3/IEMEHTOM @'jj = 3, 8% a,; BBENEM B 3TOM Ciy-
k=1

Jae JOMOJHUTE/NbHH{ cToN6e1] 31eMEeHTOB @iy +1 (E=1,2,..., 1)

H TOJABEpPrHeM 3jeMeHTH 3TOro CToabHa TeM Ke JUHEHHBIM

n

ONEPALHAM — 3AMEHHM Qip 41 HA @'pns1= Y, B a
k=1

HATIPUMED, KaXIHH JONOJHUTEABHBI 31€MEHT @i,,41 BHOUPACTCS

n
I 1

paBHBIM CyMMe 3JIEMEHTOB TOH Ke CTPOKH, Qin +1= 3, &ij , TO
j=1

M mocse Hallero mnpeo6pazoBaHus BHINOJHSAETCS aHAJOrHYHOE

n
PABEHCTBO @'in 11 = Y| @;;. B npoBepke BHIIDJIHEHHs 3TOTO
i
paBeHCTBa C 3aMaHHOH TOUHOCTBHIO & >0 M 3aK/JIIOYAETCT KOHT-
poab (cm. § 30, ra. V).

4) TIpuMeHsieTCs] TaKiKe KOHTPOJIb B BHJAE BHXOJA HA KOHT-
pPOJIBHOE 3HAYEHHe —— 3apaHee W3BECTHO, YTO BEIYHC/EHHAS HA
OINpeJie/IeHHOM 3Tane BeJHYHHA X paBHA UYHCAY a.

[lycte, Hanpumep, cuutaioTCsi KAKUM-HHOYAb PEKYpPEHTHBIM
METOJIOM MOC/IEJ0BATENBbHO 3HAueHus QyHkuuu f (x) g x; =
=Xo+ih, i=1,2, ..., npuueM H3BECTHO 3apaHee 3HAYEHHE
a = f (x, + nh). Kontpoab 3akiawouaercss B CPaBHEHHH BHIYHC-
JEHHOrO 3HaueHusi f (x,) ¢ 3aJ@aHHEIM €ro 3HAYCHHEM Q.

#n +1. ECIH,

5) Tlpu cocrapiennn tabuun wian pemennn auddepeHipaib-
HBIX ypaBHEHHH MNPHMEHSIETCS] KOHTPOJb MO Pa3HOCTSIM — pas-
HOCTH OTIpeJie/IeHHOrO MOpsiAKa R HO/KHB OHTHL Majs (1o abco-
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JIOTHOH BEJHYHHE MeHbIue 3apgaHHoro e > 0). Taxoit KOHTpoJb
COBEpUIEHHO aHAJOTHYEeH IpeanaylHM (QopmaMm KOHTPOJIS.
M 3pece kpuTepueM NPAaBHASHOCTH PEINEHHS SIBASIETCS MAJIOCTb-
HeKOTOPOH (YHKIHH BHUYHCASEMBX BEJHYHH.

6) Beluncsienue B ,JiBe PyKH® 3aK/al04aeTcst B ONHOBPEMEH-
HOM IBYKPATHOM peLIEHHH 3ajdayd U CHCTEMATHYECKOM CJauye-
HUM TIPOMEXKYTOUHHX pesyapTatoB. [lpu 3TOM HeoOXOAMMO
yTOOBl OJMH H TOT € HMCTOYHUK OLWHOOK HE MOT INPOH3BOJHTD:
OJIMHAKOBHI 3¢ ¢dexT B 060uX peuieHusax. MOXHO HCIIO/Ib30BATD,
HApUMEp, pasHbIe YacTH MALIMHHL (B YACTHOCTH, PA3HHE SYEHKH
3Y) uad BeCTH BHYHC/AEHHS C PAa3HBIMH CXEMAMH BEINOJHEHHsI
OTJEJBHEIX HX 5TANOB (HaupuMep, MEHATbH MECTAMH MHOXHMOE
U MHOXHTEJb).

Cyuecteyor Mawmnnu (Mark III), cnenmasbno npucnocoGnenHbie as
BuludcaeHnil B ape pyku. OHHM COCTOAT H3 [BYX HE3aBHCHMBIX YCTpOIiCTE,
CHHXPOHHO TPOH3BOAALIHX OAHHAKOBLIE OINEpalHH H CITHYAKIIHX HX peiyib-
taTth. Bullo NpeinomeHo 1ame BHYHCIEHHE B ,TpH p}'KH" — €CJH [1Ba H3 OT-
BETOB COBNAAOT, a TPETHIl OTIHYaeTcs, TO NPaBHILHBIM cYHTaeTcs O6mmil
OTBET [BYX, TAK KakK, O4YEBHIHO, MEHee BEpPOATHO COBNAJEHHE JBYX omubGoK
OIHHAKOBOIO ﬂeﬁCTBHH; MAaHHaE JOMkKHa aBTOMATHYECKH NPOAOAMKATL BHIUHC-
JNeHHd, NMPHHEAE B Cly4Yyae pa3HLX OTBETORB, OTBET ,60ﬂbUJHHC'l'Ba“.

Hekotopble aBTOMaTHYecKHe (pbopMbl KOHTpoJsA: a) Kout-
poab apucbMeTHUECKHX onepauMi. [1jia KOHTPOIs HHIAMBHLYAIb-
HOH apudMeTHYeCKOH olepaluH MOXHO yHoTpebJsTh cBOHCTBA
NePeMECTUTEIBHOCTH CJAOKEHUS! H YMHOXKEHHS (NIPH yMHOMXKEHHH
MHOXHMOE M MHOXKHTE/Ib UI'PAIOT CYIIECTBEHHO PAa3HyI0 pOJb),
NOJIyYEHHE OJHOIO M3 MCXOAHBIX YMCeJ IyTeM 00paTHOil omne-
pamuH U T. 0. B HEKOTOPEIX MamMHAX MPUMEHSIOTCH ClIEeNHaNb-
Hele opmbl apromMatHyeckoro KoutpoJs. Cymma umdp uneaoro
JECSATHYHOIO YHCJIA CPaBHHMA C CAMMM YMCJIOM 10 MOJyJIO 9
obmiee, cymma 1udp LeJOro YHCIa, 3aJaHHOrO B p-HYHOH CH-
cTeMe, CPaBHHMA C CAMHM YHCJIOM 1o MoayJaio p—1. B camom
nene, p* — 1 peautcest va p— 1, otkyma p*=1 (mop. p— 1) u

1

&
b3 appt = Y a,(mop. p—1).

I k=0

Ha sTomM oOcCHOBaH KOHTPOJb, NPUMEHSIBIIMACH B MalldHE
ENIAC, peiicTBoBaBLICH IO MECATHYHOH CHCTEME CHHC/JACHMA.

141



Onnopaspsiuuil TeCSTHYHB CUETUYHK C JeCATHUYHOI nepe-
navell Ha caMmoro ce6si OCYIIECTBJSIET CJIOXKEHHE IO MOAYJIIO
9:npi npubGaBJeHHH MECHATKH B CYETYMK BBOAMTCS €IHHUIA
10=1 (mon. 9).

[lycrs A, B — necsatuunne uncaa, @ u b — cymma ux mudp
N0 MOAYJIO Y, MOJAYYeHHAs HA TAKOM OJHOPA3PSIAHOM CYETUYHKE

A =a (mox. 9)
B=b (moxn. 9)
Hmeewm: AB=ab (mon. 9)
A+B=a+b (mon. 9)

Takum oGpasom, npu onepanusix YMHOXKEHHs H CI0KEHUS aHa-
JIOTHUHBIE onepaiun (10 MOAY.TI0 9) COBEPLIAIOTCSE HAM UX CYM-
Mamu udp. ’

Mpumep. 576767 X 2852 = 1464493484
Cymma uudp no mopyaio 9 uucaa 5756767 pasua 2
i S ,, 9 . 2852 , 8
2% 8 =16, cymma unpp =7
Cymma uudp no monymo 9 npoussenenus 1644933484 papna 7.

Ilast mPON3BOACTBA STOrO KOHTPOJS HYIKHO JAONOJHHTH CyMMAa-
TOP OJHOPA3PSIAHBIM JAECATHYHBIM CYMMATOPOM, OCYIIECTBJSA-
UM CJI0KeHHe uudp no Moy 9. MH mosyyaeM KOHTPOJIb
ONEepalVH CJAOKEHHS M YMHOMKEHHS.

[lpu Takom cmoco6Ge KOHTPOJsi B3aHMHOE 3aMerieHue uudp
0 u 9 ectb anementapHast HeyJoBuMas omnbka. Tak Kak

n
PE=(—1) (mom. p+1), 0o Y a,p*=(— 1)*a,(mon.p+1)
k=0

T. €. 3HAKONEpPEeMEeHHaHd CyMMa; IH(p p-HUHOrO YUCIA CpaB-
HHMA C CAMHM YHCJIOM 10 MOAYJI0 p -+ 1; B uacTHOCTH, HJd
JIECATHYHOrO 4Yncaa mo moapyJio 11. Bee nmpepmayiime paccyx-
JICHHSI COXPAHSIOT CBOK CHJIY, €CIH 3aMEHHUTb CYMMY IMQp HX
3HAKOIEpeMEHHOH CcyMmMOH M moay.ab 9 — moapyJem 11. Tlpm
TAKOM C€r1ocobe KOHTPOJaA owmubKa B OmHOM mudpe MOxKeT GHTb
obunapyxena. AHalOrHYHO, coejaunsiss, Hanpumep, mo 3 (4,5)
uudpsHl  IBOMYHON CHCTeMBl, OyaeM ee pacCMaTpuUBaTh Kak
BOCBMHPHUHYIO (16-prunyto, 32-pHuHyI0).
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TpexsHauuslit (YeTHPEX3HAYHBIH, ~TATH3HAYHHA W T. I.)
JMBOMYHHE CyMMATOp C IUK/IHYECKOH ABOWYHOH nepejpavedt ecTb
cymmarop no mogyiio 7 (15, 31). Ckaanbisast Ha 3TOM CyMMa-
Tope BCe BOCBMHPHYHHIE IH(PH naHHOrO uyucaa (00pasoBaHHBIE
TPOMKAMH €ro JABOMUHHIX WH(pP), MOAyuUHM CYMMY ero uudp,
CpaBHHMYIO C CaMHM 4HCIOM no mony.uio 7 (15, 31). Tpensiny-
miee COXpAaHMT CHIY € 3aMeHofi Moxyas 9 moxyaem 7 (15, 31)
u monyas 11 — moxyaem 9 (17, 33).

6) Kontpoab nepegay. OmuOKH MOTYyT BO3HUKATH IIpY Ie-
penaue yucea (Hampumep, mpu mepepade uz 3V B apHpmerH-
yeckuii 6JIOK H T. I.).

Mu yxe yxassBatu (§ 1) Ha KOHTpOABHEE (QYHKLUHH ABOUY-
HO-TIATHPHUHOTO [PEACTABICHUSI JCCATHYHELL 4HCes. [l1si uucTo
JIBOWYHBIX YHCEJ IPENJONKEHH pasHbe (OpPMBI KOHTPOJs, OCHO-
BAHHHE HA TOM, UTO HAGOpH JIBOMYHBIX 3HAKOB, M3006-
pamalomuX uMCJAd, KOMAHAM M T. M., JOMKHB 0061a1aTh
ONpeIeCHHEIMH [IPH3HAKAMH. O/leMeHTapHas omubKka, 3aKIio-
YAKOIASACA B 3aMEHC B KaKOM-IHOO paspsge uudpbl HyJab HA
eJIMAUIY Wiu 06pPaTHO, MPHBOAHT K HAPYIIEHUIO OXHOIO U3 3THX
MPU3HAKOB. B3aMMHO KOMIEHCHPYIOLAs KOMOMHALMS 3JeMeH-
TAPHHX OMHOOK HMeeT ropasio MEHbUIYIO BePOSTHOCTD. ¥ C/I0K-
HEHHMEM CXeM TAKOr0 KOHTPOJISI MOXHO OOHApYXKHThb NOfBACHHE
JBYX, TP€X M T. J. 3JEMEHTAPHBIX OIINOOK.

Moxno, nanpumep, norpe6oBaTh, uT00H cymMma LHdp Ha6O-
poB, (QUIypUPYIOLIUX B MaminHe, OBLIA UETHOH. ITO MOKHO
peaqM30BaTh NyTeM AOOABAEHUA JIONOJHUTENHHOTO JABOWYHOTO
paspsiaa, B KOTOPOM cTouT 4ucao 1 wam O, paBHOE CyMMe IO
Moay/mo 2 uudp BCex paspsiioB AAHHOrO uucaa (sta cymma
HAXOAWTCA OJHOPA3pAAHBIM CcymMmaropom). Torpa npu aobasie-
HUHM 3TOrO paspsiiia K paspsuam Habopa cymma mudp Bcex pas-
psnoB no moxay.aio 2 cramosurcsa pasHofi 0. Ecam nocae nepe-
nauu cymma mudp (mo moayaio 2) craser paBmoit 1, TO 3TO
yKaswBaeT Ha omwMOKYy B mepejpaue.

B paGote [7] npennoxena Gojdee c/l0WHAas CXeMa KOHTPOJS, TMO3BOJSIO-
mas He TOJbKO OOHAPYKMTDL 3JeMEHTapHyo OowHOKY NepejayH, HO W MCnpa-
BHTL ee.

IMycts naGopel (uitcen, KOMaWji M T. L), (UIYpHpYWOIIHE B MallHE,
3aHHMAI0T [ JBOMYHBLIX pa3psanoB; no6aBuM elle % JONOMHHTENBHLEIX Pa3psiob,
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HECYIIMX (DYHKUMH KOHTPOJs Tak, 4Tobml 2f-1 < | 4+ [ 4 k5 2% Hanpuwmep,
npu { = 40 Moxkuo B3ATh B =6, Tak Kak 2° < 47 < 26,

[Tepenymepyem Bce (kB + /) paspagos uncaamu 1,2, ..., (R 1) tax, uyTo6n
HONOMHUTENbHLIE paspsael HMean Homepa 2%, s=0, 1, 2,..., (kR —1). O6o-
sHaunm uepes £y, =0, 1, 2,..., (R —1), COBOKYNHOCTH pPa3psioB, HOMepa
KOTOPBX HMeloT uudpy 1 Ha §-M MecTe B CBOeM JBOHYHOM MpPELCTaBACHHH.
Kamapit 1OMOTHHTENLHHI Pa3pAl BXOAHT B OZHO M TONLKO OAHO M3 TaKHX
MHOMECTB.

B pononmutenbHbIX paspsgax HaGopa OOMMHEL CTOATL Takue wudpsl,
uToObl cymMMa mudp paspasoB Kamaoro muowxectBa Eg Oblla uyeTHOI (paBHsi-
nack 0 mo mopynwo 2). Ilyctb npu nepejaue uMmena MecTo AHIIL 3JeMEHTAp-
Has omnbKka B p-M paspsie Habopa (1l <p < k- 1I). Cymma undp x, no
mMonyaio 2 paspsioB u3 Fg paBua teneph O mam 1, B 3aBHCHMOCTH OT TOro»
BXOIHT JH pa3psan ¢ owHOKoH B MHOWecTteo £; MM Her, T. e. OT TOrO,
paBHa au O mau 1 s-9 ¢ xoHua uM¢pa B ABOMUHOM TMpEICTABICHHH HOMepa
p. VlHbIMH crosamy, $-s ¢ KOHLUA Lu)pa HOMepa p COBNajgaer ¢ CyMMoil 1o
mouyio 2 undp paspagoe E;. OnpenesnB 3TH CYMMBl Xy, Xgy .- Xp— 1, Xk
Mbl [IOJYYHM JBOHYHOE PA3NOWEHHe Xp, Xp— 3, ... Xg, X; HOMEpa paspsna,
B KOTOpOM npousowna omnbka nepegaun. Jlna vcnpasnenus OWHOKH JOCTa-
TOYHO H3MEHHTb LH(pPY paspaLa HOMepa Ha JOMNOIHHTENbLHYIO.

YenowaenneMm 3ToH cXeMbl MOXHO HCAIPaBHTh OMHGKHM TMEpeidayH B pas-
pAnax, 4HCAO KOTOpHIX He Goabme 3ajaHHoro m (m= 2, 3 U T. L)

NMpumep. Tlyerp (=13, k=4(2 <1l +4-+1=24), 11 paspanos
nepejgaior HHdopmaunn, 4 paspasa ¢ HoMmepamu 1, 2, 4, 8 BLINOAHAKT KOHT-
poabHble (YHKUHH.

E,=1{1,35729 11, 13, 15} E,=1{2 3,6, 7, 10, 11, 14, 15}
E,=1{4,5 6,7 12,13, 14, 15} Ey= 18,9 10,11, 12, 13, 14, 15}

[ycts nepenaetca 15-anaunstii Ha6op 101001001001011, 11-paspsanHuit naGop
— — 1 —010— 1001011 seasiercs nepenapaemoil HuGopMaumeil. Llndpo
B KOHTpoabHplx paspsagax 10—0———0— — — — — — — nponobpausl
Tai, 4yTo6b CyMMa UH(pP B paspauax 1Mo Kawpomy MHomectBy Fy, E,, Ej, Ey
Opia  vernoil. [lyere wmam  15-3Haunblii HaGop Obll  mepenad B BHAE
101011001001011; cymMma ump B paspanax

us £, pagna 1 +1 41404140404+ 1=5=1 (mon 2)
v Ba g 0+14+14+0+04+041+1=4=0 (mon 2)
5 By % O+14+14+04+14+0+14+1=5=1 (Mo 2)
i By m 0+14+04+04+14+0+1+1=4=0 (Mon. 2)

Homep paspsjga, B KOTOPOM [ONyIeHa sieMeHTapHas owmuGka, 0101 = 5.
B camom gene, B 5-M paspsge crossia nuudpa 0, a nocne nepepads cTOMT
uugpa 1.



Faasa IV

NMPOTPAMMUPOBAHUE PELLIEHUI
MATEMATHMYECKUX 3AJIAY

§ 19. MPOTPAMMBI H KOMAH]1bl

Komanapl. [1pu penienun MaTeMaTHYeCKOH 3a7ayd Ha BBIYHC-
JUTEJIbHEX MAIIMHAX HEOOXOIUMO NoC/Ie BHOOpa METOA pellleHHs
COCTABUTBL NMPOrPAMMY AJsi peaju3allMi IPUHATOrO anropudpma
pewmenusi. [lporpaMma COCTOMT M3 IIOCJIENOBATENbHOCTH apud-
METHUECKHX H JIOTHYEeCKHX omnepainuil, K KOTOpPHIM CBOAHMTCHA
anaropugm, NpHYeM Kaxjaas M3 Omepaiuil, paBHO KaK M BCA HX
0C/e10BATENBHOCTb, BHINOJHAMA MAaIllHHOM.

Jasi TAKUX MallMH, KaK CYeTHO-aHAaJMTHUeCKHe, B KOTOPHX
pelienye BHIIOJHAETCS KOMILIEKTOM MAIUWH, IPOrpaMMa COCTOHMT
COOTBETCTBEHHO M3 CepHH YaCTHUHBIX @pOrpamm, IOC/TenoBa-
TeJbHO BHIOJMHSIEMBIX HAa pasHbX MallMHAX Komiuviekta. Ha
BIIOJIHE aBTOMATHYECKHX MAIIMHAX OCYIIECTBJSIETCS eIHHas Hpo-
rpamma.

[MTporpamMma COCTOMT M3 CepHM KOMamj, Kaxjas M3 KOTOPBIX
3aCTaBJsieT MallMHY BHIIOJHHTbL ONpeNe/IeHHYIO OllepalHio H
KOTOpHE JO/MKHE GHTH ONMpeneaeHHBM 06pa3oM 3aluppoBaHbl
J/1S BBOJIA B MAILMHY.

Komanpa, 3acTaBisionasi BHIIOJHHTH OIpPEJIeJeHHYI0 onepa-
0, JIOJKHA COZlepaThb, BO-TepBHX, mudp (Kom) camoi
onepalyi; BO-BTOPHX, OHA JO/IKHA COZEPKAaTh yKasanue 06
06'beKTaX, HAJI KOTOPHIMH BHIIOJIHSETCS OleparHsl.

B cuerHO-aHAJUTHUECKHX MAalIMHAX Ka)dsi BBOJAMMAsl B
MampHy nepdoxapra COXEPIMT KOMauay (a4 WHOTIA U CepHio
Komanj). Ymncaa, Hajx KOTOPHIMH COBEPIIAETCHA Onepanus, IpH-
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BejeHH B CaMOil mepdoxapTe, T. €. B CAMOH KOMAHAE OGHIYHO
COZepIKaTCA YHC/IA, HajJ KOTOPHIMH COBEPIIAETCS ONepaiusi.

Anpeca. Jlns TOro, 4TOGB aBTOMATHUYECKH BHIIOJIHHTH CEPHIO
onepauuii, K KOTOPOil CBOJMTCS pellieHHe Kakoi-uubyab 3apau,
HeJb3sl OTPAHMUUTBCS KOMAHAAMHM, COAEPIKALIUMH 3apaHee BBO-
JIMMble Yuc/1a; G0MBIIMHCTBO ONlepallnii IPOUSBOLNTCSH HAJl Pe3y.ib-
TaTaMd npeablaynux onepanuit. Ilostomy wuucna, mag koro-
PHIMH COBEpUIAIOTCS ONEPAalKH, TNPHXOAMTCH NOCHJIATH B apud-
MeTHYEeCKoe yCTpOHCTBO M3 siueek 3V, a pe3yJ IbTaTH MOCHLIATS,
BooOIe rosopsi, B apyrue sueiiku 3Y. Bo BmnosiHe aBromatuue-
CKHMX MalllHHaX KOMAaHMIbl COZEpPKAT GOJBILIEH YacTblo He 4YHCJa,
HaJi KOTOPHIMH COBEPIIAIOTCSA OIEepanuH, a ,aipeca® sTHX Yuced,
T. €. Ko Tex sfdyeek 3Y, B KOTOPHX 3TH YMCJIA XDPAHSTCH
M Kyza 3TH YHCIA HanpaBadgloTcs. HYamie Bcero B KayecTse
agpeca saueiiku Gepercs HOMEp 3TOH sSUEHKM.

B paabneiimiem Mbl Oyazem 0603Hauath uepe3 (o) uuCJIO,
xpansinieecss B siuefike 3Y, ampec KOTOpOH ecTh o.

3aMeTuM, uTO Jaxe s onepamui Hal s3apaHee 3aHaHHBIMH
ypcaamMi OblBaeT ynoOHee TIPUBOAMTL B KOMAHAAX He CcaMu
3TH uMCJI3a, a ux azxpeca. [lycts, Hanpumep, MamMHa Jeil-
CTBYeT Haj [BEHAJLATH3HAUHBIMH JECATHYHBIMH UHCJAMH, 2
noMepa fuyeek ee 3Y He 6oJiee yeM TpPeX3HAUHHIE AECATHUHBIE
yuc/aa. Borognee sazaTe B KOMaHZe TPH AECATHYHHE LUPPLI
aapeca yucaa o, yem 12 mudp camoro uucaa (o).

Jlns1 BHIIOJHEHHS KaKAOH ONepamuu Hajxo 3HATh HEKOTOpOe
Kosmuectso k(k=1,2,3,...) axgpecos uuces, y4yacTBYIOLIHX
B 9T0i onepanuu. COOTBETCTBEHHO, TAKYIO OMEPAlMI0 MOXKHO
Ha3BaTh R-aJ[pecHofl, a KOMaHay O BHLUIOJHEHHH TaKOH orepa-
uun — k-agpecnoil komanznoii. Onepamus 3anucHBaeTcs OGHUHO
HabopOM, KOTOpPHIl MHE OyneM Ha3BBaTh WUEPOM WIH KOOOM
onepanuH. k-ajpecHas onepalus 3anHCHBAETCS] B BHIe HaGopa
Soy0y...0, rae S—mudp onepaunu, o,0,,..., o, —axpeca
YKCe/, YuaCTBYIOIIHX B oONepanud. Tak, onepamysi TOCHLIKH
yucesa H3 apudmMeTHuUecKoro ycrpoiictBa B suefiky 3Y  ecTb
OJlHOAaZpecHasl orepanHsl, TAK KaK IJs €€ BHIOJHeHHS HYIKHO
3HAThb ajapec o sYeHKH, KyJa YMCI0 HANPABJISAETCS, H KOJ TAKOif
onepalMH 3anuceBaeTcss B Bupe Habopa So, rme S — wudp
onepauuu (B NaHHOM CJy4ae — [OCHUIKH), & — ajgpec.
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ApubmernueckHe IefCTBUS — CJIOXKEHHEe, BHYHUTAHHE, YMHO-
JKEeHHe U JieJIeHHe — eCTeCTBeHHee BCEero BEICTYNAIOT, KaK TpeX-
afpecHble onepauuu: apupmernieckoe aefictsue S BHIOJIHAETCH
HaJ YHCJIaMM, XPaHsALMMUCA B sivefikax o M f, W pe3yJbrar
noceliaetes B sAvefixy y. Kom raxoit TpexagpecHo# omepaimu
Oyner Sofy. Ilesenne ke C OCTATKOM MONKET BHICTYNATb KAK
yeTblpeXaapecHas Onepanus, KON KOTOPOH HOJIKEeH UMeTh BHJL
Safy®, rme S— kon onepamuu peseuusi, o U B —axpeca gesu-
MOTO M JeJaurTess, Y u & —ajpeca sueeK, B KOTOpPHE HYKHO
OTIPABHTh Y4CTHOE U OCTATOK.

Kosnuectso £ ampecoB maHHOH OIepamuyu 3aBUCHT TAKKE
OT XapakTepa M YCJIOBHS BHIOJHeHHs onepanuu. CioxkeHue
MOXKeT OBTh HEe TOJIbKO TpexaxpecHOH omepauuei, Ho (B Mamu-
HaX C HAKAIIJIHBAIOUIMM CYMMAaTOPOM) U ABYXaAPECHOH onepaiue
Sof (cm. § 4) m onHoazpecHofi onepanueit Su: 106aBUTL YHCIO
(2), xpausimeecs B siuefiKe o, K YHCIAY, XPaHANIEMYCs B CyM-
Matope, M OCTABUTh B HeM OTBeT (CyMMAaTOp BHITOJHH/ (DyHKIHH
Aueitku 3Y, xpausme#l ofHO M3 CjaraeMblX, U siUeHKH, KOTOpast
JIOJIKHA XPAHUTH CYMMY).

Beon naGopa, o3snauaiomero KoMaHLy, HE OTJIHYAeTCH OT
BBOjJa Habopa, osHavalowero 4ucao. Komanmsl B onpege/enuoii
I0C/e0BATeJBHOCTH BOCIHPHHUMAIOTCH MAIIMHOR (CM. HHXe,
ctp. 180); BocmpusitHe mudpa aapeca BBHISHBAET KOMMYTAIMIO,
B pe3yJbTaTe KOTOPOH B apudMeTHUYeCKOe YCTPOHCTBO MAIIHHH
NOCTYNdeT YHCJI0 MMEHHO M3 JAHHOro ajpeca, WIH 06paTHO —
M3 apU(METHYECKOr0 YCTPOACTBA MOCHUIAETCS HHCAO HMEHHO
B JAHHHH ajpec; BOCIpPHSITHE MIH(pa ONEepalund BH3LIBAET
HACTPONKY MAaIMHB Ha BHIIOJHEHHE UMEHHO JNAHHOH OIepalliH.

k-anpecHbie Koibl. B pasHbiX MaluHax IPUMEHSIOTCS pas-
Hple R-anpecnsle Komanzbl. COOTBETCTBEHHO, MAIIWHA HA3H-
BAETC MAaNIMHOH Kk-ajpecHoro Koja WJIM MPOCTO R-ajpecHoin
MalkHO#W. B mnacrosmiee BpeMsi OCYILECTB/IEHH R-aJpecHble
MamMuHe st k= 1,2, 3, 4.

Cranpaprnasi komauga k-ajgpecHoro xoxa So, o, . ..o, HMEeET
CAENYIOLUHA CMBIC/: '

0111_5;13?1;1}” 1-it anpec  2-it anpec s ow k-it anpec

s [ [ ]
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Mp Gynem 0603HauaTh 3Ty KOMaHLy WM Sty o, . ..o, HIH

’S‘allluz...

g ‘

Has l-anpecnofi omepanuu, rme [ <k, B k-agpecHoMm Koje
k— 1 anpecoB orcyrctByor. Ecam ner siueiiku 3Y ¢ HOMe-
pom 0, To MBI MOxeM mnomeuenueMm uucia 0 B Mecre pist
OJIHOTO M3 ajpecoB YKaswBaTb HAa TO, YTO B AaHHOH KOMaHje
9TOT ajJpec onyckaercs. Hanpumep, xomanaa onepauuu v — B3si-
THsi 40COMOTHON BENMYMHEL — HAJ YMCJAOM (@) H HOCHIIKH pe-
3y/bTdTa B SIUEHKY Y MMeeT B TPeXafpecHOM KOAe BHJ:

L
Omp‘g‘ﬂga 1-it anpec  2-it agpec  3-it aapec

EREREREE

Bropoi#i agpec onyckaercsi, uTo MOXkeT OHTh OTMEYEHO MOMe-
menrnem 1u@pe 0 Bo BCex paspsiaax, CJAyKaLMX IJsi XpaHe-
HMA 2-ro azpeca.

3aMmeTHMm, uTO B KOMaHze S...a... agpec & sueHKH, H3
KOTOpO#l 6epercs uMCJIO, MOKeT OHTh ‘afpecoM sYefiku Kak
MOCTOSIHHOTO, TaK W mepemeHHoro 3Y; aapec siueiiku, B KOTO-
pPY10 MOCBLIAIOT YHMCJIO, €CTh BCerja ajipec siYeHKH TNepeMeH-
Horo 3¥.

¥ o610 cyuTaTh, YTO sfYefika ¢ agpecoM 0 XpPaHUT MOCTOSIHHO
uncio 0:(0) = 0. Ilpu TakoM ycC/JA0BHH siueiika MOXeET GbTb
GaxkTHuecKH He peasu3oBaHa. Takum 06pasoM, Hanpumep,
komanma Seofy (caomuth (2) u (B) m nepecaate cymMmy B 7Y)
npu B =0 npespamaerca B S,x07 (nepecaars (2) B ). [lpu
3anucH Mbl 6yZeM NpPOCTO ONMycCKaTh (OCTAaBJATL NYCTHM) MeECTO
HyJeBoro aapeca. Hampumep,

‘_So‘a;(} 1 | =1 & a’ |’11

Ilpunnunuaseno kKaxaywo k-appechyio onepauuio (B = 2, 3,4)
MOXHO paCHIENHTh Ha K OJHOAJPECHBIX, MOSTOMY H MAUIMHBL
C ONHOAAPECHHM KOAOM MOTYT GHITH yHUBepcaJabHBIMH. Hanpu-
Mep, TpexaapecHylo onepanuio Safiy ymuHoxenus S uncesa (o) u
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(B) ¢ mocwiKoi oTBeTa B AUEHKY 7 MOMXKHO pa3OuTh Ha TPH
OJIHOAJIPECHBIE OIepalHu:

1) Onepanuio Sy — MOCHUIKH uuca (o) u3 Auefiku o B apud-
METHYeCKOe YCTPOHCTBO, Ile OHO JOJKHO XPaHUTHCH.

2) Omnepamuio S, f — yMHOXEHHS 4YHCJA, XpaHSLIErocs B
apudmeTHUeCKOM ycrpoficTBe, Ha uHucI0 (F), Xpausileecs
B siueiixe @, ¢ coxpaHeHueM IpOH3BeJAeHHd B apu(PMETHUECKOM
yCcTpoiicTBe.

3) Onepamuio S,y — NOCHJIKH NPOU3BENEHHA U3 apudmeTH-
YECKOr0 yCTpoHcTBa B AYEHKY 1.

OTcroa BUIHO, UTO APUPMEMULECKOe YCMPOICMEO MAULLH
00HOAOPECHO20 KOOA 00AHCHO 004a0amb CROCOOHOCMbIO Xpa-
Humb nocelaaemble 8 HE20 U 00pA306AHHbLIE 6 HEM HUCAA.
Taxue MamiuMHe CHAGKAKOTCA HAKANJIMBAIOUIHMH CYMMAaTOpPAMHU.

OnHoli KOMaH[e MAlIMHE C TpeXaJpeCHHM KOAOM COOTBET-
CTBYIOT B HEKOTOPHIX CJy4asiX TPH KOMAaHAbB MalUMHB C OJHO-
axpecHHM KOAOM, B CpelHeM e MeHee, 4eM TpH, TaK Kak,
BO-IIEPBHIX, HE BCE OMepaluH, BHIIOJHSEMbIE MAIIHHOH Tpex-
aJpecHoro Koja, CyTb TpexalpecHble, H, BO-BTOPHX, TO, YTO
apuMeTHYeCKoe YCTPOCTBO OJHOAAPECHOH MAaIlMHB TaKXKe
BHIOAHSIET (QYyHKIHU 3Y, S3KOHOMHMT YHCJIO HEPeCcHUIOK U3 apud-
MeTHYEeCKOro ycTpoiictBa B siyefiku 3Y u o6patHo. Moxno
CUHTATB, YTO UYHCAO KOMAHI HPOrpaMMHB B OJHOAIPECHOM KOMAE
npuMepHO B jBa pasa Goublle, YeM B COOTBETCTBEHHOH IIpO-
rpaMme TpexagpecHoro Kojia (CM. puMep, IPUBENEHHbI B KOHIle
naparpada). 3aTo Kaxjas KOMaHxa BHIa So OJHOALPeCHOTO
Koma ,Kopoue“ KomaHasl Szfy TpexaipecHoro Koja.

[lepBble BrOJHE ABTOMATHYECKHE MAIUMHBI C CYyMMHPYIOLHM
3V sBassiuCh, KaK YKA3HBa/JA0Ch BHIe (§ 4), MaluMHaMu ABYXaj-
pecHoro xoza. B Gosee HOBHIX MamMHaxX ABYXaJIpeCHBIH KOJ HE
NpUMeHsIeTCs, TaK Kak, OyAy4H ,Ijuiinee“ OJHOALPECHOro, OH,
B OTJIHYHE OT TpexaJpecHOro, BCe-TAKH He MO3BOJISET OIHOM
KOMaHIOH OCYIECTB/IATh OOHYHBIE apH(pMETHUYECKHE OllepaluH.

O mamunax uYeTHlpexajpecHoro koja cM. Huxe. Cpenu
Go/ieé HOBHX MAUIMH BCTPEUYAIOTCA MALUIMHHE  OJHOAJPECHOr0
xoma (EDSAC, BINAC, UNIVAC u gmp.), TpexaapecHOro Koja
(ACE, Mark II, Mark IIl), uermpexazpecnoro xoza (EDVAC,
Raytheon u zp.).
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MMocaenoBaTeNbHOCTD BbINOJHEHHS KOMaHA. B cospewmen-
HBIX ABTOMATHYECKMX BBIUMCJAMTENBHBIX MAIIMHAX COBOKYIHOCTH
KoMauj, o6pa3ylonx IporpaMmy, BBOJHTCS B MAIIMHY H Xpa-
HuTcA B svefikax 3Y C onpeje/eHHEMH ajgpecaMu. CyllecTByOT
JBa crnocoba YCTaHOBJEHHS] TOPSANAKA BHINOJHEHHS KOMAaH/L.
[MepBuiii cnoco6 3ak/ai0¥aeTcsi B TOM, 4TO MOC/JE BHIIOJHEHHS
KOMaHJbl, XpaHsiieficss B Auelike ¢ afipecoM &, CIELYET BhINOJI-
HEeHHEe KOMaHJbl, Xpansameicsa B auelike 3Y ¢ ampecom o+ 1,
Ilpu BTOpOM crHocobe ajapec GIELYIOWEH KOMaHIB yKasaH
B npeabnyiied Komanzae. flcuo, uto BTOpo#l Meronm rubue, Tak
KaK OTCYTCTBYET IPUHYIHUTENbHAs MOCJAEL0BATEIBHOCTh KOMaH]I,
KOTOPYI0O HAAO Y4YUTHBATL NpU nporpamMmupoBanud. OnHaxo,
KauJas KOMaHaa JO/KHA CONepkKaTh NOMOJHUTE/bHEI afpec —
ampec ciaeaylouleil KoMaHIb.

CymiecTByIOT MALIMHB, KOTOPHE, B OCHOBHOM, paGoTaioT Mo
nepBoMy cHoco6y — MAlHHHL ,TOCAEL0BATENbHOTO BHIIOJHEHHS
KOMaHa* W MamuHe, paboTalomue 10 BTOPOMY CHOCO0Y —
MalUUHBL ,CBOGOZHOTO BHIIOJHEHHS KOMaHI®.

[MepBHil cnoco6 NpuMeHseTCss B MalIMHAX OJHO-, ABYX- U
TpPexagpecHOro KOAa, a BTOPOH — B MalHHAX dYeThpexaupec-
HOro Koja. YeTBepTHil aipec KOMaujy B MAlIMHAX MOCJIEIHEro
THIIA HUCNOJAb3YyeTcsl OOBYHO [/l YKa3aHuf ajpeca KOMaHIH,
KOTOpas JoJIxHA OBITh BLIMOJHEHA Cpa3y Iocje Toro, Kax 6yaer
BHIIOJIHEHA paccMaTpuBaemasi Komanjga. Takas deTEpexazpecHast
KoManaa (cranpapTHas 4YeThHpexajpecHasi KOMdHId) MpencTaB-
asietcsi 06bUHO B BHe Habopa Syf8, rme S, — mudp omne-
paiuu, a u —angpeca oO'bEKTOB olepallud, |— aJpec pesy.ib-
TaTa onepanuH, & — azpec Caenylomeil KOMaHIH.

IIpu pabGore mno mnepsoMy crnoco6y B HaGope KOMAHIEL
B OOJIBIIMHCTBE CJIyuaeB JOCTATOYHO YyKasaTb He O6oJjee Tpex
azpecoB: o, M ¥, BCAEJNCTBHE 4Yero M He CYLeCTBYEeT MallHH,
paboTalONMX 1O 3TOMY CHOCO6y H HMeEoIHX 6ojee Tpex ajpe-
coB B koManje. [aa paboTe nmo BTOpOMY crnoco0y TPHTOIHBL
MAalllMHB TaK¥ke ABYX- H TpeXajapecHoro koja. JledcTBuTenbHO,
ec/M B MEepPBOM ajipece KOMaHAH MHB OyIeM YKasHBaTb HoOMep
o o6beKTa oIepalyy, a BO BTOPOM ajipece — HoMep B KOMaHJH,
KOTOpas JOJIKHA BHIIOJHSTBLCS Cpa3y IMOC/IE BHIOJHEHHA pac-
CMaTpUBAEMON KOMaHIB, TO MH TOJYYHM Habop S,off KomaHasl
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JABYXaJpeCcHOfl MallMHE, paboTaouieil BTOpeiM crocobGoM. Ana-
JIOTMYHO, JBYXaJpecHod MamuHe, paboTaiolleit IO MDepBOMY
cnocoby, oreeyau OH TpexaipecHHE MalluHH, paboTaloliue
10 BTOPOMY CHOCOOY.

Maluse OAHOANIPeCHOTO KOJa, eCTeCTBEHHO, MOoryT pa6o-
TaTh TOJIBKO IO INepPBOMY CIOCOOY.

daemMeHTapHbie onepauMH. YHC/I0 OCHOBHEIX ONepaluii, BEH-
NOJIHIEMBIX MAIIMHOA H KOAMPYEMBIX B KOMaHJAAX, Pas3JuyHO
B pasJMYHHX MamuHax. Jlas xaxmolf MalIMHEL CyIIecTByeT
CBOH HA40Op 3JeMeHTAapHBHIX Omepanuii, T. €. onepamui, ocyure-
CTBISAEMHIX C IOMOIIBIO OJHOH KoMmanan. Kak HaBecTHO, BCe
apupMeTHUECKHEe JeHCTBHS CBOIATCS K ONEpPALHAM CJONKEeHHs
MJIH BBIYHTaHusA M caBura. OJHAKO BHIOJHATH apHGMETHYECKHe
JeHCTBHS MyTeM CTAaHZapTHHIX IIPOrpaMM, ONHCHBAIOIIHX 3TO
ceefieHde no cxemam §§ 11—13, sarpyannio Obl 3KCHIyaTalHIO
MalMHe. B yHHBepcaJbHEIX MalUHHAX vallle BCEro Bce apud-
METHUYECKHE JEHCTBHS OTHOCATCS K YHCJAY OCHOBHEIX Ollepalnii;
B HEeKOTOPHX MaluuHax (Hanpumep, EDSAC) onepauus menenus
HE SIBJIACTCA OCHOBHOH M BHINOJHAETCA IO 0CO60OH mporpamme
(cm. § 17).

Muorma B KauecTBe CaMOCTOSITEJBHHEIX oONepaudit durypu-
pPYIOT T€ WM WHBIE BAapHAHTHl 3THX NEHCTBHH (CJOXKeHHe B Ha-
KAMJHBAIOIEM CYMMATOpe C COXPaHEHHEM CYMMBI B CyMMaToOpe
HJH C BHAaue#l CyMMB; YMHOMEHHE C TIOJyYeHHeM OpIuHap-
HOTO HJIH YIBOEHHOTO UHCJAa UH(p NPOH3BeNeHHs, nesaeHus 6es
oCTaTKa HJH C OCTATKOM H T. n.). Onepaumsi H3BJeUYeHHsS KBa-
JIPATHOTO KOPHSI MOXeT OHTb CaMOCTOSITeJNBHOH Onepaunnen
HJH e BHIOJHATBCS 1o ocoboit mporpamme (cm. § 17).

Muorue omepauuu MOryT GHTB CBeJeHH K OllepalHd CJauye-
Hust. OQHAKO TaKHe 4YacTO BCTPEYaloLIHecs ONepalyH, KdK B3s-
THEe abCOMIOTHON BEJHYHHBE H T. M., OOBIUHO (PHIYPHPYIOT Kak
37eMeHTApHEEe Ollepalliy, maxe €eCJAH OHH CBOAMMBL K Olepa-
uasim canuenns. Cama onepauys C/JAHYEHHUS BCTPEUAETCsT HE BO
BCeX MalllHHaXx.

B omHoampecHBIX MalIHHAX 00s13aTeJbHBI, KaK CaMOCTOSTENb-
HBI€ OIIEepAlHH, ONepalMH IOCHJKH YuCIa B apudmeTHUECKOe
ycrpoiictBo 1 B 3Y. B mMammHax ¢ IaBarollell 3anAaTol B 4HCIe
9/71eMEeHTapHBIX ONepaurii MOryT OBITb T€ HJH HHBIE OIEpalHH
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C NOPsALKOM, Oll€PaLMsT B3ATHA LEJIOH YyacTH H T. 1. YTo Kacaertcs
- [IepeBOfIa M3 OJHOH CHCTEMH CUMCJACHHSI B IPYTY, TO BBHIY
CJIOKHOCTH 3TOH ONlepalHMu OHA BHINOJHSIETCS OOLIUHO [0 Crie-
IHaJBHOH Iporpamme.

Muorga B mMammuax Tpex- M 4eTHPEXaJPecHOTO KOxa IBe
JBYyXaIpeCHble ONepaguy Hajg OXHHEM H TeM K€ YHCIOM
OGBeNNHSAIOTCSI B ONHY 3/JeMEHTapHyl0 ONepaluio: Hampumep,
onepaunio BbeNeHHA ueqaoft wactm E(x) u gpo6Hoii uactw
{x} uncaa x=(a), c nocwaxoit E (x) B stueiixy B u (x) B siueliky
1, MOXHO OOBENMHHTH B TpeXaJpecCHylo onepanuio Sufy (Leayio
H JpOGHYIO 4YaCTH CONEPKHUMOro sUeHKH o« M0CaaTh, COOTBET-
CTBEHHO, B sAveliku  H 7).

SICHO, uTO KpoMe KOMaHi O BHIMOJHEHHH ONepamuii JO/IKHE
GHTb NMPEAYCMOTPEHBl KOMAHAH YIPABICHUS] MAUIMHOI, HATPH-
Mep, OCTAHOBKHM MAaLIHHH, NOCHUIKH uuces B 3¥Y. Kpome Toro
IIpenyCMaTPHBAIOTCA KOMAaHIH, NO3BOJSAONHME B MAIIMHAX TTOC/TIe-
JOBATEJIBHOTO BHIIOJHEHHs KOMaHJ HAapyllaTh HOPSIOK BHIOJI-
HEHHsl KOMAHJI H TO3BOJSAIONIME BHOHPATE TO HJAM HHOE I1pPO-
JO/UKEHHE IIpOoLecca BBHIUMC/ICHHH B CIyyae ero pasBeTBJEHHs.

SBameuaunne. Ecau crangaprHas siuefika MaIMHH MOKET
XpaHuTh n-paspsiaHeie HAaGoOpH, WHGP onepaudd COCTOMT U3 [
paspsifioB, KaKABlii afpec 3amHCHIBAETCS /M-3HAUHEIM HaGOpPOM
H YHCJIO anpecoB B KOMAaHJe paBHO R, TO AJas TOro, 4To6H
KOMaHJbl MOIJIM XPaHHTBCHA B CTAHAAPTHHIX siuefikax 3Y, MOKHO
OHTDL BHIOJHEHO HEpaBeHCTBO

n>=mk-+1

Hanpumep, ecan n = 35, uncao onepamuit pasno 20, T. e.
I =5 (21<20<2%), yncio siueex 3Y pasuo 210 = 1024, m =10,
TO CTaHgapTHas siuefika 3Y MOXKeT XpaHHTb KOMaHIH Tpex-
anpecioro xoga (k=3):35=3-10+45. Onuako omua crau-
JaptHasi suefika He MorJa OB XpaHHTh KOMaHIB YeTHpex-
angpecHoro xKoma. OpmHa Takas CTaHmapTHasi siueiika morJga 6w
XpaHUTh JIBE KOMaHIH OJHOAJPeCHOro Koja (K4K B MallHHE
EDSAC).

[lpaumep mporpammbl. [Tporpamma peliexnsi MaTeMaTHUeCKOI
3aJlaul Ha BIOJIHE aBTOMATHYEeCKOH MalllMHEe JOJIKHA COMEpIKATh
CepHI0 KOMAHJ, BHIIOJHEHHE KOTOPHX MPHBOAMT K pelieHUI0
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37Ol 3amaun. [lporpamma onpepenseTcs He TOJBKO BHOpPAHHBIM
AIropuh)MOM pelleHHsi 3axayH, HO H OCOOEHHOCTSIMH MAlIMHDI:
NPUHSATBIM sl JaHHOH MalMHBL k-agpecHHM Komom (R =1,
2,3,4,...), CIMCKOM OIepanHii, BLHINOJHAEMHX MAlIMHOH, U T. A.

MBl npuBefeM npuMep NPOCTHX MPOrpaMM, a HMEHHO, MPo-
rpaMM JeJeHHsi KOMIVIEKCHHX YHCeJ /ISl MaIlHH TpexajpecHoro
M O#HOALPECHOTO Koma C IMOCJeN0BaTeJbHBIM BHIIOJHEHHEeM
KOMauj.

JleseHue KOMIJIEKCHBIX YHCEJ CBOIHUTCH K OTHICKAHHIO peii-

ac + bd - be — ad
CTBHTEJBbHOH 4YaCTH X=———— H MHHMOH 4YacCTH V=
c® + d* c? + d?
: a-+bi =
YACTHOI'O X + iy = j_di . Bubepem crenyiommuii ecTecTBeHHBIH
C -

NOpsIIOK AedcTBUII Ha mamuue. Haxomum xBagpath ¢ u d?, ux
cymmy c2-4-d? obpasyem npoussenenus ac, bd, be, ad, o6pasyem
cymmy ac+bd w pasnoctb bc—ad W, HaKoHem, IeJuM
ac+bd u bc—ad wa ¢+ d% Ilycrs, Hanpumep, B MalluHe
afpeca siueexk 3¥Y, XpaHSIIHX KOMaHAH, HMEWT HOoMmepa K+ 1,
K+2,..., agpeca siueexk ,mocrosHHoro® 3¥, T.e. siueek, comep-
WKaHUe KOTOPHX BBOAUTCH B 3Y N0 HAYa/Ia BBIUYHCJAECHHIT H
OCTaeTcs: HeM3MeHHHM B TpoLecce BBIYHC/ACHHH, HMEIT HO-
mepa A,, A,, As,..., anpeca siueek BHTecHsiomero 3¥Y —By, B,,...
u Bhiue. Onepauuy CJIOXKEHHs, BEIUNTAHHA, YMHOXKEHHS H JeJie-
nuss 6yneMm o0603HauaTh 31eCh, KAK H B JNaJbHEiIeM, CHMBO-
Jamu 4+, —, X, :.

[Tporpamma miasi MalIHHH TPeXaJpPECHOTO KOja H IOC/AeN0Ba-
. TEJIBHOTO BHIIOJHEHHSI KOMaHA BBIIVISIHT CJAELYIOIHM 0GpasoM.

Comepxumoe siueeK C HCXOAHBIMH H BCIOMOTaTEJIbHBIMH
sesmunnHamu: (A,)=a, (A;) = b, (A;3) =¢, (A))=d; (By), (B:),
(B;), (By) —urto yromHo (3TH sivefiku moHamobATCs B mpolecce
BBHIUHCIEHHSA).

Anpeca | Onepa- 1 2 3

Konlijalvm U.llg anpec | apec | ampec TMpumeyanie

K+1 b7 Ay A, B, B aueiike B,, noayuum c?

K + 2 X Ad Afl 32 » » Bg » d2
Kt |+ | By | By | B . w B . ¢+ d?



Anpec Onepa- 1 2 3
KOMAaHA umMs | aapec | anpec | anpec Ipumeyanue
K+4 5 A, A, B, B sueiike B, monyuyum ac
K+5 o Ay Ay B, # » By - bd
K+6 | + | Bo | By | By | » .+ By . actbd
K "ll' 7 X A2 As B:! L] » Ba » bC
K+8 X Ay A, B, » » By . ad
K+9 - Bs B, By " » By 5 bc — ad
, . ac -+ bd
K-+10 § B, B, B, ¥ . Bs 4 =m
be — ad
K+11 : B, B, B, - . Bs y v =m
K412 OCTAHOBKA

CocraBuM Temepb NPOrpaMMy 3ITOrO JAeJeHHs B OZHOajipec-
Hom xope. Ilpu 3rom 6GyneM IOJb30BaTHCS CAEAYIOLIEH CHMBO-

JHKOH (0603HﬁIIEHHH, OpHHATHE, B OCHOBHOM, IJd MAallHHBL
EDSAC).

An — moc1ath UHCIO, XpaHsuieecst B n-il sivefixe 3Y B Haxamn-
JHBAIOUIMA CyMMaTop, T.e. NpHOaBUTH ITO YHCJIO.

Sn — BBIUECTb YHCJIO, XpaHsieecsi B A-ii siuefike 3Y M3 uucaa
b B HaxamIMBAKOIEM CyMMaTOpe, T.e. IOCJIATh 3TO YHC/IO
¢ oOpaTHHIM 3HAKOM B HaKaIlJUBAIOLIHH CyMMaTOp.

Hn — nepeparp umucsao, xpansmeecss B n-ii sueiike 3Y B pe-
THCTP MHOMXHTEVIS.

Vn — ymHOXUTE 4MCJIO, XpaHsuieecs B n-it saueiike 3V, Ha
UHCJI0, COAepiKalleecs B PErHCTPe MHOXHTEJs, H NOCAATh
[IpON3BeJIeHHe B HaKaIJIMBAIOLIMH CyMMAaTop.

Nnr — yMHOXKHTB uHMCH0, XpaHsileecsi B n-ii siueiike 3Y, Ha
UHCJO0, COAEpKAleecs B PErucTpe MHOXKHTE/s, H N0CJaTh
¢ o6paTHHIM 3HAKOM B HaKaILIMBAIOLIMHA CyMMaTop.

Wn— paspemuts umcio, XxpaHsiueecs B n-ii Aueiike 3V, Ha
UHCJIO, COAEpPIKALIEecs B PErHCTPE MHOMKHTEJISI, H pe3yJb-
TaT NOCJATh B HAKANJIMBAIOIIMH CYyMMAaTop.

Tn — nocsiaTe COmepKUMOE HAKAIJMBAIOIIET0 CyMMaTopa B N-10
Aueiiky 3Y M OUMCTHUTHL HAKAIMBAIOMIUI CyMMAaTop.
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[TporpaMmmy pe/€HHs MBI COCTABHM TyTeM pa3GUBKH Tpex-
afpecHBIX KOMAHI YK€ COCTABJIEHHOH HaMu IIPOrPAMMEL  Ha
KOMaHJIH OIHOAIPECHOro Koja.

Conepxumoe siueex: (A,)=a, (A)=0, (A3) =¢, (A) =4d;
(B1), (B:), (Bs) — uro yronHo.

,i\oﬂ]ac: I 0],1‘;23_ Axnpec Ipumenanis
K+1 H Ay
K+2 v Ag B HakaniMpaloUieM cyMMartope MOJyuuM ¢
K3 H A,
K+ 4 v A, | B HakanaupamouleM cyMMarope noay4umm ¢ - d?
K45 T B, B sueiike 3V B; moayuum c2 - d?
(HaKanIuBawUHi CyMMaTOp OYHIIAETCSH)
K46 H A,
K417 Vv Ay B nHakanaupapolleM CyMMatope MONYyYHM ac
K-8 H Ay
K-+9 v Ay B HakanauBaloumeMm cyMMaTope noayuum ac -+ bd
K-+10 | T B, | B aueiike 3¥ B, nonyunm ac - bd
(HaKanAMBAIOIWKMA CYMMaTOp OYHIIAETCH)
K4 11 H A,
K+ 12 v A, B HaKaniuBaiolleM CyMMaTope noayuum be
K413 | H A,
K+14| N Ay B pakamuuparouieM cymmaTope nonyuum be — ad
K+15| T B, | B aueiike 3Y By nonyunm bc— ad
; (HAKAIUIMBAIOIHIT CYMMAaTOp OYMLIAETCH)
K+16| H B,
ac - bd
K+ 17 W B, B HaxkanauBaioleM CyMMaTtope MOAyYHM x=——
c? - d?
K+18| T B, B suciike 3¥Y B, noayuum x
(HaKanIuBalOUHi CyMMaToOp OYHIIAETCA)
bd —
K-+ 19 W B, | B HakanaupawolleM CyMMarope NOJy4yuM y= s
c? 4 d2
K+20| T B, | B saueiike 3Y B, noaydnm y
K+ 21 | ocranoeka

B pmannom cayuwae 11 xomanm TpexaJpecHOro KOaa OKasa-
JIMCH 3KBHBaJeHTHEIMH 20 KOMaHJaM OJIHOaIpecHOro.
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B mpuBenenHHX npEMepax KaxJaoil 3JeMeHTapHOH Onepalny
COOTBETCTBYET CBOsi KOMaHJa, BHIIOJHsieMasi He Oo/iee OXHOro
pasa B npouecce peiuucaenuii. Takue nporpaMmbl 6yaem Hasbi-
BaTh NPAMBIMH. Jlpyrue tunel nporpamm OyayT pacCMOTPEHHI
jpagee.

§ 20. KOMAHIbI BE3YCJIOBHOI'O H ¥CJIOBHOI'O
NMEPEXOJA

Besycaopnmit nepexon. Kak 6o ykasamo B 1pe-
aeAyIeM naparpade, IOCTENOBATEAbHHI CIOCOG BHIOJIHEHHS
KoMaHg MeHee rubok, yeM cBoGOAHBI cnocob. Jlas ycTpaHnenus
3TOr0 HEJOCTaTKA B MallMHaxX, paboTaloIMX II0 NepPBOMY CIO-
co0y, mpeaycMaTpUBAeTCs BO3MOXHOCTb HAPYIIEHHS IIOC/ACHO-
BATEJBHOCTH BHIIOJHEHHST KOMaHM. s 3TOH Ie/au CIyXHT Tak
HasLBaeMass KoManma 0e3ycA08HO20 nepexooaq.

Onepanusi  6e3yCJ0OBHOrO Iepexona €CcTb OXHOajgpecHas
onepauusi Buna Tz, rpe 7 —mudp omnepauuu, a o 03HaYaer
ajpec KOMaHIbl, K BHIIOJHEHHIO KOTOPOH CJAenyer MeperTH.

[lycThb, HampuMep, B OJHOAJIPECHOM KOJE MOC/IE BHIOJHCHMUS
xomangn (20) caexyer nepelTH K BBHIMOJHEHHIO KoManael (50).
Torga B xauectse KoMaHzaH (21) BBomsAT KOoMaHAy 0e3yC/JAOBHOrO
nepexona T 50. Ilocie BHIOAHeHHs: KoMaHI...(18), (19), (20)
OyneT BHIOMIHEHA KoManza 6e3yc/ioBHOro nepexona (21), a sarem
komaugse (50), (51), (52)... B TpexazpecHoM KoJe KOMaHIa
6e3yC/I0BHOTO NEepexoja 3amuCHBAeTCs B BUAe 1 — —a, NMepBLId
M BTOpOfi ampeca CBOGOJHH, TPETHil aipec & ecTh aIpec KOMaH-
IIBl, K BEIIOJHEHHIO KOTOPOH CJACAYET IepeiTH.

[lpuMeps HCHOJMb30BaHUsSI KOMaHJ 6e3yC/OBHOIO Mepexoad
OynyT gausl na crtp. 161.

Komanga ycaoBHOTO nmepexoma. Kak HeOJHOKpaTHO
VKa3bBaJI0Ch, MPH peaju3aluy ajropu(MoB BO3HHKAIOT pa3Bert-
BJIEHHA MpoLecca: B 3aBUCHMOCTH OT Pe3yJ/bTAaTOB NPEIBILY KX
BHIUKCAEHUH HEeoOXOAUMO MepeiiTH Ha HaHHOM 3Tdne K OZHOMY
W3 IBYX BO3MOXHBIX IpOHOJIKeHuil. B MamuHax, ynpas/isieMbIX
KOMAHIAMH, 3TO O3HA4YaeT MNepexoi K OLHOH M3 ABYX KOMAaH]
(o) nau (B). Takoe pa3BeTBIeHHE peaU3yeTCsi C MOMOUIBIO TaK
HA3EIBAEMON KOMaHAB YCAOBHO0 Nepexooa.
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Komanpna ycaoBHOro mnepexoma OTJIHYaeTCd OT KOMAHJIH
6e3yC/I0BHOrO Iepexoja TeMm, 4YTO TNepexoj, K BHIOJHEHHIO
KOMAHIH, agpec KOTOPOH YKaszaH B JaHHOH KOMaHje, coBep-
1IAeTCs JIMIIb B CJAYuYae BHIIOJHEHHS HEKOTOPOro yc/ioBus P.

B TOoM cayuae, Korjpa yc/aosue P He BHIIOJIHAETCH, B MallHHE
IOC/IEI0BATEIBHOTO BHIIOJIHEHHS KOMaHJA HapyIleHus nocaeno-
BATEJBHOCTH BHIIOJHEHHST He IIPOMCXOJMT: MAIIMHA MePeXOAHT
K BBIIOJHEHHIO KOMAHIH, HENOCPEeICTBeHHO CHAeIylolel 3a
KOMaHJOH yC/JIOBHOTO nepexoja.

B mammHax cBOGOZHOTO BHIIOJIHEHHS KOMAHJ KOMaHIa yCJI0B-
HOTO [lepexolia JOJIKHA cojaepxarh ajapeca ABYX KOMaHI.
B 3aBUCHMOCTH OT BHINOJHEHHS HJIH HEBHIOJ/JHEHHS] YCJIOBHS
P caepyiomel OKa3eBaeTcs Ta WM Jpyras H3 3THX JBYX
KoMaH[. YcaoBueM P OOGBYHO SIBJISIeTCS HAMUYHe ONpee/eHHOro
3HaKa y HEKOTOporo umcaa, o6pasoBaHHOrO WJIH B Ipolecce
Npeb Ay MX BHUUCJIEHHH, WIH B pesyJabTaTe omnepauui Hax
YyHCJAaMH, aJpeca KOTOPHIX YKa3aHbl B CAMOH KOMaHIe YyCJOB-
HOTO mnepexoaa. B mMammHax OAHOAAPECHOTO Kola peub HAeT
0 3HaKe 4YHCIA, CTOSLEr0 B HAKAIJIMBAIOLIEM CyMMaTope.
Yucso, 3HaK KOTOPOrO ONpefessieT BHIOJHEHHe WJIH HEeBHIIOJ-
HEeHHe KOMaHJbl Tepexona, oOpa3yeTcs yalle BCero ¢ MOMOILbIO
BHIUNUTAHHsI JIBYX UMCEJ B HEKOTOphX Auefikax 3Y « u B. Takum
06pa3oM, [Ba BO3MOMKHBIX pE3yJbTaTa CpaBHeHUs uucesa ()
u (B) mawt TOT WaM HHOH XOX npoueccy Bouucaenuil. Tax
Kak conepxaHue sveek 3¥ o u § MeHsieTcss B IPOIECCe BH-
YHC/IeHHH, TO MeHsercs, BooOle TrOBOPS, Pe3y/abTaT HX
CpaBHEHHsT H, C/AEJOBATENbHO, pe3Y.IbTAT KOMAaHIbl YyCJIOBHOTO
nepexoja.

Komangs yc/ioBHOrO mnepexona jaaior, Takum obpasom, BO3-
MOXXHOCTH H3MEHSITh TeUeHHe BEIYHCINTENBHOTO NPOLecca B 3aBH-
CHMOCTH OT TIOJAYYEHHHIX B TPOLECCe BHYMCAEHHS] Pe3yJbTaToB
u 06ecrneynBaloT TeM CaMBIM MOJHYIO aBTOMaTHYHOCTb PaboOThHL
BHIYHCJIUTENBHOH MallHHB.

Kak 6wi0 ykasano oime (§ 14), MaliMHbl MOTYT BOCHpH-
numath 1npu cpasHennn (e) u (B) xak ausblokuuio () > (#) wiu
(2) < (B), Tak u musbionkuuio (2) > (B) wm (a) <(B). Coorser-
CTBEHHO, B KayecTBe YCJAOBHsI P MOKeT (UrypupOBaTh BHINOJ-
neune nepapencrsa (o) = (3) wan (2) > (B). CumBoJIOM ONEpanuu
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YCJIOBHOro nepexoza Gyner y Hac CIyKHTb 3HaK HePABEHCTBA <
WK >, B 3aBHCHMOCTH OT TOH WM HHOH (POPMHl YCJIOBHA.
Bynem 0603HauaTh yepes > (COOTBETCTBEHHO, Uepe3 >) omne-
palyio YCJIOBHOTO Tepexona, B KOTOPOH Mpu3Hak P o3HayaeT
HepasencTso () > (8) (coorBerctsenno (a) > (B)).
Komanpa yc/ioBHOro mnepexona B MallHHAX YeThpexajpe-
CHOrO KOJa

= “ B 1 8 } (1)

O3HavaeT: Npou3BecTH cpaBHeHue uucea (2) u (B) u ecan
(2) > (B), TO mnepeiitM K BHIOJHEHHIO KOMaHmH (y), a ecau
(#) < (B), TO nepefiTH K BHINOJHEHUI KOMaujgs (3).

B TpexanpecHom kKome KOMaHjaa yCJIOBHOT'O Iepexona

EREEEEEE )

03Ha4aetr: cpaBHUTB uucaa (o) u (B) u ecan () = (B), To nepeitn
K BHIIOJHEHHK KoManis (1), a ecan (@) < (B), TOo nepefitu
K BBHIIOJHEHHIO CJAEAYIOLIeH 38 KOMAHAOH YCJAOBHOrO nepexoja
xoMaugs. Ecim o =f, To xomanpma (2) yc/ioBHOro mepexona
IpeBpamaeTcs, OYEBUJHO, B KOMaHLy 6e3yCJIOBHOrO nepexond.
Ilpome Bcero, xKak MH 3TO Gynem jesaTh B JajbHefilem, Cuu-
tath « = B = 0. Torza xomanga B MammHe TPeXaJIpeCHOTO KOJa

S T Toi-[=]olo]>

rjpe azppeca o u 3 OTCYTCTBYIOT (paBHHL HYJI0), O3HauaeT Geay-
CJIOBHBHIH Mepexof, K BHIMOJHEHHIO KOMAHIBL 7.

Ecin cama xomaHma yC/IOBHOTO Tepexoja HMeeT afipec e,
TO TpexajapecHass Komauga (2) SKBHBAJCHTHA YeTHIPEXajpecHOi
KOMaHje

S N R

[NosHocThIO ueTHpexaapecHy xkomauay (1) MOXKHO, OueBHIHO,
peasn3oBaTh B BHIE ABYX INOCAENOBATENBLHO CJACNYIOMIMX JPYT
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3a IPYroM TpeXaJpeCHHX KOMaHJ, YCJOBHOrO M Ge3yC/JI0BHOTO
nepexojoB.

@@= > | « 8 1
(z+1)= > ]

OTMeyeHHasi TOJBKO 4YTO 3KBHBAJEHTHOCTH HETHpexaﬂpeCHoﬁ
KOMaHIbl JABYM TpexagpeCHhIM KOMaHgaM HMeeT MeCTO He
TOJBKO B Cay4d€ KOMaHIBl YCJIOBHOTO nepexojd, HO H B ob1em
CJayudae: onHa YeTrHpexajpecHas KoMaHna

O=| & | « [ & | v | @

SKBHBAJICHTHA IABYM TpexalpeCHbIM KoManmam

BHIIIOJIHAAEMEIM B YKHSHHHOﬁ noc/jaenoBaTeJbHOCTH.

OnnHa KOMaHId YCGIOBHOrO nepexoad B MallHHaX Tpexajipe-
CHOro Kojaa, OCYyILEeCTB/JAAWIIHX KOMaHIbl B HpHHy,ﬂHTeﬂbHOﬁ
nocaenoBaTeabHOCTH,

SKBHBAJIEHTHA TPEM CIeAYIOMIHM KOMaHJAaM MAallHHBL oaHoampec-
HOro Kopga:

(¢ —2) = Ao — B3saTb u3 stuelikn 3Y a uynucao (@) ¥ NOMECTHTH

€ro B NpPEIBAPUTEJBHO OYMINEHHBIH CUeTunK Aj;

{e — 1) = SP — BouecTb u3 umucaa (o), HAXOAAUIETOCS B JAHHLIM
MOMeHT Ha cuetuuke A, umciao (B);

(¢) = Ex — Bunoanuts komanny (), ecau (A)=(2)—(£)=0,

B NPOTHBHOM CJIy4Yae BHIIOJIHUTB KOMaHgy (s+1)

Ecau cuetuynk A ne GBI NpeiBApPUTEJIBHO OUHINEH B PE3Y.Ib-
TaTe TNPEeMIIeCTBYIOIHX KOMAHL, TO HeoOXOoAHMa ewle Kaxasi-
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1160 xomanpa (e—3), B pesyabrare KoTopoit crano 6u (A)=0,
T. €. cueTunk A oumcTHiaCH GH.

~ Ecim B (1) wmm (2) omyckaercs BTOpOR ajpec, TO MH
noJyuaeM KOMaHay yCJOBHOTO Nepexojd, B KOTOPOM KpPHUTEpPHEM
nepexona spasercs 3uak («) (Bropoe umcao (f) cuuraercs
paBubiM (). YeTHpexajpecHass KoMaHjaa

2 ] 4 [0

03HAYAeT: MepeiTH K BHIOJHEHHI0 Komauiw (y), ecan (a) > 0,
MJAM K BHINOJHEHHIO KoMmaHme (8), ecan (@) << 0. AnajloruuHo
TpexajipecHas KOMaHIa

[ > [ =1 [ |

O3HayYaeT: MepefiTH K BHMOJIHEHHIO KoMmaums (y), ecaun («) >0,
HWIH NMPOLOMKATE MOCJAEIOBATENbHOE BHIIOJHEHHE KOMaHI, €C/IH
(2) <O.

[Tpumep. PaccMoTpuM 3ajadyy COCTABJICHHS NPOTPAMMEL
BoiuucaeHuss  GyHkuun  F(x), onpenenseMyo ciaeLyOIMHMK
YCJAOBHSIMH

F; (x) ecn x >0
F(xXY=14 Fa(x) ; x=0
Fy(x) , x<0

npuyeM, nocjae Haxoxjaenus F(x) Hamo mepeHTH K BHINOJHE-
HHIO HEKOTOpO# Komaujw L.

Tak xak 31ech HAC HHTEpPEeCyeT JIHIIL NPUMEHEHHEe KOMaHJ
YCJAOBHHIX TNEPEXOAOB, TO MBI MPEANOJIOKHM, UTO /IS BHIYHCIE-
Hust kaxaoi w3 Gyukuui F(x), Fy(x) n Fy3(x) tpebyetcs
TOJLKO OJIHA KoMaHpaa cootBeTcTBeHHO K, K, u K.

[lpome Bcero pemiaeTcst CTOsLasi nepej HaMH 3ajava NpH
MCTONB30BAHMH YeTHIPEXdaJPeCHHX KOMaHI.

[Mycrs, manpumep, x = (10), K; = (2), K, = (6), Kz = (5),
L = (8). Jlerko yGemuTbcs B TOM, 4YTO /s DEIICHHS HauieH
3ajauu OKA3LIBAETCSl JOCTATOYHHIM BCErO JHHIb JIBE UETHPEX-
aJIpeCcHBX KOMaHJh YCJIOBHOI'O Tepexoja:
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m=| > |10 [ 4| 2

@) =K, | -
@=| > | 10 \ 6 | 5
(5) = K '

©) = K;

8) =L

npuueM, 4eTBepTHIl aapec komaun K, K, K, ectb 8 (ampec
KoManabl L).

Jeiicteurenbno, ecan X = (10) >0, To B CuJly KOMaHIbl
(1) 6ymer BunojHena komauaa (2) = K;, ocyuiecTBasiomas
Bouncaenye gyunkuuu Fy (x). Ecan xe x = (10) <0, 10 B cuay
xomanael (1) go/kHa OHITH BHIOAHEHA Komanua (4), ocyuie-
CTBJASIONIAS pacuien/ienne HepaBencrsa X < 0 Ha cayuail x =0
u x< 0.

Ecin x =0, 1o 6yner BomoJjneHa komanpa (6), ocye-
creastiomiasl BuiunucaeHue F,(x), Tak Kak, B CHIy KOMaHin (4),
komanaa (6) semoansiercss npu ycaosun (10) = x>0, a cama
koManaa (4) 6yaeT BHIOJHATECS B Cuay Komauas (1) Jnub
npu ycaoun 0 = x = (10). Ecan xe x <0, To B CiaIy KOMaH-
ab (4) 6yner BHoOJHeHa Komanza (5) = K, OCYLeCTBJAIOLIAs
seuKcIeHne ¢pynkuun Fy(x). Bo Bcex cayuasix noc/e BHIOJ-
nenusi komann Kj, K, n K, nepeiiieM K BHINOJTHEHHIO KOMaH-
nul L.

[MpuBeseM AHAJOTHYHYIO IIPOrpaMMy B TPEXaApecHOM Koze

(1)=‘_$ ‘ 10 | 4
@ =K |

(3)=\ > ‘ 8
@=| > | 10 1 7 |
(5) = K,

(6J=I > | 8
(M=K,

@=L
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§ 21. HENOCPEIOCTBEHHOE MPOIrPAMMHPOBAHHUE

Mu ceiiuac 6ygem paccMaTpuBaTh NPOCTEHIIME IPOrPaMMEL,
B KOTOPBHIX KAa)Xas KOMaHAA BHIIOJHAETCS B TPOLECCe BHIUH-
cienns He Gosee opHOro pasa. IlpumepoMm Takoil nporpaMmbl
ABseTCA npusesennas B § 19 nporpamma meneHns KOMILIEKCHBIX
uuces. B Heil kaxjas KOMawJAa BBIIOJHAIACE POBHO OJIMH PA3.
Cefivac npusemeM nNpHMEPH INPOTPAMM C, ,Pa3BeTBICHHEM"
npouecca BHYHCJIEHHH, peatu3yeMoro € IOMOLIBIO KOMAaHJbl
YCJOBHOTO Tepexona.

Pewenne KBaApaTHOrO YypaBHeHHs] C HeHCTBHUTEJNbHbIMH
Koa(puumentamu. Kopun KBajpaTHOro ypaBHEHMUS

ax*+bx+c=0 (1)

BBHIYUCASIIOTCA 110 (hopmy.te

b
M=_§_+v/tir_j_
a 2a a

b Y
e el [P
2a l/ 2a a
[TomecTrnm KOHCT&HTH—%, a, b, ¢ B sueiivax 3¥Y C,, C,

C;, C,. Conepxanne u nocJaef0BaTeIbHOCT KOMAHJ TPOT PAMMEL
BEIUHC/IEHHS KOPDHeH X; U X, HA MalIMHE 33/aeTCs TaK e, Kak
M TNpH BHYUCJIEHHH KOpHEHd Bpyuynylo. OTianune 3ak/I104aercs
JUWBb B TOM, YTO B MNPOTpPaMMe LIS KaMIOH KOMAHIBl HYIHO
yKasaThb emie TPeTHil ajgpec siuefikh, Kyjaa MocaaTh pe3yJ/bTaT
onepaun. B mensix skonomuu siveex 3Y B TperbeMm ajupece He
HNOMELIAIOT JJIg KaxJOW KOMaHIB HOBYIO, B JAHHOH HpOrpamme
eule He samsTylo, sivefiky 3¥, a HCHo/b3yercs CBOHCTBO ore-
patuBHoro 3¥, BCIEACTBHE 4Yero B TPETbEM ajapece MOMXKHO
YKasbBaTbk HOMep siuefikH, BHTECHAEMOE COJAEPXKHUMOEe KOTOPOI
He NOHAZOOHTCSI B jajbHeiIeM.

Kopun x; m X, MOryr OHTBH KOMILIEKCHO COTPSAXKEHHBIME.
YcoBuMCsl BIpeib KOMILIEKCHBIE YHCJIA (B YACTHOCTH M IeHCTBH-
TEJbHBIC WYHC/I4) [OMewartb B JABYX COCeIHHX suelikax 3Y
A+2]—1u A+ 2j: B siveiiky A + 2j — 1 nomemaem aedcCTBH-
TEJBHYI0 4acTh uhcjaa, a B siueiky A + 2j nomemniaeMm MHHUMYIO
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YacTh KOMILIEKCHOrO uuc/a. [lporpammy BHUHCIEHHs KOpHeil
X; M X, COCTAaBHM IO 3Tanam.

1) TIlpeoOpasoBanne ypaBHeHHSI K TPHBEAEHHOMY BHILY
OCYImIeCTBAAETCsl IBYMA KOMaHIaMH OeJeHHs

.K.;\Mﬂﬁ{ii‘ O[T,fga-! 1 aapec 2 anpec || 3 aapec ‘ Tpumedanns

I | : b
K+1 £ C, | G ‘ A4+ 1 |B aueiike A 41 nofyuHM-—,
k+2 |+ | ¢ | & A+3 |, . A+3 ., =

b c
2) OGpasoBaHue IHCKPHMHHAHTA ( ) — ~, OCyIlecTBIsIeTCs

20
KOMAaHIaMH
Ii‘?)ill[;;i;b{ 03:,1: 1 anpec ’2 anpec |3 anpec | [Ipumeyars

b

K3 X C, [A+1A+1 B aveiike A4 1 nonyuum — .
- v
K+4 X A+1A4+1A+5 , ., A+5 ” —2;)
b\t ¢
KLh | — [A4Lsaigla st . . 2 438 | (---)—-——
i 2a a

3) Buunciaenne ]/‘ 2 |. Mui He 6ymeM COCTaB/sAThL
(I a

NOANPOrpaMMy BHIYHCJAEHHS! KBaJpPaTHOI'O KOPHS, 4 MPHUMEM One-
panMio M3BJEYEHHS KOPHS M3 MOJOKHTEJbHOrO 4HC/Ia 3a 3Je-
MeHTapHylo u Oynem ee obosHauatb 3/ . [losTromy BBIUKC-
JIeHHe OCYIIeCTB/AETCS HIBYMA KOMaiIaMH

.‘(ﬁf,'iﬁfb, O]l}:ga ‘1 agpec |2 agpec 3 aipec Mpumeuanus
b
K+6 || 1A +3 |A 4+ 5‘ B sueiike A+5 nomyuum (7) — ;‘
K+7 |V |A+5 ;A+5| .  A45 (zﬁ)_q
| | a|
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4) BHuHCIEHHE KOpHEeH X; U Xy. 371€eCh NpOLeCcC BHYNCIEHHS
X; U X, Pa3BeTB/SICTCS B 3aBHCUMOCTH OT 3HAKA JUCKPHMHHAH-
T4, 4 UMEHHO:
b\ ¢
a) JIuCKpUMHHAHT (%) —r >0
Kopun pmelcTBHTEJIbHBIE M HAXOMATCS ABYMSI KOMaHZaMHU: CJI0-

KEeHHEeM H BBIYHTAHHEM

uﬁjé)::u l Oﬂﬁga' 1 agpec 2 agpec |3 aapec TIpumevanHusa

|
K+ 9 4+ |A+1|A+45|A+ 3| B aueiike A -3 noayunm Kopenb xy
K+10 | — |[A+1]a+s|at1 , ALl . X

b\ c
6) JIMCKPUMHHAHT ()—ﬁ) = D
Kopuu KOMIIEKCHO CONpSKeHHEIE W 3aJaloTCsl NapaMH 4HCeJ.
B 3tom cayuae OTBHICKaHHE KOpPHeH X; W X, He IPOU3BOANM
caoxennem yucesa. OTHCKAHHE KOPHEH CBOJIHTCSI K COCTABJIEHHIO
aByX nap siveex 3Y HocuTesel X; H Xy, HTO OCYILECTB/AETCS

KOMaHZaMH nepejpaud 4ucaa ¢ npsMbiM H O6]’J3T1~Ib1M 3HAKOM.

Anpec Onepa-

KOMAHIE 1HE il agpec |2 anpec |3 anpec Tpumeyanus
K+12 | + |[A+1 A-+3| B nape A+ 3, A+ 4 noayunm x,
K13 + |A+5 A+4

K—|—14‘ — ]A+5_]_A+2 . A+1,A42 - Xy

O6benuHenne 060HX CIYYaeB B OJHY NPOTPAMMY IPOU3BOIHTCS
onepauueil yCcaI0BHOro nepexona. Komanabl BEUMCJAEHHSI KOPHE
X, H X, B 000MX CJAyuasix OCTAIOTCSI HEM3MEHHBIMH, a BHOOP
cayuas a) mwanm 6) ocyuiectsiasiercsi komannofi (K -+ 8)—cpasue-

by e
HEeM (5, . C HyJeMm.

Anpec | Onepa-|
KOMAHIED ous !I azpec |2 anpec

3 anpec Mpumedanns

K+ 8| > A+ 3| K412 (b), ¢
{  Eecmm [—] — —— wmeHbwe Hy1d,

2a a
‘ TO WMeeM cayuaii 6) H nepexomHM

K Komaume K 4 12
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Anpec
KOMaHIH

|

Onepa-

unn |1 anpec

|
2 anpec|d anpec

Tpumeuanus

K+ 9
K+ 10
K+ 11
K+ 12
K+13
K+ 14
K+ 15

+ ‘A--l—l
— Ja+1]

OcrTa
+ JA+1

A45
A+5b
HOB

-+ ‘A+5

A+5

A3
A+1
K a

A+ 3
A+44
A4 2

OcTaHOBKaa

Cayuait a) Kopuu neiicTBHTENbHbBIE

Cuayuaii 6) Kopun KOMMIeKCHbIe

INporpaMma BHYHC/IEHHsI KOpHeH X; H X, B LEJOM HMeEer

BH:

ngf:;m Oﬁﬁﬂ"' 1 anpec |2 anpec |3 aapec Mpumeyanis
K+ 1 C, C, |A 4 1|8ueiiku A 4 2, A - 4 pHauane nycrbie
K+ 2 : Gy Cy, |[A+3

K+ 3| X C, A+1|A41

K+ 4 X |[A4+1A4+1/A45

K+ 5 — |A+5|A43A43

K4+ 6 || [A+3 A+5

K+ 7|V |A+5 A+ 5

K+ 8 = A+ 3/K+12

K+ 9 + |A+1/A45A-43

K+ 10 — |A+1A—|—5A+l

K411 OcTaHnoOBKa

K412 + A1 A43

K+13 | 4+ |A+5 A+4

K+ 14 — A+5|A+2

K+ 15 OctanoBKaAa

Pelienne KyOGMYECKOro ypaBHeHHsI € AeHCTBHUTENbHBIMH
B xauectBe cjejyiouiero Ipumepa pac-

Ko3(h(pHLUHEHTAMH.
cMOTpUM KyOuueckKoe ypaBHEHHE

ay +by*+cy+d=0 (2)
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¢ meiictBuTeNbHEIMH KO3 ¢duuuentamu a, b, ¢, d.

O603HaUUM
2. BN,
3 (3&) +3a

4. (oW w A
2 (Sa) 6az + 2a

Kopun x;, x; u x5 ypaBHeHusi x® 4 px -+ q = 0, BbpaxKeHHHE

no dopmyae Kapmana, nmeior BuA:

1. Ecau (%)24— (‘E)a =0, To

3
Xy =0+ )
1 w)+9§5—(n—v}l
| iy«
T ey

e i — ecTh ACHCTBHUTEJBbHOE 3HAaYeHue KOpHHA
3

V-4 G o=t

2. Ecau (1)2 - (3)3 < 0, TO

2 3
X, = 2r cos ¢
xy=—r(cos¢+V3 sin ¢)
X, = +r (V3 sin ¢ — cos ¢)

(4)

Kak ¥ paHplne, KOMIJIEKCHOE YHMCJIO 3aJdeTCsl B ABYX COCEIHHX
sueiikax 3Y A +2j— 1, A -+ 2j: neHCTBUTE/IbHYIO 4acTh MOME-

maeMm B sueidky A + 2j— 1, mauMyio — B sivefiky A + 2.

CoctaBuM mnporpaMmy BBIYMC/IEHHS KOPHEH X;, Xy M Xj.
B nauvase npouecca BbeUHCAEHHS B 3Y XpaHATCS CAELYIOLIHE

yHcaa:
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N srueikn Cogséji;i[c{i'i‘moe
G a
C. b
C, ¢
C, d
Cy 3/2
Cs 1/3
C, 1/2
Cs V3
o et
5 32
Cn 1

At2 0

A4 0

A6 0

[TporpaMMy COCTABUM IO 3Talam:

1) Bruncienue — —‘;- H— % . Boslee 3KOHOMHO MO KO/IMYECTBY

onepauuﬁ péCHOﬂaFaTb BBIUHCJEHHUSA II0 CXeMe:
1 /b2
3 3a\3a

2
L B ]
2 3a|3al\2 3a 2
Anpec | QOnepa-

KU;::H- e 1 anpec |2 aapec |3 anpec TIpumeyanun

1
K+ 1 : Ce C, B, B sueiike B, no.rfymms—a
b
- 2 » " B » =5
K + >< Cz Bl Ba 2 3a
bi
" » B " —
K+ 3| X Cy | By | By 3 %
b2

K4 4| — B, Cs B, v » B, » —c

l | 3a
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Anpec i
KOMaH- Olfl!:’]:ﬂ 1 anpec |2 anpec |3 aapec [Mpumenanns

pule ]
|

K4+ 5| X B, B, B, .. B siueiike B, noayuyum — %

'
K—]‘ﬁ X Ca C’r | Bs » » Ba " E
g b2
K+ 7 == B5 r B;j Ba » " 83 » 9 C—3_a
' b (3 b2
B " » B. n N o
K+8| X | B | B | By | ! w(ze—5)
3
K+9l x| ¢ | G| B |. » B . 361
b3 B2\ 3
— | B B B, |. . B SR A - O I
Kb s : ¢ > Sa(QC Ba) 2‘
K+l X | By | Bi | By [o o B . —73

2 3
2) Boluuc/ienue MOLKOPEHHOrO  BEIPAXKEHHSI (i) —{—(ﬁ)

OCYHIECTBASCTCs YETHIPbMS KOMaHZaMH:

Ipumeyanrns

yelg - _q_ 2
K412 % B, B, B, B sueiike B, noayuum (2)
P 2

Y P

K+18 | X | By | By | B (3)
B _ (2

K-} 14 X B, B, B, » " 1 i 3

(el
K415 - B, | B, | B 9 7

: / 2+ (2] .
3) Buuuciaenue l/ ‘(2) S vk Kak u paubiie 6yaem

CUHTATE H3BJEUYEHHE KOpPHS H3 MNOJOXKHTEJBHOrO 4YHCIa 3JeMEeH-

2 3
TApHOH onepauueli, MNO3TOMY BHYHCJIEHHE ]/1(%) +(‘§)

BBIITOJHAETCA ABYMA KOMaHIaAMH.
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ITpumeyanns

K416 || || By B, | B siueiike B, noayunm

B

K417 |v—| B, Bs| » . Ba . i)ﬂ-r P\
2 3

4) Buiuuc/ieHne KOpHEH X;, X, W Xs. 3[€Ch IPOIECC BHI-
YHCJAEHHWS] KOpPHEH pasBeTB/JSETCS] B 3aBHCHMOCTH OT 3HAKa

(_g")z o (%)3, a HMEHHO:

a) (-2‘?—)2+(%)3<0. B srom caywae Bce KOpHH JEHCTBH-

TEJIbHHIE.
YCI0BHMCSI CUHTATH 3/AE€MEHTAPHBIMH CJeAYIOIHe ONepaInn:
Olepannio Cos — HAXOXKJIEeHHE COS ¢ 10 ¢;
onmepaiuio arctg (x, y) — HAXOXKIEHHS ¢ MO 3HAUEHHIM

; x | y
sinyg = —— HCOSY = ————.
VAP Vaty
CoOoTBETCTBEHHO 3TOMY NPOrpaMMa BBIYHCACHUS KOPHEH X,
Xy M Xz 3aNMIIETCS TaK:

A -
HOMﬂﬂemcu Ogﬁga 1 aapec| 2 anpec| 3 anpec MpuMeuanus

K-+19 | v— B, B, B sueiike B, noayuum 1/— %

K420 |arctg| B, By B, Hns moayuenssa ¢ B COOTBETCTBEH-
' HOH ueTBepTH HYWHO Opath siueiiku,
copepmaiiHe x u y

K+21 b4 B, Ce B, B sueiike B, moayunm

ARG

-:13— arctg p =
T2
K422 | cos B, B, B svefike B, nmonyuum cos ¢
K23 N B, B, B, o B, . cos? g
K424 — Ch| B, By i B, A 1 —cos?g
K+25 | v | B B, » B, . sin ¢
K+2 | % B, Cs | Bs ; B, . /3 sing
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K?,,f;’:.fﬂ 0?&‘:{8_ 1 azpec | 2 aapec| 3 aapec Tpumeyanus

K-+ 27 57 B, B, By | B aueiike B, noxyuum ry/ 3 sin ¢

K-+ 28 ¥ B, B, B, i B, 5 rcosg

K29 : B, C, A4+ 1| Kopenb x; =2r cos ¢

K43 | — | By | B, |A+3 v Xg=+r()/3sin g— cos ¢)

K+ 31 -+ B, B, B, B aueiike B, noayunm r (/3 sin ¢ -+
+ cos ¢)

K+ 32 —_ B, [A+5 KopeHhx,:—r(COStp—{—]/S_sin:p)-

K-+ 33 | OcranoBka

6) (%)2-1- (£)3>/O. Kopuu cuuraloress no ¢opmyae (3).

3

YcnoBumca H3BIEYEHHE K}’SHIIECI{OFO KOpHsi CYHTaTh 3JCMEH-

3
TapHOH onepauuell n o6o3HauyaTh ee 3 . [lporpamma npomou-
KEHHs BHYNC/IEHHs KOpHeH no ¢opmy.e (3) nocae KOMaHIbl
(K -+ 17) nmeetr BunI:

K?&ﬁf:ﬂ 0,_{12)&- 1 anpec| 2 anpec| 3 anpec TMpumedanus
K+ 34 - B, B, B, B saueiike B, nonyyum .
4 gy, (PY
3 $+y/ ({+E)
K-+35 | v— B, B, B sueiike B, noayuum u
K+3 | :+ | B, | B. | B I .
3u
K+37 | + B, B, [A+41 i A+1 , Xy
utv
K+38 | x |[A+1| ¢ |a+3 ., A+3 ,—JTT
K-+ 39 — B, B, A+ 4 i A+4 , (u—02)
K- 40 X |A+44| Cy |[A-+4| B nape A43, A4 noayuyum KO-
PeHb X
v
K -+ 41 + |A+3 A+5| B sueiike A + 5 noayunm — 4y
K+42 | — A+4|A+6| B nape A+5 A+ 6 nonyunm Ko-
K - 43 OcrtaHoBKa e
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O6benuHenue caydaes a) H 6) B OIHY HPOrpaMMmy OCYIIECT-
BJisieTcsi Komaumo#i cpaBHeHusi (K - 18); mporpammbl ciay4aeB
a) u 6) ocraiorcsi HeuameHHbIMH. Komanpa (K -+ 18) umeer Bun

K+18 | > [ B [ | K+34]

. q\2 P
4yTO O3Hauaer: ecad |(—| -+

3
5 3) =0, nepexoiuM K KOoMaHue

K+ 34, ecan xe (—g-)g -+ (‘; )3 < 0, To mepexofuM K C/eLyIoLel

KOMaHJe.
§ 22. MNIPEOBPA30OBAHHE KOMAH]L

Komanas oOb4HO Komupyiorcs Ha6opom Hudp B CHCTEME,
B KOTOpDOH oOlNepHpyeT MalluHa,— ABOUYHOH WJIH AECATHIHOH.
Ha6op, uzobpaxaommii KOMaHay, MOXHO paccMaTpPHBATh Kax
KON HEKOTOporo uucaa. IlycTh, Hampumep, mamuHa, paGoraio-
as no AeCATHYHON cucTeMe ¢ (PUKCHpPOBAHHOH 3ansiTOH, BHIIOJ-
HseT 9 onepanuii, 3aurMpPOBAHHBIX OAHO3HAYHBIMH AECSITHYHBIMH
upcaamu (1 — ciaoxeHne, 2 — yMHOXKEHHE, . . ., 8 — KoMaH1a 6e3-
YCJIOBHOrO Inepexoga, 9 — KOMaHIa YCJIOBHOTO Nepexoja) u
umeer 999 sueex 3¥, ampeca KOTOPHX KOAHPYIOTCSL TpexsHad-
HHMH gecsTuudbeiMu uucaamu (ot 1 mo 999). Torma wnabop,
KOTOPHM LIH(PYETCs KOMahja 1o TpeXaJpecHOMY KOJy, 3alH-
wercst 10-3HAYHBIM JECATHYHBIM YHC/IOM, TepBasi Iudpa KOTo-
poro O3HauaeT KOJ ONepamluH, a 3 rpynns 1o 3 uudps osua-
yalor 3 agpeca. Hanpumep, KOMaHLy: BHIOJHATD ON€paluio 2
(yMHOMXKEHUsI) HAaL YHCIAMH, XpaHAIMMHCA B suefikax Cc anpe-
camu 436 u 574, u nocaath OTBET Mo agpecy 478 MOXKHO 3alud-
pOBaTh B BHJE 4HCJA:

K=2436574478

Xpanenue KomaHz B 3Y M BBOA UX B MAalIMHY HHYEM HE
OT/IMYAETCsl OT XpPAHEHHs] W BBOJA uuces. MoxHO naxe jenarte
omepanuu Hajx xomamu komanx. Ecam, nanpumep, x xomy K
no6aeutb uncao 0001001000, To moayduMm HaGop

K, =2437 575478

KOTOpHi OGyZeT KOAOM KOMAHIbi: COBEPIIHTH OIlepalHio 2
(YMHOMKeHUe) HaJl YHCAaMH, XPaHsLUMHCS B AUeHKAX 437 n 575,
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U 1Moc/1aTh OTBeT mo ajxpecy 478. Takast BO3MOXKHOCTb npeobpa-
30BHIBATH KOMAaHIBl, OCYIIECTBJAEHHAsE B OOJIBLIIHHCTBE HOBHIX

MallHH, YPE3BEYARHO BAXHA NIPU COCTAB/JIEHHH IIPOTpPaMM.
100
Mpumep. Tycts TpebyeTcsi BHUMCIUTL cyMmy S = Y @,
k=1
rpe @, — uucao, xpausieecss B dAuefike 3Y 100 + k&

I
(k=1,2,...,100). O603nauum S, = ¥ @, (Sy = 0). Urobw Haiitu
k1
S100, HYIKHO TOC/IE10BATEIBHO HaiiT Bce S, [ = 1,2,...,100, no
dopmyae S;=S8;_1 + a; MoxKHO NOCTPOUTH AJSI 3TOrO IpOrpam-
my u3 100 komana. OG6o3nauaem mnompexHeMmy (B AecATHYHOH
cucteme) mudpamu 1,2,...,9 xonw onepanmii (1 ects xoa cio-
JKEeHHs), a 3aTeM TPEX3HAUHEIMH 4YHUCJIAMH KOABl TpPeX alpecoB
(IBYX aapecoB c/araeMbX H ajgpec CYMMH); CyMMH S; Gyjem
xpanuth B suefike 300 (B HavagbHBIH MOMEHT B 3TOH siueiike
crout uyucao 0). TMoayuum npsimyio nporpammy us 100 xomauni:

Mporpamma A

M KOMaHIH Komauna
1 1300 101 300
2 1 300 102 300
3 1 300 103 300
99 1 300 199 300
100 1 300 200 300
OcTtanoBKa HAH NEPEXof
K IPYyrHM Onepauuam

Komanga N 1: caomuth uyucaa, crosmue B sueiikax 300
{uncao Sy= 0) u 101 (uucji0 @,), ¥ nOIyHeHHYI0 cyMMy S; =S+ a,
nociath B siuedky 300; xomanma Ne 2: CIOXKHTb UHCJIO U3
aueiiky 300 (t. e. S;) c uucaom u3z sueiiku 102 (1. e. ay) u
cymmy S, = S, + @, nocaate ciosa B siyefiky 300; noc/ie BHIOJI-
nenuss KomaHas Ne 3 B stuefike 300 6ymer CTOATH YHCIO S
H T. 1., MOCJe BHNOJHeHHs Komaugn Ne 99 —B sueiike 300
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6yneT CTOSTh YHCAO Sy, @ TMocie Komaumsl Ne 100 — uckomoe
YHUCTO Sy

3ametum cefiuac, yto Bce 100 xomana npsMOH TIPOTpaMMBL
OT/NYAIOTCS JWIIb BTOPHMH aAPECaMM; KaXABH CJIe1yoMmuit
N0J1yuaeTcst U3 NpeAbAYyIIero nyreMm npubasieHust eIHHHIE KO
BTOpOMy azmpecy, T. e. uucaa (0000001000) x komy mpeinay-
meil koMauns. IlycTs 3T0 umci0 xpanutcst B sivefike 301, kox
komangs Ne 1 — B gueiike 1. Hanomuum, 4ro 8 osHauaer
Komanay O0e3ycjaoBHOro, a 9 — KOMaHiy YyCJIOBHOTO Iepexond.

PaccMoTpuM TpH nocjaenoBaTeJbHBIX KOMaHHB:

(1) = 1300101 300
(2) = 1001301 001
(3) = 8000000001

MMocie sunoaHennsi xomanas (1) (o6pasosanne CyMMH S
B sueiike 300), xomanas (2) (nmpeoGpasosanume Komanus (1)
B xomanay (2), nporpammbl A) ¥ Komauaw (3) — nepexona, ME
BO3BpAI@EMCsl K BHIOJHEHMIO Komauaw (1), xoropasi Tenepe
MMeeT BHJ:

(1) = 1300102 300

[Mocae ee Bumoanenus ob6pasyercs cymma Sy B sueiike 300;
Jajee CHOBA BHIIIOJAHMM KoMmanmy (2), kotopasi Tenepb Ipeot-
pasyer komanay (1) B komannay (3) mporpammbl A, H CHOBA
BepHEMCsI K MOBTOpeHHIO nponecca. Mol 6yneM 1nocjaenoBaTe/ibHO
06pa30BHBATL CyMMH S, (R = 1,2, ...,100) u nocze 100-ro nosro-
peHHsl UMKJAA TMOJYYHM HCKOMOE YHCI0 S0 B stueiixke 300,
nocae uero HyxHo ObL10 6b Ipekpatuts npouecc. Heobxomnmo
HECKOJBKO M3MEHHTh M JIONOJIHHUTH HALIY IPOTpaMMy TaK, YTOOHI
nocie 100-ro mnosropenusi nukaa pa6ora 1O 0GPA3OBAHHIO
cymm S, npexpaTHJach.

O6ecrnieunTs 3Ty 3apaHee 3aJaHHYI0 CTOKPATHYIO NMOBTOpSe-
MOCTb ONepauuii MOKHO, 3aMeHHB KOManay GesycaoBHOrO
KOMaHjoii ycaosHoro nepexoxa. Ilycte B aueiike § (Hampumep,
B = 402) xpanurcsi B Hauane npouecca uuciao 0, a B stuefike 1§
(nanpumep, 1 = 403) xpanutrcs umcao n = 1. Ecau mocie xax-
~ IOro BHMOJHeHHs: HuKaa komaunx (1) u (2) cosepmiaTe onepa-
LHIO, Bblpé}l(ennyfo Tpexagpecnod KoMaHmou

1 402 403 402

173



(c10xuTh comepxumoe sueiikn 402 ¢ comepxuMbM sueiiku 403
H OTBEeT nocjiate B siuedky 402), To B nocienHeil siueiixke nocse
BHIOJNHEHHA 1-r0, 2-r0,..., R-ro UUKJIOB HAWIMX oOnepanud
Oyner crositb uncio 1,2,..., k, T. €. YHCJO BHIOJHEHHBIX
UHKJIOB.

HyxHO npexpaTtuTe NPOM3BOACTBO STHX oONepamuil nocJe
100 muxIoB, T. €. mocjae TOro Kak B siueiike 402 6ymer CTOATH
yucsao 100. ITomectum B sivefiky 404 unciao 99 u IOMOJHUM HAll
LMK/ KOMaHA KoMauno#t (4) ycaoBHOro nepexopna

9404 403 001

Ecau (404) = 99 Goapme nau paso (403) = k, To BO3Bpamia-
emMcsi K BeinosHenuio xomaumw (1). Ecam xe (403) = k& = 100,
TO Hapyuiaetcss HepaBeHcTBO (404) > (403), u MB mepexoaum
K BHIMOJTHEHHIO CAEYIOUEH KOMAaHAB, KOTOpas Oyner KoMmaHmoi
OCTAHOBKH MallHHBl WM TEepPexoia K CJAeIYIOIHM OIepalusiM.
Best nporpamMma cyMMHpPOBaHHsl COCTOMT M3 4 KOMAHI:

(1) = 1300 101 300
(2) = 1001 301 001
(3) = 1402403 402
(4) = 9404 403 001
(5) Ocranoska win
nepexoj K cle-
LYIOIHM ONepaLHAM

Ileppas xomanjaa Bh3HBaer po6GaBlIeHHE C/AraeMoro @,
(BHauane a, = a,) K CyMMe HpPEeABAYIIMX; BTOPas — MNOATOTOBKY
nepexoja K CJAeNYIONIEMY LHKJAY; TPeTbsl — MOACYeT 4yHcaa &
YK€ TNPOH3BEJEHHHX UMKJIOB; 4YeTBepTas — CPaBHEHHE 3TOro
upcaa ¢ uueaom 99 u npu k< 100 Bo3BpaimieHue K NOBTOPEHHIO
uuKaa; npy R = 100 MawuHa rnepexoIuT K KOMaHAE OKOHYAHHS
paboru. OTBer S;o Haxopurcs B suefike 300. 3pech Mbl BCTpe-
THJHMCh C NPOrpPaMMHPOBAHMEM UHMKJIHYECKHX ONEepaiyi, o KOTo-
poMm noppobuee OyneT peub B CJAEAYIONEM maparpade.

B neficTBuTe/IBHOCTH, NMOACYET YHC/IA YXKe NPOH3BENEHHBIX
CJI0XKEeHHH Ipu nomoutd npubasieHus 1 K COLEpKUMOMY sueiKu
402 siBasieTcsl MO CYHIECTBY H3JIMIIHUM, TaK KaK YHCJIO TAKHX
CJIOXEHHH MOXHO JIETKO OGHAapYKHTh MO COAEPHAHMIO TUeHKH 1,
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T. €. 1o komauge (1). Tlocae E-kpaTHOrO mnOBTOpeHHs! NapHL
xomaun (1) u (2), xomanpa (1) 6Gymer umeTh BHI:

1300(101 4 %) 300

[Mocae 100-kpaTHOro noBTOpeHust 3TOf Napel KOMaHA KOMaHJA
(1) 6ymer umers BUA:

1 300 201 300

Ecin B xakoil-nubyan suefike 3Y, nanpumep 405, xpauurcs
uncao 1300200300, To xomauny (1) caemyerT NOBTOPATH MO
TE€X MOp, MOKa BHMNOJHAETCs ycaosue (405) = (1). Tlporpamma
NPUMET CJAeNYIOIHH BHJI:

(1) = 1300101 300 CymmupoBaHHE

(2) = 1001301001 Hamenenne xKomaHibl

(3) = 9405001 001 Bosspauwenne & komaune (1) mpu
(405) = (C01)

Taxkum o6Gpaszom, B KOMaH/ie YCJOBHOTO nepexofia OGBbeKTOM
CcpaBHeHUs OblBA€T pPA3yMHO JIeaTh 4YHC/I3, KOAUPYIOILIHe
KOMAaHJIHL.

Jlist peasu3aluu MporpaMMbl, CBSI3aHHOH € npeobpazoBaHueM
KOMaHJ, MOCJeIHHEe JNOJIKHE XPAHUTBLCS BO BHYTPEHHEM BHITEC-
usioneM 3Y, B TO BpeMsi KaK MpH peau3aliu JIPYrux IporpamMmm
KOMaHAB MOI'YT XpPaHHUThLCH B NocTOsSiHHOM 3Y.

B mammHax ¢ njiasaiomiefl 3anstoit npu A00aBJIEHHH UYHCIA
o K i-My ajpecy o; KOMauaol S...¢;... ciaenyer CHaGIuTh
YHCJAO @ COOTBETCTBYIOLIUM nopsaxkoM. [liast toro utobu usbe-
KaTh CBSI3aHHBIX C 3THM Heyno6cTB, mHenecoobpasHo mnpemny-
CMOTPETD CIelHAJbHHE ONepPaluH CJA0KeHus: 6e3 yueta mopsiiKa,
T. €. CJAOXKeHus, MpPH KOTOpOM Haboph, H300pa)amomue 4Yucia,
CKJIaABBAIOTCA KAK uMCaa ¢ (QUKCHpOBaHHOH 3anstoil. Takoe
croxenue Gygem 0603uauaTh CHMBOJAOM +. MoxHO —Takxke
IpeflyCMOTPETh, KaK 3JEMEeHTApPHYI0 onepaluio, npubaBieHue
yHCcJaa K JaHHOMY ajpecy.

Muorpa npuxonurcst 3amensitb B KoMange (A) = Saya,. .. a,
YHCIO 0, CTOSIIEe B i-M ajpece 3TOH KOMaHIb, HEKOTOPHIM
YHCJIOM {3, XpaHAIMMCH B HEKOTOpoll sueiike 3¥, npuyem

175



3apaHee MOXeT OBITH HEH3BECTHA BeaH4MHA B — &; (MHOrZa HaMm
3apaHee HEH3BECTHA W BeJaMYMHA a;). Takoe mnpeobGpasosanne
KOMaHJIBl HeJ/ib3sl OCYIICCTBHTh HENOCPEACTBEHHO MPHGABJIEHHEM
(B —o) x i-my ampecy koMaHIb. B 3TOM cayyae HaM HYKHO
NpeiBAPUTENBHO OUHCTHTH (- agpec KoMauml S...o;... OT
uMcaa %, T. €. 3aMEeHUTh BCe WUPPH «; HyJaMH (Komanme (A)
npugate BuA S...0...). Tlpoumie BCero npou3BECTH TAKYIO
ONEPALHI0 € NOMOUIBIO CIHYEHHSA, €CJAH OHO HMEeTCH B YUCIe
3J€MEHTApHEIX omnepanuii MamuHel. OUHIIEHHE [OCJEeIHEro
ajpeca, 3aHUMAIOIEro [ pas3psiioB, MOXKHO TPOM3BECTH TAKNKe
JABYMsI MOC/J€I0BATE/JbHEIMH CABHIAaMH BIPAaBO M BJEBO Ha [
paspanos. Jliast Toro uyto6b Ge3 onepanuu CJAMYEHUs] OUMCTHTD
Kakoi-1nb60o cpeinuii ajpec KOMauAH, HYMXHO BHIEJHTb €r0
C NOMOIIBK MOCAENOBATENBHHEX CABHIrOB B 00€ CTOPOHBI, a 3a-
TEM BHUYECTb H3 KOMaHJIBI.

Ouenb wacrto, moc/ie TOro Kak HexkoTopass komauga (K,)
NOJABEPrasach ONHOKPATHOMY HJHM MHOI'OKPATHBIM Npeobpasosa-
HHSIM, MPHXOAMTCA BO3BPALATH €€ K MepBOHAYaJbHOMY BHIY.
10 uMeer, HANpPUMEp, MECTO, €CAH MOC/E BHIOJHEHHS IHK/a
onepanui, BK/IIOYABIIEro H3MeHeHHs1 KoMauubl (K,) W BHINOJHE-
Husl Komauab (K,) B INepBOHAYAJILHOM M H3MEHEHHOM BHIE,
CHOBA MPUXOJUTCSI BOBBPAUIATECS K BHIMNOJHEHHIO 3TOTO IHKJA
(npumepn Takux nuxaos mpusesenn B § 30). Takas ,pectaBpa-
uust KomMananl (K,) MOMKET COBEPIIATHCS PA3JIHYHEIME CTIOCOGaAMIL.

MoXHO BHINOIHHTE Haj u3MeHeHHOH KoMaHmoii (K,) omepa-
M0, O6paTHY0 COBOKYNHOCTH ONEpamndii, KOTOPHM MOC/Aex0-
BATE/NbHO nojaseprasach komanzaa (K,). B npumepe, paso6pannom
B Hacrosmem naparpade, komanaa (1) cro pas nomeepraiach
NOCJeN0BATEIbHO  1Pe06pPas0OBAHHIO — NPHOABICHUIO  €JIHHHILL
KO BTOPOMY ajpecy; IJisl pPeCcTaBpald 3TOH KOMaHAB HYKHO
npoussectd Buiuutanue uncaa 100 us BTOporo azpeca u3aMeHeH-
Hoil komanmul (100).

I1s1 06pasopanusi U3MEHAIOLIUXCS B MPOLECCE BHITOJIHEHHS
KOMAHJ, & TaKxe JJIsf MX pecTaBpallii BO MHOPHX CJIydasx
MOXHO PEKOMEHJO0BAThH CJAEAYIIIHi npHeM: mycTbh koMaHna (K)
IpOT paMMbl

(K) = Safy
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JIOJKHA [OABEPraThCsi HEONHOKPATHBIM H3MEeHEeHUsM (OOBIYHO
H3MEHSIIOTCsT ee ajapeca a, B ¥ 7). B 3anucu nporpamMmbl oCTaBUM
sueiiky K nycroil. B To e Bpems B HEKOTOPOIl JONOJHHUTE/b-
HOil siueiike XpawuTCsi nepsBoHauanbHas Gopma komawan (K):

(£) = SagBovo

Hap comepxumbIM sIMEiiKH, T. €. 3TOH HavaabHOH Qopmoi
xomans (K), COBepLIAIOTCS HYXKHBIE IPeoOpPasOBaHusi U Pe3y.ib-
TaThl MochL1aloTCsl B gueiiky K. Ilporpamma cocTaB/isieTcs TaKHM
06pa3om, 4TOOB K MOMEHTY OYE€PEJHOrO BHIIOJHEHHS KOMaHIBl
(K) B siueiike K Haxogujachb HyxHas (OpMa 3TOH KOMaHJIH.
Mpeppipyumit MeTon npeobpasoBaHdsi KOMaHI MOXHO YIOT-
pe6JIsATh TOJBKO TOrJa, KOUJa H3MEHeHHe KOMAHJ COBEpILAeTCs
10 0co6o npocroMy 3akony (no6asieHue 1 WIH JPYroi KOH-
CTAHTH K KAKOMYy-aH60 H3 aipecoB H T. IL). DTOT XKe METOMN
NPUrOJEH NpH J1000M 3aKOHE H3MEHeHHs xKoMmaui. PecraBpauus
KOMAHJHE SIBJAsSIeTCS NPH 9TOM MeToje HuajauiHed. Kpome Ttoro,
3TOT METOJ CJAEXYeT cuutath OoJee HAJEKHBIM, TAK KK Kax-
noe HoBoe (popmMHpoBanHHe TOH e xomaHan (K) cosepiuaercs
HE3ABHCHMO OT Pe3yJbTaTOB NPeNbIIYIHX (POPMHPOBAHHIL.

3roT crnocob GopMUPOBAHHSA KOMAaHM IPUMEHEH B Iporpamme
§ 30 pelieHusi CHCTEMHBI JIHHEHHBIX a/Jre6panvyecKux ypaBHEHHH
METOJIOM IVIABHHIX ZJIEMEHTOB M B IDOrpaMMe TrapMOHHUECKOTO
anaauza (cTp. 228).

§ 23. NEPEYEHb KOMAHI H OBO3HAYEHUI

B srom mnaparpade MBI npuBefieM NepeyeHb PacCMOTPEHHBIX
onepanuii, a TakxKe uX 0603HayeHuH, ynorpebisgeMBIX B 1a/b-
neiimem. Kak u panbuie (%) o603HayaeT COLEPHKHUMOE STUEHKH
3¥Y ¢ HOomMepoM @, WiH, KaK MH OyjaeM /s KPaTKOCTH IHCaTh,
AueiiKu . '

[MporpaMmel ¥ KOMaHAB 3aBHCAT, OYEBHAHO, OT TOro, Kak
XpaHATCS YHMCJa B MAallHHE, KAKHE KOMAHJAB OHa BHIIOJHSET,
CKOJBKO aJpecoB HMET KOIH 3THX KoMmana. Mbl Bce BpeMs
OyjseM roBopuTh O MallMHAaX, pabOTAIOIHX MO TpeXaapecHOMY
kopy. Ilepexon K OCTaibHHM ciyuyasm onucan B § 19 u Tpyna
He IIpejCTaB/IsECT.
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1. Caoxenne

‘ -+ ‘ a ‘ B ‘ 1 ‘ Cnoxurb («) u (B), pe3ynbTaT OTPaBHTL B AYEHKY 7.
2. Bouuntanue

' — | = Bl v ‘ Boiuects () u3 (2), pesynnTaT OTIPABHTL B 1YEHKY 7.
3. ¥Muomenwue

X | = ‘ ) ‘ ¥ | Yuuowuts (o) Ha (B), pe3yabTat OTHPaBHTH B SIYEiKy §.

4, leneunne
. e | By Pasgeants (o) Ha (B), pe3yabTaT OTIPABHTH B si4ellKy 7,
5, Cnowenue 6e3 yuera nopsigkos!
ilals ‘ . | CrnoxmuTh oTenbHO undpoebie yactu (x) u (f) u mo-
psankn (2) u (B), moayuennnii wugpopoil Habop oTnpa-

BHThH B H'{Cﬁ[()" 1- AH&J‘[OI‘}‘IIIH}'IO onepaunn MOMHO BBECTH W 11 BLIYHTAHHA

6. YcaosHHI nepexon

sll w | B ’ ¥ ' Cpasnutb (a) v (8). Ecau (2) < (B), nepefity K BhINOA-
| HeHMIO caenymonieil Komauuel; ecan (z) = (3), nepeiitu

K BBHINOAHEHHIO KOMAHMB 7.

-

7. OctanoBKa?

’ ‘ OcraHoBHTL MallHHY .

8. lMepexon K MeCTHOMY ynpaBaenuio?

M la‘ [MepeiitTh K MeCTHOMY YMpaBJCHHI,  BLIOMHHTDH
KOMauuy .

9. Mepexon K HeHTPAAbHOMY ynpaBneHuwo?

B} I ‘ [MepeiiTn x HeHTpanbHOMY YIPABACHHIO.

10. [TocwakKka B meuath

a [Mocnate (@) BO BHeWIHEE YCTPOHCTBO ISl MEYaTH.

| mn

1 Ecav B ManiuMHe 3ansaTtad (HUKCHPOBAHA, TO B 3TOil onepamuH HapobHO-
cTH HeT, OHd COBMajaer ¢ omnepaiuefi 1.

2 Komanpa OCTAHOBKM OCYILECTBJSICTCS TAKWKE M B ClyyasxX, KOrJd B Koje
KOMAHIbl MOABASETCA COBOKYIHOCTh LH(pP, HE COOTBETCTBYIOLlAad HH OJHOMY
wr(py Kakoii-nuGo Apyroil KoMmammbl

3 Dta onepauust ecTh TOMALKO B MAUIHHAX C PAsHenbHbLIMH MECTHBIM H
LEHTpanbHLIM yrpasienusmu (cum. § 25).
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YacTHBIM CJIyyaeM 3THX ONepaunuil sIBJISIOTCS, OYEBHIHO,

caeyIoNHe !
11. [lepecunaka

+ | = B 1 Hag | 4+ ‘ a ! ) [Mocnate (a) B Aueiiky B.

12. Mepecvaka ¢c OGpPaTHBIM 3HAKOM

‘ Mocnate —(«) B Aueiiky B.

E

13 Tawenne COLEPHMHUMOro AYEHKH

[Tocaate 0 B aveiiky a (ouucTHTL AueilKy a).

=] |

DTH onmepanud BCTPEUAIOTCS NPH PELICHHH MaTeMaTHYeCKHX
3a7144 OUYeHb 4aCTO M MOI'YT CYHMTATBCS OCHOBHBIMH. [lpuBenmem
orepanui, KOTOpHE JHGO BCTPEUAIOTCSi CPABHHTENBHO PEMKO,
60 MOryT OHITh JErKO CBEJeHH K BBIIOJHEHHIO OCHOBHBHIX
onepaunmi.

15. Haxoxpnenaue abCoONOTHON BENHWUHHBE YHCTA

10 e ‘ ‘ 8 l Haiitu |(«)|, mocnath pesyabTar B siueiiky 3.

14. Onepauns 6e3yCNOBHOrO nepexona

a [lepefiTh K BHIMOMHEHHIO KOMaHAbL (a).

16. Cpapuenue no abconwTHOH BeJAHUMHE

8 |« Cpasuutp [()] u |(3). Ecam [()] < [(B), mepeiiti
K BGLIMOJAHEHWIO caefyowel komanas; ecau |(x)| = |(B)],

nepeiiTH K BHITOJHEHHIO KOMaHABl 7.

21| «

17. Haxowienue uenoi u npoGHOI wacrtell yucna
al| g |Y_l Haiitn E ((2)) u {(2)}. E ((=)) OTnpaBHTL B AueiiKy
{

e ¢
| (2)} — B aueiiky 7.

18. JlornuecKkoe YMHOXCEcHHE

alabd |y \ Han na6opamu, npencraBiasiiowumu (a) 1 (), nponsso-
AMTCA nopaspanHas omepauns no mnpauay: 0 A 0 =0,

0A1=01A0=0,1Aa1=1. Pesyaprar noceinaercsi B suelxy 7.

19. Jloruyeckas cyMmMma

@l = | B |+ ‘ Han na6opamu, npencraBiasiomumu (z) u (B), mpoms-
BOJMTCH TOpaspsaras omepauus no mpaeuay: 0 v 0=0,

Ovi=11v0=1,1v1=1. Pesyibrar nocuiaercs B fAueHKy 7.
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.20, Onmepauus casura
HaGop, npepcrasasiowmit (a), capunyte Ha E ((3))
prnpaso (npu (3) < 0 cuBur GakTHYECKH [POHIBOIMTCS

BiaeBo). OcpobounatonHecs paspsjbl 3anoNHAIOTCS HYJXAMH., AHAJIOTHYHYIO
OTePalHI0 MOMHO BBECTH /Sl CABHI'A BIeBO.

BRnn

21. MMepecuaka Nnopsifika B UHGPPOBYW 4acCTh

1 | 8 l Ecan (a) NPeNCTaBICHO B BHIE 27.0,a,0, . . . (@, He

o6si3aTenbHO 1), TO NOCAATH B HOPMAJH3OBAHHOM BHIE p
B Aueiiky B. AHANOrHYHO MOMKHO OMpENeNHTh MePechlKy ¢ O6paTHBIM 3HAKOM
nopaaka B WupPOBYIO 4aCTh.

* ‘

22, [lepecwaka yHclHa B NOPHALOK

IMocaath B HOPMalH3OBAHHOM BHIe B aueiiky § umcio
2B 5 nopspke (3) nonyunm E ((«))+ 1. Ananoruuno
MOJKIIO OMpPELeNHTh MePechKy ¢ o0paTHHM 3HAKOM HHCIA B MOPHIOK.

-] e

Jlaist pedcTBHE C YABOEHHBIM YHCJAOM pa3psanoB (cm. § 16)
HeOOXOAUMHEl CJeIYIOLHe OIlepalHHu:

23. Y¥MHOMKEeHHEe C BBIBOLOM MOJHOIO YyHCaa pPaapsalios

> ‘ a ‘ 3 1 Vuuowuts (¢) Ha (3). Ilepeule paspanbl npoussene-
HHsl € TIOAYUYHBIIMMCS MOPSAKOM MOMECTHThL B SIYEHKY 7,

‘ ‘ o | noCJe/iHHe C TeM e MOpAnkoM — B sueliky o.

24, JleneHue ¢ BRIBONLOM OCTaTKa

a | B |7 Paspennts (a) na (3). Yactnoe noMecTHTh B A4eilky v,
‘ 3 uudpbl OCTATKA € MOPAJKOM 4acTHOIO — B fueliky &.

ITpn onepaumsx ¢ OGJOKMPOBKOH HOPMaaH3alHH Mbl PAJOM C CHMBOJOM
onepanun Gyjem CTaBHTh 3aITylo, Hampumep, -, -7, T, M T

[Mpu 3amucH KOMaHAbl MBl CuuTaeM, yTto wmHdp onepaunu
3aHMMaeT paspsambl MOpsaKa, a axpeca — paspaabl WHppPOBO#H
YacTH.

HaGop onepanmii, npuHATHX B MaludHe (TaK Ha3biBa€MbIX
9/€MEeNTAPHEX ONepanuil), MoxeT ObTh upe3BHUYaHHO PasHO06-
pasupiM. B mammnne Mark B xauecTse s/1eMEHTapHHX ONepamui

6blTH  omepamuu  HaxoxjeHus V x, sinx, cosx, logx u mp.
B GOJBIUMHCTBE MAallWH BHUYHUC/IEHHE 3THX (DYHKIMH OCymiect-
BJSIETCS CTIeNHa/ bHBHIM TporpaMmupoBaHueM. OfHAKO OpPH Mpo-
rpaMMHpPOBAHHH 3a1au¥, B KOTOPOH 3TH (DYHKLUHMH BCTpevaloTcs,
MOJKHO OMEpPANHI0 HAXOXKAEHHS 3THX (PYHKIHUH YCJIOBHO CUHTATH
gnemeHTapHol. [IpH OKOHYATENBHOM MPOrpaMMHUPOBAHHU 3TO

180



COOTBETCTBYET OTCBHLIKE K MECTHBIM moanporpammam (cm. § 25)
H/JH BCTa4BKE B 3TO MECTO HYKHOrO KyCKa.

[Ipu cocraBjeHHH mporpaMM MH OyIeM MOJB30BAThCS CJIe-
AYOIUMH OGHUMH /151 BCeX NMporpaMMm 0603HaUeHHSMH.

Kampass nporpamMma COCTOMT M3 JABYX uacTel: IIepeuHs
sueexk 3¥Y, comepXamuXx HCXOJHbIE, BCIOMOraTe/bHEE H MOJY-
yaeMble BeJHUYUHB, H COBOKYIHOCTH KOMAaHO, peaqu3yolHx
nporpamMmy. [lepBeie sueiiku MbB OGynem 0603Ha4aTb OOGBIYHO

Ay, Ay ...,aq, Qoy...,By, B, ..., 0,b,,...,ecin nocienoBa-
TeJBHOCTh HX aApecoB HecyuiecTBenna, wam A +1, A4+ 2,...,
B+1, B+2,..., ecin oOHa cymectsenHa. Anpeca sueex,

XpaHsmux KomaHmwl, 6yneMm o6o3nauate K+ 1, K42, ... (wm
B ciayuae nagobuocth ...K—2, K— 1, K). TlogoGuas cucre-
MaTHKa B 06O3HAYEHHHW YIOpPONIAeT uTeHHe TporpaMmsl. Han-
MHCH Haj NporpaMMo#, ,afpec KOMaHaw“, ,omepamus* u T. 1.,
ME 6ymem onyckaTb. Ec/H 3anucHBaeTCs COEPHKUMOE HECKOJIb-
KHX siYeeK, BO3MOXXHO BMECTO

W= & | @=| « |

8

Gy

TIHCATh 3To, B 4YACTHOCTH, BCIOAY HPHHSATO
Ag ’

HaMu i KoMmauj. [IpuMevanus (oHH OGEHIYHO KacaloTCs pesy.ib-
Tara Olepalud) HULIIYTCA ClpaBa OT COLEPXHMOrO COOTBET-
cTByoueft siuefiku. Beno/sinenue nporpaMMbel HAUHHAETCA BCErJa
€ 1nepBOH KOMAHJH IPOTPAMMH.

Takum o6pasom, nepsas nporpamma § 19 B npuHaTHX 0603Ha-
YeHHAX BBINVISIUT TaK:

Ay ! a

A, b

A, c

A, d

By Y4TO YroiHo
B, .
By » "

B, v .
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K+ 1 X | A | A, | By | By =c

K+ 2 X Ay Ay By (By) = a*

K+ 8 4 B, B, B, (By) = c*+a?

K+ 4 X Ay Ag B, (By) = ac

K+ 5 X | A | Ay | By | (By)=bd

K+ 6 oy B, B, B, (Bg) = ac -+ bd
K+ 17 X | Ag | As | By | (By)=bc

K+ 8 X | A | A | By | (B)=ad

K4 9 — | By | By | By | (By)=bc—ad
K410 : By | By By | (By)=x= %
K+11 : B, | B, | B {Bs)=y=bi_4“d
K412 g

§ 24. HPOFPAMMHPOBAHHE HHUKJHYECKHX MPOLIECCOB

Brille HEOAHOKPATHO YKA3EIBA/IOCH, YTO OCHOBHEIM (DaKTOPOM,
JaiolUM BO3MOXHOCTb pPeaM30B4Th B ABTOMATHYECKHX MallH-
HaX &ATOPU(MBL pelienusi MHOTHX 3ajady, ABJISETCS pachajgeHue
BCEro NpPOUecca pelieHHsl Ha HUMK/IB MOBTOPSIOIKXCS Olepauui.

Mmul ceityac noapo6HO pacCMOTPUM IIPOrpAMMHPOBAHHE 3a/1a,
pacnafaiomUxcsi Ha WHKJIBL, WITIOCTPUPYSl 3TO HA KOHKPETHHIX
npumepax. [lpocrefimufi npumep paccmorpen B § 22.

I p M e p 1. HYCTB HYKHO HAHTH cymMMmy 72 + 1 uieHoB psiga

X"

1 +_ x _+, X + m 4, + o QueBupHo, 0OWIMH XOX

o X
BHIUHC/IEHHH JOJXKeH OHTb TaKUM: HNOJYUUTh @3 = TH npuba-

) : X
BUTH €ro K S, = 1, NOIYyUHM §; = S + @; = 1 + 7} BHUHC/IHTD

a,x o
G npubaBuTh K §;, MOJYYUM S, M T. A. Jlasa srtoh 3a-

3

Jla4d MOXHO COCTaBMTh MPSIMYIO NPOrpaMmy.
IMomecTM B Ayefikax 3Y BeJAHUHHH:

@W=x, B)=1, (C)=1, D) =1, (E)=x

B siuefike 3¥Y A nociaenosarebHO OYAYyT XPAaHUTBLCA @, Q,,
a,, B siueiike C HaAKan/JIMBaeTCs HYyIKHAs CyMMa, B suefike

..y
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D — Be/MuMHA p — MHOXKHTEIb, HA KOTOPBHI HAXO YMHOXMTb
(p —1)! B 3namenaresne, 4yTo6H NOJYYHTHL p L.
[Mporpamma B TpexagpecHoM Kojae 6yneT HMeTb BHA:

K44
K+2
K+3
K-+ 4
K+5
K+ 6
K+7

......

Kax BumgHo, mporpaMma COCTOHUT

komange (K+1) u

NIOBTOPEHHSA CepuH

-+ A C C
- B -D D
X A E A
s A D A
+ A C C
-+ B D D
X A E A
: A D A
: A D A
+ A | C C

H3

hbowx
¥ 7oy

BHIUMC/JIEHHSI S, IO

yeTHpex KOMaHj

i
X

+

B

PR N

Obmo

O

Ecou BrIiounts B O6LLYIO CXEMY U BHIUHCJAEHHE @&, TO NPO-
rpaMma CTaHeT COBCeM OAHOOGPa3HOM:

K+1 ‘
K+2 -
K+3
K+4
K45
K+6
K+17
K-8
K+9

el S S v e

ot

CSovmbabmb

a b

DaOx2x2D0>x2xD

o>

b O

l

b S e e e
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Bcss mporpamma npexcrasiasier co60H NOBTOpeHHE n pas
IPUBEIEHHOA BHILIE CEPHH YEThIpeX KOMaHI.

MOXHO OCYIeCTBUTb NMOBTOpPEHHE LHKJIa 3THX YeTHpex Ko-
MaHJ clepywouei nporpammoi

K+1 + | B | D D
K42 x | A| E A
K4 : A | D A
K+4 | 4| e c
K+5 = K+1

OznHako nporecc BHUHC/IEHHH 1O 3TOH Tporpamme IpoOjaoJ-
kanca Obl, O4eBHJAHO, OGECKOHEYHO, 4 HAM HYXHO 3aKOHUUTh
BHIYHCJIEHUA nocae #--1-ro unena. CinegoBaTenbHO, HYKHO H3ME-
HUTb CMBICH Komauawl (K -+ 5): mepexon k xomanpe (K +1)
JoxKeH OHTh COBEpIHIeH, €CJAH YHCJAO COCYHTAHHHIX Y/JEeHOB
MeHbllle n-1; BHUHC/ACHHS OJHHB HPEKPATHUTBHCH, €CJIH OHO
PaBHO 71-+1; 370 MOXKET GHITh OCYIIECTB/IEHO KOMAaHAOH YyCIOBHOIO
nepexona. Conepxanue sivefiku [) ykaykeT HaM HOMEp TOJBKO
4TO BHIYUCJAEHHOTO wieHa pspa. [lostomy xkomanma (K 4 5)
YCJOBHOTO Nepexofa NOM¥KHA HMEeThb BHIL:

K+5| > F | D ‘K+l‘

npuyem B syefike F xpauutca umcio n— 1.

Buiyncsenuss mo mporpamme

K-+1 - [ B D D A 1
K42 v A E A B 1
K43 & ‘ A D A C 1
K44 + | A C C D 0
K+5 > | F D K+1 E x
| F n—1

OylyT NpOTeKaTh CAEAYIOIHUM 00pasoM: BHIYHC/ISAETCS @y H S =
= 8o+ @,, CcpaBHUBaeTcs copepxumoe sueiiku D ¢ n— 1.
Eciu n>1, T0 BHuUMCIAseTCS @y H S, = Qb + §;, H3MEHSETCS
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comepxumoe Aueliki DD (OHO CTAHOBHTCS PaBHHIM 2) M CPABHHU-
paerca coxepxkumoe D c¢ n. Tax mnpopo/mxaercs mpouecc IO
BHUMC/JICHUS] 7-TO ujeHa. [locie BHYHC/IEHUS @, U S, = @, +
+ 8,1 comepxumoe suefiku D Gyfer n M HOCAe CpaBHEHHS
no xomauge K-+ 5 MBH 3aKOHYUM 3Ty nporpammy (nepeipem
x komanze K -+ 6), a He BepHeMcsi K Komange K 4 1.

B srtofi 3ajaue MB BCTPETH/NCH C MPOTPAMMHPOBAHHEM BHI-
YHCJAUTEJBHOrO IPOLECCa, Pacnajialonerocs Ha 3Talbl, BEYHC-
JISIeMBIe 110 OAMHAKOBHIM MporpaMmMaM. Pa3unie 3Tansl OTIHYEI0TCS
JUMIb UCXOAHBIMHM JaHHEIMH (COOepiKalUMucs B sueilikax A,
C, D), upuueM B KaxIb 3Tan BBIYUCJIEHMH BXOIHT U3MEHEHHE
STHX NAHHHIX H TEM CAMEIM MOATOTOBKA K BHIIOJHEHHIO CJELYIO-
LIero srama.

3ameuanue. [lgd TOro yro6H CHEIATH OKOHUYATEJIBHYIO
nporpaMmy GoJiee KOPOTKOMH, Mbl HECKOJBKO YCJIOMXKHHIH BEYHC-
Jgenus (BBeJH ,BHYHMCIeHHE" @; = X). Takoe ycC/JI0KHEHHE BHI-
yycJeHHH JJI  COKpAIleHHs MPOrpaMMBl BCTPEYAETCS YacTo
(cm. coaemylomuit npuMmep).

[Tpumep 2. IlycTe HyKHO HalTH CyYMMYy [OpOH3BeIeHHH
yucea @, by, a, u by, ..., a, u b,, HaxoAAUUXCH B suelKax
3Y ¢ nomepamu coorseTcTBenno A,, B,, A,, B,, A, Bs, ...,
A,, B, Kak u B mnpejisiyuem IpHMepe, MOXKHO COCTaBUTh
npsAMyio mporpaMmy (mporpammy Bcex onepaunuii). Ona 6ymer
HMETh BUA! ;

K41 X A, B, c
K42 + C c’ c
K43 ¢ Ay B, c
- C — Homep siyeiikn 3¥Y, B KO-
K4 = C C C TOpoOit  JlomkeHn ObiTh MOMeNeH
K45 X Ay B, C" | peayaprar.
K46 7k C ¢ | C Buauane (C) =0
K+2n—1 X A, B, (4
K+2n | + | C | C | C

(IlepBbie fgBE KOMaHAB MOXHO 3aMEHHTb, KOHEYHO, OJHOM:

| x| 4|8 |c

, HO MBI HE XOTHM HApylIaTb €AHHO06-

pasua MpOTrPaMMHI. )
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[puBesennas nporpamMma COCTOMT W3 TOBTOPEHHs ORHOM
H TOH )K€ COBOKYIIHOCTH ABYX ONepamnuii C pasIuYHBEIMH 3HAue-
HUSIMH T[I€PBOTO M BTOPOT'O a[pecoB B mepBoil u3 Hux. Ilostomy
11eJ1ec006pasHo OCYLIECTBHTh YTpaBJAeHHe MAalIMHOH MpH pere-
HHY 9TOM 3ajauu clIenyouuM o6pasoMm.

|

B, C|r

3ajaTh CHAua/ a4 JUIIb KOMaHIBl &, :’ X | Ay

kz"_—‘ g | c r o ‘ C_‘, B JajibHefilleM MeHATb MNepBYIo

KOMaHay TaK, 4TOGH TOC/AeIOBATEeNbHO MOJYYaIUCh H OCYIe-
CTB/JAIMCHL KOMauan ks = (K+3),..., kw = (K4 2n). Jlas
3TOTO HYKHO, YTOGE KOMaH/{bl X PAHHJIHChH B IEPEMEHHBIX sueiikax
3Y. Tak KaK HaJ KOMaHZaMH MOTYT IPOBOAMTHCS ONEpPALyH, KAk
U Han uyucaamu (cMm. § 22), To A8 U3MEHEeHUsi KOMaHIbl By HYHKHO
B IIPOrpaMMy BKJ/IIOUHTB OINEpaluH, MEHSIOUHe 3TY KOMaHmLy.
[Tomectum uncaa a,,...,a, B sueiikax A-+1, A+2,...,
‘A+nwuby,..., b, Bsiveitkax B+1, B+2,...,B+n c uo-
MepaMH, MIYIUMH NOAPSA (UM BOOOILIE C KAKMM-TU00 HOCTOSH-
HeiM warom: A;=A+4is, B,=B+4it, i=1,...,n). Torna
nu@poBoii HaGop Ky MOXKeT OHITH TNOJMYUeH mpHGaBIeHHEM
(6e3 yuera nOpAIKOB) K KRy UHC/IA, HMMEIONEro 3alHCh

i 1 ‘ 1 ‘ ‘(COOTBETCTBQHHO! I s |t .‘)

-’22:‘—1=‘ X | A ‘ B; [E?'

T 4 — HoMep sueHkH, riue Xxpa-

() = | 1 ‘ 1

HUTCS IIHCJIO‘ 1 ‘ ! ‘ ‘

| ,
Rypi=| X [App1 | Bip Cl

Roir1 HYXHO NOMECTHTb B Ty ke sueiiky (suefika K + 1), rue
OBLIO kg:_l =
Onepauust u3MeHeHHus kg1 MOXKeT GHTH 3aKOIMPOBAHA CJe-

AYIOIAM 06pasom

‘+!K+1f'a. K+1 |

186



Jlasi Toro uTOGE O6eCneuuTb BHITOJIHEHHE KOMaHm Rgi—1,
ko; u mepexon K Rgiy1, AOCTATOUHO 3alaTh NPOrpaMMy:

K+ 1 X Ads1 | B c'
K2 —+ Cc c’ C
K43 + K41 u K41

MMepeiith k (K -+ 1), ecan uncao co-
CYHTAHHBIX l'[pUl‘I3BCJlCHHi‘i MeéHbllE 711,
¥ OKOHYHTH BHIUHCJAEHHWA, €CJH OHO
paBHO 71

YCTanoBuTh, KAKOf IIar Ml JeJaeM, NMpolie BCEero mo Ko-
mange (K -+ 1); na #-M 1ary oHa JO/KHA MUMETh BHI:

(K—}—l):‘ X | Atn | B—l—n.’ c |

Ecam MB  OPeANoJOKHM, 4YTO € YBEJHYEHHEM aJpecoB

komaHger | X | A | B | c ‘IIHC.?IO, u3obpaxaionee 3Ty

KOMaHJy, yBEeJHYMBAeTCs, TO OKOHYATEJBHO NPOrpaMMe MOXKHO
NpHAaTh CJAeLYIOmHUil BUA:

U — HOMep s4YeHKH, rme xpa-

K+1 Y| |A+1B+1

K—i—Q _J[_ c c HHUTCSH I(DHTPOJIBHOE YHCJI0O
K+3 |+ |k+1| & |K+1l | X |A+n\B+« c |
K+4 |>| v K+1|K+1 il

S 1]

[lpouecc BHUMC/IEHHS 10 3TOH MporpaMMme COCTOMT H3 IOB-
TOPEHHs] CEpPHH OlepanHii

K1 ‘ X | Adm | B4m| ¢ ‘
K-+2 + C C’ e
K3 | 4+ | K+1 | a | K41 |
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u Bo3Bpamenuss x kKomanze (K -+ 1), moxa sta KomaHza He

, NMocJIe 9ero BbIYHC-

npuMeT Bu,u\ X | A+n | B+n ‘ c'

JIEHUsI 1O 3TOH IporpamMme 3aKaHuMBalOTCs (MepexoauM K Ko-
mange (K -+ 5)).

Jlasg Ttoro uToGH B HYIKHBIE MOMEHT OKOHUHTB ITPOILECC
BBEIYMC/IEHUH, MOMXKHO HapsaLy C TOJbKO YTO ONHUCAHHEIM CIOCO-
60M NPUMEHHUTh TaK¥Ke CASIVIOIMA: B KaKoi-1u60 sAueiike 3Y r
XPaHHTb YHC/IO NPOJEJAHHBIX IUK/IOB U CPABHHUBATH €ro C KOHT-
poabhbiM (siueiika w). ITOHATHO, 4TO H3MEHEHHE 3TOr0 YHCJAa
(npubaB/tenue x HeMy 1) ZO/DKHO BOHTH B caMBifi muK.1. B atom
c/aIyvyae nporpamMma Oyner MMeTh BUIL:

K+1 | x A+1‘B+1 c ‘(A'{"i)za;‘ (€)= 0
K+2 |+| C c’ c (B+i) =1 (9)=1
kK43 [+ r | g | r|@=n-1 =0
K+4 |4+ [K+1 o |K+41 (u)z[ ‘ i ‘ 1 ‘ ]
K+5 ;’ w | r |K+1 | |

JTta nmporpamMma, Kak BHIHO, AJUHHEee U TpeGyeT OGoJblie
BCIIOMOTaTeJIbHHIX Auyeek. [loaromy, ecau BO3MOXKHO, Jyulle
ynotpeb/aaTh MepBHil U3 yYKa3aHHHX CIOCOOOB.

[Tpumep 3. B § 4 yxe paccmaTpHBa/joCh peLIEHHE ypaB-
HeHus X = f(X) MeTojOM HTepauun Xn41 = f(X,); Tam GblIa
TIpUBEJIEHa JIOTHYecKasl cxeMa perieHus aToil 3agauu. [IpuBenem
NOJIHYI0 nporpammy ee pemenus. Ecaun Mo He 6ynem nertasu-
3MpoBaTh BhuHCIeHHe f(x) B mporpamMme W 06GO3HAYUM €ro

yCJOBHO OIHON KOMaHmo# | f a B |, uro o3HauaerT:

naiitn 3nauenue f((2)) u ormpaButh ero B B, TO mporpamma
BHYHC/JACHHH MOXET UMeTh CJAeAYIOWUH BHI:

k+1 | £ | a | c | W=x

K+2 | =1 e | & A (Bies

Ka N 4 b (C)}tno YTOfiHo
K+4 | + | c A (D)

K45 | > | D ‘ B | K+1 ‘

188



Ecau umeeTcs omepanusi cpaBHEHHS 1O abCOMIOTHON BeJH-
yiHe, TO MPOrpaMMa YHpPOCTHTCS:

K+1 | f | 4 c | @A=x

K-+2 —_ C A D (B)y=-¢

K+3 | + | C A (©) _
K+4 |I>1| D | B | K+1 \(D}}‘”"””’I‘”‘}

Bce paccMOTpeHHHE 3aJaud HMEJH OJHY M Ty e Joruue-
CKYIO CXeMY: peuleHue ux COCMOSAO0 6 NepuodusecKkom mno-
EMOpPEHILL OCHOBHOIL cepull ONepayuit.

Takyw cepurwo onepayuii mv. 6ydem 6 OanbHeiiuem Ha3bl-
samov YUKAOM, @ HPOUEcch, COCmosuue 8 ROSMOperHuu
YUKAQ, — YUK AUMECKUMLL.

Jlis 3apau, NpoIece pemeHus KOTOPHX UMK/AHYECKHil, MOXKHO
yKas3aTh CJAeAylomuil o6mmii penent nporpammuposanus. [1ycms
desaemcs nocAe006ameAbHOCMb Onepayul (LAl COBOKYNHOCMU
onepayuir) A, A,, ..., A, u npu HEKOMOpOM pacnoLONCEHUU .
ucxo0nbLx Oanusx 8 3Y Ay modicem Govims eOuHOOOPA3HHM
cnocobom noayseno us A;. Tozda yenecoobpasno cocmasumbs
npopamMmy no maxkomy nAAHY:

1 Ay
1l Hamenenue Ay 8 Ay (Ai—=A;)

11 Konmpoasroe cpasnenue

[Tpumep 4. TIycTb HYXKHO yMHOXHTb MaTpPHIy Ha BEKTOP,
n

T. e. Hafith y; = Y, @;X;({=1,2,...,n). Dra 3anmaua ecrect-
j=1

BEHHHM 00pasoM pacnagaerTcsi Ha [HKJBL — IPOIECCH HAXO0X-
JleHHsl OTAeJbHHX BeanuuH y,. Ecanm paccmatpubaTh HaxOXIe-
HHE y; KaK LMK A; TO [0 YKa3aHHOMY peLenty IHporpamMma
6ynetT uMeTb BHI:

I A4,

I A,‘—}AH_]

11l KourponbHOe CpaBHEHHE
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Ho 3azaua HaxOXAenus OTACJABHEIX Y; yiKe OHJ/ia pelneHa
B NpuMepe 2 M I Hee y¥e COCTaBJI€HA Mporpamma.

K+1 | X |ptslat+t] ¢ | 0+i=x

K42 + C; ' Ci | (g:+Jt) = aij

K-+3 iK1 4 |[K+1 :
K+ + +1 u o} () = 5 ‘fs‘ l
+4 | > | v |K+1|K+1

© =] x |@+Ds| |
ij=12....,n

OueBuaHO, yA06HO unciIo t = ¢; BHGpaTh HeusmennbM. Torna
TporpamMmMa BHIYHC/IEHHS NPUMET BHA:

K+1 X p+s | g+t <
K+2 | + € c c
K+3 | 4+ | K+1 u K41
K+4 | > v ‘ K+1 | K+1 ]

[lpu i =1 310 stan I nporpamMmul.
Has ocyutectsienust stana II ynobuo, oyeBHAHO, CYHTAThH

¢g;=q+iz, C,=CHir

Torma srtam Il 6yner uMeTh BHA:

K+5 ‘ + |[K+1 w [K+1 w1| —n8|—nf+z| |
K+5| + [K+2 w [K+2 w r ’ | r

Kontposbnoe cpasHenue (stan III) Moxno nposectd 1o
npukady (K+1) wm (K+2).

Bosemem, nanpumep, no (K + 2.) Cpashenue Oyner HMeThb
BHJL:

K+7| = wy, |K+2|K+1|wy| + |(#4+1)r4+C
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OKOHYATEJLHO MOJYYUM NPOIPAMMY:

K41 X p+s'q+z+ti c (p 4 is) = x;, (g + iz +Jt) = ay;
K+2 dui el 0! CH+rl (CH+ir)=0,ij=12,...,n

K+3 i |K4+1 u K41 u s ‘ ¢
et | e v K+1 |[K+1
. & [
K+5 + . | K41 wy K+1 :;, * (_—_I_,qs)s z — nt|
K6 + |K+2 Wy K+2 ' |
W, r I r

K7 > w, | K+2 |K+1

Wy +I_!C+(n—|—l)r | ‘

ToCae OKOHYaHH#A BHIYHC/JACHHS

(C+iry=y, (i=1,...,n)

Beavuuunl p, ¢, r, S, t, 2 HOMKHB OBITh, OYEBHIHO, TAKHMH,
uTO6H cepuu p -+ is, ¢ + iz + jt, C 4 ir nonapHo He mepecexa-
Juchk. Ecau Her HMKAKMX MOMNOJHHUTE/NBHHX YCJIOBHUH, TO MOXKHO,
Hanpumep, npubsath ¢=0; t=n; 2 =1; p=n?;s=1; C=n®+
+n; r=1.

31ech MH HMEEM CHMCTeMY IMKJOB: 3amaua Oblia pasbura Ha
UMK/JIH — [POLECCH BBHUUC/IEHHS OTAEJNBHHX V;, KaXJIHH H3
9THX LMKJIOB, B CBOIO OYepe/b, pasOMBaeTCsl HA LUKJBl — BBIYHC-
JeHHe OTHEJBHHX TPOM3BEJCHUH @;;X; u npubaBleHHe a;X;

i1

Kk Y a,x,. Takas cucTeMa pasGHeHHs HAa IUKJIB, KaXAHA M3
A |
KOTOPHX B CBOIO Ouepenb pasGuBAETCs HA LHMKJBL, MOXET COIep-
watb U GoJee JNIMHHYIO LENOYKY.

Ec/n, HanpuMep, HYXKHO BBHIUMC/AHTL [POU3BEAEHHE MAaTPHIL
C = AB, T0 3T0 BBHIUMC/JeHHE Pa36HBAETCST HA LHKJ/B — BBHIYHC/IE-
HHUA OTJEMbHHX CT0A6IOB MaTpuusl C, 4TO NMPHBOAUT K TOJBKO
YTO PacCMOTPEHHOH 3amauc.

3ameuanue. Mo pazobpamu CIefyoOLYyO CXeMy pacro-
JIOXKEHHS] ITANOB BHIIOJHEHHS 3JEMEeHTApHOTO LHKJ/A:

1A,
11l KontponbHOe cpaBHeHHE
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MoxHO paccMOTpeTb W JpYyro#l HOPSIOK:

I A;%AH_I
I A,
1l KontpoakHoe cpaBueHue

B stom ciayuae B HauaJbHHIH MOMEHT 3HaYeHHE PaGOYMX KOMAHI
M BCIOMOraTe/]bHHX $Y€eK JNO/KHO OHTH TAKUM, YTOOH [pH
samene A; Ha A;y; OHO OBLIO TOTOBO K BHIIIOJIHEHHIO TEPBOrO
mwikaa A,. Dran Il nosromy u o6osnauen A,.

[Tpn coctaBiennu NporpaMMel JJIs 3ajay, pa3GUBAIOLIHXCS
Ha OTJEe/bHHE LHKJH U 3Tallkl, CAM IPOLECC NPOrpaMMHpPOBAHHS
COOTBETCTBEHHO Pa3GHBAETCS HA COCTABJAEHHME COOTBETCTBYIOLIMX
y3/10B nporpammbl. [Ipu 3TOM coOBeplIeHHO HE HYXHO COCTaB-
JSTh BCIO NPOrpamMmy cpasy. JloCTaTOYHO COCTABMTH HE3ABUCH-
Mble (MM TIOYTH HE3aBHCHMbIE) HPOrPaMMBI /ISl pPasHHX ee
9TanoB M 3aTeM CMOHTHPOBATbL NMPOrPaMMy H3 3STHX ITAIOB.

Mub Bupeau, yTO A8 TOrO, 4TOGH CAeJaTh Mepexop oT
OJHOTO LHKJIA K APYroMy eIHHOOOpasHHM, NMOHATOGHIOCH pac-
NOJIOKUTE MCXOJHBEE JAHHBIe B ONpefle/leHHOM mnopsake. YacTto
ypaercsi (kak B npumepax 2 u 4) cBecTH 3ajadyy K IMK/IaM,
KOTOpPHE OT/IHYAIOTCS APYT OT APYra JHIIb HCXOMHBIMU JTAHHBIMH.
Ocobenno yao6HO, eClIH yHAeTcss 3TH JaHHHE paClOJOKUTH
B fiuefKax, HOMepa KOTOPHIX HAYT noapsn (Wi Boobmie ¢ Ka-
KHM-HHOYb MOCTOSIHHEIM ILArOM), ¥ JJIst NOJAYYEHUS KOMaHJ,
CACAYIOILETO HHKJAA HYXKHQ M3MEHSITb HEKOTOpPBE (UKCHPOBAH-
HHle M3 KOMaHX MPeAbAyIero Ha NOCTOSAHHEE (He3aBHCSIHe
OT HOMepa IMKJIa) uucaa. MIMeHHo 3toT cayualh u siBasiercs
Haubo/iee uacTo BCTpeuawommumcs. [TosTomy Bonpoc pasmenieHus
MCXOAHHX AAHHHX B 3Y SIBJSITCsI BAXKHBIM BOIPOCOM B KAMKIOI
3ajmaue.

3amevanue. B npumepax 1 v 3 HUKIHYECKHE TPOIECCH
OCYLIECTBJASIMCH C IIOMOINBIO * IPOrpaMM, He TpebGoBaABHINX
npeobpasoBanus KOMAHA; Takue INPOrpaMMHl pead3yeMH H B
YC/I0OBUAX XpaHeHUs KOMaHA B HNOCTOSIHHOM 3Y, NMpOrpaMMsl ke
K npuMepam 2 ¥ 4 BKJIIOYAJH NPeo6pasoBaHue KOMAHJ, MO3TOMY
9TH NPOrpaMMH JOJKHBL XPAHHTBCH B ONEPAaTHBHOM (ll€peMeH-
Hom) 3¥.
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§ 25. CCCTABJIEHHE CJIOXXHBIX NMPOTPAMM
M3 BOJIEE MPOCTHIX

flporpammbl ¥ noanporpamMmbl. B npomecce penieHust Clomx-
HHIX 3ajlau NPUXOAUTCH pewiats Oojee 3jJ1eMEeHTAPHHE YacTo
BCTpeUaloNMecs: CTaHAAPTHHE 3aflayd: NEPEBOJ YMCeJa U3 ONHOMH
cHCTeMBl B JIPYTYIO, JEJeHHE H H3BJeuYCHHe KBAaJPATHOIO KOPHA
B MalllHHaX, B KOTOPHIX OTH OlepalMd He BXOAAT B YHCJIO
OCHOBHEIX, HaXOMXJIEHHE 3HAYEHHH 3JeMeHTAPHEX (YHKUHH —
TPUTOHOMETPHUECKHX, JOTapu(PMHUECKHX, NOKa3aTeIbHOMH, HHTep-
NOJIHPOBAHKE, apu(METHUECKHE OlepalUu C YABOEHHBIM YHCJIOM
3HAKOB M T. IL; Lesaecoo6pa3sHo UMeTh Ha0Op 3apaHee COCTABJIEH-
HBIX IPOrpaMM /s TaKuX 3ajad. DTH NPOrpaMMel GyAYyT BXO-
JUTh KaK MOANPOrPAMME B NPOrpPAMMBI PELIeHHI APYrHx 3amau.

CymiecTByioT MAaLIHHH C €IMHBIM OJOKOM YIpaB/eHHs H
MAIIMHB, B KOTOPHIX HMEEeTCs, Hapsily C TJIABHBM OJOKOM
ynpasiaeHusi, 6J0K (H1n 6JI0KH) MECTHOTO ynpasJaeHus. B maniu-
HAX IMEpPBOrO THNA IOJANPOrPAMMH SBJASIOTCH 4acTAMM OOmieH
NPOrPaMMHL.

PaccMoTpuM CHaua/la cayyail TakKMX MAUIMH NPH TOCAeN0BAa-
Te/ILHOM BHIIOJTHEHHH KOMaHA: MyCTh MOCTE KOMAHAb (2) cie-
ayet nepefiTh K noxmporpaMme. MOXKHO NepByI0 KOMaHIy NOA-
nporpaMMbl cresatb Komaupaoil (o -+ 1) OCHOBHOH IporpaMmH,
TOrjga, B 3aBHCHUMOCTH OT &, H3MEHSIIOTCS T€ KOMaHIBI NOANpPOT-
pamMMHl, B KOTOPHIX COAEPKATCs aipeca KOMaH] NOANPOrpaMMbl —
KOMaHJH YCJIOBHOTO M 6Ge3yC/J0BHOTO nepexona u Inpeobpaso-
BaHUSI KOMaHm® (k-1 KOMaHAa mnoanporpaMmel GyneT HMeTb
B obueil mnporpaMmme ajupec o - & B 3TO uucI0 o+ R Oyner,
HanpuMep, CTOSITh B KOMAHJE, O3HAualomeil Nepexoji K BHINOJ-
HEeHUI0 3TOH KoMmaHawl). Takoe BiJAWOUYEHHe TpebyeT Ipensa-
pHTEIBHOTO Tpeo6pasoBaHHs KOMAaHJI MHOANPOrPaMMHEL. IJTHX
npeoGpa3soBaHuil MOKHO u30exaTb, €CIH KOMaHIBbl JaHHOH
NOANPOTPAMMEL PA3MeINAloTCA BCerja B ONHHX M TeX xe (Quk-
cupoBaHHbIX sAuefikax 3¥. [lycts noanporpaMma 3aHMMaeT
auefikd BB+ 1,...,7. Ecau nociae kKomaHae (o) OCHOBHOI
NPOrpaMMBl HYJKHO NPUCTYIHTh K BHIIOJHEHHIO NOANPOTPAMMEL,
TO MOKHO TOCTYNHUTL 10 C/eayouei, nanpumep, cxeme: (a -+ 2)
Oynmer KoManaa 6e3yC/J0BHOTO NePexod K BHIIOJIHEHHIO KOMaHIb
(), a (1+1) — xomanna 6Ge3yCJOBHOrO MEPEXOJAd K OUEPEXHOH
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KOMaHjze OCHOBHOH nporpaMmme. Ilepen komaupoit (o -+ 2),
OYEBMIHO, MOJKHA OHThL KoMaHga o -+ 1, mewnsnomast (4 1)
HYKHBIM 06pa3oM.

Jass MamuH ¢ CBOGOJHBIM BHIIOJTHEHHEM KOMAaHJ BKJIIOUEHHE
NOANPOrpaMMEL B IIPOTPAMMY 3HAYUTEJILHO yrpoulaercs. Jlis
BKJIIOUEHHSI TOANIPOrpaMMbl, copep:xauleiics B gueiikax B, +
4+ 1,...,7, B OCHOBHYIO NpPOrpamMMy Ioc/Jae KOMaHjsl (¢) H0CTa-
TOYHO YKa3aThb B YETBEPTOM ajpece KoMaHaul (o) siuedky {3,
a B UETBEPTOM ajpece KOMaHAH 7 sueiliKy, COTEpKAUIylD Ty
KOMaHJAy OCHOBHOH MNPOrpaMmel, K KOTOPOH CJeAyeT nepeiT
noc/e BHIOJHEHHS NoAnporpammel. Ecau nmomnporpamma pasme-
1{eHa B CTAHNAPTHHX siyefikax 3V, TO AJsI TAKOTO BKJ/IIOYEHHS
Tpebyercs JHIIb OJJHd KOMaHIa B OCHOBHOH IpOTpaMMe: KOMAH/a,
KOoTOpasi ob6ecreqyuBaeT Kak HeOOXOUMOe H3MeHeHue 4-ro ampeca
KOMaHAH Y, TAK H Nepexol K NOANpOrpaMmme.

B mammuax ¢ O6JOKOM MECTHOTO VIpaB/i€HHS 3TOT O6JI0K
yIpaB/sieT BBINOJHEHHEM BKJAIOYEHHHIX B HEro IOIIPOrpaMM.
OcHOBHAsE NpOrpaMma OCYIIECTB/ISETCS UEHTPaIbHEM GJ0KOM
yupasaenus. Ocobas koMaHaa peasusyer nepedawy ynpasie-
HUSL € YeHmPaAbHORO YRPABACHUS HQ MECHIHOE JJSl BHIOJIHE -
HUSI MOAMPOrPaMMEL.

OueBHgHO, 3Ta KOMaHJa JOJKHA 3aKAIOYATh HWJAH HOMEp
(wudp) noamporpaMmbl HIM HOMEpP KOMAHABL, C KOTOPOTO HAUM-
HAeTCsl BREINOJHEHHE 9T0i noxnporpammsl. [Toanporpamma moskHa
3aKaHYHBATBCS OCOGOH KOMAHION 6038pAUICHUST K HEHMPAAb-
HOMY YRPQBAEHI. BHoHenne OCHOBHOM MPOrpaMMEl HAUMHA-
eTCs I10C/JAe 3TOTO C NMPEepBAHHOrO MecCTa.

Hast MamuH ¢ CBOGOAHBIM BHINOJHEHHEM KOMAaHI TPU TIepe-
X0Jle K MECTHOMY YIPaBJICHHUIO MAOJKHHE OHTbh 3aJaHbl JBa
azpeca: MepBLH ajgpec HYKHOH MOANPOrpaMMHL U afpec KOMAHIH
OCHOBHO¥ IPOrpaMMbl, K KOTOpPOil clIeayeT IepedTH, BHIOJIHHB
NOATPOT PAMMY.

OueBuaHO, BCe KOMAaHAH MNOANPOrPaAMMH, HOABEPraBUIHECS
H3MEHEHHIO B IIPOIleCcce ee BHIIOJHEHHS, NOMIKHH OHTbL pecTaB-
PHPOBAHBl NEpel BTOPUYHBIM HCIOJb30BAHMEM 3TOH TOANPOT-
pammel (cm. § 21). Tloanporpamma Ju6Go 3akaHuuBAeTCs, JuGO
HAYMHAETCsI TAKOH pecraBpamueii.

194



[Tpu MeCTHOM yIpaBJAeHHH Ha/JIHYHe NOANPOrpaMMH Mo Cylie-
CTBY pacimmpsieT HaGop 3JeMeHTapHBIX omnepanuid. OTCHIKA K
MECTHOH TMOANPOTpaMMe SKBHBAJEHTHA KOMaHJE O BEINOJHECHHH
onepamuii, peaJusyeMux 3Toil noxmporpammoi. [lpu goctaTouno
WHPOKOM Habope MOANPOrpaMM 3ajaya MPOrPAMMHPOBAHHS B
3HAYUTENBHON Mepe CBOJIHTCH K MOHTAaXy STHX MOIINPOTrpaMM.

Kaxpas w3 nogamporpaMMm npeayCMaTpHBAET HCIO/JIb30BaHHE
NP BBIYHC/JAEHHSIX HEKOTOPHIX sveek 3Y¥Y, KOTOpHE MOTYT OKa-
3aThCH  3AHATHMH pPe3y/bTaTaMH BBIYHCJIEHHH 1O OCHOBHOMH
nporpaMme. JTO CJleAyeT UMeThb B BHIY IPH BK/JIIOYEHHH IOA-
NporpaMMel B nporpamMmy. B HEKOTOpHIX CIydasX MOXET OKa-
3aThCs 1EeJeco00PAa3HBEIM BKIOUEHHE B HOANPOrPaMMY Omnepaiui
OUHCTKH TeX sueexk 3Y, KOTOpee NOTPeGyIOTCs NpPH BHIYHUCIC-
HUSX.

Cxema cocrtaBienusi nporpamm. O6e14HO 60/bIIAS BHIYHCIH-
TeJpHas 3azaua pa3GuBaeTCs HA PAJ ITANOB, KaXMIB U3 KOTO-
PHIX TIpeCTaBsieT co60H HEeOGObLIYIO CAMOCTOATEIBHYIO 3alauy.

Eciiu Mo yMeeM COCTaB/IATh IPOrpaMMbl JJls KaXJOro us
3THX 9TAlOB, TO 3afaua COCTABJEHHUs BCEH NPOTPaMMbl CBOAMTCH
K COeIMHEHHIO MPOrpaMM JJIsi 3THX 3TaroB.

PaccmoTpum npocrefimuii npumep. I1ycrb sin X BEUYHC/IAETCS
CIeAlYIOIMM 06pa3oM: ¢ NOMOMBIO (OPMYJ NPHUBEICHHS [pH-

. ~ T T
XOIHM K BHUMCIEHHIO sinx, 0 < x < ~ > IpH 0<x< - Bhianc

. x° m 1':
JAEM SinX = X — 0 +...; OpH F <x < 5 BHIYHC/IAEM

T 2
cos(g——x) = —(z;x—) +...

1y samayy MOXKHO pasbuTh Ha CJAEAYIOIHE STalbl:
X

1. Bpiynciuts X -—E(z—) 2m ¥ 3aMEHUTh X HA 9Ty BEJHYHHY.
T

2. CpaBHUTB X > T WIH X < T.

3. 3anoMHHTH pe3yJbTaT CpaBHEeHHst B ocoGofi suefike
MOCHJIKOH B Hee — 1, ecsau y > w, U NOCHJ/IKOH B HEe - 1, ecan
y < ™; eCIM U3BECTHO BHauaste, uto (8) =1, TO BTOpO#l BapHaHT
sTana 3 He HyKeH. DTO MB u OyaeM npennosaraTb.
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4. Tlpy x >= BBHYHCAUT X — T H 3aMEHHThD X Ha 3Ty

BEJHUUHY.

T T
5. CpaBHuTh X > 3 HIH X < Ch

6. Tlpu x>1;- BHUUCJUTD T — X M 3aMEHHTb X Ha 3Ty

BEJIHYHHY.

7. CpaBHUTBL X > E HIH X <

T

_“'4' -
8. Ilpu x>% BLIYHCTHTD cos( -—%).

ks :
9. Ilpn x -ﬂ: BHIUHCJAHTE Sinx

10. Beauuuny, IOJYYEHHYIO B pesyJpTaTe 3Tanos 8 wium 9,
YMHOXHTD Ha COIepxHMOE sfdelku C. DTO U eCcTb OTBET.
Ecau HapHcoBaTh CXeMy, TO TMOAYYHTCA CAENYIONasl KapTHHA:

Taxoe o6beguHeHHE 3TANOB B
CXeMy C yKa3aHHeM CBA3H MExKLY
sranamu  (NOPAJOK Mepexoma oOT
OIHOrO 3Tana K JAPYyromy) Mbl Gy-
7IeM HA3HBATH GJOK-CXEMOH MLIs
naHHo# 3apaun. Cocrasienue G/a0K-
cXeMH YHOpPOIAET IMpoliecc Npor-
pPAMMHPOBAHHS; HYKHO COCTaBHTH
NPOrpaMMbL /sl OTAEAbHBIX 3TAIoOB
(6/I0KOB CXEMHl), B COEIHHHTBH HX
corsgacHo 6J0K-cxeme. ITO coe-
JIMHEHHe CBOJHTCS K B3aUMHOMY
pacroJIoKeHHI0 6J0KOB B 06Liel
nporpaMMe M pacCTaHOBKE MEMXIY
HHMH B Cjlyuae HamoOHOCTH KOMaHJ
YCJIOBHOTO WM 6Ge3yCJOBHOrO Ie-
pexonos. IlpuHuunuagbHO pacno-
jgarath GJIOKH B POTPAMME MOMKHO

B /11060M nopsake; ynoGHee, KOHEUHO, YMC/IO JOMOJHUTEIBHBIX,
CBA3HBAOIMX KOMAHA HMETh BO3MOXKHO MeHbuuM. Eciau Kakoii-
6o 610K KOHYAeTCs KOMAaHIOH YCJOBHOrO NEpexoja, yaoGHO
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onuH u3 GJOKOB, K KOTOPOMY MOMKET IepeiTH mpolecc, nome-
CTHTh MNOJL 3THM OJOKOM; €C/AH 10 OKOHYAHHH KAKOro-au6o
6;10ka He06X0AuMO 6e3yC/J0BHO NepeiiTH K Apyromy, YaoGHO
BTOPOIl TIOMECTHTb HENOCPENCTBEHHO MO mepBbiM. Jlas mamu-
HH CO CBOGOMHBIM IOPSIAKOM BHIIOJHEHUS] KOMAHJ COeJINHEeHHe
6/I0KOB TIPOU3BOJUTCS, OUYEBHJHO, COBCEM MpPOCTO, TaK KakK B
TOM CJyuyae IOPSIIOK pACIHOJOKEHHSI HE HrpaerT HHKAaKof
pO.IH.

B namem npuMepe MOKHO PacIONOKHTH OJOKH CJ/eJLy IOLIUM

obpasom:

I I
¥ i

! 1

Y !

2z — 2

Y !

g i}

Y Y

4 4

5 §

§ 6

[}

i 7 :
] Y

8 E:}

g e 8

Y
10 10
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B mepsoM cayuae nocjie 8-ro srama, a BO BTOPOM — MOCTE
9-ro HeO6GXODMMO, BCe-TaKH, A0GABHUTh KOMaHay G6e3yCI0BHOTrO
nepexona. J[Pyrux CBA3YIOIMX KOMaHj HHIAE He Tpebyercs.
B raase V uuraTeqb HageT NpHUMepH 6JOK-CXEM.

B ciayuae, eciH ONMH U3 9TANOB SBASETCSH CTaHIAPTHOMH
3afaveli, mas KOTOPOrO HMEeTcs CTaHJapTHasi IOANPOrpaMma,
NIPUCOEMHEHHE 3TOTO 9Tana IPOMCXOAMT TaK, KAK 3TO YKa3aHO
B Hauaje naparpaga.

lpeoGpa3oBanue 9TanoB mnporpammbl. I[lyctb aBa 3Tana
peunciaenuit A u B cosepmalorcs moc/enoBatesnsHo. [pome
BCEro COCTABUTH MPOrPaMMmy sl BHIOJHEHHd A u IporpaMmy
ISl BBIIOJHEHMs B, BTOpPYIo NMporpaMmy B3fiTb MPOIOJIXKEHHEM
nepsoil. Onuako, ecau sranel A M B umeior mMuoro obuero,
TO 1eJ1eco00pasHo 4acTo NPOrpaMMy mHoc/aeaoBatenabuoctd A, B
NOCTPOUTL TaK: mporpamma A, mporpamma, InepeBolsIas mpor-
pammy A B mporpammy B.

Tak, pewenne auddepeHHasLHOrO ypaBHEHHs MeTOIO0M
Anmamca — llltepmepa COCTOUT M3 ABYX OOJBLIMX 3TANOB: HAXOX-
JleHHe pelleHHsi B HECKOJIbKHX HAYaJbHBIX (MCXOIHBIX) TOUKAX,
NPOMOJIKEHHE IIPOIEcca pPelIeHHs — HAXOKIEeHHe peLIeHHs B
nocaenyommx Touxkax. Jlaxe 6e3 AeTaqbHOrO COCTABJICHHS
IPOrpAMM BHJHO, YTO 3TH 3Tambl Gau3ku Apyr K apyry. Ilpor-
pamma § 32 cocraBieHa Kak pas TakuMm 0OpasoM: IMPOrpaMm-
MA BHIUMC/IEHMS peIleHdss B TePBHX TOYKAX, HeboJbLIoe
noGaeiaenue, mnpeobpasylolmee 3Ty nporpaMmy K BHAY, HpH
KOTOPOM MO Hefl BHYMCJASETCA pellieHHe B MOC/IeAYIOIUX TOU-
kax. [lpu sTomM nepsasi NOJOBHHA COCTOMT U3 73 KOMaHJ, BTO-
pasi — Bcero u3 26.

O6benHHeHHe NporpaMM uau 3tanos. Korjga npuxouutes
pemaTh HECKOJAbKO 3ajad, HMelomuX ofumue STANB I
jerko mnpeo6Gpasyemble OAHH M3 JIPYrOro, MOXHO COCTaBHTb
o6beIMHEHHY0 60/ee SKOHOMHYIO NMPOrpaMmy /s BCEX 3THX
3ajau.

PaccmoTpum npocTedmmii cayuaifl Takoro OO0beJHHEHHs: MEL
nmeeMm mporpammel | u Il mas pemenuss aByX samau; mnpor-
pamma | COCTOMT H3 MOCTENOBATENBHO BHIIOJHAEMBIX STAIOB
A,, B, C,; mporpamma Il —u3 sranos A,, B,, C,, npuuem
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B, = B,. MOXHO COCTaBHTb OOGBEIMHEHHYIO NMPOrpaMmy IO CJe-
LVIOIIeH cxeMe:

\—/
\[Z.

Ilepexon ot aranoB A, wm A, x srany B; = B, cosep-
maerTcss B 00meM Tak, Kak OBJIO yKa43aHO BHIIe. B mammuax
MIOC/E€IOBATE/NLHOTO BHIIO/JHEHUsS] KOMAHJ, €CJH, HANPHMEp, B
nporpamme stan B; = B, He CTOUT HemocpeACTBeHHO 3a A; To,
aran A; I0MXKEH 3aKAHUUBATHCS KOMAaHAOH Ge3yCJ0BHOTO mepe-
xoja (nepecruiaionieil K nepBoil komanje srana Bj;). Peaausaus
pasBeTBJAEHHS MOCJHe OKOHyauus 3Ttama By = B, MOxeT OGHTH
OCYILeCTBJEHA, HAlIpuUMep, CAeAymuM 06pasoM: MpOTrpaMMam
[ u Il MB OTHOCHM HIMDPH — YHCIA, COOTBETCTBEHHO, 04 H Oy 7 0y,
MOCHLTae@MBLIE B HAUA/J e MPOIECCa BHUYHCAEHHS BO BCIOMOTATE/b-
Hyio siueliky . dtan B; = B, 3aKaHUHBAaeTCs KOMaHIOH yCJOB-
HOr'O Nepexojia, KOTOPHH B 3aBHCHMOCTH OT COJEPHKHUMOrO siyeii-
KM 7 3aCTaB/sieT MAIIMHY NepPexoJuTbh K BHIOJHEHHIO 3tama C,
ui C,. _

CxemMa COemMHEHHs] IPOTPaMM MOIKEeT YC/JIOKHATLCS, B 3aBH-
CHMOCTH OT 4uCJa OGBeAUHSEMHX MPOTPAMM, YHCJIA OOIHX HX
3TANnoB M T. I.

Eciau pasuele stane OZHOH ¥ TOH e MpOrpaMMbl HMEIOT
ofIue YacTH, TO MOXHO TakKke HX OOBeauHsITh; HAIpUMep,
B TPUBENEHHON BHINE CXeMe BBHYHCJIEHHS 3HAYEHHH CHHYyCa
MOryT 6biThb OGbepuHensl stansl (8) u (9) — BelUHCIEHHE CTe-
NeHHBIX pPAAOB AJst cuHyca B kocudnyca. B § 28 npusenena
POrpaMMa BHIYHC/JIEHHS 3HAUEHWH CHHYCA, rJe OGbeIHHEHH 5TH
3TAIllHL.
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3akJalounTeapHble 3aMeyaHusl. B nocaennux Tpex maparpa-
¢gax Mbl yKazaJaW Ha INpUeMbl, KOTOPBIMH MBE  34CTaBJISEM
MAlIHHY pelaTh MareMaTHuecKHe 3amauy, Tpelylomue GoJlb-
LIOr0 YHMCJAa BBHIMHC/IEHHH, C [NOMOMIBI0 HE CJAHMIIKOM JJHHHEIX
IPOTpaMm.

Bo MmHorux liporpaMmax JHIIb MEHbLIAM HYaCTh KOMdHH OTHO-
CHTCH K BBHIIOJHEHHIO apH(MeTHHeCKHX M HHBIX oOmnepauuilt Ham
YHCJI4aMH, B TO BpeMs Kak 60JBHIHHCTBO KOMaHa BHIIOJHAIT
(DYyHKIMH YyIpaBJIeHHs! MallHHOIl — OGeCneuynBaoT IHKIHYECKOe
MOBTOPCHHE HEKOTOPHIX CEpHil Omnepauui, MOoC/Aen0BATETBHOE
BHIIOJHEHHe 3TAl0B BHUYHUC/JACHHN H T. 1.

B ynomuraBuiefics mnporpaMMme HHTETPHPOBaHHA GaslaucTH-
4ecKoro ypaBHeHHs u3 99 xomaHia TOJIbKO 26 KOMaHA OTHOCATCS
K BHIIOJHEHHIO OMEepanuii HaJ YHCJAAMM, OCTaJbHEE YIPaB/IAIOT
[POLEeCcCOM BHYHC/ACHHH. B mporpamme perieHus CHCTEM JMIeH-
HEIX anare6panyecKux ypasHenuit uz 63 xomanp qumb 11 xomang,
OTHOCATCS K BBHIYHCJIEHHIO HAJ yucaamu; 12 KOMaHJa OTHOCATCS
K BHOOpPY ,IVIaBHOIO 3/jeMmeHTa“ (HauGOJbBIIErO 3/JEMEHTA Ma-
TPHLH), 4 — K YNOPSAOYEHHIO CTPOK H CTOJIOLOB, OCTAIbHLIE
YOPABAAIT OOIMM XOJIOM I[pOLlecca BHYHCAEHH.

§ 26. MPOrPAMMHPOBAHHE JJI1 CIIYYAS YMEHbUIEHHBIX
BO3MOYXHOCTEN MAUIMHbI

YHuBepca/bHasi BHYMC/INTE/IbHASI MAIIMHA, IpeJHA3HAUEHHAs
IJIsl pEelIeHHs! CaMBIX pPas/JMYHBIX 3ajay, NOJXKHA, eCTECTBEHHO,
GHITH 3HAYHTEJNBHO GOJiee CA0XKHOM, ueMm CHeNHaIH3HPOBAHHASA
MallliHa, CrocoOHAasi pellaTh KAKOH-JHG0 OlpejeeHHbIll y3Kui
KJacc 3ajaud.

CrpeMm/ieHHe YTPOCTHTH YHHBEPCAJLHYIO MAalIHHY 3a CYeT
YMEHbUICHHS JHANA30HA 4HCea, C KOTOPHMH ONepPHPYET MAalllMHa,
yMenblleHusi oGbemMa 3¥Y uiau e 3a CUeT OTKa3a OT HEeKOTOPhiX
onepanui, B YaCTHOCTH onepauuil Haj KOXaMH KOMAaHI, I1pPHBO-
OUT K CO3JAHMIO MANIWH, XOTS M CIOCOGHHX peuath pasHoos-
pasHele 3aJ[aud, HO BCE K€ HE SIBJSIOLIMXCs BIOJIHE YHHBEp-
Ca/bHBEIMH. 3afaya INporpaMMHpOBAHUA JU/IS TaKO# MalIMHH
C OrpaHHYCHHBIMH BO3MOMHOCTSIMH CTAMOBHTCH 3HAUMTE/IBHO
6onee Tpynmoii. Ilpu stom me Bcerpma cpasy ynaetcs omnpene-
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JINTE TPAHULE! HPUMEHHMOCTH MALUMHBI M OTBETHTH H& BOIPOC
0 paspeiluMOCTH JaHHOH 3aJaud HA TaKOH MallHuHe.

[TpuBoMMas HUMKE NPOrpaMMa YUCJACHHOIO HHTEr PHPOBAHHS
ypaBHeHHil BHemHeH Oa/lIUCTUKH pacCyuTana Ha MalluHy,
y kotopoit umeercs suwpb 20 oneparuBHbix stieex 3Y u 30
sgueex 3¥, B KOTOPEIX MOXHO XpaHUTh INOCTOAHHBIE UHCIA.
Kpome Toro, mamuna ne crocobHa npeoOpasOBHBATE KOMAHJH
¥ UMCIO KOMauJ B NpOrpaMme, BKIIOYAs KOMaHAY OCTaHOBKH,
HE JOJDKHO mpeBHIuars 63. Maiinna MOXKeT onepupoBaTh TOJb-
KO ¢ uucaaMu B auanasose (— 1,1); 4uCI0 ABOMUHBIX PaspsmoB
pasuo 16. B mamune npeaycMOTpeHO IeYaTaHHEe MOJYUEHHBIX
Pes3yJabTaTOB, KOTOpPOE OCYIIECCTBIACTCA KOMaHnmo# IOCHUIKH
pesy/abrata B crnenuanbhylo sueiiky 3Y. O6bem 3Y maiuu-
HBl, OrpaHHueHHe 4YHC/Ia KOMauix uucaoM 63 u  OTCyTCTBHE
onepauuil npeoGpasoBanus KOMaHJ He [03BOJWIN PeLIUTh 3aia-
Yy HHTErPHPOBaHHsA JABHKEHHS LEHTPa Macch cHapsaga I0J-
HOCTBIO.

Kak H3BecTHO, mpaBble 4acTH cHcTeMbl aud@epeHuHaIbHbEX
ypaBHEHHI JIBHXEHUS LEHTPd MacCH CHapsiia ComepiKar TPH
aMnupuyeckue Qyuxnuu: ©(y) — OTHOCHTEABHOE H3MEHRHHE TEM-
nepaTyps ¢ BEHCOTOH, H-(y) — OTHOCHTEIbHOE H3MEHeHHe ILIO0T-
HOCTH BO3AyXa ¢ BHCOTOH M G (V) — QyHKIHUS CONPOTHBJICHHS
Bo3ayxa; t(y) asiasiercsl JuHeiiHo# QynxkuueH BHICOTH

Bg)=it—Ay

U ee BHIUMCJEHHE HE IPEeACTaBasieT TpyaHocred. Jlas Beruucae-
uua Qysxuun H:(y) no Bocote B 9300 M 3mech NpuUHSATA

dopmyna

_ Ay BAY)+C
B )= D (Ay)—C

Buuucaenne . (y) mias Goabliux BHCOT norpebosano Gwl
JIOTIOJIHUTEABHBIX KOMaHJ B IPOrpaMMe€ M YHC/JIO KOMaHA [por-
paMMEl BHILJIO OB 32 yCTaHOBJIEHHHH npene. [Jljis BHYHC/ICHHH
(YHKUHE CONPOTHBJIEHHS BO3JyXa, MOCKeqHss OHJIAa amipOKCH-
MUpPOBAHA Ha pasJHUHBIX HHTEPBAJaX W3MEHEHHS aprymeHra
noJauHoMaMu Tpetbeil crenenu. [L1a Toro 4To6H KO3(QHUIHENTH
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NOJHHOMOB HE MPEeBOCXOIHIH €IHHHIE, (PAKTHYECKH IPHXOAUTCA
HMeTb JIeJIO C TNOJHHOMAMHM TpeTbell CTeneHd OTHOCHTENBLHO
JUHEHHON (DYHKIHMH KBampaTta CKOPOCTH. IDTd JHHEHHAsT QyHKIHS
OK43bIBA€TCA pPAa3/JHUHONH HA PasHBIX MHTEpPBA/aIaX ANIPOKCHMAIUK
¢GyHKIMH conportuB/iedus. OrpaHHueHHEIE BO3MOMXKHOCTH MaLIHHE
HE TMO3BOJIMJIM BBECTH B MPOrpaMMY BHUHCICHHE (DYHKIUU
CONPOTHBJICHHS Cpasy HIJs BCeX 3HaueHu# ckopoctu. [launas
nporpamMmma IperycMaTpHBAe€T BBIYUC/IEHHE (YHKIHH CONPOTHB-
JeHUsl IJs1 IBYX COCEIHHX HMHTEPBAJIOB anmpoOKCHMAaluH.

Takum o6pazom, npeznjiaraeMas HpOrpaMMa pacCuMTaHa Ha
BHIUUC/ACHHE TPAaeKTOPHH, BHICOTA KOTOPHIX HE€ IIPEBOCXOJIHT
9300 M, a npuBemeHHAs CKOPOCTh (TOYHEE, KBAApaT CKOPOCTH)
JBH:KEHHST CHApsza IOJKHA MEHSITbCs B Ipelesiax, olpejeJse-
MHX copepxanHeMm 211 u 219 saueex 3¥. B Tom cayuae, xorma
CKOPOCTb BHIXOJHMT 3a YCTAHOBJCHHBIE IpeLe/nl, NpPOrpaMmma
obecrieyHBaeT aBTOMATHYECKOE NpEKpamieHue BuluMCaeHHH. g
NPONO/IKEHHST BHIYHCAEHHIT B 3TOM ciaydyae TpeGyeTcs H3MEHHTb
comepxanue sueek nocrosinHoro 3¥Y 211 — 225. Murerpupona-
HHE BeleTCs MeTomoMm Jfijiepa ¢ nepecuetroMm no ¢opmy.e Tpa-
nenuu. [lasi Toro 4TOOH O6GecneunTh HEOOGXOAMMYIO TOYHOCTB
pacyeToB H He BHIXOAHMTL 3a IpejesH YCTAHOBJEHHOIO jHana-
30HA UYHCEJ, M1 HCKOMBIX (PYHKUHH BBeJEHE PasJHYHBEIE MaCIl-
tTabuble KOaPUIUEHTH, PAaBHLIE CTENEHSM JBYX.

Tlpu uHTerpupoBaHuH au(pdepeHUHANbHEX YPaBHEHUR METO-
Jqom Diijepa, eCTeCTBEHHO, BO3HMKAeT HeOGXOIHMOCTEL B yMeHb-
IIEHHH 11arda HHTETPHPOBAHUS, YTO BEJET K YBEJHYEHHIO UHCIa
omepanuii, HEOOXOAMMBIX JJ/Ifi TPOBEJEHHSI BCEro IPOIECCd.
3nech BO3HUKAET ONACHOCTE OHICTPOTO pocTa OMHGOK 3a CYUeT
oHOOK OKpyr/aenuss 4 ownboK Merojaa. bBuraromaps ycroiiuu-
BOMY XapakTepy peLleHHs CHCTeMbl JUQdepeHIHatbibX ypaB-
HeHu#l Ga/VIMCTUKH TAaKOro pocra B JEHCTBHTEJBHOCTH He Halb-
mojaercs. OKCIepUMEeHTAJIbHEIE pacyeTH  IOKa3bBaIOT, UTO
NOTEPH TOYHOCTH 3@ CYET OKPYIVIEHHH MHHMMAJIbHB M JJIS
TIOJYUEHHS] YETHIPEX BEPHHIX MAECATHYHHIX 3HAKOB JOCTATOYHO
BECTH BHIYHCJICHHSI C OMHHMM 3aMACHBIM JAECSTHUHBIM 3HAKOM.

OTH pe3y abTaTH M [PHBEICHHAS HHIKE IPOrpamMMa HHTErpu-
poBaHMs YypaBHeHH# Oa/JJIMCTUKM II0KA3HBAKT, 4YTO MAaIllHHA,
npefiHa3HaYeHHasl CHEUUaThHO M/ HHTErPUPOBAHHSI CHCTEMBI
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baok-cxema nporpaMmmbl

-9

|
Bbivucnenue wobow (cnedywwur) snave-

WUl Ong W u U ufu ymOYHEHUE IMUT |
IHAYEHUU  NEpeCcYemaom

10-13

Bbiwucnenue nobbix snavewull nng v"u#

V-6
[ Bbhivucnenue T(g} u v; J
v 17-22
l Borvucnenue He (y)
jresemeeid 3]
y Z25-32

Boiyucnrenue G(w) (1-d unmepban)

3 35 -42

Borvucnenue G () (Z!Li unmepban)

43-46 {
ﬁ; Boivucnenue ' ou ow! I

L4749
Howmpont coBnadenus pesynbmamob
dbyx yuknob

! —

Buoivucnenue nobo20o Jnavenus
dns X u neyamb

l

Nogeomobka k wobomy yukny u nevamo

L — : e SRR
| C mon |
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nudde peHnMalbHEX ypaBHeluii, MoxeT 00/1a1aTh 3HAYUTEJIbHO
6o/e¢ CKPOMHBIM OGOPYJOBAHMEM, YeM yHHBEepPCA/JbHAf BBHIYHC-
JINTEJbHAsl MallHHa.

B npuseneHHofi HHxKe mnporpamme suedku 3Y, y KOTOPHIX
nepsas uudpa HOMEpa ecTh 2, MPEACTAaBJSIOT COGOH sUeHKH
nocrosinnoro 3Y. Ocranbubie siueiikn 3Y (nepsasi mudpa HOMe-
pa 1) — onepaTtuBHble sYCHKH, M3 KOTOPHX MOXKHO Gpath 4HC/A
H B KOTOPHE MOXKHO OTHPABJATH PE3Y/BTATE IPOMEKYTOUHBIX
BLIUHCIenud. Komanasl HMeoT cBol0 HyMepamuio ot 1 mo 63.

[TporpaMma A1 YHCIAEHHOTO pELIEHHS ypasHeHuii GannHCTHKH.
Conepranue siveex 3¥

OnepatHBube A4eiikn 3Y Hueiikn nocrosuHoro 3¥
101 Wy 201 & (211) — (225) —
. ‘ KOHCTAHTHI JIJI51
102 o 202 '1 BEIYHCICHHS
- = S8 (YHKIHH CO-
103 Yo=0 208 2 TIPOTHBIEHHS
104 =0 204 93y BO3[yXa
" 1 £ 1
106 Lo 206 L
2 v ]
107 Log” 207 A
20 .
¢ . KO3((pHIHEHTHL
108 Lo 208 B [qulﬂﬂ
Z ™0 D BBIYHCTEHUS
110 —o-16 209
i He (y)
210 C
Komananbl
1 + 105 106 113 9 e 109 109 106
2 + 107 108 117 10 wa 114 114 108
3 pid 113 202 109 11 + 106 108 113
4 X 117 202 111 12 4 204 112 112
5 ped 113 203 112 13 -} 103 112 112
6 4+ 101 112 112 14 b4 112 207 118
7 - 101 109 109 15 — 206 118 116
8 + 102 111 114 16 : 113 116 116
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17 — 118 | 208 108 41

X 116 106 106
18 | X% 108 118 108 42 | 4+ 106 | 224 106
19 | + 108 210 108 43 | % 108 106 108
20 | X 209 118 106 4| % 109 108 106
o | == 106 210 106 45 | X% 114 108 108
292 : 108 106 108 46 | — 106 | 205 106
23 | > 116 | 211 63 a7 | = 110 111 116
2% | > 212 116 34 48 | + 11 110
2% | — 116 | 218 116 49 [I1=1| 1e | 201 1
% | % 116 | 213 116 50 I 113
27 | % 116 214 106 51 | X 117 | 203 110
28 | + 106 | 215 106 52 | + 102 110 110
2 | w 106 116 106 53 | X 110 | 204 111
30 | 4+ 106 | 216 | 106 54 | 4 111 104 104
31 | x 106 116 106 55 M 104
32| + 106 | 217 106 5 | -+ 109 101
3| = 43 57 | 4+ 114 102
4| > 219 116 63 58 | + 112 103
35 | — 116 | 225 116 59 | + 106 105
36| X 116 | 220 116 60 | + 108 107
37 | X 116 | 221 106 61 I 103
38 | + 106 222 106 62 | = 103 1
3¢ e 116 106 106 63
40 | 4 106 | 223 106

§ 27. MPOTPAMMbBI K 3AIAYAM, PACCMOTPEHHBIM
B I'JIABE 1II

B raase I paccmoTpensl cranpapTHeie 3ajaud H CTAHIAPT-
HBHIE TPHEMBl pelleHusi 3anad. Huke TpuBeAEHB TNPOrpaMMbl
JUIST HEKOTOPHIX PAacCMOTPEHHHIX TaM 34/lau: BEIYUC/JIEHHE MHO-
rou/ieHoB, 06pa3oBalue MNOCJAeJOBATEAbHEHX CYyMM H pasnocrefi,
pellenre ypaBHeHHH MeTOLOM INpob, npeoGpasoBanue YUCEJ H3
JIBOMYHOM CHCTEMH B JNECATHYHYIO, IIPHMEP MPOrpaMMBl BEIYHC-
JIEHHA C KOHTPOJIEM.

Boluucaerde MHOroujJeHoB. O cxemax BBIYHCJAEHHS MHOTO-
yienoB cmotpu § 16. "
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1. B xauectse 1-r0 nmpumepa MNpUBEAEM NPOrpaMMy BHYHC-
sennsi In(14-x) nma wmuorepsate (1,2) ¢ rtounocteio mo 10-6
no ¢opmy.ie !

In (1 4+ x) =0,9999925 x — 0,4996101 x2 4 0,3287936 x3 —
— 0,2267714 x* +-0,1350726 x5 — 0,0548851 x®4- 0,0105550 X7

[Mporpammy cocraBuM 1o cxeme [opnepa.

In (1 + x) = ((((((0,0105550 x — 0,0548851) x + 0,1350726) x —
—0,2267714) x + 0,3287936) x — 0,4996101) x -+ 0,9999925) x

K+1
K+2
K+3
K+4
K+5

+ 1 -+ 0,9999925

A

A+ 2 — 0,4996101
A+ 3 -+ 0,3287936
A+ 4 — 0,2267714
A+ 5 -+ 0,1350726
A+ 6 — 0,0548851
A+ 7 -+ 0,0105550

Cs
X | G
s 4
> |[K+1

A+T
Cy
C,
K

Cs C, g

e, |+ G | ‘ 1 ‘
K1 K | + ‘ G A+1| G|
K41 Cs |

3ameyaunue. Ecan 3nauenue In(l 4 xX) nyxHO HaXOIHThH
B psiie TOYEK, TO JJISi BOCCTAHOBJEHHS TepPBOHAYAIBHOTO BHJA
NPOrpaMMbl HYMKHO IPEeABAPHTENBHO BHINOJHHTE JBE KOMaHIEL

K—1
K

+ |
+ | K

Cs
K41

K2=‘ + ‘ Cs

A+17] C;‘:i[

! 3ra Qopmyna nonyuena pasnosmexneM ¢yHrumu In (1 4 x) no monuso-

mam Yeboimepa. Cm.
of mathematics and physics 1938 r.
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2. B xauectBe BTOpPOro npumepa pacCMOTPUM HHTEPIOJALHIO
no ¢opmyJae IDpeperra.
Drta dopMysa MMEeT BHI

k-1
_ T R ¢ BT A, )
s Bl e R ) 0

rae h — paccTostHHe MeKJAY COCeIHHMH Y3/IdaMH HHTEPHOJISIHH
Koy X1seers X,

ny

Ete, gl — y (= 1) (2 —2D). .. (2 — %)

y="

8% f(x,) — UeHTpaJbHAsT PA3HOCTb MOpAAKa 2i
B f (o) = A% f (o — i h); A% (xo) = A" f (g4 h) — A°7'f (o)

RX)=(@—Ryy*—1)0*—2)...[y* — (k—1) %‘;—if@")(z)

£ — mpomexyTouHasi Touka HHTepBana (x,— Rh, X, -+ kh).
Orpanuuumcst cayuaem k=4, Jlas k>4 Bce BHKIAIKH
NPOBOJSATCS AHAJIOTHYHO.
[Mocie mpoctex mpeoGpasoBanuit Gopmynty Iseperra st
k = 4 MOXHO 3amucaTh B BHIE:

F) ={(1—y[f(x0) + (y* —2y) A (x0)] +y [f (%o + 1) +
F 2= A (x4 M)} +{(1 — ¥) (¥2—2y)2 B(xo) +

+y(y*—1)2B(x, + h)} + {(1 —y) (y*—2y)® —aﬁ{;(!xn) +

+y (= 1pLEEBL 1+ R (%) (2

31eCh

B2f(x,) 3 .
A () = FLE) 20t f (x5) + 218 f (%0

¥ f(x) 11
Bxg) = 2L Las f(xy
R (X) — ocTaTtounslifi 4iaeH, KOTOpbUi Ha uHTepBajte 0<y <1 He
npesocxomut 279 h® Mg, rpe Mg — makcumaabHOe 1O abCOJIIOT-

HOf1 BeJIMUHHE 3HAUYEHHE TPOM3BOJIHON BOCHMOTO nopsiaxa f®(x) na
untepsazne (x, — 4h, x,+4h). Ipenebperas BeJHYHHOR, CTOSALIEH
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B nocrepaefi gurypHoit cxkobke ¢opmyasl (2), moayuum f(x) c
TOYHOCTBIO HE HHKe, YeM

2~ ‘-‘k‘*(M" | M,+hﬂms)

rne Mg, M., MS—-MEtKCHM&fIbeIE 10 abCoOMIOTHOH BeJHUYHHE
aHauenns: mnpousBogHHX f©@ (x), fV(x), f®(x) wa unrepsaje
(xo — 4h, x,+ 4h).

EcJiu e noc/enHion Gurypayio ckooky Gopmy.isl (2) 3saMeHHTh
MHOTO4WJIEHOM Gosiee HH3KOH creneHw, nojaras npu — 1 <y <1
(y*—2y)°* = —0,75(y* — 2y)*

(¥ —1P=—0F5(y —1) 3)
TO moayuuM f(X) C TOUHOCTBIO HE HHXKE
9 p8 Mg | My | 4o
2 (1024Jr 64 +h Ms)
IMporpammy Buuuciaenuss f(x) Ha unrepsaste (a, b) no ¢popmy.e
(2) ¢ samenoil nocaennei QurypHoit ckobku mno ¢opmyae (3)
Gynem BecTH mo cxeme [opHepa, JUIsi Yero 3alMLIeM ,HCKaMKeH-
Hyi0“ ¢opmyay IBeperra B BHIE:
F(x)=y{f(xo+h) + (y*—1) [A( X0 + h) +
+ (2 — 1) B* (xo + W]} + (1 —y) {f (%) +
+ (2 — 29)[A (%) + (v — 2y) B*(x0)]} + R(x) (4)
rae X, — ysea, Gmmxafiiiuii X JTaHHOMY X

B*(x) = *L) L "‘”aﬁf( )

Ilycrs b%a = n, u usBectune Ham uucaa f(a), A(a), B¥(a),

fla+h), A(a+h), B*(a+h),...; f(a+nh), A(a-+nh),
B*(a -+ nh) pacnonoxeHs NOCIeA0BaTe bHO B 313 Auefikax 3Y
c nomepamu A +1, A+2 A+3,..., A+1+3n A+2+
L3n, A+ 3+ 3n. ¥sen x, Gmummaiiuii cieBa K JaHHOMY X,

X —
OTHICKHBAEM BHJIC/J€HHeM ueJofl 4acTH uucaa HOM(:‘p

. % x—a
sueiiku  3Y, comepxamuit  f(x,), pasen A -+ 1-43E ——
Buiuncienue f(x) no ¢opmyse (4) pacnazaercs Ha ABa unma,
CcuMTasi NHUK/JIOM BBIUHC/AEHHE (DUrypHOI CKOOKH, HPHYEM HpPH
nepexone ko 2-My LUKy 3aMesnsieM y Ha 1 —y. BuuucaeHue
durypusix cko6ok Bepetcst 1o cxeme [Nopuepa.
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[Tporpamma sanucmBaeTcs CIEAYIOLHUM 06pasoM

K+
K+
K+
K-+
K+
K+

D U W -
Dl - R

K+ 7

K+ 8
K+ 9
K10
K411
K412
K-+13
K+ 14
K415
K+ 16
K17
K+ 18
K419

K20
K50y
K422

K+23 |

K =

X

+ I XV + |

W

Ky

Cs

K417
Cia+1
Cll

@

o

@

AO000

K413

K+8
Ciy+ 1
K417

14 3ak. 13

B saueiike C; moayuum x,
B saueiike C, nonyuum y

Komaunm (K 4 5) u (K -+ 6) caymxar
1ns nepebofa 3E ==

B elHHHLBI

2-ro_agpeca. B sueiike C; monyunm
A
h L]

B sieiike K413 monyunm

+ ‘ Cys |A4+343E (x—_f) Cus

h

B aueiike C; nonyuum y2—1

B sueiike Cg noayumm 1 —y.
Komannn (K -+ 18) u (K - 19) caymxar
JJIS1 M3MEHEHHS cojepxanns gueek Cg
H K + 17 npu nepexoje Ko 2-My UHKLY

Komanpna (K -+ 22) uyxna nas Boc-
CTAHOBJEHHSI TEPBOHAYAJIbHOTO BHJLA
komaHaul K17 npu nepexope kK
cnenywouel Touke
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Al
A2
A+3

A+14-3n
A-+4243n
A+4-3+4-3n

Co

G

G,

Cs

f (@)
A (a)
B (a)

f (a + nh)
A (a4 nh)
B¥ (a - nh)

1

P2

a
h
X

5

YHro yronuo

1...1 1
1 |
1
2
C, G 1
A—}—S‘ Cro

§ — YHCIO paspsjioB, OTBO-
JHMBIXTIOJ, OJIHH ajipec fUCiKH

3. B kauecTe CseMyIOIEro npuMepa HHTEPHOJHPOBAHUS TI0
Tab/uue 3amaHHbIX 3uHauenuil f(a,), f(a,),- .., f(a,) cocraBum
nporpaMmy st HHTEPHOJALMOHHON (opmy.asl JlarpaHika 1o

y3/1aM @, @, -

MYJla 3alHCblBA€TCH B BHUIE:
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ﬂﬂz(

_ fla) Alx)
(x —a) A" (%),

i=0

aj

-+, @,, PACIOJOXeHHBIM KaK yroxHo. dra ¢op-

)+&u) M)



rne. Ax)=(x—a)(x—ay)...(x—a,); R(x)=A(x) (f:_;!)?i)

£ — npoMeKyTOYHAs TOUKA HHTEPBAJIA, CONEPKAILETO Ao, Ay, - - - ,An

Jns nporpammupoBanus mnpeactaBum Gopmyay Jlarpanxa
B BHJIE CYMMBH [1POU3BEIEHUH

n j=n
: i 1/x—a;
Fy =X T1(E22) f @)+ Ru(x)
RN
u GyneM OTBICKMBATL KaXJHIH CoOMHOXHTENb —— . Bprunc/ienue
a;—daj

TAKHM CHOCOGOM YBE/JIHYHBAET KOJIMYECTBO YMHOXEHHH TpH-
MEpPHO B 2 pasa 1o CpaBHEHMIO C MporpaMMmupoBaHuem Mo ¢op-
myae (1), ecan A (Xx) BHIHECTH 3a 3HAK CYMMHPOBaHHs, HO 3aTO
TOUHOCTH OTBETd 3HAUUTEJIBHO BHIIE.

[TporpammMa 3amuChIBaeTCA CJAEAYIOLIMM 00pasoM:

K41 |4 |A+n+1 G

K+2 |—| ¢ A c,

K+3 |—| A A Cs BunonHennem komaHn (K4 3) u

K+4 ||=] o K+T | (K+4) wMuOXuTens e npu j =
=i ONyCKaeTcs S

K+56 | 1| G Ce Cs

K+6 | X| Cg C; o

K+7 |4+ K+2 | G | K+2

K+8 |4| k13| G | K+3

K49 |=| K K42 | K42

K+10 |+ C Cq Cq C, Bnavare mnycro. B aueiike Cy
HaKaIlIHBaeM OTBET

K411 14+ K K+2

K+12 | =] K+3 C, K+3

K+13|4+| K+3 | G K+3t

K+14|4| K+t | G | K+l

K+15 |>| K K+3 | K+1

K+ 16 i |

14% 211



A | ag
A+ 1 ay
A4-2 a,
A+n | a,
A+tn+1 £ (ag)
Adn-+2 f(a)
AL 2n 1 [ (ap)
Gy x
) |
C, 1 [
 OF [ n
K, — C, | Atn Cs
Ky = ¢ A Cs
K, - A-tn ‘ A Cs

: %
BblunClIeHHe TOCHeNoBaTeNbHbIX CyMM S, = Y a, S;—
i1

n n
/ N—-1
= ¥S,..., SV =Y S, INycrs xoucrantm ay, a,,..., a,
i=1 im]
pacnosioxens B Auefikax A +1, A+ 2,..., A + n. llpu Buunuc-

JEHHH MMOCJae10BaTE/JbHBIX CYyMM i-M OUKJIOM HABJAACTCA MpOUECC

06pa3oBanus TPOMEKYTOUHHX cymm S, S4 ..., Sh B ueasx
3KOHOMHMH 3Y¥Y NpPOMENKYTOUHHE CYMMBL {-TO IHKJIA [OMEIaeM
B Tex Xe Auelixax 3Y A-+1, A+2,..., A+ n. Urobu npu
NOCJAEAYIOIMX UHKJIaX He TepAThb HAWAEeHHHIE B siyeiike A - n

3Hauenus S,, OHM TMepecHIAloTcs B Aueiiku B + i.

212



B umxec/aenylomed nporpaMme nepspie 3 KOMaHAB CIyXKat
ns o6pasoBanust 1ukiaa, a Komauas (K +4) n (K+ 5) —naa
nepegaun Sy B Aueiiky B+ i.

| |

K—l—1| ¥ | Ks K42
K42 _ _ b
K43 + |K+2 € |[K+2 P } i
K+4| > | K |K+2K+2 . | . ) :
K45 + |A+n B+ 1 .

. - A+n—1/A A+
Ki6| i |k+8 ¢ |k+s| ‘ I :” +”Bi;
K+7| > | K |[K+5K+1 ? ‘ + A::'; iA+2A'JrQ
K+8] : | : |

YacTo, HampuMep, [pPH BHIYHCJAEHHH KPAaTHOTO HHTErpaJja
B TOUKAX Xo, X+, Xo+ 2h, ..., Xo+ 1l HYXKHO BHIYHCIHTD
cymmul SY=ay, SY,..., SY. Kak Jerko BuieTb, 3TH CyMMH
nosyualorcss B siuelixax A+1, A+2,..., A+tn.

Ecan N Maso 10 CpaBHEHHIO C 72, 4TO OOGHYHO MMEeT MecCTo,
W, KpOMe TOro, 4HCJIa @, Qg,..., @, OOpasyloTcs MO XOAy
BBIYMCJICHUH, TO BMECTO MpPEBAapPUTENBHOrO 06pa3oBaHus @, As,
..., @, ¥ TOCJEAYIONEro CyMMHPOBAHHS, U4TO CHJBHO 3arpy-
xaet 3Y, MOMXHO BECTH BHUHC/IEHHE II0CIEN0BATE/JbHBIX CYyMM
St S% ..., SY¥ no xomy OGpa3’oBaHHSL UHCEA @y, Q- - -0y
Buuucaenye CyMM BeieMm ,1n0 croabuam“, T.e. B MOCIEN0Ba-
TEJIBHOCTH !

v N
Si, Si,...,S — omun UMK,
1 2 N
zarem Ss, S3,...,S82 —-BTOpO#W WMKI H T. L.,.. .,
1 o2 N . )
nakounel, S,, Sp, ..., S, — - LHKI.
IMycts M — nporpamma, oGpasoBhiBalolas B siueiike B ro-

CJeOBATENBHO @y, Qs ..., @,. Torja mporpaMma BHIYHC/EHHS
‘F\.'
Sk S2 ..., S) mo xomy mMmeer BHA:
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B [B4+1B+1| B+1 0

K+1| +
K424 |[K+1] € K+1| B+2 0
K+3|> | Ky, [K+1|K+1| B+3 0
K+4 + K K41 )
K456 | + Cy C, Cs
K+6|=> | G | C | M . ;
K+7 B4 N 0
¢, 1
B sueiikax Ce [ n—I1
B+1,B+2 ...,B+N G | ‘ | i i
MOJyuHM S}!, Sﬁ, S:} K + |B+N—1|B+N | B+N
Ko | + B |B+1|B+1
Brauane C; nycro
M

BbluMcieHHe noc/egoBaTeNbHblX pa3HocTeit. [lycts janbl

Ap=f(x,) nas n=1,2,..., m U HYXHO ONPENEJHTH MOCIELO-
: U] ] k - s
BATe/ILHEE PAa3HOCTH A=Ay —Ap_q, .., AR =AY AR na

cayuass paBHOOTCTOAIIMX TOYEK WJAH pas3lejeHHBIe pPasHOCTH
f(x1) —f(x0)
f(xﬂjxl)zlir"‘!f(xﬂ,xl,xm""xn)'_

Xy — Xy
g X9y Xy ooy Xy _q) — (X0 Xg, Xy -0, X,
= B 06mIEM cJayuae.
KXo — Xp

CocraBiM CHAuaja MpOTPAMMY O6GpPAa30BaHHsS BCEBO3MOKHBIX
pasuocTeil 10 k-ro mopsgka

Al pasn=1,2,..., m

2
AY . n=23,...,m

AR n=RRk+),...m

Takas 3amada BO3HHKAET, HAIPHMEP, IIPH HHTEPIOJHPOBAHHH,
KOrza 3apaHee IOJACUYHTHIBAIOTCS PA3HOCTH JIO R-TO TOPsaKa
B KaMJIOM Y3/€ HHTePIOJSIHH U B 3aBUCUMOCTH OT X BBIOMPAIOT
rOTOBHIE PA3HOCTH AJs OJMKAHLIEr0 K X y3Jga HHTEepPHOJALUH.
Mycts 3uavenns Ay = f(x,+ nk) nomemens B sueiikax A,
A+1,..., A+ m. Ilpu gocratouHo majom & HauGosee MPOCTO
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N0JyyaTh BCEBO3MOXKHHIE pPA3HOCTH TYTEM I[0CJe0BATEJbHOr0
poiyuTainss (A +i) — (A +i—1) nm mnepemaun 06pasoBaHHOM
pasHocTH B siueliky A-+i+m naas i =1,2,..., km.

¥ s A+1] A |A+m+1
K42 + |[K+1] ¢ | K+1
K+3| | Ky [K4+1| K41
K-+4

y [|1| R
|K1. — l‘A-}—mk‘A—}-mk—I‘A{—m(fe—i—l)

Mpu 3ToM, oueBMmHO, pasHocTH Aj, Ay ..., AF mas Toukm
Xo+nh waxonpsitcs B siveiikax A-+n, A+n+m, A+n+2m, ...,
A-+n+km. Tpu Goabuiom R Takoi Cnoco6 HEBHITOAEH, TAK KAk

@ oInepauuii

H YIJHHAEM JHANa30oH HOMEPOB sueeK, CoAepKamuX PasHOCTH

MEl IPOHM3BOAMM JMUIIHUX |+2+4-3+...+k=

k(k+1) .
Ha = slueek 3a cuer o6pasoBaHus HepabO4YHX pa3HOCTEH, HOTY -

YaeMBIX BBIYMTAHMEM pasHOCTell pasHuX mopsaakos (A-+m-+1) —
----- (A+m); (A4+2m+1)— (A+2m) u 1. a. Tlostomy npu
60.1bLIOM R PEKOMEHAYeTCsl BBOAMTH KOMAaHAY CPaBHEHHSs, YTOOH
nsbexaTb o0pPAa30BAHUA 3TUX Pa3HOCTEIlL.

'AHAJIOrMYHO CTPOUTCS IIporpaMma o6pa3oBaHHs BCEBO3MOMN-
HBIX pa3feeHHBIX pasHocTell.

[Mepeiirem Tenepb k o6pa3oBanuio pasHOCTeli M Pasje/ieH-
HHIX pPa3HOCTE# B TOUKE X,.

B kauectBe mnpumepa mnpuBeLEeM IPOrPaMMy BHIYHUC/JAEHHS

OOPATHBIX PA3HOCTEH py( X1, Xo), Pa(Xay X1, Xo)yerey Pl Xy Xn—15eee, Xo),
Xi— Xy

Ty Kiee X)) — Pi1(Xi_pp Xj_o1eeey Xp)
OG6patHHMH Pa3sHOCTAMH Mbl IOJIB3YEMCsi IIPH COCTABJEHHH pa-
LHOHAJIBHOI'O NPHO/IHKEHUS

TAE P Xy Xi=1y e 1 X5)

g + ax + agx® 4 ...
X)=—
R( ) by 4 byx 4 byx® + ...
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N0 H3BECTHHIM 3HaueHumsiM GyHkuuH y = f(X) B Toukax
Xy Xy, ... ,X, B BUIE HenpepuBHOH mpobu (cm. § 17)1?

R(x) = yo +———=2

X —= X
pa(x1,X6) + :
P%(xztxllxl)) + ~ X2
Ps(xa,xavxvxn) ‘“}' LA
x— x,
=
pn (XpXn—1,... ,Xg)
Ilyets vo, V4, -+ -, ¥, CcOnepxarcs B suefikax B, B+ 1,
B+n, a x4, X3, Xgy ..., Xn—1, X, — B suelikax A, A+1, A+2,
, A+tn.
OGpa3syem BCe nepBHE pa3jie/]eHHBIEe Pa3HOCTH
Xp— Xn-—-1
Pl(xm xﬁ—]): = e E) Pl(xﬂ—ly xﬂ—z)! Wy pl(xb xO) H
Yp— Ny

nomecTuMm HMx B sive#ikax B+n, B+n—1,..., B+ 1. 3arem
o6Gpa3yeM BTOpHE pasfie/]eHHBIe Pa3HOCTH

P2(xn! xﬂ‘—li xﬂ"g)} = s my 92 (x2) xll xo)

U IIOMECTUM UX B siueiikax B+n, B+n—1, ..., B+2 u 1. o

B peayusibrarte, noc/e 72 UKJIOB MOJIYYHM Yo, p1 (X1, Xo), Py (Xay X1,%0),
vy Pu(Xy Xn-1, ..., Xo) B Auedixax B, B+1,B+42, ..., B+n.

[Iporpamma uMeeTt BHA:

K41 — | B+n| B-Fn—1| B-+n A Xp

K+2 | — | A4n|A+n—1| c, Akl o

K+3 | : | € | B+n |B+n : ;

K+ | = |K+1| G [K+1 1 40, .

K+5 | = | K42 C, K+2 B Yo

K+6 | = |k+3| ¢ |ky3| BFI Y1

K+7 | > |K+1| Ky | K+1 . :

K+8 + K Sk B‘l‘n }l’rt

K+9 | + | K K+2 o 1 l i 1

K+10| + | K Kt | & | i !

K+11 + K, G, K, ﬁl == g:il"? A‘l"g'—l BC—{E]

K+12| > | K, K | K41 v

K413 ﬁj - | Bt | | Bin

1 Cm. Munu Yucnennnii anamus, WM. JI., 1951 r., crp. 170.
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Pacemorpum, nakomeu, mporpammy o6GpasoBanus pasHocTeii

Any Any. .., Ak 1OCIENOBATENBHO B TOUKAX X,=Xo-+nh. Taxkas 3a-
Jiaua BO3HHKAET, HApUMep, IPH OCYIECTBICHHH KOHTPOJIA 110 k-M
pasnoctsm (cm. § 18): mocaemosaresibHo o6pasyst k-e pasHOCTH
B TOYKaX X, X,-+/, ..., CDABHUBAIOT UX C 3aJaHHBIM YHCJIOM &;

ecau ,| Aﬁ| <, rae n >k, To omnbkyu B BeunCaACHIH f(Xo+1h)

; k
HeT, eCH Xe ]A,,! > &, TO JONylleHa owubKa M MAalIMHa OcTa-
HABJIHBAETCS,

B kauectBe mpumepa npusegeMm mporpammy KOHTpoJsi. CHa-
yaja 1o nporpamme P B sueiike y Haxoamm AQ=—f(X,), 3atem
no TOif We mporpaMmme P HaXOauUM A?;f(xl), nocjae 4ero co-
cTaBasieM pasHocTh Aj=A7 — Aj, KoTOpylo TmoMelaeM B suefiky
A+1; BosBpamaemcsst o6patHo K nporpamme P W HaXOauM
A%, =f(x,), nocae uero naxomum A3=A5—AY; AZ—Al— Al 1 nome-
LlaeM 9TH pasHocTd B sivedkax A-+1, A+2 u 1. 1. [Tocae k waros
ML oaryunm Ay, A ... AR B sieiikax A, A+4-1, .. wA+k—1, Cq.
CpaBuenneMm Af = (Cy) ¥ & 10 AaBGCOMOTHOH BEJHUHHE npo-
BEpAEM IPABHJALHOCTL BHuuciaenus f(x,). [lpuy nepexome k
C/ICAY IOIIUM TOYKAM Xpy1, Xp42 U T. A., ME KQXKIBI pa3 Moaydaem

B siuelikax A, A+4-1,...,A+k—1,C, Bequunnn BRAl cua Bg
P . 1 | .

7 T €L c; Aueiiku A, ..., A} k—1 Buaq;mc nycruie

K19 | — ¥y A c, ‘ B sueilke Cy cbpasyem A

K43 | — 1| G C, | C. |

K44 | + ¥ A

Ky |+ | G | 8 |

K46 |+ [K+2| ¢ |K+2|

K+7 | + | K+4| Co | K+4|

K+8 | = C; C, | K+2|

K+9 | 4+ | K, K+2 |

K+10| + | K, K44 |

K+11| + | G, C, | Cy ‘ B saueilke C, BopaGathiBaem ans n<k

K+12| = Gy G P | [pu3HAaK, KOrja NEepexoiHTh K OTLICKaHHIO

K+13 + K, K—Hl‘ caenyomed TOUKH Ag+1 no nporpamme P.

K+4+14| 4 K4-12) HOna n = k sueiiky €, ocraBiseM Heus-

K+15| = K-+11]  mennoii, u nostoMy B siuelixy K411

l nojaeM KOMaHILY O CpaBHEHHH ﬁﬁ c e
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28

+

At
P:b;—n

Meton cpaBHenmit. [lpuBenem nporpammy peméﬂnﬂ ypas-
Heuust f(x)=0 wmertomom cpasrenuit. Ilycts f(a)f(b)<0, Bu-

uncasiem f (E_“Qiﬂ); ecin f(a)f ( = —21_ 2 )<0, TO mepefigeM K pac-

CMOTPEHHK WHTEpBaJa (a, ai—b.); ecJsu f(a}(a; b) >0 — K

Fi

4 b '
HHTEPBAIY (‘3—5 ; b). Briuncienus 6ygem BeCTH 0 TeX HOp,

[I0K2 MPH BHYHCAECHMM (YHKUMH ME HE MOJYYUM JIOCTATOYHO
MaJofi BeqIHuMHBL. MOXHO pa36UThb 3amady Ha 3TAINBL:

1. Buuncauts & ——-f—-;—_i , f(E).

2. CpaBuuth 1o a6couioTHOi BeauuyuHe f(§) u 3apanee
3aganHoe e Ilpu | f(£)|< e npekpaTuth pelleHHe 3TOH 3ajauu.

3. Ipu |f(E)|>¢ ob6pasoBats f(E)f(e) u CpaBHHTD:
F(E)f(@) >0 wi f(&)f(a)<O.

4. Tlpu f(8) f(a) < 0 BO3BMEM % BMECTO b,f(

a -+ b)
2
Bmecto f(b), manee nepefinem K stany 1.

5 Tlpu f(E)f(e) >0 szamenum @ na b u f(a) na f(b),
najee nepedneMm k srany 4.

Takomy pasbueHHio Ha 3Tanel COOTBETCTBYET CJEAYIOIIAst
6/10K-cxema:
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b

B nporpamme MX eCTECTBEHHO pACHOJOKHUTB B CJAEAYIOLEM
MOPSIKE

—

4

Jlas toro, yto6H HauyaTh C 3Tana 3, NOCTATOUYHO B sIUEHKH

3Y¥, roe 6yAyT HAXOAUTHCS

BeTCTBeHHO b u f(b).
[IporpamMma j/isi BLIUMCJIEHHH MUMEET BHI:

K+1
K+2
K+3
K+4
K+5
K+6
K47
K+8
K+9
K+10
K+11

++ + 4+ v X

Vo e

Ay
A4

a4 b 5 f(a;_b

) , TIOMECTHTb COOT-

(A) =1b (A) = f(b)
(A4)) =a (A9) = f(@)
(As) = b (A7) = f(b)

(Ay) — uto yrommno (Ag) =2

(Ag) = ¢ — 3apaHee 3ajlaHHasi TOYHOCTh
f— cuMBOJ HaxompaeHHS f(x):

| [ ]
f((A)) u ornpaButh B sueliky B

| B I—Haﬁ-m

[To oxoHuaHHH BHYHCAEHHIT x = (A;).
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3necs xomaugs (K1), (K-+2) coorBetctByloT srany 3;

— (K +9) —srany 1; (K + 10) — srany 2.

[Tpensaputesasno tpebyercst 3uars f(a) u f(b) (tounee Be-
JMUMHE TOro xe 3Haka, uto f(a) u f(b)).

Ec/in 8TH Be/IMYMHBl HE BHUHC/IEHB], TO HaJ0 H0OABUTH KO-
MaHJIBI:

K—2 | f | 4 A

K—1 | A | ¥ Ag

K f A, A,
|

Arta nporpaMma, Kak BHAHO, He TpeGyeT apuMeTHuecKux
onepanuil HaJL KOMaHIaMH.

[lpeoGpa3opanue uucen M3 ONHOA CHUCTEMbI B JApPYrylo.
[TosiHBIe DmpOrpaMMbl, OCYLIECTB/AIOIIHE TakHe NpeobpasoBannd,
3aBHCAT OT ocobeHHocTelt MamuH. B camom gene, mpu npeo-
OpasoBaHuM, HATMPHMEp, ABOWYHON 3alHCH 4MCIa B JECSTHUHYIO
HYHO TOJYYUTH HE TOJbKO Habop AeCATHYHHIX IHQpP, mpen-
CTABIAOIIMX AAHHOE YHCJI0, HO TeM WIM HHBIM CHOCOOOM
OCYIECTBUTHL CAMYIO 3a[MCh 3TOr0 yHcIa (XOTH 6B B JIBOHUYHO-
JIeCATHYHOH CHCTEME) W BHIAUY TMOJYYEHHOU 3anucH. 3TH 1O-
CJeJJHHEe 3Tanbl 3aBUCAT OT OCOOEHHOCTEN MAallHHBL

ITpuBemem uacTh mporpammml npeo6pa3oBaHHA ABOHYHOH 3a-
OMCH B JeCATUYHYI0 B MallHHAX C TJlaBaloniel  3anartod,
HUMEHHO: mpeo6pasoBanns uucaa x = 28.0,0, 0,05 ...0, (o, = 1,
a;=0 i 1) x Bugy x = 1050, 0, B Bs ... B, (B #=0) (3necw
§ — HECSITHYHBIH TMOPSNOK YHCaa X, B; — HeCATHYHBIE [HUQPH).
Mel orpaHnupMMcsl MpPOTPAMMOH Orpeje/deHHs AECATHUYHOrO IO0-
pAnKa § u Habopa pecATHYHBX wudpP By, Bs, .- -, B

[TporpamMma, eCTeCTBEHHO, pacrajaeTcsi HA JiBA 3Tafa: lepBbli
3TAN — OlIpeIeJICHHEe JeCATHYHOIO MOpAAKd S H JeCATHUHON
mugpoeoit yactu y = x-10~; BTOpOH 3Tan — NOC/IEA0BATEILHOE
onpeneeHne NecaTHUHHX wHdp By, Bs, ..., B; 10 3amaHHOMY Y.

‘TlpuBemem ABa H3 BO3MOXHEIX BAPHAHTOB NPOTPaMMBl, OT/JIH-
YAIOMMXCH CBOMMHU HEpPBLIMU STAlaMHU.

ITeppriii BapuanT TpebyeT 6GoJblIEero uuCIa AeHCTBHH /5
onpeje/eHus NECATHUYHOrO TMOPSAKA, HO MeHblIell narpysku 3V.
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[Tycts —f — naumenbiias nesias crenenb 10, usobpaxkaemas
mammnoii: 10~ > 2-7> 10~¢-1, INomectum B sueiiku 3¥ cJe-
aytomue uncaa (4,) =0, (4, + 1) = —¢; (A;) = 1; B nocaenyio-
meM (A,) = 10". Cpasuupaem umcaa x n (A,)=1. Ilpu x,
6oabLIEM €IHHNUIH, IHKJINYECKH MOBTOPSETCS CACAYIOLas Cepus
onepammii: ymHoxaem (A;) Ha 10 ¢ NOCHUIKOIl OTBETOB B A,,
no6apasiem k (A,) exuHuny, Tak uTo Bce BpeMms (A,) = 104 |
cpasunsaeM (A,) ¢ X. JTa cepust onepauuii NPOAOIKAETCS MOKa
He MOsIBUTCSl HepaBeHCTBO (A,) > x. B moMeHT nossaenus 3T0ro
HepABEHCTBA, MOC/IC S-KPAaTHOrO moBTOpenns, umeeMm: (4,) =s,
(A;) = 10° > x > 10°-1. QueBHAHO S €CTb HCKOMBIH JECATHUHBIIL
MOPSLOK 4YHCJIa X.

Haugnee
y = x:(4,) = x-10—*

€CThb HCKOMAasi aecsaTuuHasi mudpoBast 4acTb YUCAA X.

Bropoii BapuaHT OCHOBAH HA TOM, YTO HUCKOMBII AECSATHYHBIH
NOPSANOK S CBA3aH C JBOMYHBIM TOPAJKOM £ uHMcIa X OJHUM
13 JIBYX BO3MOKHHX PABEHCTB:

=E (klg,2) win s = E(k1g;42) + 1

MMycts B sueiikax A +p,p=—¢—t+1,...01, ..., ¢ xpa-
narcs uucaa 107, O6pasyem uncao s, = E(R1gy2), mis aroro
HYHO JABONWUHHEI MOPSANOK R UnCIa X NPEBPATHTH B HOPMAIU30-
BAHHOE YHCIO, IIOMHOXMTHL €ro Ha 1g,,2, B3ATH NEIYI0 4YacThb
Npou3BeIeHNs U TIOCaAaTh B siueiiky B : (B) = s;.

Cpasuum copepxumoe siuefika A - (B) = A 4 s ¢ unciaom x.
[pu (A +s;) = 10" > x, uncio s, €cTh AECATHUHHI NOPSALOK X:
$;=8, a uncao y=x:(A+s;)—uudposass JgecATHUHAs
yacTh uncaa x. [pu (A+8) <Xy, S=8+1u y=x:(A+
+ 8, +1).

SamMeuvanune. Moxno Obo OB 3aMECHHUTH HAXOMXKIAEHHC
yncaa S, s KOTOPOTO YIOBJETBOpsieTcss uepasencrso 107 >
> x> 10°', nouckamu B Tabaune crenenedt 10 o MeToay mpoe.

Bropoit 3Ttan — onpejeneHns uncbp By, Be, ---, B Bemercs
nocaenosarensio no ¢opmyaam: B; = E(108;1), Bi1 = {Pi-1},
B = y; 3Tu onepauuu MOBTOPSIOTCS IUKJIHUCCKH [ pas.
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ITepBoiit BapHaHT

K+1 > | 4| 4 |K+i+11 A |0
K2 x A | A, ‘ A, As 1
K+3 £ | @ |y A, A, x
K-+4 - T Y I K+2 A, |10
K+5 : A, | A A, Ag 1
K+6 | @y | ol A, A, | 0
K+7 X | A | A A A, |e—1
K+8 E A, | B A, Ay | 107!
K+g .‘19 —t

K41+ 8

Ktt+9 | > | A | A | (K+6)

K+ 1410 v b owas

K41+ 11 e |

K+1+12 s o oy B A

K+1+13 =S A,

K+1+14 + | 4 | A,

Ay, Aj, A; Ag— stueiixu noctosiinoro 3¥.

Komangu (K + 2) — (K + 4) cayxar pas onpenenenus aecs-
THYHOTO TOpsiAKAa S, KOTOphii OymeT B KOHIE INpoiecca Xpa-
HuThesl B stuedike A,. Ipu x <1 xomanaum (K + 1+ 12) —(K +
+ [ 4 14) npeaBapuTeabHO MEHSIOT COJCPKHUMOe Aueek A, u A,
H BO3BPAaIAlOT K BHIOJHEHUIO OCHOBHOMl MpPOTPAMMEL.

Komaupa (K +5) o6pasyer y = x-10"°. Komanau (K + 7),
(K+8) o6pasyioT gecatuunbie HUPPH By, B, . . ., f;, KOTOPHE y HAC
(ycoBHO) mocTynalT B sueiky B. Jlamzee moxHu caexosaTh /
ONYCKAEMHX KOMAaHI, CBS3aHHHX C 006pasoBaHHEM JAECATHUHOTO
uucaa 0, By, B, - - ., B Komanma (K4 6) nopcuuThBa€T YHCIO
06pa3oBaHHBIX JCCATHYHHX IUdP; KOTr[Aa 9TO YHUCIO CTAHOBHTCA
paBubm £, xomauna (K 4 [ -+ 11) npekpamaet npouecc o6paso-
BaHusl 3THX IH(P ¥ BHBOJAA MX. MBI OCTABH/IN HE3aNOJHCHHEIMH
komauas (K +9) —(K+ [+ 9) u oxny xomannpy (K 41+ 10),
CBA3AHHBIE C BHBOJAOM AECATHUHON 3alMCH YHCJIA.

[Tpouecc BHBOAA MOTYUEHHOrO AECATHUHOTO HHUC/AA MOMKET
BKJIIOYATb, HANPUMEpP, TNPEABAPUTCIBHYIO JIBOMYHO-JECATHUHYIO
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34Much UHCIA ); TOJYYEHHAA [OCJE BHIIOJHEHUST KOMaHJH
(K + 8) mBonunas 3anuce (B) necstuyHodl nudpw f; craBurcs
nocje  ABOMYHO-mecATHYHOH 3amucn  wueaa 0,8 8,... i1
IMycte 3Ta 3amuch xpaHutcs: B siueiike C (B HAUAJBHBE MOMEHT
(C) = 0):

B stoMm cayuae mponyliieHHasi uacTh NPOTPAMMEL 6y JIET HMETh
Bun: (I = 3)

K+ 9 - B | D, B B {0
K+ 10 “— C D, C C 0
K+ 11 + B C C D, |4

| ‘ ‘ D, |4¢—1

(D, u D, — siueiixu nocrosingoro 3V).

Itu TpH KOMdaHIH npeppaTtdar JBOHYHO-ICCATHYHOE YHUCJI0
(C) = 0,00...08,B5...8:_1 B unca1o 0,0...008,B,...B:_B,. Tocre # k-
e ————— e ——
t

f—1
o Gymem umethb: (C) = 0, B8, ... B, TlponymenHas xomanpaa
(K+1+10) =K+ 13 ngomxna OuHTb KOMaHAO#l BHBOJA JeCs-
tuuHoro yucaa (C).

Ilpu srom Bapuaute TpeOyeTcsi TPOU3BECTH IO I YMHOMKEHH
na 10 pasi onpeneneHusi HecATHUHOTO nopsiaka. [puBenem npy-
TO#l BapHaHT NPOTPAMME, TJE 3TH JHIIHHE YMHOXEHHUS OTCYTCT-
BYIOT, HO 3aTO 3arpyxeHn JumHux 2¢--1 dueex nOCTOSH-
Horo 3V.

Bropoit Bapuant

K+ 1 \’ Ag Ay Ay

K+ 2 X A, Ag Ap Ag

K+ 3 E Aq Ay Ay X

K+ 4 = A A, Ay Ay 10

K+ 5 + | A | K+6 K+6 Ag 1

K+ 6 : Ag A As Ag 0

K+ 7 > Ay A, K41+ 14 A, f—1

K+ 8 X A, Ay A, Ag g2

K+ 9 + Ag Ag Aq A, P

K+ 10 E A, B As A 10

K411 —

Ty (i=—t,—t+1,

W01,y B)
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K41410 |7 .0 ... din T e
K41 +11 > A, Ag K+9
K1 +12

K41 +13
K+1!+14 + | A A, A
K+1+15 > K+9

SAuetixu A,, A;, A, Ag A +i— Auelikn nocrosinuoro 3V (p —
03HAUAET YMCJIO Pa3psjioB, Ha KOTOPOE HAAO0 CABHHYTH HATY-
paabHOe yHCa0, 4TOOH NMOMECTHTB €ro BO BTopoil anpec). Ko-
mauanl (K4 1) — (K- 3) cayxar jaas o6pasoBadusi 4ucjaa
s, = E(k1gy02) = (A,). B pesyabrare xomaun (K + 4) u (K 4 5)
BO BTOpOM azapece (K -+ 6) Gymer croats unucio A 4 s, 4+ 1;
(A +s,+ 1) =10". Komanna (K + 6) o6pasyer uncio (4,) =
= x:(A+s,)=x10"". MckoMBIil eCATHUHBI IOPSIOK S paBeH
(A;) =8, wm (A;) +1 =35, + 1, B 3aBuCHMOCTH OT TOTO, GyneT
a (A,) =x-107" <1 wmu (4,) > 1. Komauna ycioBHOro me-
pexona (K -+ 7) COOTBETCTBEHHO PA3BETBISIET MPOLECC BHUMCJIE-
nusd. Komawpw (K -+ [+ 14), (K + [+ 15) Bkaouaior B o6IMH
-mponece cayyai s = s, 41, 1. e. (4,) > 1. Komannm (K + 8) —
— (K + 10) obpasyior, KaK B NPEALAYIIEM BapHAHTE, XECATHY-
nele wudpol By, P, ..., §; M NOACYNTHBAIOT YMCIO yKe 06paso-
BauHHX uudp. [anbiie mporpaMMa HIET, KaK B NPEAbAYLIEM
BapHaHTEe, B YaCTHOCTH, TEM e LEJAM CIyKAT HPONyIIeHHbe
Komauau (K4 11) —(K+1+10) u (K+1-+12).
Onepauuu ¢ yIBOEHHbIM YHCJAOM paspsinioB. Mul npusegeMm
NPOrpaMMy OlNepanuy ACJCHUS C YIABOCHHHM YHCJIOM Pa3psijioB.
Kak paccmarpusasiiocs B § 16,

Xy Xy
EOREE w3V oy 0 ('— + x5y — T V3
2+ 92y = 1T - L (_1) 4 2-n Y1 _ Vi/1
n+27 "y, Yi/1 Vi

Xy X1 Xy
rape (— | — n-3HagyHoe 4acTHoe —, 0 [=*] — ocTaToK oOT Jgcae-
Mi/a M1 M

X De
nusg = . Ilpu peasusaluy BEIUMCAEHHH HEHCTBHS HOJIKHBI GBI
Y1
Obl NPOU3BOAMTBCS € OGJIOKHPOBKOA HOpmaamsamun (cm. § 11),
HO JJIsl TOTO 4YTOOH BHAETHTH H3 BTOPOrO CJaraeMoro Iejayio
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4acTb, MBl IIPOBEJEM €r0 BHIUYHCJIEHHE C YyueTOM HOPMa/M3allyH,
a 3aTeM IpHUBEJEM K HYXHOMYy nopsaky. Ilopsgok mefcTBuii
NPH COCTABJICHMH NPOTPAMMHEI 3I€Ch OUEBHJEH; JIPOrpaMMa fiB-
JISIeTCS1 NIPUMEPOM , HETOCPeACTBEHHOTO NPOrPaMMUPOBAHUS Y.

[lporpamma uMeeT CAeRYIOUIHI BHI:

K+ 1 B | A | Ay | A (A) = %,
K+ 2 v (4;) = x
K+ 3 X Ay A; A; (A2) =3
K+ 4 — | 4 | 4, | 4, (43) = ».
K+ b 4 | Ay | Ay | A3 Ccy=2""
K+ 6 : A, A, Aé INo okonua-
s 3 HHH BBIYHC-
K+ 7 E Ay Ay | Ay ACHHI
K+ 8 X | 4 | € | A (As) =21
K+ 9 4+ | AL | A | As (A3) = 2

[Mporpamma ouenb npocra H TnosicHeHull ne Tpebyert.

Kak ykaswBaiock B § 16, mepen nmesenneM mesnecoo6pasHo
»CIBUHYTB" UHC/AMTENb W 3HAMEHATENb BJEBO. DTOT CHBHI €CThb
uacTHHfl cayuail onepauun Jenenusi (nemenue ¢ 6JOKMPOBKOM
nopmasusamuu Ha 0,0...010...0) u wmoxer OHTH IIPOBEAEH
1o JIporpaMMme st OeJeHHS, KOTOpoe B 3TOM C/lydde IOoJY-
uyaercs TOYHHM. Heo6XOAMMO TONBKO BHJAEJAUTH B HEHOPMAIU-
30BAaHHOM BHie 275, rJe s — 4ucI0 HyJeH nocjae 3ansiToi B Y.
3TO MOXKHO peaTu30BaTh NMPOTpaMMOH

K+1 [|>]] 4 | F [K+5 (A)=n
K 42 . A, F D (D) — uto yroano
K+3 |.A | D| E| D E|[1...1]|100...
K'+4 | +,| D D (F)=Ll)_

Ananornunue nporpamMMbl MOXKHO JaThk JJs1 YMHOXEHHUHA

(1, caemoBaTesbHO, CIBHId BIPABO), CIOXKCHHS, BHUHTAHUS.
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Onepauuu Haj BeKkTopamH. [lpu pemienun MHOHX Martema-
THYECKHX 3a/au BCTPCUAOTCA Olepanuy Hal BEKTOPHBIMH BEJIH-
ypnamy. KoHeuno, kaxpaas M3 TAKUX ONepauuil SKBHBAJEHTHA
COBOKVIIHOCTH Ol'le].')allldﬁ HAJ KOMIIOHEHTAMH 3amdaHHBIX BEKTOPOB
H TO3TOMY HET HeoOXOIUMOCTH BBOJIUTH onepanHuH Hald BEKTO-
paMH B YHCJIO OCHOBHBIX onepauuﬁ, OCYLIECTBAAEMEBIX MAIIHHOM.
Onnako npu nporpaMMHpOBaHHH pelleHHsA MaTeMaTHUYECKHX
3apa4y HUCIOJB30OBAHHE BeI{TOpHOﬂ CHMBOJHKH MOXeT ITPHHECTH
CYLICCTBEHHYIO MOJB3Y. HpH COCTaBJEHHUH TIPOTPAMMEL KaxAYIo
Oonepamyio HajJ BEKTOpaMH MOXKHO 3aIIHCHBATH q)OpMEi.TIbHO B BHUIE
OJHOH KOMAHIH C TeM, YTOOH Kawaylo U3 TaKHX KOMaHm 3aMe-
HHUTh CTAHZAPTHOI NOANPOTpPaMMOf, OCYILECTBJASIOIEH AaHHYIO

onepaunyio Haj BeKTOpaMH. IDTH CTAaHAAPTHEIE NOAIPOTPAMMEL
MOMKHO COCTABHUTBb CJEAYIOIIUM 06pasoM.

1. ﬂporpamma CNO¥KEeHH H BHIUHTAHHA BEKTOPOB

K+1 - | t v K+2 -

K+2 | % a B 1 | % a ‘ Bolov ‘
K+3 | + |K+2| p» |K+2| » 11 1
K+4 > 8 | K+2|K+2 Vv :z—l\n-ln—_l
K+5 > | K4m '

B siveiike 3Y & nmomemainTcsi Koj ONepaiuu W ajpeca mno-
CICIHUX KOMIIOHEHT BeKTOPOB-CJAraeMbelX M BEKTOPa-CyMMHI.
Copnepxanue xomaungs (K --2) nepen BHIOJHEHHEM MOMINPO-
rpaMMbl B CYLIHOCTH HE HrpaeT HHKAKOH pOJIH, TaK KaK KOMaHnua
(K 4 2) o6pasyercs npu ucnoanenun xomanas (K -+ 1). Conep-
KHMOe sueikn 3Y p CIyKUT OIS H3MEHEHHs BCEX Tpex ajupe-
coB xoMauas (K +2) va omny emunuuny. Comepxumoe sSUCHKH
3¥Y v 3aBUCHT OT pPasMEPHOCTH A PAaCCMAaTPUBAEMHEIX BEKTOPOB.

2. Tlporpamma yMHOXKEHHS BEKTOpa Ha CKaJsp

K+1 — [ | vy IK+2 [ | =
K+2 * B B 1 8| X | a | 8 {
K+3 + K42 151 K+ 2 P l‘ 1
K+4 = B K42 | K42 n—-!‘ In_]’
K+5 = | ‘K—l—m"
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B siveiike 3Y B nomenraercs ckaasp. KommoHeHTH BEKTOpa
pasmerniensl B siueiikax 3¥Y o —n +1, ..., a.
3. TlporpaMMa yMHOMXEHHS MATPHUILI HA BEKTOP

K+1 - 8 Vo K+3

K+2 = oy Y1 K-+4 8 X @ f p
K+3 X a B P 8 |+ 7 P 1
K14 - ¥ 1 ™ 1 1
K+5 + | K+3 pe | K+3 | = 1 1

K+6 = 8 K+3| K+3 vy n—1 n—1
K+7 | — |K+3| v |K+3| w n—1|n—1
K+8 | + |K+4| wm |K+4| v n

K+9 | > | & |K+4|K+3

K+10 | > | K+m

3xeck mpeanoJaraeTcs, 4YTo KOMIOHEHTHI BEKTOpa X, Ha KO-
TOpHIl yMHOMXAeTcsi mMarpuna A = (@;;), pa3MelieHb B siuefikax

3Y a—n+1,...,0, a 3JIeMEHT @; MaTpPHIH HAXOAUTCH B
stueiike 3Y B—n?+n(i—1)+j. KomnonenTh BeKTOpa-pe-
3yJbTaTa OKasHBaiOTCA B sueiikax 3Y 1—n+1,...,7.

[NpuBenennast 3jech IpPOrpaMma IO CYIIeCTBY COBHajfaer
¢ nporpammoit u3 § 24. OTcyTCTByIOLHE TaM OIepanu#, ocy-
miecteasieMee 3aech Komangamu (K + 1) u (K + 2), u nocaenusis
xomanga K -+ 10 HyXHB 3JeCh JHIIb /5 IpPeBpalleHus 3TOH
TIpOrpaMMEl B CTAHZAPTHYIO HOANPOrpaMMy.

[Tonb30BaATHCS STUMH CTAHJAPTHHIMH IIOANPOrpaAMMAaMHE DU
HpPOrPAMMHPOBAHHE MOXHO JIBYMSI Pa3/JHYHBIMH CIOCOGAMH.
OnuH U3 BO3MOXHEIX CMOCOG0B COCTOMT B TOM, 4TO ONEpAIHSs
Haj BEKTOpaMmH, 3allicaHHas B mporpamme (opMaapHO B BUIE
onHOfi KoMaHmbl, 3anuchiBaercs B Buge komann K+ 1, K42,
K+3, K+44,... u HOMepam sueek o, f, T,... IpH-
naercsi xkonkpetnoe snadenne. Komanma (K4 5) ((K+ 10) mus
YMHOXEHHUsT MATPHIEL Ha BEKTOP) OKA3LIBAETCSl B 3TOM ClAydae
uaanmHeit. Bropoit cmoco6 mpejpycMaTpuBaeT HaJuude B CaMOW
MalIMHe paccMaTpPUBaeMOi CTaHZAPTHOH MOANPOrpaMMbl, H ee
BKJ/IIOUEHHE B OCHOBHYIO MPOr'PaMMY OCYLILECTBISETCS IIPU IOMOIIH
CJAEIYIOIUX KOMAHI: KOMaHJbH IOCHIKM B siueiiku 3Y 8, 8, KoH-
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KPeTHHIX afipeCoB, KOMAHB MOCBIIKY B IOCJAEAHUT a7pec KOMaHIH
K-+5 (K+ 10— npu YMHOXEHHH) HOMEpPa KOMAaHIL OCHOBHOM
nporpaMmbl, K KOTOPOMY C/IEAyeT NEpefiTH TMOCJe BHIOJHEHHS
ONepanuH Haj BEKTOPAMH, M, HAKOHEN, KOMAaHIH [epexoja
K komauzue (K -+ 1). Takum oGpasom, mpu BK/IIOYEHHH CTaHIApT-
HOfil To;mporpaMMmbi TpeGyercs Jiuuib Tpu (COOTBETCTBEHHO,
YeTHpE) KOMAHIH BMECTO HeTHIPeX (COOTBETCTBEHHO, AEBATH)
KOMAaHJ, 1151 OCYIIEeCTB/JEHHS] BEKTOPHOH ONepalud IO NepBOMY
cnocoby.
Boiunciaenne Koagpoguuuentor dypbe. Paccmorpum Bor-
poc O UMCJAEHHOM omnpepejeHud KoadduunentoB Pypoe
1
M 5‘)‘ (x) sin rexdx mo saganueIM 3Hauenusm f; = f (ﬁ) npu
0

=180 vy Bl
Jas npuGaIHIKEHHOTO BHUMCACHHSI ¢, ¥ =1,2,..., n—1

“

HpuMeHsoTCes (opmyibl

CocTaBUM TIPOTPAMMY BBIUHCJACHHS KO3(DOHUMEHTOB C,.

" oo Tt
Pacemorpum cayuwati, korja B 3Y XpaHATCS 3HaYeHHS Sin =
n

0<i< 321 (u3 mepBoOil y€TBEPTH).

. irm
[NporpaMma npeanoJjaraeT npuBefeHHe sin — K HEpBOMY
n

noaynepuoay (xkomanas (K + 6) — (K + 10)), T. e. HaxXO)KIeHHE
uesoro uucaa j,, 0 < j, < n, cpaBHUMOTO C ir O MOJAYJIIO 2,

ji,, = ir —mn (m — nenoe). Torpa sin = = (—1)m SIn® | rae
i n

) ir
m=E(;). ITocne Toro kak Hafizeno j i HAaXOmxze-

i—1, r?
HUA j;, MBl HAXONMM CHauana j, =j, , , +r (xomanma (K-+

+6)). Ecain nosyueHHoe uMCJO J, MeHbLe 7, TO J,= j,. Bean
e OHO 6ojblue WIH pPAaBHO 7, TO, BHUTS W3 HEro A, Ha#jgem
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Jr=Jus—n (xomaums (K-+7), (K-+8)). Ilpu stom MH BCTY-
NWIH B CJAEAYIOIIHI MOJYNePHON, T. €. HOJKHH H3MEHHTh 3HAK
cunyca (komauna (K4 9)).

JIist puBefeHHs] K NCpBOH YeTBEPTH BCTABHM ABE KOMAHJHI
(K+11) n (K+12). Mo npoayuuM IIOCI€ HX BHIIOJHEHHS

o ’ j- I . TC
(D) =jir27%,tne 0< jir < % H sin % = sin"‘% . TlputGase-

nue aroro uucaa K (Cg) osHauaeT npuGap/ieHue j, KO BTOPOMY

anpecy (Cg). Komangm (K + 13) u (K+ 14) no6aBisiioT COOT-
BeTCTBEHHO YucJa i u j, K mnepsomy M BTOpomy azmpecy (Cg)

i Qopmupyior Komanny (K + 15), koTopast mpuMeT BHI:

(K+ 15)=‘ X A—{—i}B—}—j‘.; D,

.7

Jim
Buinoanenue komanas (K 4-15) o6pasyer uucao f; sin —— =
z n
= ‘ f; sin i
I
re

unifi 3nax. (K + 17) o6pasyer Xff sin —; , a (K+ 18) cpasuu-
Baer ¢akruuecku i u n— 1. Ilpu i <<(n—1) MB nOBTOpsIEM
WMKA 10 caenytwomero 3uavenus i+ 1. Tlpy i=n—1 Mb
3aKaHYHBaeM BLIUHCJCHME JAaHHOrO Koadguuuenta Pypne
n—1
= L‘Ef- sin " . Buumcamtenbras KoMan/a (K + 20) oGpa-
n i n
i=1
3yeT uHCJI0 ¢, M TOCHJaeT ero B fAdediky [ +-r. Ilpensapu-
tenbHo (K 4+ 19) obpasyer HyxHBIfI TpeTuil ajgpec KOMaHIBI
(K + 20).

Caenyompe xomanasl (K -+ 21), (K4 22) ocymecTBasior
nepexox ot ¥ K r+ 1 u npu r < n—1 peanusyor BO3Bpale-
'HHE K BHINOJHEHHIO GOJBINOrO LHKJIA BHUHCIeHHs ¢, [TepBre
komanan (K + 1) —(K+5) BO3BpamiaoT COAEPKHUMOE SUECK
3Y K mepBOHAuaJLHOMY BULY.

[lporpamMmma uMeeT TAaKOH BMJ: B HayaJe MPOIEecca BHYHC/IE-
Hus B 3¥Y XpaHATCA CJAeNyIOmHe YHC/IA:

, a komanaa (K + 16) npunaer sToMy YHCAY HYHK-

229



A+1

A+i
B41

B+j

=
_]’...
(=L L

=
+
<D

230

fi
fi
< T
sin —
n
sinji
e
I
—1
952
(n—1)-27%
2=
1
2
X | A |B |D,
n-27%
n — &
__2 2
2
: |De| C1| i
1
+ |Ce D,
+ D,
+ Dy
+ D,
+ |D;| GCs D,
+ |Dg| Ds D,
> |G| Dg |K+ 9
= D € ;

Enunnua BTO poro ajnpeca

Enunnia nepsoro aipeca

Enxnnnua TpeThEro aipeca

IMepenaua 1 8 D,

Ounctka gueiikn D,
Ouncria siyebixku Dy
Ounctka siweitkn D,

lMocwmaxa 1 nepporo appeca syeiiku
D,

B sueiike Dy oGpasyercs J;,

Yo n CPABHHBAETCS C YHCAOM i,

W3 umncna J;, BHUHTAETCS UMCAO N



K+ 9
K10
K11
K412

K+13
K+14

K415
K+ 16
K+17

K18
K+19

K+20

K+ 21
K22
K+23

v +

Vv

G,
Cs

Dy

D,
Dy

D;
C.

K+1

ire

B D, oGpasyerca sign sin
Benauyuna j;, 3acuiaaercs Bo 2-i anpec

I —s
YUucno — -2 ~cpaBHHBaeTcs C 4HC-

aoM 27 %25

Us n-2 %2uniuntaerca 27%2.5;,
dopmupoBanie komaHnm (K 4 15)
Popmuposanne Komauas (K--15)
irz

B aueiike D; oGpasyetcs | f; sin

n
irm
B saueiixe D, oGpasyerca f;-sin Y
B qaueiike D, oGpasyercs

. irz
fi+sin
n

Cpasuenue c (n—1)-27%
PopMHpoBaHKe 3-T10 alpeca KOMaHAB

(K +20)

B sueiike (/- r) obpasyetcs KO3(p-

(uIMERT ¢,

3amena r Ha r | 1



fnasa V

NMPOIrPAMMbBI [Jis1 PEHIEHUSI HEKOTOPBIX
MATEMATUYECKHUX 3AJAY

Kaxpmas nporpamma JO/XKHA HAYMHATBECS C 3TN, CBA3AHHOIO
C BBOJOM B MAUIMHY BCEX KOMAHJ M YHC/JIOBBIX HAHHHIX.

Mu 3TOT 3Tan B mporpaMMax NpONyCKaeMm, TaK KaK OH Cy-
LIECTBEHHO BaBHCHT OT MHIUBUAYAJBHHIX 0COGEHHOCTEH MAIIHHHI.
[To Toit e npuuMHE MH ONMYCKAaeM T€ 4YacCTH MMPOrpaMMhl, KO-
TOpPHE CBSI3aHH C BHIBOJOM MOJIYYEHHHX OTBETOB, OFPAHHUYHB-
IIHCh YKA3aHHEM $IYeEK, B KOTOPHX OTBETH 00pasyloTcs, WJIH
yKasaHueM KOMAHIBl [OCHUIKH B HEYaTh.

st mamuy, paGoralolMX N0 ABOHYHONH CHCTEME, BBOJ U
BLIBOJZL UHCJIOBHX [JdaHHHX CBfI3aH OOHYHO C nmpeobpasoBaHHEM
yHCeJ M3 OAHOH cHCTeMH B Apyryto. Cxembl BHIYHCACHHH s
nepesoma mnpuserens B § 16. Ilporpamma, peanusyiomas 3T
CXEMHBl, 3aBHCHT TaKXe€ OT HHAMBHAYAJIBHHX OCOGEHHOCTEH Mma-
muHel (cMm. § 27).

Odopmienue nporpaMMm M COOTBETCTBYIOIHE 06GO3HAUEHNS
TaKue Xke, Kak ¥ B rJjaase V.

Hapsaay c nepeuHem KOMaHI MPHUBOAUTCS CONEPIKUMOE SUCEK
3Y K mawasy mpomecca; («) O3HayaeT CONEPKUMOE sIYEHKH
¢ Homepom a. Jlasi equnoo6pasus 1 yaoOCTBA UTEHHs IIPOrpamMm
NPUMEHSETCS CAeAYIOlas cHeTeMa 0603HaueHuil: suelku, X pamnsi-

mue paboume KoMmaHmw, o6osmuauatorca K4 1,..., K+ s, 3a-
nacuue xomanau K,, Kj,. .., K,; aueiiku, Xpausiie BCIOMOra-
TeJbHHE BeJWYHHH A;, A,, ..., By, ..., ay,..., wan A 41,
A+ 2,..., ecim UX INOPSAJOK CYIECTBEHEH.
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§ 28. BbIYMCJIEHUE ®YHKLUA

B § 17 ykazanH pasauuHbEIe METOAB 3aJaHusl (PYHKIUHUH B Ma-
uipHe. 37ech MBI MPHBOXHMM JIs1 MJLIIOCTPALMH IIPOTPAMMEl BH-
YHUCJEHHS HEKOTOPHX (yHKIMIL.

HaxoxneHue log, x NpH NOMOLIH HHTEPNOJALHOHHOHA dop-
Myabl. [lpuBememM mnporpaMMy BBHIYHCJAEHHS l0g,X mpH mpo-

W3BOJABHOM X C TOUHOCTBIO 10 27 2. TlycTh X HOPMAMH30BaHO
x=2m.0,10a,0,030... (1)

rre o; =0 wum 1.

O6o3HauuM Yepes y 4YHCIO, KOTOpPOE TOMYYHTCS, €C/IH B
JIBOMYHOM mpexactaBaenuy (1) uuciaa x nonoxute m =0 u o, =
=0 pig i>4, 1. €.

y = 0,10, a5 2,000. . . (2)
y npo6eraer CAeAYIOIIHE BO3MOMKHBIE 3HAUEHUS
8 0,1000. . .; 2 =0,100100. . .;...;22 =0,1111000. . .
16 16 16
TMosnoxum
XMy = 2 (3)

QuesuniHo, 2 MeHsiercsi B mpegesax ot 1 mo 9/8. Takum o6pa-
30M, log,X mpeACTaBAsIeTCH KaK CyMMa

logyx = m 4 log,y +log,z (4

CocTaBuUM CHauaJa NpOrpaMMy OTHICKaHusi 10g,z. BuuucJ/enue

6}‘}16[\{ BECTH l'IpI{ MOMOILILH HHTepIIOJIHLlHOHHOI"O MHOrouJieHa,
COCTABJIEHHOI'O IIO V3JaM z—l @ é(—) ﬂ 5—2 @ 3
y ’48” 48" 48 48’ 48’ §°
PacnosoxuM HHTEpHOASUHOHHEE MHOrouwren P(z) no y6hi-
51 17
BAIOIIHUM CTEIEeHSIM ILEHTpaJIbHOﬁ paSHOCTH Z—‘ﬁ ZZ—E

P@E) =a(z—igf +aslz— g+ Fafe—fg) ta )
17 17, _d :
rre a P(E)_ 10g2%’a1_dz {P(Z)I zn—}g 5
1 a2 |, - 2 |,
g PO = PO
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3ametum, uT0, ecau B opmy.re (5) 0T6POCUTEL CTAPILUHI WIEH

17\6
Qg (z _E) , OIMN6GKa B OTHICKAaHMH log,z He npes3ofiger 2%,

= 17\6
Eciu ke z._ﬁ'j 3aMEHHThL MHOTOYJIEHOM

17 17
il i i
5(z 16)’ rie L5(z 16)

17\6
noayuaercsi orb6pacuiBaHueM uJeHa b = (z— 1_6) B MHOTrO-

uinene 1g(u) (Te(u)—nmoroqneH Ye6piuiesa 1eCTOll CTENeHH,

1 1
HauMEeHee YK/IOHSIONMACA OT HYJs HA MHTEpBae (~— —]E,+ E))’
to omnbka B oThHckanmu log,z He npessofimer 273, Koaddu-
WHEeHTH Qg @5, Qg A3, Qg, &y, Qo TOMemalorcs B 3Y B sueiikax
A+1, A+2,..., A+7. Buuncaenne P(z) Bemercs IO
cxeme Topuepa

(((((agu + as) u+ ag) u + as)u + a,)u+ al)_u + a

[Nporpamma umeeT CJAELYIOUMi BHI:

K41 -1 C, A+1 ag
K+2 | + | K K+5| A+2 as
K43 | — | & |6 |6 A+3 a,
K+4 | X C. | G C; A+4 ag
K+5 A+5 ay
K+6 | + |K+5| € |[K+5| A+6 a
K+7 | > K, K+5K+4| A+7 a
K+38 Ci 17/16
! | G z
C, 1
K, £ | B A4 €
K, + C, [A+7] C,

CocTaBuM Teneps NporpaMmy BHYHCIEHHS log,x B obIiem
cayuae. JIJst mpou3BOJBHOTO X, Kak caefilyeT us dopmyan (4),
HYKHO ONpefesuTs y U 2, HAUTH H CJIOXKHUTH BEJWYHUHBL 1M,
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logsy u log,z. Othickanne ynC/Ia y OCYIIECTBJAETCSH MOPa3psii-
HEIM YMHOMEHHEM uncaa X u suefikn Cs. [ToMecTum uncaa log,y
Ay = %, %, i—g, — %B Aueilkax A+7, A+4+8,..., A+14.
Torpa ormickanue logyy 1O 3amaHHOMY ) CBOIMTCH K BHIGOpKeE
STOrO uMC/JIa U3 COOTBeTCTBYIOUleH sAuefiku 3Y. Homep uckomoit
suelkn, OueBHAHO, paBeH A — 14 y-2¢ Bouucrenue log,z
BEJETCS MO BHILICU3IOKEHHOH nporpamme. Yucio m naxomurcs
BHIIOJTHEHHEM KOMAHAH | Hepeiays nopsaaka B uucio (cum. § 23).

B 1essax skoHoMuM onepanwuii B siueiikax A-+7, A+8, ..., A+14
8 17 8.17 15 17

NoMecTHM uucia log, o + log2E = log, 056’ 10g216+ log, =

=1 15.17

= 1082 g

B coorsercTBMM C 3THM, TpOrpaMma BHYHCJAeHHS l0g,xX B
ob1IeM CIyuyae MMEET BHI:

K+1 |{| G Cs

K+2 |A| G Cs s B sueiike C, noayuum
1 ay ay a3 0000...

K+3 [ Al G Ce C, B sueiike C, noayuum
1 ayapay apa;5...

K + 4 H Cg Cn C?

K45 |=| C, C, C, B sueiixe C, nonyyum

‘ I...1a1a2a3

K+6 |+| Ks Cy |K+14| Komanna (K -+ 6) obpasyer nomep
Auelikn, cojepameit log,y, 1 nepe-
CelIdeT €ro B komaHny (K + 14)

K47 |+ Cy

K+8 |+| K K+ 10

K+9 T Cz Cl C!!

K+ 10

K+1 |X| ¢ C, Cy

K+12 |\ L |K4+10| ¢ |K+10

K+13 i>| Ky |K+10|K+10

K+ 14

K+15|+| ¢, Cs Cy B sueiike C; noayunm log,x
K+ 16
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A+1
Ad
A+3
A+4
A+5
A+6
A+1
A+8
A+9
A+10
A+11

A 412
A113
A+ 14

G

Ce
Gy
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11110...0
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1
o
Ca
Cy

AL
A46
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Boiuncienue sin x. IlpuBesem nporpaMMy BEYHC/ICHHS Sin X
C TOYHOCTBIO O 6. CocTaBMM CHayaJa NporpaMMy BHIYHCJIEHUA

sinx s 0 < |x] < 5 . s aToro Bocnoab3yemcs psimamMu

; ¥ oox

smx—x—g—l—g—-}!——i—... (6)
x? o oxt B

cosx—l——g--i—a—a—l—... (7)

[pu |x| < % GyleM no/ab30BaTHCH APLYMEHTOM X W PSAOM

T
(6), a nas |x] >% — apryMeHToM (5 — Ix|) u pagom (7). Tocae-
JIOBATEJbHOE  BHUYMCJICHHE WJICHOB &, WIM U, BeJeTcs Ipu
NOMOIIH PEKYPEHTHOTO COOTHOLIEHHS

x2

T A - SN
it @nid)@nt2 "
HJIH
. X2 ’
T S
7+l @n+2)@n+1) "

[lprBrevenne ABYX pSAIOB BMECTO OZHONO NPH TAKOM CHocoGe
BEIUHC/ICHHS HE NPUBEJIET K PESKOMY YIJHHEHHIO IPOr pAMME, TaK
KaK IporpaMMbl BHYHC/IeHHs pagoB (6) u (7) mMago yeMm oT.IH-
wawTes ApYyr ot apyra. [lomunomm P(n) = — (2n + 3) (2n 4 2)
n P (n) = (2n+ 2) (27 4 1) BHUKCISAIOTCH NOCAEHOBATENBHO C
maroM 1 no pasHOCTSIM, & MMEHHO
Pn)=P (n—1)+AP (n—1) 4+ A2P
P (n)=P (n—1)+AP (n—1) + AP
B KauyecTse HCXojaHoro Gepem n = 0; mpu sTom
P(—1)=0; AP (—1) = +2; A2P = —38§
P'(—1)=0; AP’ (—1) = +6; A2P" = —8
ABJSIOTCS HA4YaJbHEIMH 3/1€MEHTAMH, KOTOpHE 3arpyKaiorcs B
3V. Kak BuAHO, nporpaMMu BHUHCAEHHSA SiN X M COSX OTJIHYa-
I0TCS BeJINUHHON 4y (17151 Sin X 1y = X, WIS COS X U = 1-sign x)
U BequnHOH AP(—1) (mas sinx AP(—1)=2, a gas cosx

AP’ (—1) =6). Taxkum o6pasoM, B cayyae, KOrza |x|>%

¥ HYXHO CHYHTaTh Nno pAny (7), mobap/sioTcs BCEro 4 KOMaHAHL:
komanga (K + 9) — ycaosroro nepexona x komange (K -+ 13),

237



ecJn |x]g%, xomanga (K4 10) —nepepaun 1 co 3nakom x B

AYeiKy, coaepKamyio €, komanma (K- 11) —o nepenaue B
Aueilky, coaepxautyio AP(—1) uucia 4, u xomanna (K - 12) —

O TIepexolie K apryMeHTy % — |x/.

Ocratounnfi usen R,(x) ouneHuBaeTcsi, Kak OOBIYHO, /51
PAIOB CO 3HAKOYEPEAYIOIUMHCA H MOHOTOHHO YOBIBAIOILMMHU [0
abCO/IOTHON BEJIHYMHE YJICHAMH, BEJIHUHHON nepBoro orbpach-
BAaeMOro u/JieHa &,, T. €. CPaBHEHHEM IO aGCOMIOTHOH BeJHuMHe
4, C 3aJaHHOH TOYHOCTBIO O.

[TporpaMma uMeeT CAeAYIOIHui BH:

K-+8
K+9
K+ 10

K+11
K+ 12
K413
K+ 14
K+ 15
K+ 16
K+ 17

K+ 18
K+ 19
K+20
K+21

B sueiike Cg nomyuum enuuuuy co
3HAKOM 4YHCAa X

Buauane C,, nycro

B saueitke C,, HakanmuBaeM OTBeT

B sueiike Cy; ob6pasyem P, (1), unn
Py (n)

B sueiike Cg oGpasyem u,

| c 6
>| G | C |K+13
: Cs Cn Ca
+| G, Cio
el el g
+1] G | Cy Cio
X| Gy Gy G,
+| Cs | Cy Cie
+| G | Cy Cyo
+| € | Cn Cn
X| Cg | Ciy Cy

I=|| Cs C, | K+15

G,
Cs
C,
Cs
Ce
G
Gy

= o

R IERESE




JI/Is MPOM3BOJIBHOTO X HYMKHO TIPEIBAPHTENBHO BHITOJHUTD
npuBeieHHe X K yray ¢ (x), mias xoroporo |§ (x)| < éusin xX=

= sin [§(x)], 1. e. nHafitn ¥ (x) nmo dopmyne (cm. § 17):

-3

‘. ==
P (x) ST

[Iporpamma OTHICKaHHS ¢ (X) BeCbMa IpOCTa.

K+1 : C | Cis | G Cs x

K42 S Cs | Cis | Gy c kil
K-+3 E ol - O ’ 2
K+4 X Cs Cis Cs Cis B
K+5 - Cs Cu Cs Cys ~ 2=
K+6 | 11| & G 5 1
K+17 — | G| C | Cq 1 4

Boiuncaenue I' (1 4+ 2) (mpn R(2) >0 n |z| < 1) ¢ TouHo-
CTBIO JIO 6.

Jast Bouncaenuss I'(1 -+ 2) Bocmosb3yeMcsi  pasioxeHHEM
B pag I'(142) = Y c,2m,
m=0
m
k41 %
E (= D" Spq1Cm_r

k=0
rae Co=1,..., Cmy1 = R (8)
]

o1
SRZZ;,: n>2
k=1

$; = C — sli;lepoBa  MOCTOSIHHASA.

ITpoctoTel pamu, 6ynem cuntaTh uucia s, s k=1, 2...
3aJaHHBEIMM B roTOBOM BHAe B 3Y (uHcaIa S, MOXKHO HalTH
B TabJuLax; mporpaMMa Ljs HX BHUHCIEHHil Bechbma npocra).

Koadgunuentn c,, snakouepeayorcs u yOGHBAIOT MOHOTOHHO
10 a6COMOTHON BEIHYMHE, MO3TOMY OCTATOMHHIA WIEH JLIs

* Cm. Peiwuk. Tabuuusl MHTErpasos, CyMM, PSIOB H NPOH3BeeHHI,
cTp. 290.
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AeHCTBUTEIBLHOTO TOIOKHTEIBHOTO 2 MEHBIIE NEePBOTO oTbpa-
| ¢q2"|

L]z’
KOJHYeCcTBO 4YJ/AEHOB MAallHHA HaXOIHMT nyTeMm CpaBHEHHS Rn
C 3alaHHOM TOYHOCTBIO 8. Kak TOMBKO HACTYnmMT Takoe 7, 4TO
|R,| <8, npomecc npexpamaerca. Koapdumuentn ¢y, €, ...
MalmipHa OTBHICKHBAeT IO XOonay BHIUHCJIEHHH H HanpasJadeT HX

crBaeMoro ujesa. B obmem ciyuae |R,| < Hyxnoe

h
B siuefikn D —1, D—2,... Cymma Y, c;2! 06pasyeTcst o 0GhU-
i=0
HOHl CxeMe BHIMHMC/ICHHA MHOTOUYJIEHOB MOYJCHHO.

ITporpamma mis Buunciaenus I'(1 4 2) umeer caepylomuil Bua:

K+16 ||| B, By Komannpt (K 4+ 16) u (K 4 17) 06-
pasywt 1 — | z| B aueiike By

K+17 |—| B, By | By

K418 | + By, Komanna ramenns B, uymna npu

nepexofie K 00pa3oBaHHIO CJIEYIONEro
Koathpuumenta

K+19|x|4A+1| D By Komannsr (K + 19) u (K + 20) cay-
HaTt a9 OﬁpBBOBaHHH claraecMoro
(— 1)k+15k+1cm—k

K+20|+| By |D—1|D—1
K+21 |4 |K+19| B, |K+19 IipeoGpasyem komauny (K - 19) nan
nepexona K C.I'.IELL}"FOI].ICM}' cnaraemomy
= 1)k+28k+2cm—k—1

K+2|+| B By By
K+23|>| By By, |K+19 Brauane By, nycra, B sueiikax By,

u By, BoipabaThiBaeTCs MPU3HAK, KOT/la
KOHUMTh CYMMHPOBaHHe
m

Y 0 ey e g

k=0

K+24 | +| B By, Bis Brauane B,; nf'cra, B sueiike By
obpasyetcs m +

K+25|:|D—1| Byy | D—1 B siveiikax D, D — 1, ... nonyuaiorcs

KO3(PUINERTH ), C;, Cgy - .-

K+2 |4| B, By, Bie Komanupt (K -+ 26) — (K + 30) npe-

oﬁpaagm* KoMauael (K419), (K-+20),

(K + 25) ans mepexoma k ofpasosa-
HHIO CIENYILIEro KOa(pHLHEHTa ¢,y 4 o
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K+ 27 K+19| By |K+19
K28 K+419| By |K4+19
K+29 K+20| By |K+2
K430 K+25| By |K+25| B sueiike K- 25 noayuaiorcs
‘ : D—2‘ B | D=2/,
i H ‘D—S Big|D—3|u 1 g
K+ 31 B, B, B, B aueiike B, oﬁpaag'mm NoCHeN0-
BaTEILHO 2, 2%,..., 2
K+ 32 B, D— By, B saueiike B;, obpasywrcs
n+1
a’:n.{_lz
K+ 33 By, B, B, B sueiike B; HakanauBaeTcs
2 i
K+ 34 K+32| By |K+32 '
K+35|:| By By By, Komannnl (K + 35) u (K -+ 36) 06;;
: pasylT M OLUEHHBAKWT OCTATOYHEL
K+36 | Bio B, K+18 yieH: ectd OH foablue HIH paBeH §,
K 437 TO MEepexoinM K o0pa3oBaHHIO cCJe-
LYIOLIEro 4JeHa
A+1 —§5=—C
A+2 Sy
A+3 — S5
A+4 + 84
A+tn (—1)tsy
D 1
B, 1
B, 1
B, 1
B, z
By b
B, 1
B, 1 1
B 1 1
B, 1 1
16 3ax. 13
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3aMeyanue 1. Koa(p[;oHuHeHTbI ¢,, MEIJeHHO YyOHBAIOT,
Sm
TAK Kak - < | €] < , OTKyJa CJenyeT MelJeHHasi CXOIu-

MOCTb pﬁ,ua A |z, 6.IIP13KHX K 1. lNosromy pns yucen z Takux,

uTO | 2| >% CIefyeT NnoJb30BaThCst (HopMy.Iofi

I " N - R
(2) sinwzl' (1 —2)

3ameuanue 2. Ecmu I'(1 4 2) cuuraercs nas cepum 3Ha-
yenuit |2| > |z + A, ..., [z + [h|, To nauuuas co BTOpPOro anaueHus
KOSQOHIUHEHTE C,, YiKe He BHUYHCASIOTCS M NPUCTYNAIOT CPasy
K Komauze (K + 31). CooTBeTCTBEHHO 3TOMY B TpeTHil ajpec
komanan (K -+ 36) cienyer nmomectuts uncao K- 31. OtseTw
'(l+2), '(14+hk+z2), ... nomemaem B sueiiax £ -+ 1,
E+2, ..., uro mocruraercs xomauzamu (K -+ 37) u (K + 38).
Jlisi BOCCTAHOB/IEHMS] NEPBOHAYAJIBLHOrO Buia sueexk K -+ 32,
B,, B; u nepexona K CIeLYIOIEH TOYKE CJAYKAT KOMAHMH
(K +39) — (K +45). Hcnpasnenue xomauns (K + 36) HyxHO
BHIIIOJIHUTE TOJBKO OAMH pa3. [lostomy, nociae wcnpasiacuus
xomanza (K + 45) nepeneansaetcs komanznoil (K + 46) B yc/10B-
Hyio xomanny. Kpome Toro, Hy»HO BHOBB O6pa30BaTh KOMaHILY
ocranoBku mocae noayuenus I'(1 4 /h + z). drto gocruraercs
Komauno#t (K -+ 47) — xomangoil raweunnst sueiiku K -+ 46.

K+37|4+| B, E+1 B sueiikax £+ 1, E+2,... noay-
unM 3Havenus I' (1+2), T' (l—]—h-i—z)

K+38 |4+ |K+37| B, |K+37

K+39|+| K K+ 32

K+4+40 |+| B, Big B,

K+ 41 | | Ba, By

K+42|—| B, | By | By

K+43|+| B B

K+4|+| B, B,

K+45 |+| K K+ 36

K+46 |4+ | K, K+ 45

K+47 |+ K+ 46

K+48 | = K431}
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By K

By, L
K, X B, D—1 By,
Ky |=] Big By K+ 3l
K T By E+1!
K, > K, | K137 |K+al

1
km
34JJaHHBIMH B I'OTOBOM BUJIE B 3¥Y. 3ITtn uucaa MO HO BBIYHC-
JUTh NpeABapuTeJbHO Ha MaUIHHE H HaﬂpaBHTb HX B SIUEHKH
3Y ¢ Temu Ke HOMEpaMH, YTO ¥ paHblie. B CBsi3H ¢ MemJIEHHOM

3amevanue 3. Mu npeano/aranu 4yucaa s, = (— 1)

1
CXOIHMOCTBIO pﬂnazk——m IpH MaJoM M, COCTaBUM HpPOrpaMMBL
k=1
BHYHC/IEHUSA S, A1 m > 5. TIOCKONBLKY Pl BEIYHCIASCTCS 5

1
z ¢ mMopyieM |z| < UHCIA Cp HYXKHO ONPEAC/HTH TOJLKO

1
st m < logzg. [lorpebyem, 4TOOH MOrPEIIHOCTh B Onpeaee-

uuu I' (1+4-2) or HeTounocTH KOI(PUIHUEHTOB ¢, 1151 M >5 He npe-
3
BOCXOnMJia E H COOTBETCTBEHHO 3TOMY 6}7,H,GM BECTH BBIUHC/JICHHS

IIC‘T” <E. QueBugHO, HAaIIE
TpebGopanue OymeT BHIIOJHEHO, €CIH §; s Jj>5 cuurath
€ TOYHOCTBIO HO 8B.

[TpuBenennas HHAKE NPOrpaMMa BHYHCACHHA S, LIS M > 5
¢ TOUYHOCTBIO 10 8% cocrtaBjeHa ¢ pacuetoM He6OJbLIIOH 3a-
rpy3ku 3¥.

B pane (8) mo Takoro i, 4To

1
Uucna s, mia m =25,6,..., Elog, 3 BHIUUCJASIOTCS  OJHO-

BpPEMEHHO NYTEM NOCJEN0BATEJAbHOI0 HAKOIJIEHHS CyMM 06paT-

HEIX CTelneHeH
1 1 1 \E log, ¢
o e ()
B guyeiixax A+4+5, A-+46,..., A—{—Elogg% aa kE=1,2...
(komanas (K + 1) — (K +6)).
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Ouenky 7-ro OCTaTOYHOrO wieHa Rj CYMMH S,, IPOM3BOLHM
MO XOAY BHUHCICHHH 1O QopMy/e, COOTBETCTBYIOIIEH MHTEr-
paJbHOMY MPH3HAKY cxomumocTH Komm:

1
Ri<———
T m—1)am1
Cnavasna BejieM OIEHKY OCTaTOYHOrO WJIEHA /s M —
]. ’ ™
=E10g2?. Kax Tompko macrymur Takoe n, uro Rjy < 883,

B suefike A 4 m GoJipllle He HAKAIUIMBAEM; JAJbHEHIIEE HAKON-
JICHHE CYMM TIPOM3BOAHMTCA TOJIBKO B sueiikax A + 5, A + 6,

-, A+ m—1, OUEHKA OCTATOYHOTO WICHA TIPOM3BOLUTCS YIKE
IS Sm—1 H T. M.

K+1 |+| K; K+ 8

K + 2 %+ BIB BIB Bw

K+3 |:| B B, By Komanasl (K4-3) u (K+4) obpa-

Kbl |l B By, 3yr01T B suelkax B,; u By; Bemuunny
ok

K+5-|X| B Bl Bis Komanna (K -+ 5) obpasyer B sveil-

Ke B3 mocnenoBatensHo:

L1

BT e
K+6 |+|K+8| B, K18 Komauna (K +6) sBeipaGaThiBaet
HOMEp AuYelkH, Kyma npubaBHTh

1 1
s’ + g6

K+7 |2 Ky K+8 | K+5 Komanna cpaBuenus (K -+ 7) nosso-
naet usberaTb npubasieHHs

1o

kei _ks- +E,...
B Avelikax A+1,A42, A+ 3, A+ 4;
K+8 |4+ | By A+411A+1|B aueiixax A + 5, A+ 6, . .. nakaniu-
BaeM Sy, Sg - - .
K+9 || K K+8| K+5 (K + 9) obpeiBaer mpouecc 06paso-
— 1)

BaHHA Hd m-M lIare

K+101X| By By, By Komanns (K 4 10) — (K + 12) 06-
K+411|:| By, Bsy Bis pasyioT H OLEHHBAKT OCTAaTOYHBII
K412 |>| Bm Bls K41 YNeH A 8, sm—l, e
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K413

K414
K415
8
K416

Komanna (K 4+ 13) ymenbmaer Ha 1
HOMep, Koria oGpuiBaTh npolecc abpa-

(=1
30BaHMA 7

Komaunn (K + 14) u (K + 15) BHI-
PaBaThiBAIOT NMPH3HAK, KOTLA KOHUHTDH
MPOLEcC BRIYHCJICHHA S;

K By Kq
By Bs Bayg
Big By | K41

By

By,

By,

821

Ba,

B,

By

Ks +

Ky +

K, 4

By | A+4

—

By |A+Elog,—

-
(7]

Bo | &4

1
A+ 4

1
A+E mgeg_

A+1

i
[
|

Bbluncienue (yHKUHH pa3noxeHHeM B HEMpepbiBHbIE APO-
oM. B § 17 npusemenn paszitowenus ¢yuxuuii e¥, thx, tgx,
cosecx B HempepuBHEE mpobu. Jljs Bcex 3THX ApoGeli moaxo-

P
naume apobu b_n MOJCYMTHIBAIOTCST MallMHOH Haubosee MpPOCTO

no cxeme [opHepa NS MHOrOY/JIEHOB, €CJIH B MOC/JAEAHEH 3ame-
HHTb YMHOXEHHE JeJeHHEM. B xauectse epBoro npuMepd npH-
BeJleM TIporpaMMy BHYHC/AEHHst g X IJs TPOHU3BOJIBHOIO X C
TOYHOCTBIO A0 1071° mpy NOMOIIM HenpepHBHOH APo6H

tgx=>",rey=1—
}F




CocTaBiM CHauaja nporpaMmy MIJist |x]§%. B s1ux npenenax

U3MEHEeHUss X IJA noJayuenusi tgx ¢ TouHocteio 10-1% nmocra-
TOYHO HEINpPEepPHBHYIO JApo6by 3aMEHUTh MNOAXOJAsALIeH ApoObio
CebMOro TIOPSIKa

P?

at i

ITo cxeme T'opuepa y’ 3aNUIIETCS B BHAE:
Y=1—x2:(3—x2:(60—x2:(7T—x2:(9—x2:(11 —
—x2:(13 —x2:15)))))

[porpaMmma BHuUMCIeHUS tg x MO cxeme [opuepa 3amucHBa-
eTcs caenylomumM obpa3om:

K-+1 X Cy C, Cs B aueiike C; nonyumm x?
P
K+2 + C: Cs » »  Cs HaKamusaem 6"’
7
K+3 : Cs Ce Ce
Bl | — | & G| G
K+35 ol C, Ce Ce
K-+6 > C, C, |K+3
K+17 : C: Gy Cy B sueiike Cg monyunM tgx
C, X
C, 15
Cs 2
C, 3

[Tepefinem x cayuaio npousBosabHOro X. Ilonoxum
™ T
x=n_+¢ e |¢| <7
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(O603HauuM uepes P (X) paspHBHYIO (PYHKIHIO
y(x) =9, ecan 1 = 4k

q;(x)z(%—kﬂ) signx, , n=4k+1
V(%) = —g, . n=4k+2

O(x)=(l¢|— ;) signx, , n=4k+3
OueBupno tgx = tgd(x), s =4k, n =4k + 3
¥
tgx = , y =4k+1, n=4k+2
5 e & i

WMcnoabays onepamun | x|, E(x) u {x} Tak xe, kax u jpid sin X,
MOXKHO QyHKuMIO ¢ (X) Hafit 1o dopmyne

1 1 1
o= (fz-3}-1]-4)
Jlanee Jnerxko BHAETB, uTO M i = 4k win n = 4k +3
1

HMEEM {i — ?} > L :

. P anpia n=4k+1 win n =4k +2
1

X 1
umeem |— ——l<{—.
- {:c 4}\\ 2

CoOTBETCTBEHHO 3TOMY:

x_ )1 = =0
ecau {n 4}> 5 1O tgx = tg ¥ (x) "
X 1 1 ¥y
” T g A t =
E-4<3 EX T e vm

Takum o6pasoM, B Cayuae NMPON3BOJBLHOTO X TMOC/AEA0BaTelb-
HOCTHh BHIYHC/JIEHHI TAKOBA:

a) naxoxum ¢ (x) — xomaras (K+1)—(K+7)
6 , y-= g-u xomanas (K + 8) — (K -+ 14)

1 1
C) CpaBHHBAeEM {i == ?} C YHCJIOM "'-2" 1 B 3aBHCHMOCTH OT 3HaKa
T

la()

pasHocTu GepeM-— n.rm—- — xomauan (K + 15) — (K + 18).
¥

b (%)
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Ilporpamma Bruncaenns tg x B oblieM cayuyae Mmeer Buj:

K+
K+
K+
K+
K+
K+
K+
K+
K+
K+ 10
K+11
K+ 12
K+13
K+ 14
K415
K116
K17
K+ 18

0 oo ~N D e W o~

G, Ce (5]
_— C,
E (o C, L
—| G| G G
i G G
- G Cy C,
X | G Gy C,
x| G G Cs
+ G, Ce
H Cs Ce Ca
- Cﬁ Cs Cz
-1 a| ¢ Cy
=| G| C | K410
> C., Cwo | K417

B &
W Cy

G

G,

Cs

G

o

&

Py
B sueiike C, nakanaupaewm 6:}"

7

B auciike Cg monyuum tg d(x)

1

#o8 Lo tg Y(x)

1c1e-
B xauectse 2-ro mpumepa mpusemem mporpammy quep cb';ﬂ_
HHs e* ¢ TounocThio 107! 1o ee pas/oOKEHHIO B Hempep

HYI0 1po6b (cm. § 17).

a0 < x| < 1.
CocraBum cHava.a NIPOrpaMMy BEIUHCJICHUS €* ] <
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2
——-—erx,rney:Q—i—ix 7
& Gy X

10-1-—"‘2.__

185 2

184 ...

Hmeem: e¥ =

Hasi nonyuenust e* ¢ 3ajaHHOf TOUYHOCTBIO, JOCTATOYHO, KaK

3T0 yKazano B § 17, samenuth y noxxoasuieit apo6uio 6-ro
nopsiaKa %“— =24 x®
’ 61 _L
104
L
2
|1 . .
22

P,
[Tporpamma Bhuucaenns —* g 0 < | x| <1 no cxeme
[}

lopuepa sanuceBaeTca CIEAYIOMMUM 06pasoM:

K+ b X Ci (85 Cy B aueiike Cy; noayuum x*?

K+ 6 + Cn Cs

K+ 7 + Cn Cq

K+ 8 : Cs Ce | Co

K4+ 9 — e Ce| Cg

K+ 10 + Cq Ci Ce B saueiike C; HaKaniuBaem LG
6

K+ 11 > Cq Cs |K+8

K412 + Gy Co Cs B sueiike Cy; moayumm y 4 x

K413 — Cy C, Ce . ; Ce y—x

K+ 14 : G el ¢ 2 & 5 2

Ci X
Cuh 22 .
Cye 4
Cia 6
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B ciayuae nponsBosbHOrO X 1/ BHYHCJAEHHS €* BHIOIHO
MepexXomuTb OT GYHKIMu e* K (ynkuuum 2¥ moaaras eX — 9.
PyHKIHIO 2Y JOCTATOUHO YMETH BHUHC/IATH TOABKO IS lv| <1,
NOCKOMBKY uHC/a B GHCTpojeHcTBYOmEH udpoBoil Mamnne
MPEJCTABJICHEl B JBOMYHOH CHCTEME, H, ClIeLOBATEIbHO, 06pa-
30BaHHe 2" TIPH 1e/OM 7 CBOJHTCS K NPHOABIEHHIO 7 K MOPAAKY
unpcaa 1. -

[onoxum e* =2y, orkyna y = (logye)x. OThicKanne 2¥
cBoautcst K Buuncaenmio 20Y} n ymMHOXeHUIO HAfiIenHOro Yncia
Ha 28005 Bhiuncienne 2(Y} ocymectsasercs no mpeamaymeit
nporpaMme BHYHC/IEHHS (QYHKIHH €? I apryMeHTa 2 = %éﬁ

Taxum oGpasom, a1 BeUHCAEHHA € B O6MmEM CIy4yae HALO
BLIIO/HHTD NMPEABAPUTENbHO KOManAH (K + 1) — (K - 4), o6pa-
sywomue y, (v}, E (), lc{.;:e u 2E0)

£

K+1| X | ¢
K+2| E | ¢

14 C7

(%'

E : C, | B aueiike C, noayunm E (y)
[ B siueiike €, moayunm [y}
|
|

{¥}

ogse

K—‘[_B . C‘l
K+4| 4 | ¢

L)

u | G | B saueiike C, monyunM -
o

rae (Cy) = logye

P
3aTeM NEepeHTH K MporpaMMe BHUHC/IEHHS — , 4 B KOHIE BH-
Qs’

NOMHUTE KOMauay (K -+ 14) — komanay ywmuoxeunus (C,) na
unciao (Cq)

Ktu[ X [ G |GG |

§ 29. IPEOBPA30OBAHUE AJITEBPAMYECKHX BBIPAYKEHHA
Ilycrs pano anreGpandeckoe BEIPAKEHHE & (X, Xgy Xg, «. ., X;) =
-}
1

n
ul o, . o, 5
=Y g x " x%. . x"% B KOTOPOM X, X,,..., X, paccMar-

i=1
puBAIOTCS KAK GYKBEHHBE apryMEHTH, a @;, Oy, Og, . .., Of —

KaK uncia. [log npeoGpasoBannenm anreGpanyeCKux BEIPANEHHIT

b 4
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MBI TIOHHMAeM ONepaliH TOMXKJECTBEHHOIO IPeo6pasOBAHHS BHI-
pajeHuil, CBI3aHHBIE C H3MEHEHHEM UYMC/JIOBHIX IAPAMETPOB ITHX
BBIPAKEHUH, T. €. KO3(Q(GHIUEHTOB @; H NOKa3aTeNel oy, oy, . . .,
ay;. OCTAHOBUMCSH CHayaJa nojpobHo Ha anrebpanyecKoM CJaoxe-
nun. [1poCTOTH pajH, OrpaHHYMMCS CJAyuYaeM ABYX NMEPEMEHHHIX
Xq, X Anre6Gpanueckoe BHpaxeHue « (X,, X,), B KOTOPOM a;,
a1;, Op; PACCMATPHBAIOTCH KAK YHCIAA, a X;, Xy KaK OYKBEHHHIE
apryMeHTH, 3afaetcss B 3Y Kak COBOKYIHOCTh OAHOYJICHOB

iy (X, X2) = @ X, x:”. Opnousien #; 3apaercss B 3Y unc/IaMu
Q;, %y ;- APTYMEHTH Xy, X, U IIPOTPAMMa BEYHCICHHA & (X1, X5)
B 3Y ne sajpaworcsa. Takum o6pasom, IJas KaxJaoro u; (X, X,)
orBoantcst B 3Y, BooGLIe TOBOPA, TPH SUEHKH; HO €CIH 0y, ¢y
CYTh HATypaJbHEE YHCAA, KOJ OJHOYJIEHA I; MOXHO Pa3MeCTHTD
B IBYX siyeiikax 3Y: B ONHOH NOMECTUTh Ko KoadduieHTa
@; a B APYrodl — KOAH TOKasaTeadell ¢, ¢n; B TOM WJIH HHOM
-TIOpsIIKe B COOTBETCTBYIOMIUX Tpynmax ¢, f, pas3psmoB 3Toi
AUCHKH.

[Tycts, HanmpuMep, KoOAwl NOKasaTteJjeil l | o | ow I

tlpaap- tzpaap.
pasMelleHsl NnocdjaenoBaTe/JbHO B HO]}HILKC Oq;y Qo Uuco R,-=

= 2h 04; + o;; HA30BEM KOAOM IOKasaTenefl a,;, ¢, 3AECh MH
pPacCMOTPHM TOJBKO C/yuail, KOrZa ¢;, Gy CYTh HATYpaJbHBIE
uypcaa. Onepauusa CJIOKeHUs AJad  anre6panueckoil  CyMMBL
[/
u (x,, xp) = E 4; CBOAMTCS K TIPHBEAEHHMIO NOJOOHHIX UJIEHOB.
i=1
n
B pesy.bTate TpHBENEHHS CymMMa Y, #; (X, Xo) epeiiieT B Cym-
i=1

m
(- -
My ¥ V; (%1, X3), THE V; = b; X,V xY, b; — cymma BCex Koag-
i=1
(uLKenToB @;, TOMOGHHIX MeXAy CcOo60il UYJIEHOB «; C KOAOM
nokazareseil 7; = ok oy; -+ 0g;. [lIst IpHBENEHHOrO MHOTOY/IEHA

m

T (X, X)) = ) U; (X1, X;) CHMBOT Y ue Buocut B 3Y muKakux
j=1 .
H3MEHEHHII.
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HauGomee npocto npHBeAEHHE NOAOGHHIX MPOH3BOANTCA
B CJydae, Korjga 4ucaa fy, f, AOCTATOYHO MaJjbl, TaK YTO JAHana-
30H yucea R; Menbuie auanasoHa cpobGoganux sueek 3¥. lo-
IyCTHM, YTO YHCJICHHHIA KO3((QHULUHEHT @; pasMelleH B siueilike
Ay, = A +2i, a xox nokasarenaeii R; pasMemieH B paspsax
nociennero ajppeca suefiku  Ag, = A +2i— 1. Onepauna
[IPUBEAEHHS CBOAUTCS K TOMY, UTO JJISl KAXKJOro Y/aeHa i, i = 1,
2, ...,n Koj nokasareseii R; nepecuiaeM u3 fueitkn 3Y A,y B
sueiiky 3Y ¢ Homepom B+ 1+ 2R, a xoadduuueHt a;, Haxo-
aamuiics B siueiike Ay, npubasiseM K COLEPKHMOMY AUYEHKH
B+ 2+ 2R, Koucranta B nopbupaercsi ¢ TaKHM pacuyeToM,
yrobH siveiiku 3Y B+142R,B+2+2R,,...,B+1+2R,
B+2 + 2 R, 6blu cBoGoaubl. Tlocae n maros ais i = 1,2,...,10
MHOTOW/IEeH # (X;, X,) Oyner mpusejeH, npuueMm B fuefikax 3Y
B+1+27T,B+1+2T,..,B+1+2T, 6ynyt pacnoJo-
wennl komaw rnoxasareaeid Ty, Ty, ..., T, a B suefikax
B+2+4+2T7, B+2+2T,,..., B+2+2T, 6ynyr Haxo-
JIUTHCS KOAH Ko3duuuentos by, b, ..., b,. 3ametum, uTo npu
TAKOM CIIOCOGE TPUBENEHHs ME MOJXYYHM ¥ (X, X;), YNOPSLO-
UeHHLIM [0 BO3PACTAHMIO KOJA TNoOKasaTesieilT;, T. e. ¢ BO3pa-
cTaHHeM KoZla nokasaTesefl 7; pacTyT HOMEpa siueeK, HOCHTeJel
KOJA OJHOYJIeHd T);.

OnucanHbIi cnoc06 npnBe;LeHuﬁ 3aJaeTcs cnenyromef{ npo-
rpaMmoil (B NpUMEYAaHMSIX YKa3aHbl pe3yJbTaThl  OMNEpaLuii
110C/I€ OJHOKPATHOTO BHIMOJIHEHHA KOMAHJ) '

K+ 1} A+1Cll| G (€)= 2Ry
K+ 2|+ K |C|K+6 (K+6)=|+A+1 B+1+2R; |
K+ 34+ K +6C|K+7 (K+7)=+A+2l| B+2 |B+2+42R, |
K+ 4> G |G G G 2R, |
K4 5|4+ K+7|GlK+17 (K+T)=|+|A+2 B+2+42R,| B+2+2R,|
K+ 6 ‘
K4 7 |
K+ 8|+ K+1lc)K+1] (K+D)=|=la+3 ¢ | ¢
K4+ 9+ K |G| K K. |+|4a+3 B+1 |
K+10|>| K, |Ki|K+1 - '
K411 ,




C, — 1

G -8 § — YMCIO Pa3paioB, OTBOAMMBIX s
l OIHOTO ajpeca AuEiKH
&y 9 B suefike C; Haxonntea 1 Ha 25 4 2
aspszie
Ca 1 |B+2 1| PP
K|+ |A+1 B+1
Ky + |A+2n |B +1

VasoxeHnublit cnoco6 mnpusenenus o6/ajnaer CAIeLyIOLUM He-
JOCTATKOM: B CJyyae, KOrJZa KOJAH MOKasaTeJed IoJyuyaloTcs
B Tporecce paGOTH MaWIMHL, HAM H3BECTHH TOJBKO HOMEpa
sueek 3Y, HX CojepKaline, HO He caMd KOJIH, M MOC/e NMpHBe-
JeHnss MH He OymeM 3HATh HOMepa siueeK, COLEePHKaIHX KO
WICHOB TPHBEIEHHOrO MHOrowieHa. Yrtobbl yCTpPaHUTH 3TOT
HEJOCTATOK, CJAEAYEeT NepecjaTb NPHUBENEHHHH MHOrou/eHn o6-
patno B napol (A +1,A+4+2)...(A+2m— 1, A+ 2m). Tepe-
CHLIKA, €CJAH U3BECTHH TPAHHIB Ry ¥ Ruaxe Y3MEHEHHS KOja
noxkazareaeil R;, R, ..., R, OCYIECTB/IAETCS MOCIEL0BATENBHO
cpasnenneM 1o abcomoTHoi Besnuune ducea (B + 2 + 2Rym),
(B4+4 + 2Ruwms)s - - - , (B4+2 + 2R)waxc ¢ Hy1EM. EC/H copepxumoe
sueiiku 3Y B+ 2 + 2Ry OTIMYHO OT HYyJs, TO Mepech-
JaeM ero B sueiiky A,, a comepxkumoe sueitku B+ 1 4+ 2Rum
nepecesiaem B Aueiiky Ay; ecau xe (B +2 4 2Ruw) =0, TO
NepeXofAHM K CpPaBHEHHIO TNO abCOMIOTHOH BeJHYHHE CO;ep-
umoro caenyiomei sueikn (B + 4 + 2Ruw) ¢ HyJ€M H T. 1.,
noka He npumeM K siuefike B + 2 4 2Ryaxe. [lepeceutass Taxum
cnocoGoM, M, KpOME€ TOro, OCTaB/Ase€M MOCJae MpPUBEJCHHS
TOJBKO WIeHH U;(X;, Xp) C oTvuuHEMH OT O kos(duuuen-
TamMu b;.

J
[lporpamma mepechbVIKH 3aNMHCHIBAETCS CAELYIOIHM 06pasoM:

K+H11 |{|=| B4-24-2R | K418
K+12| + K, o Kq
K413 %— K411 K, K4-16| B siuefike K+ 16 noayuum

] [B24H2Run A 42|
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K414| = | K+16 C; K+ 17| B aueiike K+17 nonyuum

K+15|+| G Cq ‘ Cy | B saueiike Cg mnomydynm
K16 i l [ yucno N 4I€HOB € OT-

anuapiMi 01 O Kosdipu-
K417 J HHEHTaMH

K+18| + | K+11 &, K411
K+19|> | K, K+11 K411
K-+20 i i
Cy 1
Cs ‘ 2
Ce 1
.C? 2
Ky | (B)—(=D A—18—K | B paspamax xona ome-
paumii  siyeilkn K,
3aTHCAHO YMCIO, KO-
TOpOE B CYMME C KO-
IOoM omepauHu ||
JAeT B paspsiax Ko-
na onepauHil suelKu
(K-+16) xon onepa-
WHH COMKCHHSL.
Ky [=] ] B+-3-+Ruyake

3ameuyanue. O6 omnom cnocobe ymopsifoue-
HUSL COBOKYMHOCTH NeJHX YHcCea. Buue orMeyanocs,
YTO MOCJE MPHBEIEHHs MHOIOU/IeH PAacroaraeTcs no Bo3pacTalo-
MM CTENEHAM KOJa nokasaredeil, T. €. B JEKCHKOTpaduueckom
nopsaaxe. AT0 06CTOATENBCTBO MOMKHO HCIOJb30BATE IS yNOPSA-
JIOUEHHS TI0 BEeJHUHHE COBOKYIHOCTH IEJHX UHCeT Ay, s, . . ., Ay,
pacnosoxenusx B sueiikax 3Y My=M+ 1, My=M+2,...,
M,= M-+ n. Jlas 9TOro HYXHO YMCAO @; st i=1, 2,..., 1
nepeciath u3 siyefiku M; =M +i B suefiky 3Y ¢ HOMEpOM
B + @, Kak 370 Aea1aJoCch NPH TNPHBEIEHHH MOLOCHHX, MoC/e
Yero yixe ylnopafodyeHHHe IO BeJHUHHE YHCIA dy, Ao, ..., 4,
nocaate o6patHo B siuefixku My, My, ..., M, Kak B nporpamme
nepechaxu. Yucao B mopGupaercs tak, uTo6m B -+ a@; 6BLIO
MOMOMKUTEIBHEIM [pH  JMIOO0OM i U COOTBETCTBOBAJIO HOMEpaM
cBOGOmHEIX siyeex 3Y. Yucna a,, @s..., @, B+a,,...,

b
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B + a, npeanonaraioTCs 3anuCaHHBIMY B HOPMAJU30BAHHOM BH/IC
a;=2m- 0,18 Boyo.., BHa,=2%01 j,jojs... s nepe-
jpaun yucaa B+ a; B 3-ii agpec HymxHO NEPEBECTH €ro B I1O-
cienHue paspsinbl siuelikn Cg. (Uucao paspsgoB, Ha KOTopoe
HYXKHO CIBHHYTb BIpaBo uuciao B + a;, pasno 38 — /,.) [Tosromy
snech nobasisiiores eme 3 xomanan (K + 1) — (K + 3). ¥mno-
psilOYeHNe TAKUM MPOCTEIM CIOCOGOM BO3MOMKHO, KOrja jauana-
30H uuceJ IS @y, Q... @, HCBEJHK; 3TO HMEET MECTo,
HANPUMEp, I/ COBOKYITHOCTH NOKA3aTe el MHOrOuJIeHOB OT MHO-
THX NEPEMEHHBIX WJM TIPH PELIeHHH CHCTEMBI JHHEHHBIX ypaBHe-

nuit (em. § 30). ¥Ynopsmodenue COBOKYNHOCTH IEJBIX HHCEJ
3aIUCHIBAETCS CIELYIOMeH mporpamMmoi:

el | e | 6l 6 925 |
K+ 2|4+ G Co C | G B

K+ 3| A ]G, 48 & | &% |
K+ 4|+ |K | € |K+5| G i

K+ 5 (& 1

o O B 5 K| € I |
K+ 7|+ K+l G | KHL| K|+ | ¢ | M4n Cs
Kt 8|>| K | K+l |KH1| K |(4)—(>) M~ (k+13)
K+ 9> B+ayu, | K413 Ks = BH-ayaye
K+10|4+| K | G | K | K| + M1

K411 | 4 [K4+9| Ky | K12

K12

K+13|+ |K+9] €, | K+9
K+14|>| Ky, | K+9 | K+9
K+15

Koutpoas mnpusenenus mnopobumx. Kourpois
NpHBENEHUS] MOXHO OCYUIeCTBHTH pasHbIMH myTsamu. HaunGomree

n

TMPOCTO NPOKOHTPOJHPOBATH BHIMOJHEHHE pPaBEHCTBA Zafz
i=1

k

= E -d, rue d,, d,, ..., d,— comepxumoe siueex M2,
11

M+-4,..., M+ 2k nocie nepecsuikn. OIHAKO 3TO PaBEHCTBO
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He KOHTPOJHpPYyeT CaMOro mpolecca npuBejeHusi. [lpuBenenue
nonoﬁﬁmx MOXHO TPOKOHTPOJMPOBATE TPOBEPKOH paBeHCTBA

Z = Z m;T;, rae m; — unuca1o mojgoGHBIX MexAay coGoil uie-
i=1 j=1 ;

HOB #; C KOJOM MoKasare/sefl 7, OIHAKO TNpH ITOM HE KOHT-
POJHPYETCS NPABUIBHOCTH BHYMC/AeHHMst KO uuueHtoB b;.
[Tostomy, nenecoo6passo 0OBEAMHHTH 3TH 2 KOHTpOJsi. [lou-
HBIA, XOTSi M TPOMO3JAKHI, KOHTPOJb MOXHO TakKke OcCylle-

4
CTBHTB NPOBEPKOH paBeHCTBA Za,-)‘i‘E = 2 d;-S, rne S, S, ..,
=1 I1=1

S; — conepxumoe stueexk M+ 1, M !— 3,...,M+42n—1 mocae

o6patHoll nepecuixu. [lpu 3rom 2 a;R; cuwraetcs mo xony,

fe]
kB ;

a Y @S,;—nocie mnpusenenus. Jlas MamMHE € IaBaloLeil
I=1

3anaTol 3(PeKTUBHEN KOHTPOAb MOXKHO AOBOJBHO TPOCTO TO-

JAYYUTh TNPOBEPKOH paBeHCTBAa # (Xy, Xy) = riu(xl, X3) B TOUKe

(%1, %) = (2,2).

[lpuBenenue mnono6HHX B o6meMm cayuae.
CoctaBuM Temepb nporpaMMmy IpHBEIEHHsi B OOWIEM caydae,
He Hak/aJHBasi OrpaHHuyeHuil Ha BeJWUuHy [, t,. Kak u paubue
Oynem cuuTaTh, 4TO KO3(DQULUEHTH @; PACTIONOKEHH B sueifKax
3Y Ay =A+2 A, =A+4,..., Asn=A + 21, a Koon noxa-
sateqell R; pacnonoxens B siuefikax 3V A, = A +1, A;=
=A+3,..., Aw-1=A+2n—1. Tlyets cymma nepsux [

I

4IEHOB ) #; yiKe TpUBelleHa W pa3MelleHa B napax sueex 3Y
i=1

(Ay, As), (A3, Ay, ..., (A1, Ag). TlpuBesenue nomso6HHX
1

B CyMMe ) #; + ;41 OCYIIECTBISIETCS! CPABHEHHEM KOXA MOKa-
i=1

3aresieil Ryy1 NOCAEOBATENBHO C COHEPHKHMHM sueek 3Y A,

Ag, ... Ecam naiizercsa rtakoe umcio i <p, uto Asi_i = Ry,

TO TPUOGABASIEM WYHCIO @141 K COIEPKUMOMY stueliku 3Y Ay

M TIepeXofuM K CIeLyHIOmeMy WIeHY #4;+2. Ecau ke Takoro

[P He HAULIOCh, TO YHCIO @11 TOCHJIAEM B siueliky 3Y
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c HomepoM Agpye, @ KON mnokazatedell Rip1— B stuefiky 3Y
¢ HoMepoM Agp i1 K NEPEXOJUM K CJAELYIOMEMY YJICHY Uyo U T. I.
[lepexon ¥ ciaeayioueMy UJaeHY #i42 CBOJMTCH K 3aMeHe
ypcesa Asitr, Asire B HEKOTOPHX H3 aJpeCcOB COOTBETCTBYIONIMX
KoMaHn uucaamMu Agysz, Asurs. Kpome TOro, mnpu nepexonue
K CJAGLYIOLIEMY YJ/IEHY Lpyo HYXKHO HayaTh CPaBHEHHA Riy2 ¢ KO-
JAMd  moKasaTesqell NpPHBEJEHHBIX 4YJIEHOB CHOBAa C sYeHKH
c nomepom A;. [losromy cielyeT COOTBETCTBYIOIIHE ajJpeca
KOMaHJl CpaBHEHMsl NPUBECTH B HAYa/JbHOE I0JOXEHHE.

B umxecaeaylomel nporpaMMme TPHUBEJEHHS  TOJOOHBIX
komanasl (K4 1) — (K -+4) cayxar Jis OTHICKaHHsI HOMEPOB
napel Agi_1, Agi, ¢ KOTOPO# #4+1 monoGen; Komanan (K 4 5) —
— (K + 13) cayxar nas o6pasoBanus u3 xomanaw (K - 3) xona
xkomaua (K 4 14), (K + 15) — xomana caoxenuss xKosbduumen-
TOB W Nepejaun Koja noxasatesefi. [lis sxoHomuu 3Y MH
HanpasJsieM TNpHBEIEHHbIC HWIeHH 00paTHO B siUEHKH A=A+

1

+1, A, =A+2,... Ecan B cymme Y, &; NOAOGHBIX 141 HET,
i=1

TO BMECTO CJOXeHHsI KO3(Q(UIMEHTOB BHINOJHAEM KOMaHLY

nepenaun ko3unKenTa, 4TO JOCTHraeTcss KOMaHAOH CpaBHe-

nusi (K- 11). Komanas (K4 16) — (K4 19) cayxar pis

nepecrpoiikn xomanas (K -+ 3) u xoncrantsl Cg Tipu mepexone

K CJAENYIOIEMY YJACHY HUiiz.

[NporpaMMa npuBefieHns B obmieMm cayuae:

K+1 |4|K4+3| C |K+3 -
K+2 |>| K4+3| Ky. |K+5 Komanna (K - 2) osHayaeT: €eCIH
CpejM NpPHBELEHHBIX YIEHOB NMOAoGHOTO
), He OKa3anoCk, NMEPEXOIUM K KO-

mange (K -+ 5); B MpOTHBHOM ciyyae
nepexofiuM K Komauue (K + 3)
K+3|—|A+3|A—=1]| Cy Komamam (K- 3)— (K4 4) cpas-
K+4 ||=]| Ci C. | K41 | nuBapT kousl nokasateneil Ry, c co-
nepkuMeM sueitkn A 4 2i — 1

K+5 |A| K+3 Cy Cu B suefike Cy; NONYYHM
. ‘ PR
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K+6 |A| K+3| G Cys | B sueiike C;, moayuum
j A2 —1 ‘ ‘
K+7|=>| Ce C; |K+ 14| Komanun (K -+ T7)— (K +9) caymwar
K+4+8|+]| Cy |K+14|K+4 14| gaa npeo6pasoBanus sueiiku Cp, B KO-
K+9 4 C; |K+ 14| K+ 14| manny
‘—1—‘.4—}—2[—}—1 |:A+2:‘—1‘
K+10| i |K+14| €, |K+15| Komanms (K + 10)— (K +13) cay-
K4+ 1> | K+3| K |K+ 14| xar wna oGpasopanus xomauusl (K 4-
K+12| - |K+ 160 C |K+ 15| 415)
K4+ 13| L|K+15| G |K+15 Komanpa (K 4+ 15) umeer BuR
K+ 14 ' +|A+2ut2 A—t—?f!fi—i—?i‘
K+ 15
ecm i < p
Komanna (K + 15) umeer Bun
|+ |a+2+2| ja+e
ecau i > p - S
KL116| = K, K+3|K+18 Komaumst (K +- 16) — (K + 18) cay-
K417 |+ K+3| C, Ky war nas obpasoBanus K; mpu mnepe-
K+ 18 -1:— K, Cy K XOjle K CHAEYIIEeMY dieHy iy, . Ecan
K419+ 6y Ky | K43 | 1,1 nonoben Kakomy-1u60 13 uIeHOB
K+20>| g, K+ 3| K-+ 1 | npuBeierHHoil cymMbl, T0 K; HMEET BUJL
5 i
K+21 ‘—‘A+2I+3!A+2p+1‘€10‘
ecim ke ToAOGHBIX Uy Her, 1o siueii-
Ka K; umeeT Bul
| = a+2+s|atop+3|
Cl &
-5 -
G 2 . 27°— HauMeHblLee TO-
Cyq 1...1 | JNOMHTENbHOE  YHCJO,
C 1 1 HMEKIee B 1aHHOH Ma-
C‘ IHHE OTAHYHOE OT Hy-
° + I NpeicTaBieHue
Cs 2
c, 1...1 |




|
Cs | ‘ ‘ 1 | I
K, | — | A+3 | A+2 | Cy
K, S I,4+2n_1' A—1 | Cy
K, ‘ — 2 | A—1 Cio !

CpapuuBasi 06a crnoco6a npuBeJIeHHS] MOJOGHBIX, MBl BHANM,
yTO B MpOrpaMmme 0o6uIero cayyas YHC/IO ONepaluil 3HaUUTEIBHO
6osabwe. Ilostomy B cryuae, xorza xon mokasateseit R, ywme-
maercs B Ipelesax OJHOrO anpeca, uTo, OOHYHO, HMEeT MeCcTO
/Il MHOTOU/IEHA OJHOrO0 WM JBYX IE€PeMEeHHHIX, NPUBEJCHUE
NOJOOHHIX TPEJNOUTHTe/IbHEE AeJaTh MepPBHM croco6om. Ipu-
BEIEHHEM MNOAOOHHX pelaeTcss psiA 3adad  CTATHCTHYECKO#
06pabOTKH JNaHHHIX: ,COPTHPOBKA AAHHHIX“, BHIGOPKA W3 Mac-
CHBA 1O TpyIHNe MPH3HAKOB, ONpejie/ieHHe B3BEIUEHHOTO CpesHe-
apuMeTHUIecKoro, onpeneneHue MOAH H T. .

Tax nampumep, 3amavya COPTHPOBKM MAHHHIX, WIH TAK HA3bI-
BaeMmasi 3ajaya I[oJCUeTa TNPHU3HAKOB, 3AKJI0UAIONIASICS B TOM,
uyTOOb HalTH yacToTH by, by, . .., b.HabGmopennit Ay, A,, ..., A,
pPaBHHIX COOTBETCTBEHHO OJHOMY M3 BO3MOJKHBIX 3HAUEHHH /77y,
My, ..., M, CBOAUTCS K INPHBEAEHHID MOJAOOGHBIX, €CJH YHCIA
Ay, A,, ..., A, paccMaTpuBaTh KaK KOAB MOKasaTese, a Bec
Habmofienn, paBHbl 1, KaK KODOUUMEHTH: @) = @y = ... =
—a,=1.

PaccmoTpum Ttemepbh kpatko yMmuokeuue asnarebpam-
YeCKHMX MHOrou.eHnoB. Kak u paHblie, OrpaHAuUMCs CTY-
yaem IBYX OYKBEHHBIX ApryMEHTOB X;, Xp. ¥ MHOMXEHHE OBYX
MHOT'OWJIEHOB

n m

: 2 [j . 'B .

P(xy, x5) = ¥ ax Pad w Qlxy, X=X bx (Vx ¥
i=1 j=1

Tle X;, X, pacCMaTpuBalOTCs Kak OYKBH, a a; b;, oy, oy, By,
ﬁ?j—-KaK qHCcaa, CBOIOHTCH K 06p330B3HHEO MHOrouJieHa

n,m
V(Xy, X9) = Y cyx it x 2Ry npupenenmio mopoGHEIX
foalfiat )
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YJI€HOB BHYTPH ¥ (X;, X,). [lpuBesenue noaoGHBIX 3KOHOMHEe
BECTH IO XOAy 00pasoBaHUS UYJAEHOB, OTCHUIAS MX B SUYEHKH

B+ (@ +B1) 2" + (0 +Boj) 1 B+ 1+ (s + Byy) 2" +
' + (o2i + Boj)

[Nocel0BATENBHOCTE YMHOXKEHHI BeJETCsl M0 OOBIYHBEIM [pPaBH-
gam  aare6pu. Ymuoxenue [ anare6panyeckux MHOTOUWICHOB
;

| IP" (%, X,) BEmETCA MO JBa: CHavyana Haxoaum P;-P,, 3atem
k=1

(Py-Ps) Py m 1. 1.

YuHOoxeHne OYKBEHHHX BHpaMeHHil MOXeT NoHamoOHThCs,
HampuMep, TMpH Npeo6pa3soBaHUH NPOM3BEICHHH CYMM B PSIEH
B 00LIEM BHJE.

Kom6unupysi onepauun aare6panyeckoro CIOKEHUst U YMHO-
JEHHs1, IEFKO BBECTH B MALIMHY TaKkKe U Jpyrue arrebpanueckue
pefictBust Hajg OYKBEHHBIMH BHPAXEHHSMH.

Onepaunun auddepeHUUPOBAHNS M HHTELpPH-
poBaHMS Hajl MHOTOYJEeHAaMH. JIerko OCyuecTBUMO Ha
MalllHe B3SITHE TOYHOH TMPOHM3BOAHOH M MHTerpajsa OT anrebpa-
uueckux Bepawenuit. TTycTh, nampumep, TpeGyercs: ONpeieauTh
TOUHYIO TIPOM3BOJAHYIO OT MHOTOWIEHa @3 X™ —+ QuX™ + ...+
+a,x™. Kak yxe OTMEYaJOCh BHILE, aAreGpandeckuii MHOTO-
ugen 3ajaercsi B 3Y COBOKYNHOCTBIO map siyeex (A + 1, A +2),
(A+3, A+4),..., A+2r—1, A+ 2n).

BasiTh NMpPOM3BOAHYIO — 3HAUMT, HauuHas C mapm (A +1,
A -+ 2), epBy10 KOMIOHEHTY Iaphl YMHOXKHTh Ha BTOPYIO M 3aTeM
BHUECTb €JMHUIY M3 BTOPOH KOMIOHEHTH. JTO 3aNHCHBACTCS
caeayiolel mporpaMmmo.

K+1| X |A+1A+2A+1 : —
K+2|—|A+2] ¢ |A+2 G !

K43+ |K+1) G [K+1 o 2 2 | 2
K+4| + |K+2 G |K+2 ¢ 2 2
ﬁiz > G |K+WK+1 ol ayon—1|a+2nA+2n—1
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Taxke onpenenasieTcs HA MAlIMHE YacTHAs MPOH3BOAHAH OT
MHOrou/eHa u(xX,, X,, ..., Xx). Ilepemennoe, mo KoTopomy
npou3BonATCs auddepenipoBanie, NeperaeTcss MamuHe yKa-
3aHHEM HOMepa siueHKH, copepiamied KoJ TNOKasaTeds 3TOro
IepeMEHHOTO, WM YKAa3aHHeM TOH WIM MHOH TIpYHIbl Paspsijios
t;, t; +ts, ..., €CIH KOAH TIOKa3aTeJei pasMeleHBl B OXHOM
sueiike 3Y. Onepanus HHTErPHPOBAHUS MHOIOWIEHOB B 0061leM
BHJIE BBOAMTCS AQHAJIOTHYHO, €CaIu M, + — L.

C nuddpepenuupoBaHHeM MHOTOYJIEHOB Mbl BCTpevaeMcs,
HATPUMEp, TpPH COCTABJAEHHH TabJ/uIl, KOrja HYXHO HaXOAHThb
pasaoxenune pyunxuuu f(x) B pan Teiropa nocre-
JOBATEJNBHO B OKPECTHOCTH TOYeK &, -+ h, ay+2h, ..., a;+
-+ nh.

[MTycry f(X) samana pasnoxeHHeM B OKDPECTHOCTH TOYKH @,

f(x) = flag) + (x — ao)i_(liﬁ 4

..+ T fn(ay) ()

IpHueM /7 HACTOJIBKO BEAHKO, YTO B TpeJesax HYKHOH To4-
HOCTH MOXKHO OTHICKMBATb NpPOU3BOAHBIE OT f(X) muddepenun-
poBankeM 3ananmHoro Muorounena (1). Pasmoxuts f(x) B OK-
PECTHOCTH TOYKH @, + i 3HAuumT HaifiTu mepshie m KO3(hduIH-
€HTOB 3TOTO Pas3/JOXeHHUs

f(ao +k),f’(an+ h) s By S™(ag + h) __fm(ﬂn)

T m m

TpuBesem mporpaMMmy pasanoxenust B psij Teilopa B OKpecT-
HOCTH TOuKH @, -+ h. B aroii mporpamme xomannsl (K4 1) —
— (K +3) cayxar aisi 1OCIe0BaTeJIbHOr0 06pasoBaHus CTe-
neneit h, k2, . .., k™, xomaums (K + 4) — (K + 7) — mast nocie-
Flag + ) J™ag+ h)

11 S m!
xomaugw (K + 8) — (K + 11) — a5 BHIOJIHEHUS ONEpPanny nud-
¢depennuposanns, xomanas (K + 12) — (K + 20) — mist mpeo6-

261

nosateqpHoro Beunciaenus f(a, + h),



pa3oBaHusl COOTBETCTBYIOMMX KOMAHI IMPH TNEPEXOAe K BBIUMC-
Jenuio caenywonero xkoadduuuenta.

K+ 1

K+
K+
K+
K+

[ B B o

K+ 6
4 7
K+ 6
K+ 9
K-+10
K+11
K+12

X + v+

+ oV o+

G

K1
K
A1
&

K44

Cy

Cs
K+9

Cs

Ky

Ky
K45

D D41
C; K+1|
K+1 | K+1
Bast|
A A
Cy K+4
K+4| K44
Ay1|A+1
C, | K+9
K+9|K+8
Cs Cs
|
Cs Ca .:
|
|
Cg CQ
[ C,
C; K49
Co |K+4|
C, |K+5
|
LG
Cs K—|—4|'
|

B saweiikax D, D4+ 1,..., D4m
nonyuum 1, h, k2, ..., B™

B saueiike A wuakanaupaem Ccymmy
flag+ h)

B sauefike A + 1 nakanawpaem
f(ag+h) u Tt o

Komanne (K + 12) — (K + 15) cay-
war jus nepepofa umcaa Cy B aupec

B nueiike Cy moayunm
, : :

EAE

B aueiike C, noayuum

Y




Co 2s
i § — YNCIO pPaspsloB
-1 OIHOTO ajpeca
C, s
C'; a8
D l
G, ?I 1 t
Cs ‘ 1 | 1
4 Lol |
K X ,CS Ag-m \ A+m
Ky be Ci, D4+m—1| D+m
Ke | X | Co {A+2+4m|A+2+4m
Ky X ‘D+1A-}-2+m G,
A f(ap)
A+ 1 f(ao)
1" (ap)
A+2 —21
A _T' m f(fﬂ) (aD}
! !

§ 30. PELLIEHHE CHUCTEM JIMHEWHBIX AJITEBPAUYECKUX
YPABHEHUM MPSIMbIMH METOJIAMH

A. MeTton rjaBHbiX 3J€MEHTOB
OnucaHHe BHAOH3MEHEeHHOro MeTona rjiaBHBIX 3JIEMEHTOB

BBuay Toro uTo MeTOJ TIJaBHHX 3/JE€MEHTOB XOPOLIO H3BECTeH,
OTpaHUYHMMCS 37€Chb ONMCAHMEM JIHIIb H3MEHEHHOT O MeroJa
rJABHLIX 9/J€MEHTOB M YKasaHHeM OT/JAMYMd 5TOro MeToia OT
NepBOHAYaJIbHOr0 MEeTOAA.

[lycTh MMeeM CHCTEMY /71 COBMECTHHIX JUHEHHHIX anrebpau-
YECKHX YpaBHEHH C /7 HeU3BECTHHIMM:

m
Y Byty=iby (=102 o ) (1)
j=1
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HIH B ManﬁqHOﬁ opme:
Ax=Db
rae A = [a@;] — xBanpaTHas MaTpuna nopsiika m;
X — CTOJI010Basi MaTPHId HEH3BECTHHIX;
b —cToabnoBas MaTpuIla NpaBHX yacTel cuctemsl (1).

Tax we, xak 0 B OGHYHOM METOME IVIABHHIX 3JE€MEHTOB, MHI
HAXOIMM TpexJe Bcero B MaTpuue A HauGOJBIINA MO MOAYJIO
3JIEMEHT 4, j, , HA3HBaeMbIH I'J1a BH Bl M 3J€MEHTOM MaTpuiH A.

Jlanee u3s matpurt A u b o6pasyem matpHiy
C = [eij]im m+ n=laij, b} (2)
H NPOU3BOMNM BBEIUMCJIEHHE MaTpPHILHI

1
CO = [ef]m, man

BHIYHMC/IASL CHAYA/IA 3JIEMEHTH [g-fi CTPOKM (r/1aBHOII CTPOKH) MO
dopmyae:

(1 Cioj

cf) =L, tne j# jo 1 Ciyj,= O, (3)

cln}o

a 3aTeM, BBIUHCJAS OCTAJbHBIE 3JEMEHTH 3TOH MaTPHIIHL JIJIs
BCEX €€ CToJOIOB, 38 MCKAIUEHHEM -0 cToabua (TJaBHOro
croabua), no dopmymae:

1 1
cif = e Cijo ) 4

rae i+ iy, j+ jo3Jjo-fi cTO6el 3TOH MAaTpPHIH OCTAETCS TEM Ke,
YTO U B uCXoaHO# matpuune C.
Marpuiy, noaydeHHyio u3 MaTpHub A nyTeM ONUCAHHOTO

1
npeo6pasosanns, o6o3uaunm cumsoiodm A", Cpeau Beex sue-
MEHTOB 3TOff MATPHIH, 33 HCKJAIOYEHHeM 3/JeMeHTOB, HAaXOJs-

IUXCSt B iy-fl CTPOKE M jo-M CTOJOLE, HAXOAHM MaKCHUMAJIbHHII

0 MOAYJIO 3/7EMEHT @\, KOTOPHIl HA3LIBAEM TJIABHBIM 3J€MeH-

oM marpuusr AW .

C(k +1)

BOOGLLLE 9JE€MEHThl MaTpHILbI BHYHCJIAIOTCH H3 3JIe-

MEHTOB MaTpHIbLL C(k} IIOCpeACTBOM CJIEAYIOIIETrO IIpoIecca.

R
CHauala HaXOAHM MAKCHMAJBHBEIE MO MOJAYJ/II0 2JEMEHT @Ek)fk
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MATPHILBL AY  He cuutas 31eMEHTOB TMIABHHIX CTPOK iy, iy, . . . ,
ix—1 W TJABHBIX CTOJAGIOB jo, ji, . . -, J,_; NpeAHAymHX A-ma-
TPHIL. ‘

3aTeM BHUMCJ/SEM BCE 3JIEMEHTH i,-fi CTPOKH, 32 HCK/IO-
yeHHeM 3JIEMEHTOB CTOAGLOB Jjo, ji, - - - » j, Marpuis CFD
opmy.ie:

o

Pt
B4 i)
gl e @)
Cigiy
1 k+
OcTaJbHEE 3JeMEeHTH CS-}“" ) MaTpUILHl 'S¢ 1), 34 HCKJ/JAIYEeHHEeM
3J€MEHTOB TIJIABHHX CTOJOLOB 3TOH MATpPUIB, BEIUHCIAEM [0

dopmy.e:

k+1) (k) () k+1)

A = —olff . el (4
rne i+iy j*FJo JF Iy s JF I3 INEMEHTH CTOIGLOB
Jo» Jis---» Jp MaTpPHIH C**P ocraoresi TemH ke, UTO H B

MATPHILE e,

IlosTOpsia TaKoil nmpomnecc m pas, nojgyuyaem MaTpuLy, NO-
caennuil croaben KoTopo#, T. e. (m -+ 1)-it cTon6en, COmepKUT
3HAYEHHS HEH3BECTHHX Xg, ..., X, Hallefl cuCTeMH. DJeMeHTHl
Beex octanbHHX cToabuos matpuus C™, 1. e. A -marpu-
1, OCTatoTcs TeMu ke, uto n B matpuue C V.

Wrak, okoHuaTesqpHasi mMatpuua, T. e. marpuna C, comep-
KAIas PEelIeHrHe CHCTEMBl YpaBHEeHHi, HMeeT CIeAyiolee cTpoe-
Hue: nocitenHuit, T. €. (m -} 1)-# croabel CONEPKHUT 3HAYEHHS
HEU3BeCTHHX Xi, ..., X,, PACIOJOKEHHHX B KakKoii-TO nocie-
JOBATETBHOCTH.

Cy6matpuua A
II0B BCEX TMPEeAbIAYIMX A-MaTpUIL: j,-fi cToJ0el MaTpHIb A
COBNANACT C j,-M CTO/101I0M MaTPHILBI A¥ Y rpe k=0,1,...,m—1.

Ecau MB pewaau 6H cucteMy ypaBHEHHH (1) OObIYHBIM Me-
TOJIOM TJIABHHIX 3/1€MEHTOB, TO MOJYUH/IH Obl MATPHILY, NOCIEN-
Huii ctoabel KOTOpoH coaepmxas Obl TaKiKe peuieHue 3ToH cu-

™ aroit MaTpHUIEl COCTOMT H3 [VIABHBIX CTOJG-

CTEMB, HO MAaTpHIa A™ umena 6w npH 3TOM APYTOf  BHL.
A uMmeHHO, HA TeX MeCTaX, I'ie B NpPeibAylHX A-mMaTpuuax:

A A[]] A(l‘?j‘—l}
’ ¥ we sy
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HAXOAM/INCH TJaBHHE 3jemenTH, B Matpuue A crosum 6w
e[MHULE, & BCE OCTAaJbHHE €€ 3JeMeHTH Onu OH HYJSAMH,
T. €. B pe3yJapTaTe MNpUMEHeHusi OOBIUYHOrO METOJA TJIABHBIX
9JIEMEHTOB Mbl Npusean O cucremy (1) K caefyloueMy BHAY:

Xj, = M (5)

rope i=1, 2,..., m;

J; — HeKOTOpas B3aMMHOOAHO3HAuHAst (DYHKUMS OT HOMepa
CTPOKH i, ompelesnsieMas 3ajaHueM ,KoopmuHat* (iyj,),
)y - ooy (Gfr)s - - -5 (Em—1, Jm—1) rJIaBHBIX 37€MEH-
TOB BCEX NpPeABAYIIMX A-MaTpHil.

B ¢y B3auMHOl OIHO3HAYHOCTH COOTBETCTBHS j;, chcTeMa (5)
9KBHUBAJEHTHA CJEAYIOUIEIl cHCTeMe:
Xy = cfm (6)

ff, m-1

rne j=1,2,..., m;

{; — B3aMMHOOJIHO3HAYHAS (DYHKLUS OT HOMepa croabua j,
T. €. (yHKIs, ob6paTHas QyHKUMH j,.

Taxum o6pasom, npu pemenuu cuctemsl (1) OOHUYHBEIM MeTO-
IOM IJIABHBIX 3JIEMEHTOB B MNOCJAENHEM CTO/IOUe MaTpHus CUM,
T. €. B (m+1)-M ee cronbue, 3HAUCHHS HEM3BECTHHIX PACIO-
MOMEHH B NOCTE0BATEIBHOCTH X; , T. €. B TOll ke nocaeno-

BaTEJBHOCTH, B Kakofi OyLyT pacro/JOXKeHH HOMEpa rJaBHBIX
CTOJIGLOB J,, €CM COOTBETCTBYIOLINE UM HOMEPA TVIABHHX CTPOK
i;, PACTIOJIOXEHEl B HATY PaJgbHOMN nocaenopateabHocTH. Kak BumHo

u3 gopmyan (6), srements ¢{™ - mocrenHero croibua Mar-

pruue C 1eo6X0mNMO NepeyNnopsIoUnTEL B NOCTeI0BATEIbHOCTH
.cg;flm_n, T. €. pacnonokutb B (m 4 1)-m croabue ceepxy BHu3
B TAKOIl TOC/AeN0BATEJIbHOCTH, B KaKoH OyIyT pacnoaoﬁi{enu
HOMEpa TVIABHHIX CTPOK f,, €CJAH COOTBETCTBYIOUIME UM HOMepa
[JIABHHX CROAGUOB j, DPACNOIOKEHH B HATYPAJBHOH I0CJIEI0-
BaTEIBHOCTH.

Ckasannoe cmpaBelIHBO M A5l BHJIOU3MEHEHHOTO METOna
JIABHBHIX 3JIEMEHTOB, TaK Kak M IS Hero ChpaBejIHBH, OYe-
BUJHO, paBenctBa (5) u (6); OTIMUME BHAOM3MEHEHHOrO Me-
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ToAa OT OOHYHOrO MeTOJA TIJIABHBEIX 3/JEMEHTOB 3aKJAI0uaeTcs
JHIIBb B TOM, UYTO MPH 3TOM METOJE TJIABHEIE CTOJOLE HE BH-
yUCAAIOTCS, 4 OCTaloTCsl 0e3 BCAKOro u3MeHeHus. ITO, KCTaTu
CKa3aTb, MOUYTH B JB4 pa3a YMEHbIIdeT YHCAO HEOOXOIMMEIX
JIJIA PEUIeHUs] CHCTEMBl ypaBHEHHH BHIYMCJIEHH, €CJH HEe CuH-
TaTh ONepaluil, HeOOXOAMMBEIX 1Sl HAXOXAEHHS TJIABHHX 3/e-
MeHnToB. B OTHOLleHnM 3THX onepauwi ONUCAHHBI METOA He
OTJIMUEeTCsl OT OOBHIYHOTO MEeToHa.

OnxcaHHe NporpaMMbl pelleHHsl CHCTeM COBMEeCTHbIX JHHeHHbIX
anrefpaHyecKHX ypaBHeHH#H

Ilporpamma cocrtaBireHa Jisi OJXHOBPEMEHHOTO pelleHus £
cucteM ypasHeHuit AX =b\W r=1, 2, ..., k, pasmuaomuxcs
JHLIb MPaBEMH YacTsimu b = (b{), ..., b)), Wcxomnoit marpu-
ueit 6yner marpuua [¢;lem,» ¢ m cTpokamum u n crorbuamu,
rae ¢; = @; npu j < m, Cimir = b0,

[lpennonaraercs, yTo raaBHEI 31EMEHT @;,j, NICXONHOH A-MaT-
pHLIBl M3BECTEH M M3BECTHH TaKiKe ero ,KOOpPHMHATH" iy U J,.

Slueitkn 3Y, B KOTOPHX B HAUAJbHHIE MOMEHT HAXOMAATCH
SJIE€MEHTH £;; UCXONHOI MaTPHUBL [C;i](mn), TAE M — YHCJIO CTPOK,
a n— YHCI0 CTOaOLOB 3TOM MaTpuusl, MBl GyjxeM 0603HayaTh
CHMBOJAMH Zj, T. €. B HaualbHHIi MOMEHT GyneM HMeTh paBeH-
crBa: (%) = ¢;;. Marpuny [(2;))]nn) Gynem cuwmrars , pasBepThi-

ii“ mo cronbuam, T. €. GyjaeM CUUTATh, UTO

BaeMoit
Zyj=z21+i—14+(j—1)m ()

Kax Bumno us stoii Qopmyas, mis Toro 4tobs nepeith ot
suefikn 3Y 2;; K Avefike 3Y 2i41,5, T. €. ONYCTHTBCS B j-M
CTOI0Ie HA OIHY CTPOKY, HAAO YHCIO Z;; YBEJIHYUTH HA eIH-
HHLY, T. €.

Ziv1,j = zfj + 1

Eciu ke Tpebyercsi mepemBHHYTHCS Ha OJHMH 3JEMEHT 10
OIHOH W TOW ke i-fi CTpOKe, T. e. mepedTH OT HOmepa 2;;
K HOMepY 2;j+1, TO HYXHO, KaKk BHJIHO M3 paBeHctsa (7),
npubaBUTL K Z;; He eIUHHLY, a M eJHHuI, T. €.

Zij+1 = zij +m
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Conepxanue sueex B HAUAIBHBIH MOMEHT:

(X)=x+D)=...=(x+m)=
W=@+)=...=(y+n=n
(ap) = ¢ (@) =1; (@) =m—1; (@) =n—1
(@y) =0; (as) =0; (ag =0; (@) =z,
(ag) = ip—1; (ag) = (ag+1)=m; (@y0) = j,— 1; (ay) =2
(A12)=2s;  (@y5)=m.2%
(ay,) = [I—;” ! g | ¥ |7‘]:g‘r (ay5) = _— ‘ ag |K-| 41‘
(a6) = ‘T | ag !i ‘ -’L—I ' (ayq) = || T|Z|_ |_J’_|
(arg) = | = ‘211‘a7_lb_||s (als)='||+J b‘ ||211-|
(ﬂ20)=[ X ‘zni b ‘ €| (‘321)=||:_Z—u‘ | e ‘
(@3:) = | + l ‘ Zn |is (ag5) = .‘jf ay || x |K 152(
(az) = 0, (ag:) = | + ‘ dyg ‘ u .|

Conepxanue ocTambHHX stueek 3Y B HAuaAbHHI MOMEHT

6e3pasInyHo.

[lpusenennas mporpamma comepxutr 63 KOMaHIH, U3 KOTO-
peiX 16 cayxaT Aas OTHICKAHUSI TJIABHOFO 3/JAeMEHTA c® . ero
Kk

»KOOPIUHAT® i, U j, M AIsl YNOPSAOYCHUS HAHIEHHBIX HOMEpOB
TIABHBIX CTPOK M CTOAGLOB; 9 KOMAHI UCTOMB3YIOTCS JIsl OCY-

IECTBACHUST KOHTPOJIS OJNYYaeMbIX Pe3yJabTATOB W JBE KOMAH-
JBl — IS YNOPSANOYEHHs HHAEKCOB
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Brokx-cxema. B panpHedimem depes £ Me 0603HAuMM

nepeMeHHEbIl HHIEKC BRUHCAseMOH MaTpunsl C*), wepes i, j —
_ k .

nepeMeHHbe HHEKCH 91eMeHTa ¢{f) 3TOl MaTpuus; i/, — ,Koop-

AMHATH" raaBHoro aaementa marpuusl C®). Jlna ¢opmuposanus

MEHSIIOIMXCSA KOMAHJ 37eCh NPUMEHSETCSs METOJ, ONMCAHHHI Ha
ctp. 177. CoOTBETCTBEHHO, Psifi 3TANOB NPOTrpaMMH (OPMHPYET
MEHSIOLMeCs KOMaHIBL, 3aBHCSIIHe OT Ppa3iInuYHHX HHIEKCOB.

Baok-cxema coctouT u3 6 GOIBIINX 3TANOB, COCAUHEHHHX OT-
JeJbHEME KOMaHaaMu ycaoBHoro nepexoga. Komanns (K + 1) —
— (K + 13) srana I ynopsimouuBaloT HOMEpA IJIABHBIX CTOJOLOB
M CTPOK u (OPMHPYIOT KOMaHIH, 3aBHCAIHE OT HX HOMEpOB.

Komanma (K- 14) cayxuT pas 1ponycka TIVIABHOTO [fi—i
croabua matpuisl C¢-1), xoTophil He MeHsieTCs IpH Nepexone
Kk matpuue CH),

Komanam 1l stana (K 4 15) — (K -+ 27) ocymecrsasior ¢op-
MHPOBaHHE KOMaHJ, 3aBHCAILUX OT TEKYIIEero Homepa j croabua,

M BHIUMCJIEHUE 3/1eMEHTOB cg’” j TVIABHOH CTPOKH.
k-1
[Nocaie sroro xkomanna (K -+ 28) ocylecTsaser nponyck 3ToM

YK€ BHYHC/IEHHON cTpokH. [lanee cienylor koMauus (K 4 29) —
— (K + 36) srana III, ¢opmupylomue KOMaHIH, 3aBHCALIHE OT
TEKYILEro MHAEKCA CTPOKH H OCYLIECTB/AIOIIME BEIYHC/JIEHHE
BCEX OCTAMbHEIX 3MeMeHTOB ¢{f) maTpuus C*),

IV sran — komauas (K + 37) — (K + 45) ocylecTBasior KOH-
TPOJIbL TP BHUMCJIEHHH KaxJoro asnementa. Ecinm o6Gnapyxu-
paeTcss owmubKa, NPEeBHIIAINIAs YCTAHOBJEHHHIH HONYCK &
MalIMHa OCTAHABJMBAETCH.

V atan — komaugs (K -+ 46) — (K + 52) ocy1ecTB/IsI0T OTH-
CKaHHe TJIABHOTO 3JE€MEHTa c&i}k matpunel C%¥) p ero Koopau-

?

HAT iy fp.

[Mocaemuuit stan — xkomanan (K + 53) — (K 4 63) cayxat
IJIs TIOATOTOBKH TMPOrpaMMBl K BHIUHCJIEHHIO 3JIEMEHTOB CIE/y!0-
eil CTPOKH, C/IEeAYIIero crojbua W CIeAylomed MaTpuIlbl.

B nporpamme umeiorcss 11 mycTHIX BHauane MeCT (suediku
K+2, K+4, K+6, K+14, K+19, K+20, K+ 28,
K+31, K+33, K-+3 un K-+47). Hauvarpuoe 3uHaue-
HHSI — ,38pOJHIINY STHX KOMaHI XPaHATCA B SUCHKAX @y,
Qygy - - 5 Aoz, Qay.
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Biok-cxemMa nmporpaMmbl pewleHHs] CHCTEMBbI COBMECTHBIX
anrefpaHyecKHX ypaBHEHHH MeTOLOM rIaBHBIX 9J1eMEHTOB

m-1 2K

]

Mpouedypa ynopadovenus romepol endBubix cmpod
| u cmon6yob u gpopmupobanue npukasol, 3abucswux

oM ber 4 fag i (KH1)-(H*13)

n-1=z4
1

(H+14)=| Mepexod k {K+55), ecnu o d k-1

.‘Ik‘f

4 *d k-

Popmupobarue npukasol, sobBucswurxr om nomepa

I cmonfua  f  u Bbrvucnenue 8}=a‘_r""‘ -
(K+15)-[K+27) h-1d

m-12 i

f
(K+28)| Nepexod k (K+41), ecnu Ltik_f

é-ik-f

L¥ Lp-g

Popmupolarue npukasol | 3abuciuwux om womepa
m cmpoku { w Bbrucnenue Ic}-c“‘"’ -t

(d)=c’ (K+29)- (K*36)  “dten e ©
| Hormpons - (K+41)- [+ [Honmpon- (K37)trv4))
W (keas)- | Ocmanobha, ecru [in)] > /(a)] |
v Ombickanue enabnoeo anemenma o[, u ez

. hoopduwam " iy w j, : {!f'éﬁ}‘,’%é:‘fﬂ

* flodeomobka & Beinonnenuro wobbiz quknoB Beiuucrenud,

da8ucruwur om romepa cmpoku L, HOMEQT cmoabya j
U _HOMEPE mMampuybl K : gm:;f-.rﬁ»m 4

Kowey nicepamwnr

O6pasoBaHue BHUUCAUTEABHBX KOMAHII.
BBIYHCJICHHS 3TEMEHTAa MaTPHILH

Ae=1)
Rl)
cl®) = ple-1) __ o1y [ R=V
4 4 YE-1 a1l
k~1E-1

270

s



rne i = iy, Tpebyercs BHNOJHUTL TPH ONEPALUH: AEICHHE, YMHO-
JKEHHE M BBIYHTaHHe. B mporpamMme o6pasyroTcs TPU KOMaH[IH,
OCYIIECTBJASIOINE YKa3aHHbBe apHpMeTHUeCKHe Onepauu:

(K+19) = Y ‘ @ ‘ & ‘ e (07)32"&—1&—1

|
{K+31)=! X ‘zuk oo e |
(K34 = | — |

‘ c ‘ d ‘ rze (e) = ¢y~

B pesyabTate BHINOJHEHHS 3THX KOMaHI TOJYYHAM pPaBEeH-
CTBA:

k=1
b) = — 2V _ w = C(k—n.cue) , (d) = c®
) = (khl) - “Csk lj’(c)_ by | Th, o J ij
) - -
‘e—t'r—1
rjae ik ip1.

Briuncaennse siaements ¢ff) o, ¢ otnpasasiores B suefiku
k-1

zik—lj’ Zf}-, COOTBETCTBEHHO, 4YTO OCYLIECTBJAAETCHA KOMaHOAMH!:

(K+ 20) = | ‘ ' i, i ‘

(K+36)=5 + ‘ d :~ . Zij ‘

Coxpanenne saementos c{¥) ;s €% B MOCTOAHHBIX sAYEAKaxX
k-1

b u d nospoaser oCyWeCTBUTH MNOANPOrPAMMY KOHTPOJS U3
KOMaHJ[ C TOCTOSHHHIMH ajpecamH.

O6pasoBaHue U3MEeHAWUUXCA KOMaHA W3 npu-
BEJIEHHHIX BHIIE TPeX BBHUHCAHTEIBHBIX KOMaHJ NE€PBHE JABE
(K+19) n (K+31) comepxaT axpeca, 3aBucsllMe OT HOMepaA
CTPOKM i, HOMepa cTo.IOua j W ,KOOpPIHHAT ip_1, Jr—1 TJIABHOTO
3/J€MeHTa MaTpuus CC*:-1),

OTH KOMaHIH AOMKHB OHTH CHOPMHPOBAHH K MOMEHTY HX
BLINOJIHEHHST M3 UX ,3apornuief”.

Komanpa (K + 19) dopmupyercs caenyiolins 00pasom.

B pesy./brate BeIMOJHEHUS KOMAHJIH

m+&=%ﬂjiqutﬂ
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yHeI0 (@g) = ir—1— 1 CHBHraeTCss Ha 2s NBOMYHHIX paspsiia
BJEBO W TIOJYUeHHOe TaknM o06pa3oM 4Yuciao 2% (ix—y — 1) no-
Memaercs B Auveiiky 3Y K-+ 2% Caenyiomas KomMaHna

(K+9)=‘ || 2 | ay
13 ,3apoawia“ xomauus (K- 19)
(als)=! t o e | b
u uncaa (2) = (ix—y — 1) 2%, obpasyer ,3arotoBxy"

: z‘.k—ll ‘ ay

b

(@29) =

OKOHYATeJbHOI ,paboueit” xomanus (K -+ 19).
Jlas mosydenus 3ToH KOMaujasl HeoGXOauMO npeo6pasoBath

nepsHil agpec i, 1 NOJAYYEHHOH ,3aroTOBKH" B ajpec Zi, b

3TO ocyliecTsasiercs nocpeactsom komanj (K- 15) n (K -+ 18):

(K + 15) = ><‘ as | ass w‘qK-{—?‘.

K+18)=| +| aw |K+2|K+19]

Komanpa (K + 15) o6pasyer unciao (K+ 2) = (j—1) m22.
Komanpa (K -+ 18), mpubaBisisi 3TO 4YUCIO K ,3alOTOBKE“ (@)
Komauas (K -+ 19), npunaer nocsaegHeil ee OKOHYAaTEJbHHH BHI:

(K+19)=r| |z, g || 0 |

Komanpa (K -+ 20), ornpasasiomas 3J€MeHT cgi) J STuedKu

b B2z ., Gopmupyercs u3 ee ,3apojbima‘

ip_y

(as) = ‘ + | b I Z11 .

NOCPENICTBOM CJAEAYIOUHX TPeX KOMAaHI:

(K+7)=\+ te | am|

* Komanna (K -+ 2) x 370My MOMEHTY yie BBHITOJHEHA.
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(K+16)=\—» | K+2 | an | K+4 I

(K+17)=‘ +| aw | K+4\K+20\

Komanna (K -+ 7) mpeBpamiaer 3TOT 3apoAHII B ,10ay(abpu-
kat* xomauan (K -+ 20):

@o=[+] 0] [Fn |

OTAMYAIOIEHCsT OT OKOHYATe IbHOH KOMaHABl JHIIb T€M, 4TO B €€
TPeThbeM aJipece yKasaH HOMEp 2; 1 BMECTO TpebyeMoro Ho-

mepa z; ;.

Komanga (K + 16), casuras uncio (j — 1) m 225 na 2s pasps-
OB Bnpaso, obpasyer uuc1o (fj — 1) m, nomeuiaer ero B AueiKy
3V K-+ 4, BMeCcTo yiKe BHIOJHEHHOH K 3TOMY BPEMEHH KOMaH-
e (K -+ 4).

Komanpa (K -+ 17), npu6as.isisi 370 4HCIO K ,noxydabpuxary

(@sq) xomanmn (K -+ 20), npunaer nocienneil ee OKOHYaTeIbHBINA
BHJ:

(K+20)=| + b‘ \sz_pf

ABasornuHo, BTOpas BHUMCAMTEnIbHAs komanpa (K + 31)
dopmupyeTcss U3 ee ,3apoaniia‘.

(ﬂao)z‘x 2| b \ C‘

MOCPEACTBOM CJaeAYIOIHUX YeTHPEeX KOMaHMI:

K+100=| X | ap | o | K+14]

K+1)=| 4 | K+4| ap | an |

K+29)=|<| @ | a |f<+2|

(K+3o)=‘ £ | B2 ‘k+31‘

18 3ax. 13 978



B pesyabrate BooJHeHus komaHael (K + 10) B suefike
K + 4 oxasbiBaeTcsl Tpou3dBeleHHe uucea (@) = (fe—1— 1) 1
(a,3) = m2%. Komauna (K- 11) npubasaser uucio (K- 4) =
= (Jr—1— 1) m2% x ,3apombiury“ (@) xomaugsl (K- 31) u, Tem
cambiM, o6pasyer ,moaydabpuxar’ xomanms (K -+ 31):

(am):[ X |21»,:'k_]\ b | ¢ ‘

Casuras 4yuc/a10 (@;)=i— 1 Ha 2s ABOMYHHX paspsiia BJEBO,
xomanga (K+29) obGpasyer umciao (i —1)2% u nomemaer 3t1o
yucsao B Aueiike 3¥Y (K+2).

CknazbiBass 3170 4HCI0 C ,noaygabpukaroM* (@) KOMaHIBI
(K+31), xomanga (K4-30) npeoGpasyer sror ,noaydabpuxar
B ,paGouyio* KomaHmy:

(K+31)=1 X ‘szk-—i ‘ 4 ' ¢ ‘

[lonyyennoe B pesy.brare BHNOJHeHUs] Komaus (K+4-31) nmpo-
usBesenne ¢iy )i ;= (c) BorumTaeTcs 3aTeM na uucaa (€) =cli .
Komanna (K-+-34) nomemaer passocts (€) — (¢) =c'f B npomexy-
Tounyo fuefiky 3V d. Ho pas ocyuecteiaennsi 370 KOMaHAb
HaJ0 JO €€ BHIIOJHEHHS] TOMECTHTb B suefiky 3Y e 31eMeHT
*&=D_ 310 OCYIIECTBJSETCS TOCPEACTBOM Komauis (K-33).

Cij
Popmuposanue komanan (K+33) us ee ,3apoawiia“

(5121}=l - | Zn 1 | € ‘

OCYIIECTB/AACTCH NOCPENCTBOM CJEAYIOIHMX KOMAaHI:

(K+24) = . ? | (L3 ] K+2 | A3z

K43 =| F [ ay |KH2[K+33)|

Komanna (K+-24), upuGasisisi uuciao (K+2)=(j — 1) m 22,
o6pasosannoe komanpofi (K+415), K ,3apoasiury“ (@,,) KOManas
(K+-33), o6pasyer ,noxydabpuxar*

(asa)=‘ + | 2y | | e

»pabouei” komaunm (K-33).
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Komanga (K+32), npubasisas uucio (K+2)=(—1)2%, o6-

pasoBanHoe KomaHmolt (K--29), k sromy moaydabpukary, ¢op-
mupyer ,pabouyi’ KoMaHmy

&+ =| + [z | [ e |

[Tosnyuenuuil B pesyabrate BHIOJIHEHHst komann (K-+33) u
(K+34) snement (d)=c§?] JoKeH OHTh OTOC/A4H B siuefiky 3V
Z;j, UTO OCYIIECTB/IAETCS NMOCPeACTBOM KoManmw (K+-36).

dopmuposanne xomauns (K +36) us ee ,3apompima“

("322)=‘ 4 l d | | Zn ‘

OCYILECTBJAAETCH MNOCPeaCcTBOM KOMAaH,

(K+22) = | F [ au [ K+4] aue

,(K+35)I’+ | ase | a4 |K+36'|

[Mpubasasis x ,3apoablny® (@) KOManAH (K 4 36) unciao
(K+4)=(j — 1) m, xomanna (K+-22) obpasyer ,no.ydabpukar*

@o=| + [ @ 2|

xomaunas (K-+36). M3 aroro ,nonypabpukara® komanna (K--35)
o6pa3yeT NyTeM CJIOKEHHS €ro ¢ 4uCJaoM (@4)=i— 1 OKOHua-
TEJBHYIO HJIH ,pabouyo® KOMaHmy

K+3=| ¥ [ a | [ 2|

[Ilpomenypa ynopsgsjioueHuss HOMEPOB I'1aBHHX
CTpoK u cToanbuoB. Kaxaufi pas, xorna Homep croabua j
COBINAJAET C OJHMM K3 HOMEPOB IVIABHHX CTOJIOLOB BCEX paHee
BBIYHCJIEHHBIX A - MaTpHll, MAOJKHA MPONYCKATBCA Ta 4YacCThb
Hauie# MporpaMMH, KOTOpas OCYIIECTBJAAET BHIUHC/JIEHHE 3j€-
MeHTa i}, ero KOHTPOJIb M €ro HMCNOJb30BAHHE VI HAXOMKIE-
HHSL HOBOTO TIJIABHOTO 9JIEMEHTa, T. €. BCe KOMAaHJH, HAYHHAA
¢ (K+15) n konuasn (K-+54).

Ilponyck 3To#i yacTH TPOTrpaMMBE OCYUIECTBAAETCS TMOCpPes-
crBoM KoMauan (K-+414) caemyionmm obpasom. Ilepen nauanom
suinosHenust yactu (K- 14) — (K4-57) nameifl nporpammel, 3aBu-
camell oT HoMepa cToJ01a f, BHIOJHAIOTCA MOATOTOBHTEJBHBIE
xomauas (K+12) n (K+13).
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B pe3yJabTaTe BBHIIIOJHECHHSI KOMAHIH

K+12=| + [ [ T a |

siuefika 3Y @, BENoHsAOmas QyHKINK UKCALHE YHCaa [ yiKe
BHYMCJICHHHIX CT01010B MaTpuusl C®)|  racurcs, T.e. npuso-
JHTCSi B Haua/JbHOE coctosinue (@) = 0.

B pesyabrate Bunosnenuss xomanan (K 4 13) B Aueliky
(K4-14) nporpaMmH NMOMeNaeTCsi KOMaHja

(a14}=‘ > | s | y |K+55‘

[Tocne Bumosanenus xomanzns (K-+13) xomanpa (K+14) npu-
HUMaeT CBOH HayaJbHBHIH BHUI:

K+1=| > [ a | y [K+59

Komanna (K+-14) B aToM Buie SIBJSIETCsE KOMaHAOH YCJI0B-
HOTO nepexofa K KOMaHje

(K+58)=| + [K+14] an [K+14

B cayvae, ecan (@;) > (y). B npoTtmBHOM cayuyae, T.e. ecau
(a;) <(y), 6yneT BHINOJHEHA HENOCPEACTBEHHO CJAEAYIOMAs 3a
xkomauno (K--14) komanma (K4-15).

[lepexon K BuinOMHEHHIO Komauiel (K-+55) MOXeT HMETb
MECTO NPH BHINOJHEHHH KoMauAel (K+-14) B mepsmii pas (r. e.
Cpady Iocje BHINOJHEeHHs KOoManAbl (K+13)) qumb B ToM ciay-
yae, eI B YHMC/IC TJIaBHBIX CTOJIGLOB paHee BBIYHCJAEHHBIX
MaTpul uMeacs croJaben ¢ Homepom j=1. B 3TOM, M TOJBLKO
B 9TOM CJIyuae BO3MOXKHO OCYLIECTBJEHHE YCJIOBHS .

(as) = ()

Jle#CTBUTENIBHO, €CIH CPelH TVIaBHBIX CTOJOLOB paHee BH-
YHC/IEHHHX MaTpull uMeJacd cTogabern, ¢ HoMmepom j=1, TO
B sveiike 3Y y GyJeT HAXOOUTHCS yie HE HAayalbHOE 3HAYEeHHe
n, a 3sHavenue 0. Kak ocymecrsiasercs sta 3ameHna, Gyner
OOGBSICHEHO HMXKeE.

C npyroii croponn, (@;)=0 (B pesyabTaTe BHINOJHE-
HUA KOMaHIH (K4-12)). IlostoMy BHIOJHSAETCS HEpPaBEHCTBO
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{a;) =0 = 0=(y), sBasioIeecs yCJOBHEM [l€pexoja K BHIOJHE-
HUIO KOMaHmw (K+455).

B nporusHom ciayyae Gymer COXpaHATbCA NEPBOHAYAILHOE
paBeHCTBO (y) = n; OyHmeT CHpaBelJHBO MNPOTHBONOJAOXKHOE
HEpPaBeHCTBO (ag)=0 < n=(y), u, cran0 OuTh, OyAeT IPOU3BO-
JUTHCS BHYUCJIEHHE 3JEMEHTOB IIepBOro croJbua marpuus CF).

[locse TOro Kax BCe BHYHC/AEHMs, OTHOcAmMecs K 1-i
cTpoke, OGyAyT 3aKOHYEHH, BHIIOJHsAeTcA KomaHpga (K-+55),
ocyuiecTeadKIIas npeoGpasoBaHHe — NEePBOHAYAJLHOTO BHJA
xoMauas (K + 14) B xomaHmy

K+19=] > | a5 |y+I |K+§5§

Takoe npeobpasoBaHne coBepuIaeTCs KaxJIHII pa3 npH ne-
pexojie OT BHYHMC/ICHHS 3JeMeHTOB (j — 1)-ro croabua X BBI-
YHC/ICHHIO 3/IEMEHTOB j-TO CTOJI6I@a M HE3aBHCHMO OT TOTO,
TPOU3BOJAMINCL JIH JEHCTBUTEJBHO STH BHIYHMC/IEHHS, WIH OHH

MPONYCKa/IUCh. Y CJIOBHEM IpONycKa jf-ro croabla siBiasieTcs
BHIIOJTHEHHE HepaBeHCTBA

(@5) > (y+/—1)

IT0 ycaoBME BHINOJHAETCA B caydae, ecan (y-+j—1)=j—1,
a 370 paBeHCTBO ofecneuuBaeTcss NOANPOTrpaMMOil yrnopsaoue-
HUSI HOMEPOB TIVIABHHX CTO/OLOB TOJBKO B TOM CJydae, ecJu
B YHC/IE IVIABHHX CTOJOLOB paHee BHIYHC/JIEHHHX MAaTpHIl eCTh
CTOJI6eI, C HOMEPOM j.

B nportuBHOM ciyuyae OGyjneT COXpaHSTBCS I€PBOHAUAJBHOE
paBeHCTBO (Y-+j— 1)=n, n npusejeHHOE YC/IOBHE Iepexoja
K KoMmaHze (K-+-D8) He MOXeT GHITh BHIOQJHEHO, TAK Kak (@)=
=j—1<n.

[Tpeo6pasopanne komauas (K+-14), ocymecTsiasiemoe nocpe-
CTBOM KOMaHAH (K--55), obecneyuBaer npomnyck Te€X U TOJBKO
Tex cro.a61oB MaTpulb C*), HOMepa KOTOpPHX COBNAajaloT C HO-
MepaMH IVIaBHBIX CTOJOLOB paHee BHIUHC/JIEHHBIX MAaTpHIL.

Copepxumoe siUeHKH @5 YBEJUUHBACTCSI HA €MHHILY KaXIblil
pas, Korja IpOMCXOHMT Ilepexoa oT j-ro crojabua x (j—1)-my.
ITO OCYIIECTBAAETCS NOCPEACTBOM KOMAaHIHL

- K+56)=| F [ | o | a |
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Besiknit pa3 noc/ie BRINONHEHHS 3TOH KOMAaHIB BHIIOJHSETCS
KOMaH1a

K+sn=| > | a | a |K+14|

KOTOpasi OCYILECTB/sIET BO3BpAllleHHe INpolecca K Hauaay MoJ-
IporpaMMH, 3aBHCsiIell OT HOMepa croabua j, T. €. K KOMaHje,
(K+14), B cayuyae, Korjaa

(@) =n— 1> (as)=]

Korsa j mocruraeT MakCHMMa/bHOTO CBOErO 3HAueHHs j=11,
5TO HEPABEHCTBO, BHIBHIBAIOILEE IEPEXOJ K BHIOJIHEHHIO KO-
manaH (K+14), yxe He yNOBJIETBOPSETCS, U MAIIMHA NEePeXOAHT
K BHIIOJIHEHHIO 3aKJIOYHTENbHHX KoMmaupa (K-58) — (K+63).

YropsiioueHHe HOMEPOB TVIaBHHIX CTOJIGLOB, B NOPSAKE HX
BO3pacTaHusl OCYILECTB/AETCS MOCPENCTBOM MEPBHIX JBYX KO-
MaHj TpPOrpaMMEL.

[Tepsaa koManja

(K+1)= I~+ | to | an | K42

CAYKHT o4 (bO[JMHpOBﬂHHH KOMaHIE

(K+2)= ‘_h"i‘ | @ | |y +Jpo1—1 ‘

KOTOpasi COOCTBEHHO M OCYILECTBJSET YINOPSJOYEHHE HOMEpPOB
IJaBHEIX CTOA6LOB. B pesy.ibrare BemosHeHus xomauias (K-2)
I0JyYaeTcsi paBeHCTBO

y+je1—1)=jr1—1

YHCIO fr—1—1, XpaHsineecs npu BHIUKCICHHH Mmatpuusl CW®) p
suefike 3Y a0, nepenaercs B siuediky 3¥Y jr_1—1.

Conepxumoe saueex y, y+1, ..., y-m He racurcsi u coxpa-
HETCST HEM3MEeHHHM B 1pouecce Buuuc/aeHuil. [Tostomy mo
BBINOJIHEHHH NEPBHIX ABYX KOMaHA B k-it pa3 (T. e. mpH BHuUMC-
JeHur matpuusl C®) GynyT HMETh MECTO PaBEHCTBA:
O+jo—D=jo—1, W+h—D=h—1,..., +jea1—1)=jr1—1
a mpHu j = jo, ji, - .., Jr—1 COXpaHsIeTCs pPaBeHCTBO

(y+j)=n
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Taxum 06pa3om, BCe HOmepa (WaM, TOYHEE, YHCJA HaA elH-
HHUIYy MEHBIIME 3THX HOMEpPOB) I'VIABHHX CTOJIOUOB paHee BHYAC-
J€HHBIX MATPHUIL OKA3HIBAIOTCS YIOPSAOUCHHEIMH B TOPSIIKE HX
Bo3pacTanusi. [lpH 3TOM OHM HAXONATCS B sivefiKax, HOMmepa
KOTOPHX OTJIHYAlOTCS OT HOMEPOB TIJIABHBIX CTOIOLOB HA OJH-
HAKOBOE MOJOKHTEeIbHOE YHca0 y—1. Bo Bcex y-x syelkax
3Y, He 3aHATHX HOMEPAMH TIJIaBHBIX 3JE€MEHTOB, COXpaHseTCs
UX HAuaJbHOE COAEPKHMOEe — YHCIO 1%,

Creaylomue JBe KOMaHIH TNpOrpaMmbl, Komanas (K -+ 3)
n (K-+4), anatorduHeiM 06pasoM OCYLIECTBJAAIOT YHNOPSAOUEHHE
HOMEpPOB TJIaBHEIX CTPOK BCEX YXK€ BHYHCJIEHHHX MAaTPHIL.

[Tponyck CTPOK B IOANPOrpaMMe sl HAXOXKJIEHHsI IJIaBHOIO
9/€MEHTa OCYHIECTB/SAETCS aHAJOTHYHO IPOMYCKY CTOJGHOB.

Komanpa

K+2)=| F [ an | [K+47)

anaqornuna komange (K -+ 13). B pesyabrate BHINOJIHEHUSA
komannas (K-+23) B aueiixy K -+47 nomemiaercs xomaHia

(‘323)=|_:§=" | ay | X |K—l—52\

v xomanaa (K-+47) npuHuMaeT CBOH HayaJbHHIA BHI

(K+47)=‘_>.“| a | x (K%SQ{

Haxoxpnenue raaBHoro saementa. C BHNOIHE-
nus xkomanigo (K -+47) mauuHaeTcsi BHIIOJHEHHE MOMIPOTPAMMEL
HAXOMXKJeHUs TaaBHoro ajnemenrta Matpuusl C®, comepxanied
Kpome 3TOH KoMaumae eme 5 Komann: (K+4-48) — (K - 52).

[Mocsennsis KOMaHma 3TOH IOANPOrPaMMEL

(K+52)=|_Jr |K+47| ayy |1<+47|

npeoGpasyer xomauny (K--47) xaxpelii pas npu Iepexoie OT
CTPOKHM i K CTpoKe i+1 aHaJOrHYHO TOMY, KaK Komanua (K+-59)

npeo6pasyer komauny (K--14) npu nepexoze OT croabua j
K croabuy j+1.

#* MowHO Oblo 6B YHCAO 7 3aMEHHTb JHOLIM OONBIIHM YHCAOM.
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Co06CTBEHHO NMOAIIpOorpaMMa OTBEICKAHMA TJIaBHOTO 3JeMeHTa
COCTOHT H3 CIEAYIOLMX HETBIpEeX KOMaHmi:

(K—1—48):‘|;;=|| G | d |K+52

K+49)=| £ [ d | | ay |
K+50=| £ [ a | | auw |
(K“‘Sl):‘_ + | as | | tag ‘

[lepsas u3 sTux Komamx ocymiecTsaser cpasuenue a6eoTion-
HBIX BEJIMYHH UMCeT, COAEPKAIMUXCH B stueiikax 3Y ay u d.
Ecnn |(@y,)] = |(d)| = [¢P], To xomanmm (K449), (K+50) u
(K + 51) mnponyckaiores, u Cpasy BHIIOJHAETCS KOMAHMA
(K 4+ 52), npeo6pasyiomasn ONHCAHHYI0 TaKMM 00Pa30M KOMaHIy
(K + 47). Ecau xe {(@5)| < |(d)|, T0 mocse xomanms (K +48)
Oyzer Bumosnena komanma (K 4-49), B pesyabrate wuero
B AueliKy @, Oymer nepemano uucao (d)=clj'. Omo Oyner
COXPaHATBCSl B sIUefiKe JO TeX HOp, MOKa B sAuefike Q.4 HE
OKaMercs: 4uca0, 6Goabliee 1o abCOMIOTHONH BEINUHHE STOTO
uucaa. Torga, B pe3yabrate BHINOJHEHHS KOMAHJ (K + 48)
u (K +49) coxp?auﬁBmHﬁcs IO cuX mop B sueiike 3V a,, 3ie-
MEHT ciy Oyner saMeneH OGOJBLIMM SI€MEHTOM TOH IKe MAat-
pumsr C*,

Tak Kak ,pasBepTka“ MAaTPUIBL NPOM3BOAMTCS MO CTOAOLAM,
TO HAXOIAUIMACA B sIYedKe BIEMEHT ¢} 3aMeHsieTcs OuHKaii-
IIHM K HEMY H GOIbIINM 1O a6COJIOTHOH BEJHUHHE 3JeMEHTOM
I0C/1eJ0BATEABbHOCTH

T O OO I DR 0 ...cﬁ? I v

B pesyunbrate Brnoanenns xomaugs (K --50) B SAYeliKy Qo
neperaeTcst U3 suelkH @, HOMEp CTPOKH i, B KOTOPOI HaXo-
IHTCS BaeMentT cif, NOCTYIHBIIUA B AUeHKY @y B pe3ysbrare
BHNOMHEHHsT KoManIH (K + 49). Auanornuno, komaupa (K + 51)
CIYHHT I Tepelaul B AYeHKYy @yq M3 fAYeHKH a; HOMepa
CTOA0LA j, B KOTOPO# HAXOAHUTCS 31EMEHT ¢, rtoabko wuro
TIOCTYIIMBIUKH B AYEHKY @y,.
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Taxum o6pazom xomanmsl (K +50) u (K- 51) dukcupyior
)

B AYEHKAX @.5 U Qyy ,KOODAMHATH" I, j 3/7€MEHTA C}f , HOCTy-
MHBLIETO B AYEHKY @s; B PE3YJbTATE€ BHINOJHEHHS KOMAHJIH
(K + 49).

[Tocae BEINOJIHEHHS 3TOf NOANPOrPaMMEHL, T. €. NOC/IE BHYHC-
nennsi Bcex saementoB matpuus C* B suefikax Qogy Qo5 U Qgg,
OynyT 3aHKCHPOBAHBL, COOTBETCTBEHHO, TVIABHEHIA 35/1€MEHT c}i}k
H €ro ,KOOPIHHATH“ i, U j,.

Komanna (K- 52) noarortosaser xomawny (K -4-47) mis
BHIIIOJIHEHHUS] €€ B CJAeAYIOIMI pa3 ¢ HOBHM 3HAUEHHEM €e BTO-
poro agpeca, a Komamja

K+3)=| + | @ | a | a4_\

YBEJHUMBAET HA €IMHHIY HAXOIHWBIIEECS paHee B suelKe @, Yuc/Io
i—1, 1. e. nocie BunoaueHuss koMauas (K - 53) umeer mecro
paBeHCTBO (a,) = i.

Crenyiomas jgasee Komasua

(K+54}=‘ > | a ‘ a, iK+28‘

SIBJISIETCS]  KOMAaHIOH  YC/JIOBHOTO I€pexoja K BHIIOJIHEHHIO
komauaH (K -+ 28), ecin (ay) > (ay), 1. e. ecan i < m. Ecin xe
(@) < (@4), TO mocae xomanam (K -+ 54) BHIOMHSETCS CAELYIO-
masa xomauma (K4 55), ¢QyHKmEH KOTOpPOH MH yKe pac-
CMOTpEJIH.

Komannma (K + 54) ocymiecrsisier BO3BpalleHne rporecca
K Hadany nommnporpamMMmbl (K 4 28) — (K + 54), saBucsimein ot
HHIEKCA CTPOKH i, JO TeX IOp, NOKa He OyAyT BHYHCJIEHH
U MPOBEPEHH BCE IEMEHTH JAHHOrO CTOJA0NA U He OyJheT Hafi-
JieH B HEM MaKCHMaJbHBIH 9J€MEHT.

[Tonnporpamma (K +- 28) — (K -+ 54) siBisieTcsi OCHOBHOH 4a-
CTBI0 BCeH TNpOrpaMMBl, TaK KaK COAEPKHT NOANPOrpaMmy
BHIYHC/IEHHS BCeX s/eMeHToB ci Marpumbl C* (3a mckmoue-
HHEM 3JEMEHTOB TIJVIaBHOH CTPOKH), MNOANPOTPAMMY KOHTPOJIS
3THX 3JEMEHTOB H NOANPOTPAMMY OTHCKAHUS IVIABHOT'O 3/JEMEHTa
BHYHC/ASAEMOH MAaTPHILL
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B siweiike 3Y Q5 NOCTOAHHO XPAHUTCA 3apOJHII KOMAaHIEI
(K + 28). TlocpenctBoM KOMaHIBL

K+2y=| + | s | K+28 \

9TOT 3apojbiul nepenaercs B sivefiky 3¥Y K -+ 28. Taxum oGpa-
30M, I€peJl HAYaJIOM BHIYHC/ICHUS 3/JIEMEHTOB KaXJAOro crouabua
komanaa (K -+21) BOCCTaHAB/JMBAET MEPBOHAYATBHYIO (HOPMY
xkomanas (K + 28):

K+®)=| > | a | a ‘K"{—_‘}'l_‘

Komanna (K 4 28) sBasiercss KOMaHIOH yCJIOBHOTO Nepexona
K BBHINOJHEHHIO KOMAaHLbl

K+a=| + | K+28 | au |K+41 |
B CGiayvyae, Korma

@)=i—1>i,—1=(ay
Komanpna (K + 41) ocymecrsiser cioxenne komanas (K - 28)
YKa3aHHOTO BHJA C YHCJAOM (@) = 2%, B pesy.braTe 4ero Impo-
ucxoaut mpubasaenue 1 ko Bropomy azpecy xomauun (K -+ 28):.
ag+1=a,
u komanna (K + 28) npuuumaer Bui:

(K+28)=l > ‘ a | a K+41‘

Tax kax B siuefike @, NOCTOSIHHO XPAHHMTCH YHC/IO 3aBEIOMO
60.1b1Iee BCAKOTO 3HAUEHHUS, KOTOPOE MOMKET HAXOJUTHCS B siUeiiKe.
3Y a,, cayxamell A0S XpaHeHHsi TEKYIIEro HOMEpa CTPOKH
((@)) =i—1), 70, Ccraso OHTH, HUKOTJA HE MOXKET OCyIle-
CTBUTBCH YCJIOBHE (@) > (@g) M, CI€J0BATEJIBHO, M3 BCEX CTPOK
BHUHC/IAEMOll MAaTpulel GyZeT MponyuieHa TOJIBKO Ta CTPOKa,
HOMEp KOTOpPOH [ COBIAjaeT C HOMEpPOM ir—1 INIABHOH CTPOKH
MaTpHILEL C”‘"”, HaJl 3/IEMEHTAMH KOTOpPOH MPOHM3BOAATCA B JaH-
HOE BpeMs BHIUHCJIEHHS.

Heo6xoaumocts mpomycka ig—j CTPOKM IIPH BHIMOJHEHHHU
noanporpammul (K + 28) — (K 4 54) caenyer u3 Toro, 4to sJje-
MEHTH 3TOH CTPOKH y¥€ BHUYHCJIEHH paHee.

KonTpoas. B onuceBaemoil 3nech NMOANPOrpaMMe HCIOJIb-
30BaH OJIMH H3 BAPHAHTOB KOHTPOJS NOCPEACTBOM ,CYMMHpPOBa-
HHA TIO CTOJOLAaM®,
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Tax kak sxement cff) matpume C®  Beumcasercs mocpern-

ctBoM (Gopmy.a (4) u (3), To, ecaH BCe BHYHCIEHHS] COBEPLIAITCH
TOUHO, BHIIOJHSIETCS cnenylomee paBEHCTBO:

4 ’ {k 1) £ (k 1 4 .
L Cg}} = X E @y )1 (k) v = Cik Ve -1 (5) (8)

a=1
rae:
[0, ecmu i <ip-y
|1, ecnt i > ip-1

1() =

a WITPUXH HAJ 3HAKAMHM CyYMM B IIpaBOfi 4yacCTH O3HAualoT, 4TO
B CYMMaX OTCYTCTBYIOT C/Jaraemee C ¢ = ip_1.

B nmeficrBHTEIBHOCTH 3TO PABEHCTBO BHIOJHSAETCS JHUIb
npub/mxenno. Ecau aGcoioTHas BeTMYMHA PAa3HOCTH €ro IMpaBoH
M JIEBOH Y4aCTH HE NPEBHINAeT HEKOTOPOil 3afaHHOH BEJHYHHBL
e (IOMyCK), TO MOJKHO CYHTATh, YTO BCE BBIYHC/EHHS IPOJAE/IaHbl
VIOBJAETBOPHTEIBHO H MallMHA JOJXKHA TMPOHM3BOIAMTL BHIUHC/IE-
HHE CJAeLYIOLero 3/1eMEeHTa MaTpHIbL C'®. B nporusHOM Ciyuae
MalliHa JOJKHA OCTAHOBHTBCH.

B cayuae, xorjaa i < i,, BHINOJHAIOTCS C/IEAYIOLUIHE IPUKA3HI
noanporpammel koutpoas: (K +37), (K+38), (K+39), (K+40),
(K + 41), (K 4 49).

B pe3yJabTATE BHITOJIHEHHS KOMAaHIBI

K+3n=| + | e | 5| 5|

o k—1
K COIepXHMOMY siueiiku f npubapiasercs 4YHCIO (e)—cL, Y

I[Nepen nayaaoMm BHIIOJAHEeHHs moanmporpaMmsl (K--23) — (K- 54)
quefixa f oumliaercs, T. €. ee COJAEPKHMOE Tacurcs, IOCpe-
CTBOM KOMaHJHI

wrm=[F] | 7]

B pe3yJabTaTe BHIIOJHEHHST KOMaHIEI

wrm-[ =7 ]7]

E—1 k
M3 CONEPIKHMOro sueilku f BHUHTACTCA (€) = CYj, pChp j M Pas-

nocte (f) — (c) ornpasasercss B suefiky f. Taxkum o6pasom,
nocsae i-KpaTHOro BumogaHeHus Komanpy (K4 37), (K4 38)
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p sigefike 3Y f GymeT HaXOAMTBLCS YHCIO

i
(k—1) ' (E—1) (k)
o e Y Caji_1" Cip_1
a=1

1P

1

Komanpga (K+39)=\ -4 ‘ d ‘ g g ‘

E K
npuGaBasieT TOJIbKO UTO BHUYHCAEHHHI 3/1eMeHT (d) = cﬁ,-) K panee
HAKOIIEHHOM B sAuelike g CyMMe 3JEeMEHTOB j-ro cToabia

puiunc/asiemoit Marpuus C*. B pesyanrate {-KpaTHOTO BHIIOJ-
; .
HeHMsT 9TOH KOMaHIH MOJYYaeTcsa paBeHCTBO (g) = Zc&k} B CaOy-
a=1 N

yae, ec/Iu Iepe]] HayaaoM BEIIOJTHEHHS MOANporpaMMul (K4 28) —
(K + 54) siveiixa g Guuia mycra.

Famenue sYEHKH £ OCYLIECTBASETCA KamAHH pa3 nepej
HAYaJIOM BHIIOJHEHHS STOH MOANPOrpaMMBl [IOCPEACTBOM KOMaHIL

®+my=| + | g |
Janee xKomanua o
K+ =| > | | | K+u]

4
6e3ycjoBHOTO nepexona K KomaHzue (K -+ 44) ocymecrsaser

ob6xon Tpex Komaum: (K +41), (K-+42) u (K + 43), Brno/aHe-
HHE KOTOPHIX HEOGXOMMMO JHIIb TPH i = ip_1.
B pesy/brare BHIIOJHEHHS KOMaHIH

K+ay=| = [ g [ r | »|

B siveiike 3Y & monyuaem paswocts (g) — (f), 7. €. pasHOCTB
npaBoii M JeBoif wacrteit NPHGIMAKEHHOrO paBeHcTBa (8). dra
Pa3HOCTb Jlajlee CPABHUBAETCS IO MOXYJIO B NPOLECCe BHIIOJ-
HeHHs TpPHKa3a

K+a)=| 1> | & | a ¢ ]

C YHC/IOM &, XpaHAuMMcs B siueiike 3Y a,.

Ecin mony/ib 310ff pasHOCTH He MEHBIIE MOAYJSA YHCJA &,
TO MAaIIMHA OCTAHABJMBAETCs, TaK Kak B TPETbeM alpece
KoManael (K +-45) ykasawa suefika, B KOTOpOH HAXOAMTCH
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KOMAaHJa OCTAHOBKH MaliuHbl. Ecau BO BHyTpenHeMm 3Y MAauUIMHH
netr sveiiku ¢ Homepom O M ec/M MallMHa IOCTPOEHA TAK, YTO
OTCHIKA K HeCYHECTBYIOLIeMY B Helt ajpecy B/eYeT OCTaHOBKY
MALIMHE, TO MamuHa OGYyIeT OCTaHaB/JIMBATBCA W B TOM C/yudae,
ecin Tpetuit ajpec xomanam (K +-45) Oynper mycr, T. €. eCan
komanaa (K + 45) 6yner uMeTb BHI:

[ 1> 2 | a

Ecau e MOLY/JIb 9TOH PA3HOCTH HE NOCTHraeT 3HaueHus [ef,
BHIIIOJIHAETCA KOoMaHna

(K+4ﬁ)=| > | oa \ a |;<+53 \

3Jta KoMaHja OCYLIECTB/JAAET TEM CAMBIM IIPONYCK H/JIH BHEK/IIO-

YeHHE MNpOorpaMMH OTBICKAHHMA MaKCHMaJbHOTO Csj) B Cayuasx,

xorjpa j>m+ 1.

B cayuae, xorpa i =ig_1, T. €. KOrJa B IIPOLECCE BHIYHC-
JIEHHS 3/71€MEeHTOB JAHHOro croqabua j MallpHa J[oljia A0 3Je-
MEHTa IJIaBHOH CTpokH, OYyJIeT BHIIOJHEHO YCI0BHE (@) > (as)
U KOMaHja

{K+2&=\'> ay | @ | K+ |

TnepejaeT cpasy yipaBleHHe ViK€ ONHCAHHOW BHILE KOMaHje
(K + 41).

ITocte Toro, kax komanma (K 4 41) Oymer BHNoJaHEHA,
OYIYT BHIOJHEHH TOC/IeJOBATENbHO KOMAHMAH:

K+=| + | v | g | &

K+a)=| + | o | 5| ¢

KOTOpHIE paHbmie, NMpH i< ir_1 MPONYCKaJIHCh,
Komanst (K + 42) u (K + 43) noGasasior snement cfy ;= (b)

K paHee HaxoouBLIMMCH B sueilkax f m g cymmam. B pesy.b-
TaTe BHIIOJHEHHS 3THX KoMmaum siveiiku 3Y f u g OyayT comep-
KaTh CAEAVIOIIHE YHCIa:

i
. k-1 k-1 k k
(f) = ZC( ! Z'C'(i.fk_)1 gk) 1/ + CE;;} 1/

a=1
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rue i <ip
ip—1

(g) = E o

[locsie BHMOHEHHA 3THX ABYX KOMAHM, BHIIOJIHAETCS OIH-
CaHnasi yie 4acTb NOANPOrpaMMbl KOHTPOJA (KoMaHgs (K +- 44)
H (K 4 45)), obmas n1s 06oux c/aydaes.

IMpu i > ir—1 GyHeT BHIOIHATBHCA TA JKe YACTh MOAIPOrPAMMEL
KOHTPOJIA, 4TO M NpH i <ir—1. B camom nmemne, mpu i =ip_;
Komauza (K 4 41) mpeoGpasoBaia komauny (K 4 28) ¥ sumy

(K+28}=} > | a | a ‘K—[—’Il!

Ilpu 3TOM, KaK GHLIO BHSCHEHO BHIIIE, YCJAOBHE () > () nepe-
xoma X Komauze (K +41) me moxeT GHTb BHIOJIHEHO HU TPH
K4KOM 3Ha4YeHuH i < m.

[lpy m>i>ir1 sveitkn 3Y f u g OymyT, OueBHAHO
UMEeThb CJefyiollee ConepKaHue

W (k 1 rk=1) (B (&
(f) —L E'Cﬂfk . Ek) 114"5%) 1/
a=1 .

H

@)=Y

a=1

re MTPUXH NPH 3HAKAX CYMM HMEIOT MpexHee 3HaueHHe.
Kax TO/bKO i mpeBHICHT m, HepPaBeHCTBO (a,) > (a,), sBaAsiO-
uieecs B Komange (K - 54) ycioBueMm BO3BpaleHns K KOMaHIe
(K + 28), He GyzeT yiKe BHINOJHATBCA, M BHIOJAHEHHE IUK/IA
(K + 28) — (K + 54) npexpaturcs. Mawuia nepeiizer K BHIIOVI-
HeHuto KoMann (K -+ 55) u (K + 56), noAroToOBUTEILHEX K BLIUKC-
JIEHHIO 3/IEMEHTOB cjenyiouiero (f 4 1)-ro cronabua.
[TonroTroBxa BO3BpameHHs K HAYAAY LHKJIA.

ITocsie Toro, xak Gyaer BEIUMCJAEH W IPOBEPEH MOCIEAHHH 3Je-

k
ment ch matpuns C* mepasenctso (as) > (a;), sBasomeecs

B KoManzge (K + 57) ycaosuem mepexoma K komaunme (K -+ 14),
6Gyner napyumeHo: B 9TOT MOMEHT (@z) = #, a B siuefike @z 1O-
NnpexHeMy XPaHUTCH 4YHcao 7z — 1.
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[lostomy GynyT BHINOMHEHB HEMOCPEACTBEHHO C/IEAYIOMHE
3a KoMaumo#l (K +- 57) xomaHmh:

(K+58)=“i"asqi ia7 (K+59) = 'E“aes ag’
K60 =| & || |au| K+oh)=| +|a|a| a |
K+e)=[ L[ | Jea K+65=|> | a5 | a |K+1

OCYILECTBJISIIOIHE TOATOTOBKY IPOrPAMME JIJIsl BHUUC/AEHHS CJIe-
Ayiomei MaTpuus, T. e. mMatpuis CHY.

B pesyabrate Bemoanenust xomaun (K -+ 58), (K4 59) u
(K 4 60) moayuaem pasencrtsa: (a,) = cﬁi}k; (ag) = i,— 1, (Qr0)=
=Jjp— 1. DT KOMaHAE NOMEWAIT B AYEHKH @, Qg a5
3Havenne riaBHOro ajdementa matpuun C* u ero ,koopau-
Hate* i, —1 u j,— 1.

Komanpga (K + 61) ypeauuuBaer nHa 1 3HAYEHHE TEKYyUIEro
HOMEpa BHIYHC/IAEMOHl MATPHIEL M B PE3yJbTaTe BHIOJIHEHUs
3TOH KOMaHAbl GYyIeT HMMeTh MECTO PaBeHCTBO (ag) = k. Komanma
(K + 62) racur suefiKy @.,, NOArOTAB/AHBAs €€ TeM CAMHM
K Bhuucienuio nosoit marpums C**Y) a xomamma (K + 63)
OCYIIECTB/IAGT MEepexoJ] K BHYHCIEHUIO 3TOH MaTPHLH, €CJH
TOJILKO BHINOJHAETCS yCJOBHe mepexona K komange (K4 1):

(@) =n—1> k= (aq)

Kax toapko comepxumoe sidefiku 3Y @g LOCTHIHET 3Ha-
qeHusi kR = 1, 3TO yC/IOBHE Yike He GYIeT BHIIOJHATLCHA ¥ BEUKC-
JIEHHE 10 Hame# nporpamme 3aKOHUYEHO.

Xpanenue orBeTOB. Heussectuoe x; Kak yxe roso-
PHJIOCH, PACNONONKEHE B HEKOTOPOH IMOC/Ief0BATENBbHOCTH B
(m +1)-m cronbue matpuus C™. MOXKHO WIH YIOPSIOYHTH
5TH 3HAUEHHUS] HCH3BECTHHIX B NOPSIIKE HX HHIEKCOB, HJIH, Kak
MBI [€J1a€M, BEIABATh 3HAYEHHE HEH3BECTHOrO Xj, = .1 BMecTe
¢ ero ungexcoM j,. s storo BeBemem xoMmauny (K -+ 6). Ilis ee
¢opmupoBanus cayxut komanga (K + 5). B pesy.abrare BHIOJ-
HeHHWs BCefl TporpaMMBl B SYeHKaX 2Zjm41 OYIAYT XPAHHTHCS
HalijeHHble 3HAYeHWs HEeM3BeCTHHIX, 4 HMX MHJAEKCH — B COOT-
BETCTBYIOIMX fAvefikax u, u+1,..., u+m—1.
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[porpaMma peuleHHsi CHCTeMbl NHHEHHBLIX aireGpanuecKHX ypaBHeHHiE
METOIOM TJaBHBIX 3JEMEHTOB,

K41 + | ax 4, | K+2 K433
K+2 K+34|—~-| e ¢ d
K+3 |+]| a | a |K+4| |[K+35|+| a | a4 |K+36
K44 K4 36
K+5 |+| @ | ay |Kt+6| |[K+3T I+ e !
K16 K+38|—| f ¢ f
K+7 + [T} Qg Agg Eiiﬁ : 4 £ K—f‘i‘}.
K+8 |<| ag 4 | K+ 2 ] .
: K+41 |4+ |K+28| a, [K+28
K49 |4| as |K+2| ag K442 | + b 7 e =
K+ 10 >< Qg a; | K+ 4 K443| 4+ . ; 7
K+11 |+ | K+4| ay Qg K+u|—| g f n
K+12 |+ as K+as|>| n | a | &
K+13 |4| ay K4 14 K446 |>= | a, a, |K- 53
K+ 14 K+ 47
K+156 | x| as ay; | K+2 K+48 |1=]|  ay, d |K+52
K+16 |=|K+2| ap | K+ 4 K 449 4 d yy
K+17 + gy K+4 K+?O K+50 + a, sy
K+18 |41 | @y |K+2/K+19 K+ 51 + a, Qgg
K19 K+ 52 +|K 447 ay |K+47
il . K53 + y ay ay
K421 || as K+ 28 K454 a a, |K+28
K422 |4 | an |[K+4| ag K455 |+ |K+14| ay |K+14)
K-+23 | L| agg K+ 47 K + 56 + ay as a;
K424 | 1| an |[K+2| ay K4+57|>]| a, a;, |K+ 14
K425 |+ ay K458+ ag a,
K+ 26 + ! K+ 59 + Qg ag
CK+27 - 4 K460 + Ay g
K+28 K + 61 + ay Qg ag
K+29 [« g ap | K+2 K462+ -
K+30 | 4| a5 |K+2|K+31 K+63|>] a | ag | K+1
K-+ 31 K + 64
K+32 [+ ag |K+2|K+33
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-B. MeToj opTOroHaau3alHH

Tlpenmoxenumit  1llpefimepom (cm. JAH, . LXXVI, Ne 5)
METOIO OPTOTOHAJH3ALHH pelIeHHsI CHCTEeMEL ypaBHEHHﬁI

QX+ ... + @, X, = a5 9)
A X e i + App Xy = Qpo
HJI1
Ax=a (9

COCTOUT B caemyiome .

BrluteM W3 Ka)XIOro ypaBHEHHs, HAYHHAs CO BTOPQro, KpaT-
HOE NepBOMY TAK, YTOOHI MOJYYEHHHE CTPOKH KO3(D(ULHEHTOB
NpH HEeU3BEeCTHHX (MH Oynem ux o6o3nayath a;, a; = {@,, ..., a;,})
OBLIM OPTOrOHA/IBHEL NEPBOH CTPOKE:

n
Ea,-k e
a,=a,— h;a, by = Fji y Q= Qg — Iy ay
Zaslk
=1
C noayueHHHIMH 7 — 1 ypaBHeHUsIMH (BTOpOE, ..., 7-€) Tpo-

neJqaeM TO Ke caMoe H T. .

[Toctie Bcex Takux npeo6GpasoBaHHil IPHAEM K CHCTEME YpaB-
HeHHIT

by Xy + .o A by X, = by

PR O T R

by X1+ o F Oy Xy = by

HJIH

Bx =b, (107

1 Mbl HeCKONbKO H3MeHSieM MHOpPSANOK LeHCTBHIL
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B KOTOpOH# CTpOKH KoacpqmuHEHTOB OpH HEH3BECTHHX MOMAPHO

OPTOrOHAJIBHHIL: Z bis b, =0 npu i+ j.

g
Cucrema Bx = b takoBa, uto B = LU, tne U — opToro-
HasMbHasl, a L — jnuaronanbHasi MATPUILHL.

VBT wows wr ;

Ws (10°) nomywaem x = B=! b = B*L=?b, b;=b,
Briuncaenue B* L-2b, oueBujHo, HpOBO,ILHTC}‘{ CJIEILyIOLL[HM

n

4
06pasoM: HaLO0 pasfeuTsh by, Ha X b}, W s3areMm BHUYMCIHTD
s=1

2 b ;
CYMMBI 1POH3BEIEHHUI b3 b, ", 970 M eCTb HYMKHEE OTBETHI.
n

t=1
Y ol

s=1

Takum o6pasom, BouucieHne pasbuBaercs Ha 3 3Tana:
[—oproronanusanus CcTpok (mojyyenue ypaBHenus BX = b),
[I—naxoxmnenne y=L-2b, lll—unaxoxnenue X = B¥y. dranut [T u Il
npocTe (B § 24 namum yxe paccMaTpeBasuCh GIH3KHME K 9TOMY
npumeps 2 u 4).

Iran | npencrasasier coGofi CHCTEMY LUKJIOB: MOJIHASI OPTO-
TOHAMH3alMs  pasOMBaeTCss Ha LUK/ — OPTOrOHAMM3AIMS K
OTAEJMBHOH j-il CTpOKE BCeX TNOCICAYIOIHUX; 3Ta Onepalus,
OUEBHIHO, Pa30MBACTCH B CBOIO OY€penb HA LHUKJIB — OPTOro-
HAM3aUMs ONHOH CTPOKM K JPYrofl. DJeMEHTapHHIl IHpHeM -
OPTOrOHA/IM3aNusi i-fi CTPOKH K j-ii COCTOHMT, KAK MLl BHIEJH,

M3 ueTHpex 3TanoB (KoahduuHeHTH 0603HayacMm b;):

ft

a) naxowzenne X b3,
s=1

b) Haxowacuue X b, b

5=1
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n

s
L bis b}'s
=1

€) HaxoXKAEHWE )‘UZ
n

2 L

' d) naxoxnenne b, — X bj, bio— Ny by0

Kaxnuifi M3 3THX 5TamoB JIErKO NpOrpaMMupyercs. dran a)
OOLMA /151 BCeX LMK/IOB — LHKJIOB OPTOTOHAJM3AINK K CTPOKE

{bﬂ 2NN bin}‘

[TocmoTpuM, Ha Kakue 3Tanbl OKOHUYATe/NbHO pa3bu/ioch pe-
menue 3agayd. Bmecto ,momeHsiTb B nporpamme IapaMeTphl,
pliome-
HATh ¢, HA o, -+ 1“. BuuucieHuss paccMaTpuBaeM B MOMEHT Op-

COOTBETCTBYIOIHE & = &, HA & = Gy 1%, MH noueM

TOIOHAJU3ALUK i-TO YPABHEHHSI K jf-MY.
. Haittu (b;, b)).
. Hafitu (b;, b)).
Haiiru A, = &0P2)

(bj. b))
Haiitu b; —);; b}, by — k050
HOMEHHT}J i Ha L —I—l

PN G 0o~

f>n—1—x09.
Haiitu (b, b,).
10. Haﬁm@-—, =T, cuz 3 M

51 V8,

©

1l HamE "’sf(bs,bs)’ t=1,...,n

ATH 3TANH COEAUHSIOTCS B CACAYIOMYI0 GJOK-CXEMY:

CpaBuuTh i ¢ n: npu i < n nepefitu k 2, npu i >n— K 7.
[Tomensity j Ha j-+1, npunats i = j + 1 (reneps j 4 2).
CpaBaute j ¢ n—1: npu j<n—1 nepefitu k 1,

TpH

-~ 1 = 2 ™ & 4 = 5 =~ 6 7 8§~ 3 =~ 10

—md

QueBHIHO, 3TOT Ke NOpANOK pacno/JOKEHHA B IIporpaMme

ABJASAETCS CaMBIM €CTeCTBEHHLIM.
19%
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OKOHYATEJBHO MOJIYYHM CIeAYIOILYI0 MpOrpaMmy:

292

K+1
K+2
K+3
K+4
K+5
K+6
K+1
K+8
K+9
K+ 10
K+11
K+12
K+ 13
K+ 14
K+ 15
K-+16
K+ 17
K+ 18
K+19
K-+20
K+21
K+ 22
K+ 23
K-+ 24
K+ 25
K426
K+21
K+28
K+ 29
K+ 30
K+ 31
K+ 32
K+ 33
K+ 34
K+ 35
K -+ 36

V44 X V4 X

TV 4w VAt XVttt ttt Vot Vbt | X

n-+1
n+nt+1
K+ 1

A
n+nt1
K+1°
K41
Ay
A4
K45
K+5




K-+ 37
K+ 38
K+ 39
K 440
K+ 41
K+ 42
K+ 43
K444
K+ 45

v+ |ty ++X

n4nt1
K+ 37
An
K+ 36
K+ 37
K438

n+n+1
K+ 37
K+ 31
K+ 36
K+ 37
K+ 38
K+ 36

[lepes BEIYHCAEHHSIMH
(i+n)=a,m@+n+i=0i=12,...,nj=012,..,n

Ay 4TO YrOIHO
A, n n
A,y o n+4n
Aq
As n
A, n n
A, —n? l-—n?
Ay —nt—n
Ag 1—n—n 1—n—n?
Ao = n+1
A, 1 2—n
Ag, 1—n 1—n
Ajs 1
Ay, 1 1
A15 1—n? I —n
Als 1=
Ay, X 2n
A 1 ! !
Asg n+1
Ag 1 I
Agy X n+1
Agy 1
Ass + nt4n+1
||'
[Tocne puuncaenuit (2 +n+i)=x,i=1,2,...,1n
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3nece  komamau (K4 1) — (K +4) CcOOTBETCTBYIOT —3Tamy
l, (K+9)—(K+8—2, (K+9—3, (K+10)—(K+ 14) —
4, (K+18) — (K4 18) — 5, (K 4-19) — 6, (K + 20)—(K +27) —
7, (K+28)—8, (K+29—(K+32)—9, (K+ 33)—(K+ 35)—
10, (K4 36) — (K+ 44) — 11.

Mul ne paccMaTpuBasu 31€ch KOHTPOJS ONEpaLHil; OH MPOU3-
BOJAMTCS OOBIYHBHIM 06pasoM H TpeGyeT JIMIIb He3HAYHTEJNbHBIX
no6apJaeHui K Iporpamme.

Orannl 1, 2 ¥ 9 OUeHb NOXOKHM M MOTYT GLITH 3aMEHEHH
OJIHUM C 106GaB/JIE€HNEM COOTBETCTBYIOLIMX ON€paluii CPABHEHHSI.
Taxkoe wusmenenue, COKPaTHB INpOrpaMmy, cuaenato GH ee He-
CKOJBKO GoJiee CJI0KHOM.

§ 31. HHTETPUPOBAHHUE OBbIKHOBEHHbBIX NH&&GEPEHLHAJIbHBIX
YPABHEHHI METOJIOM PYHTE-KYTTA

PaccmoTpum cieyiomuii mpomecce YUCJAEHHOr0 HHTErPHPOBA-
HUSE OOBIKHOBEHHOTO XHGM(EpPeHIHaIbHOr0 YPaBHEHHS

V' =rf(xy
C HAYa/bHBIMH YCIOBHAMH ) = VY, OPH X = X,.

[Tycte u3BecTHO 3HaveHuHe ¥, UCKOMOI (PYHKIMH IIpH X = X,,.
Torpa npupamenne Ay, npu H3MEHEHHH apryMeHTa OT X, 10
Xp+1 = X, -+ I BHIUHCASIOTCS: N0 CaAeayomum (GopMyaam:

1
&yn = F (kl + 2k2+2k3+’&,4)

rme
kl = hf (xmyn.)

Fo = hf (x4 5, a3
hf(x + ,y,, f'g)

ky = hf (x, +h, ¥, + ks)



anadeHus X, u y,. Clenyiouiee 3HayeHHe V,i1 HCKOMON (QyHK-
LMK TIOJAYHHTCS B Pe3yJ/bTaTe MOC/eNOBATENLHOTO MPHGABICHHS
X conepxuMOMy siuediku 3Y ", B KOTOpO#l B Haya/Je KaxIoro

k; )
mara CoIepxuTcs ¥, BeJHUUH o,— . Ecau nporpamma npeny-
n 13 2 p

CMaTpUBaeT OIEPanMH, B pe3y/jbTaTe KOTOPHX B suelikax 3Y
g, 1 BMECTO 3HAUEHHUIl G, 1, MOSABISIOTCS G; 11, [ 1+1, TO BECH LHKJI
BBIYHCJAEHNHA HA OJHOM IIAre MHTer PHPOBAHUS MOXKHO OCYIIECT-
BHTb KaK YETHIPEXKPAaTHOE INOBTOPEHHE OXHOW M TOH ke mocJe-

1
JOBATENBHOCTH onepanuil. Tak kax % =g it (cunras, uTO

1
Py = E)’ TO BMECTO HOBYX IapaMeTpoB g; M |4 MOXKHO HCHOJIb-

30BaTh OJHMH HapaMerp p,; cieAywimuMm obpasom. Benen 3a noay-
YeHHEM YaCTHYHOrO NPHpAlLleHus R, 5TO YaCTHYHOE NpHpAleHue,
TAKkKe KaK LWar HHTEerPUPOBAHUS /i, YMHOXKAETCS HA p; U BHIUKC-

h k;
JISIIOTCS 3HAYCHUSI apPI'YMEHTOB X, —!—955 H Yy, —{—zL(-—Q-- IJist IOJTY -

YeHHUs CACAYIOIEro 4YacTHYHOrO IpHpalleHHs. 3aTeM [pPOu3BO-
JUTCSl  OMEpaLust IMOJYYCHHS CJIEAYIOINEro 3HAYEHUS .
napameTpa, W YaCTHYHOE MpUpAIeHHe R, YMHOMKAETCS HA 1,

1
NOJIyYnBLIEECS MPOU3BEJEHHE YMHOKAETCs Ha o W npubas-

JSIETCST K COAEPIKUMOMY siueilku 3V, B KOTOPOH HAKAILIHBACTCH
cymMa

Yni1 = Vo + é(kl Gl 2"!,‘“:2 + Qk.s + ;34)

Jasee nosropsercst npouecc BHIYHCIEHUS! CJACLYIOMEr0 YaCTHY-
HOTO NpHpAIEHHs.

[locne Toro, xak GyAyT BEIYHMCJEHH BCE YETHIPE YACTHYHBIE
NpUPAIIEHHsT M HOBOE 3HAueHHe (YHKLMH, T. €. [pOu30iiuer
YeTHIPEXKPATHOE MOBTOpPEHHe ONHCAHHOTO IMKJIA onepammi,
clenyert, ecaH 310 Tpebyercsi, OTHpPaBKa HOBOrO 3HAYEHHS
(QyHKIMM B TeYaTh M MOATOTOBKA K HOBOMY WIATY HHTEIpHpO-
BaHUSA.

Onepauuu, npeBpamaomue p; B {41, MOXHO OCYIIECTBUTH
pasaMYHbEM  cnoco6om. OpHa H3 BO3MOXHEIX IPOrpaMM  Jsi
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OCYLICCTBJCHHA TAKOI'O Hp806p83033HHH napamerpa CcJaIeAyio-

mas:

Ko+ 1
Ks+2
Ks+38
Ks‘|4

e

Gg
g
ld

Gg

o I

B
|

|

(T

i
K+ 6
"

rre (ag) = 1, (ag) =1 (ucxonnoe 3Hauenue), (a;) =2 u (p) = .
Komauny (K, 4+ 5), caenymomylo 3a nocaeiHell U3 KOMaHa s
npeoGpasoBaHusi napameTpa i, yA0OHO HCNO/Ib30BATL JI BHPA-
6OTKH TpU3HAKa, MO0 KOTOPOMY MOXKHO Obuio 6H BHOpaTh MyTh
JanbHeHIINX BHUHC/JAEHHH IOC/AE TOrO, Kak O4YepeiHoe vacTHy-

1
HOe TpHpAalleHue R;, YMHOXEHHOE Ha— P, Gyner npubas-

1
JIEHO K CYyMME Yy, —l—?

BHIIIAIHT Caey M 06 pasom

K
K+
K+
K+
K+
K+
K+
K+
K+
K+10
K+11
K-+ 12
K+13
K+ 14
K+ 15
K+ 16
K+ 17
K418
K-+ 19
K+ 20

oo =1 oo W o

wely + ...+ -;— wki 1. Bea nporpamma

+ X+

Vot

VA ++ 3V XX XA+

T1
Tz
Be
Bs
%5
p.
oy
EL
T
G.g
Gy
Ba
Ba

P1
@y
oy
Ba
Qg
Zg
-

Gy

)
g

Pa

T2

K+1
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Hauanbnoe copmepianne sueex 3¥

&y ks

ke ify

@3 Y,

ay awboe

ag 1

g 1

oy 2

81 Yo

Ba no6oe

By snoboe

By Yo

Bs Yo

T o

T2 Xo

Ta Xg

Ta b Konen npomemyTtka
MHTErPHPOBAHHS

Komanga (K -+ 1) BunucaHHOl mnporpaMMH HpeaCTaBAseT
coboft Mo CyTH uedyl0 NOANPOrpaMMy BBHIUMCJAEHUH npaBoii
yactu auddepennpalbHOrO ypaBHEHHS TO apryMeHram, 3ajaH-
HHIM B fueiikax 3Y 71, ¥ B; C BHpaueil pe3yabrata B sUEHKY
3Y B,.

XoTsi npuBeJieHHasl MporpaMMa SIB/ASIOTCS MPOrpaMMoil yuc-
JIEHHOTO MHTETpPHPOBaHUA OXHOrO nuddepeHnualbHOro ypasHe-
HHUHA, €€ MOXKHO CTaHI[apTHh‘IM npueMoM IpeBpaTUTL B nporpaM-
MY HHTErpHpOBaHHSl CHCTEeMH auddepeHIHaIbHRX YpaBHEHHI.
Jas1 3TOTO AOCTATOUHO KOMAHJH, COMEpKAllMe XOTH 6B OLUH
U3 afpecoB P, NMOHMMAaTh KaK HOANPOrpaMMH JAeHCTBHH Hax
sBextopamu. Ilpu stom komanne (K 4-4), (K4 13), (K+ 16),
(K +17) oxaspBalOTCs NOANPOrpAMMAMH CJIOXKEHHS JIBYX BeK-
TOpoB, a kKoManmn (K+3) u (K-+ 12) — nommporpammamu
YMHOXKeHusi BekTopa Ha ckaaap. Komanny (K -+ 1) cremyer
B Cl1yuyae cucreMu auddepeHnuasbHbBIX ypaBHEHHU# NOHHMATD
KaK MOANPOTPAMMY BLIYHCJEHHA BEKTOP-(yHKIHMH.
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§ 32. UIHTETPUPOBAHUE YPABHEHUM
BHEHIHEH BAJUIMCTHKH

B nacrosimem naparpadge MH IpHBEJEM B KauecTBe MpH-
Mepa CJIOXKHOH NPOrpaMMEl NPOrPAMMY HYHCJAEHHOTO pelleHHs
cucteMsl muddepeHnHaibHLX YpaBHEHHH BHeLHeHd OalJHCTHKH
mMetogoM Ajgamca.

Cucrema nuddepennualbHEX YPABHEHHH ABMIKEHHS LEHTpa
MAacCH CHapsiia NpH aprymeHte f uMeer BHJ:

dx
dt
dy
dt

1
bl e B 2
dt

dw
e —  Fw —
dt g

=i

— g

TIPH HAYAJIBHBIX YCAOBHAX X |t—0 =Y |[t=0 =0, & |t—0 =1to, W |t=0 =W,.
3necn

E=cG L) H. (y) 2)
e

rie v =V u? + w?, © = t(y), ¢ — KOHCTAHTA, HOCAIIAs] HA3BAHHE
Joammmernueckuit  koahduuuentt, G, H u ©— sMnupuyeckue
OYHKIMM, g — YCKOPEHHE CHJIBL TSKECTH.

du3nyecKuil CMBHICI BEJHYWH, BXOAAIMMX B ypasuenue (1):
X — FOPU30HTA/IbHAsI, 4 J — BepPTHKA/IbHASA COCTaB/AIOLIME IYTH,
NPOHJEHHOrO CHApANOM; # — FOPU30OHTA/bHAS, a W — BEPTHKAJIb-
HAast COCTABJISIIONIHE CKOPOCTH CHApsijid; ¥ — CKOPOCTb CHapsja.

Mu Gynem mpUMEHATH AIS1 YHUC/JIEHHOTO PELIEHHS CHCTEMBI
(1) merton, xoTtopeil yao6Hee NOSACHHTL HA IpPHUMEPE OIHOrO
ypaBHEHUS

Loy, Yleem = 3
X

Ilepenoc merona Ha cayuail CUCTEMH He IPEACTABJASET TpPYyIa.
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B kauecTBe HAvaJBHOrO IIpOLECCA M5 TOACUETA MNEPBHX
YeTHIPEX 3HAYEHHH Vg, Vi, V2, Vs MBI IPHMEM CJACAYIOIIHA IPHEM,
ITosoxuM B KauecTBe HYJEBOTO MPUOIMIKEHHS

e - s 1) e
y(g)___ y(?) - y(g) — y(3) = Yo (4)
M 3aTEM HAYHEM IIPOLECC YTOUHEeHHUsI IPUOTHKEeH it IO PopMyIam:

fx, y9) = y (B
I (%o, y&) = y,® (5)

F 0, ) =y, |

y(“”—y+h( Vot oy — Zym 4 y"”)

VUH'U =Yy +h( y0+ yltk) ‘f* . }J' [k)) (9%

ylk+ll—y+h( g2 yl(“*’+ yy® 43 y(k))

Jlerko mokasaTb, 4TO IPH HA/JIHYUH OTPAHHYEHHON IPOU3BOL-

HOH gj H JIOCTATOYHO MajaoM /i urepamuonusil mporuecce (5)— (5)
y

CXOIMTCA K HEKOTOPHM 3HAUEHHSM Y, Yy, V3, KOTOPHIC ME W IIPHU-
MeM 3a NpubJIMMKEHHS K 3HAUCHMSIM peLIeHHs ypasHeHusi (3)
B TOUKAX Xy, X3 U X

B jpanbuefiem Mu 6ygeM MIPOAOMKATH NPOLECC OGEYHHIM
meronoMm Anamca, mo dopmyaam:

55,'5q, 3,
24 )

J’-’l+1=)’n+h(_}’ + y .’13
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{ Do 19 ., \
yn—!-l:yn"'_h('éyn+l Yoy rz_'_-v 1+2—4yn-—2) )

ITOT MeToj, OOOOIIEHHBIH HA CHCTEMY YDABHEHU#, MBI U IpUMeE-
HuM ¥ cucreme (1).

OTHOCHTE/IbHO 3MIUPHYECKUX (YHKIHA MBI Oyaem mpeanosa-
ratb caenymwonee. PyHKuus t(y) Ha Tpex pasHHX HHTEpBazax
BHUHC/ISIETCST MO pPasHLM (opMyiam:

) npu y—y >0, (V) =5 +a(yy—Y)
2) mpu 0> y;— ¥ = Yo, 5(¥) = u+ 2 (11— ¥) +8(¥Y1—¥)?; (6
3) npu y; —y <Yy t(y) =1,

3necs y, = 9300; y, = — 2700.
Mu Gynem paccmarpusate (G, KaK QYHKUMIO OT ?,npenno-

jgarasi, 4To OHa C JOCTATOUYHOH TOUHOCTLIO npeacrtaBiMa IoJH-
HOMAMH

G(ﬁ)=A (”2)3+Bk( ) FCyZ + Dy (9)

T

COOTBETCTBEHHO, HA HHTEpPBAJAX

R 2
V1= _2>%

Auanoruuno Gyaem cuutath Qynxummio £ (y) cocTaBaeHHOH H3
TOJIMHOMHAJIBHHX KYCKOB.

[Mporpamma, peannsyiomas TOJAbKO 4YTO YKa3aHHBIH TpO-
mece, cocrout u3 99 xomamnj (BK/II0Yasi KOMAHMIb, NPEAHA3HAYCH-
Hble /18 BO3BPAIEHHs BCEX M3MEHMBIIMXCS 33 BpeMsi paGOTH
KOMaH[ 1 sueek 3Y B NepBOHAYaAJbHOE NOJIOKEHHE). Bece KoMaHIH
u siuefikn 3anumator 312 mect B 3Y (u3 HuX OoJee MOJOBHHH
COCTABAAIOT siyeiiki 3Y, 3HaueHHe KOTOPHIX HE H3MEHSETCs).
[porpaMma BHINIANHT CJAEYIOUHM 00pasoMm:

301



K+1
K42
K43
K+4
K+5
K+6
K+17
K+8
K+9
K410
K4 U
K+ 12
K+ 13
K+ 14
K+ 15
K416
K417
K418
K+19
K+ 20
K+ 21
K =22
K+ 23
K-+24
K425
K+ 26
K427
K-+ 28
K29
K+ 30
K- 31
K -+ 32
K133
K - 34
K435
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++

otk XV b X

XXV Aty v

+V 4+ X+ XV 4]

b+1
Pe

K+38

K+5
K-+10
Ky

P
P2
K+5
K+5
2
a+ 10
K45
K+10
K44
K+19
K+ 5
K410
Ky
K+ 4
Py
P
Ps
Ps
h
K427

Pa

P
2
K+-31
§ 41
P
K+-34
K+38
K432

K+ 36

{K 437

K 4- 38
K+ 39
K 440
K 4-41
K+ 42
K + 43
K+ 44
K+45
K+ 46
K+ 47
K +48
K449
K + 50
K+ 3l
K- 52
K453
K-+54
K+ 55
K + 56
K+ 57
K 4- 58
K + 59
K + 60
K -+ 61
K + 62
K 463
K + 64
K 465
K + 66
K + 67
K + 68
K + 69
K+170

XX XXV ++++v v+ + X+

+

e R R R




K+T71
K472
K+73
K474
K475
K+176
K+17
K+78
K+179
K+80
K-8l
K482
K+83
K+84

Sluefiku, comepxaiue uucaa

v+
s

a - 27
a--28
a--27
a-+ 28

+v vtV Vb
=
+ 3

Ps
Pe

g

Mg

Seo

K+5
K+4
Pr
Ps
Ps
Pa
K+84
K184
a—+1
K479

Ky |K+T9K 79

K479
K+T70
Ks

a+1 X
a+2 Yo
a3 iy
a4 W,
a+5 u{)
a-+6 w,'J

a+7 Xg (1)

a+8 Yo (¥1)

a-+11
a4 12
a4 13
a-14
a—+ 15
a -+ 16
a-+ 17

a-+ 18

a+9 g () '5 a+19

a—+ 10 | wy(w,) I a 20

K485
K86
K87
K+88
K489
K+90
K+-91
K+92
K+93
K494
K495
K96
K497
K498
K99

it (1)
wp ()
o (X2)
Yo (¥e)
g (ug)
W (W)
g (u3)
CACS!
X (x9)

Yo (vs)

| Ku K+5
> |a+14 K+4
3 |K+19] Sy |K+19
+ |K4+20] Sy [K+20
+ |K+22| S, |K+22
i |K450 Sy |K+50
4+ |K+51| Sy K451
+ |K+52 S |K+52
= S:{ K+ 1
"}‘ K2l} Kﬁ
+ sl? S2
—.1_ Sls SS
"'t' Ps
-+ Ky K+13

a+21 ug (u3)

at22 | wy(ws;)

a+23 u‘; (u;}

a-+24 wé (w;)

a -+ 25 0 (x,)

a—+ 26 0 (yq)

a+27 | 0 (u)

a+28 0 (w,)

a-29 0 (a;}

a+30 | 0(wy)
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b+ 1
b2
b4 3
b+ 4
b+5
bt 6

b+ 7
b+ 8
b+9

b+ 10
b+ 11
b+ 12
H1s
b+ 14
b+ 15
b 16
b+ 17
b+ 18
b+ 19

b4 20

EE““J

|

Ei"‘f_gﬂm

m|woo]caoo!nom|<.ooc|ml::f.o|—co].hc.o|—-

c+1

¢4 2
¢+ 10

d+2
d+3

d+ 4

d+ 37
d -+ 33
d+ 39
d+ 40

e+ 1

e+ 10
Ftol
f+2
f+3
Pt

f+40

Y1

Y10
]
Pa

T

"y

niy

mg

Ps

Pa

Ps

Pa

Pq

Mpononwenue

b1

Yo




flueiikn, comepaiye Kojabl HEKOTOPHIX KOMAMJ

K Xlat+6 |b41 P1 Ko | + |a+22]| p, a - 28
Ko | +|a+4 | po |a+10| Ky| X |a+27 |a+27

Ky X la+6 | b+ 13 Ky | = K, |K+5 | K+4
K, X |a+6 [b64+13 Ky | X |a+6 |b4+13 P2
Ky | X |a+27 K | + |a+31

Kq X la+3 Ky | + |a+7 a+1
K; X Pa P P Kis X |a+33

Ky | = e s K432 Ky | X |a+12(6417| p
Ky + | f—3 1 " Ky | X |a+27

Kip | = c P K432 Ky | = |K+10| Ky K+4
Kyn| +|d—3 P P Koo | + |a+19

Sluefixu, comepxauue yucia, npubapjseMble K KOMaHAaM

Sy 6 1 Sn 6

S, —24 S 6 6
S, Sis —25 —4

S, = —12 6 | Su —1 =
.3 —1 S —18 —18

S5, =] —19 | S, —18 —18
S, S, —24

S, 4 Sie 6
S, Si -18

S 6 6 Szo 1 1

[Mosichenusi ¥ mnporpamme Haunem ¢ siveex 3Y. S$luefiku
a + 1-+a-+ 30 B nayaje mpouecca COAEPKAT BHAUYEHHSA Xg, Vo,

Uy, W, uf], wo. PSIOM ¢ HAYAILHEIM COJIEPKHUMHBIM siUeeK B CKOG-
KaX YKa3aHbl T€ BEJWYMHB, 3HaYeHHs KOTOPHX GYAYT XPAHHTHCH
B THX SUEHKAX [OC/Je BHIUHUC/IEHHUS TMEepPBHX YETHpeX Todek
tpaexropun. Copepxumoe gueex b+ 1 b+ 20 ne wmensorcs
B nponecce pa6ote. Onu comepmar koadduuuentn popmya (57),
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6), (7). Sueiikn ¢+ 1-+-c+4 10, d+1-+d+ 40 copepxar
nmapamMeTpsl, yuoMmsinyThie B Gopmy.iax (9), 3a HCKIIOYEHHEM Tp.
Ananoruuno, siveiixu € + 1 =€ + 10, f 4 1 = f -+ 40 3anaior 3Ha-
4eHusi mapamMeTpoB B amNMpOKCHMAIMOHHLIX opMyJax:

H () =40, —yP+80n— 3+ 10—+ (10

COOTBETCTBEHHO, HA HHTepBaJax
Yea2Wh—y2y, (k=12...,10)

Bee siyeiiku ¢ + i, d i, e+ i, f+ i Takke ocraiorcs B Teue-
HHE BCEro BpeMeHH HeusMeHHBIMH. OCTajbHBE YHCJIOBLIE Mapa-
MeTpH paclnoJOXKeHH B fAUeHKax My = Myy. ITO 0y, By, V1, Vo, T
7 (cm. Qopmyan (8)), a Takxe Oaanauctuueckuit Koahpuiu-
eHT ¢, 3aJanHeil ¢ OOpATHBIM 3HAKOM, IIar MHTErpupoBaHus /,
VCKOpeHnue CHJIH TSIKECTH g, BeJIUYMHA 6, XapaKTepusylouias
TOYHOCTB nponecca, uucao N — 1, rame N — KoJAUYeCTBO HrTepa-
IHii, JOCTATOYHOE LIS NOJYyYeHHs NepBOHAYAJBHHX 3HAUEHHId,
U, HAKOHELl, eJIMHHIA.

Slueiiku p, — pg aBaaworcs pabouumu. B Havane npornecca
BCE€ OHM NYCTH (BHpOUEM, HEKOTOpPHE H3 HHX MOTYT TakKike
coJepiarb NPOU3BOJbHHE uucaa). Hueitku S, —S,, comepxar
4pc/a, NpelHasHavenHsle s omnepanuil Haj KoMmangamu, cHab-
’KEHHHE 3HaKaMH ¥ pa3buThie Ha TPYNNbl, COOTBETCTBEHHO pas-
psijam, OTBOAMMEIM B KOManjgax moj ajapeca sueex 3Y. Slueiikm
K ,— K, copepxar kons Komana. O poan 3THX sIUECK MBI HOJ-
poGHee CKaKeM HUKe. _

Ilepefinem x pasGopy camoro nponecca. OH geanuTcss Ha ue-
THIPE OCHOBHHIE T'PYIIIB, MOKA3aHHBE HA GJOK-CxeMme:

(A) xomanae (K + 1) — (K + 18) — noacuer no Qopmyaam
tuna  (5); (B) xomauan (K4 19) — (K +4-66) u (K -+ 87) —
— (K + 93) — noacuer #’ u @ no dopmyaam (1) — (2); (C) xo-
Manas (K 4 67) — (K + 86) — noncuer mo ¢opmyaam (6) — (7);
(D) xomauam (K + 94) — (K + 99) — Bo3BpauieHue nporpaMmel
B nepsoHayaibioe cocrosnue. Ipynnu (4), (B) u (C) — (D)
paccmaTpuBaloTcs, cootBercreenHo, B nynkrax I, I w III
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Baok-cxema

A y
(K+1) = K *3)
‘43
=1 (K+4) — [K+18)
L
8,

1

(K+19) = [K*57)

83
(k+58) - [Kk+68) | | A

Cy
(K+67) = [K+72)

P ———— === -

i e o e e b L L

C,
[K+75) - [K+86)

B, =
(K+87] — [K *83)

\
I

[K*94) — (K+99)

> . — BHLIUHCIAEHHE TEPBHIX TPEX TOUEK TPAaCKTOPHH
—_—— — Mepexoj K BLIMHCIEHHIO OCTA/IbHBIX TOUEK TPaCK-
TOPHH
CHETEEP - g — BBIUHCJAEHHE OCTANLHBIX TOUYEK TPaeKTOpHH
i e T s — BO3BpAlllEHHE NPOrPaMMbl B NEPBOHAYANLHOE CO-
cTOsiHME
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I. TlepBoie 4 xomanzabl, Kak JerKO BUIETh, B HAYAJIE MPOILECCa
nnyero ne mensor. Komanga (K -1 5) cocrasasier nmpoussejenne

3 . "
g @o M OTNpAaBIEIET ero B suefiKy pj. Komanna (K + 6)

nepenpasJjsieT 3TO TpOU3BeleHHe B siYedKy p,. Komanga

(K-+7) unsmeusier (K-+95) rtak, uto teneppr Komanma (K- 5)
MMEeT BH/L:

K+5‘IX a+44b+?[pl|

Tax xax (K- 5)<(K;), To B COOTBeTCTBHM C KOMAaHIOMH
(K + 8) Bosppamaemcst BHOBb K Komanje- (K -+ 5) u ornpasisiem

19 5
B siueiiKy p, NPOU3BENEHUE Ewg‘", a xomanna (K -+ 6) o6pa-

R T4 e T 7 ir—'@l’ _.I_ 19 o0} 9
syer B seiike p, cymmy @+ @, ror npouecc nos-

TOpsieTcs1 A0 TeX nop, Noka B siuelike p, ne oGpasyercsi BeJu-
yHHa

5 ; 1 §
O g0
24 2 g 94 8

3 . 19 ’
g = —q -} = : ﬂgiﬂ'} Sy
g ¢ T 24 1
Torma xomaunma (K -|-5) 6ymer umeTb BHI:

K+5

X ‘a+3(]‘b-}5| ” ‘

M B COOTBETCTBMH € KoMmaumoil (K --8), MH nepeiiieMm K KOMaH-
pe (K+49), 1. e. ymnoxum ¢ na £ u xomaupoi (K - 10) obpa-
syem @; B coorserctBun ¢ dopmy.aamu (5). Komanam (K -+ 11)
n (K- 12) npuganyr (K+5) u (K- 10) caenyonwmii Buj:

K+5 | X | a+6 | 645

P
K+10 | + | a+4 | p |at16

Bosspatusuiuck B cootBeTcTBHM ¢ Komannoit (K -+ 13) x koman-
ae (K -+ 4), Mo ounctum siuediky (p,) 1 HauneM Iporecc, coBep-
LIEHHO AHAJMOTHUHBLH TOJABKO UTO MPOBEAEHHOMY M Jalommii wi

B coortBeTcTBMM ¢ Qopmynamu (5). ITocse Toro, Kak Takum e

308



o6pasom Oymer noncunrano @, komauam (K4 5) u (K -+ 10)
IPUMYT BHIL: :

K+5 [ [ ate [o+18] p |

K+10 li - | a-+4 ‘ P ‘34_28‘

Taknm o6pasom, B coorsercTBun ¢ komanjamu (K 4 13)
1 (K + 14) (poab nocrenneil BHACHATCS MO3LAHEE), MH nepeiizem
K Komaujgam (K -} 18) — (K + 17), nocse KOTOPHX KOMaHMABL
(K+5), (K-+10) u (K,) npumyT BHA:

K+s | % | a+5 | b+1 A
K+10 | + \ a+3 | p a+6
K, X ‘ a+5 | b+ 13

Bepuysmmner Tenepn k komange (K -+4), MB HauHeM MOACYET
), u n uf) uvepes ux npoussommnie no ¢opmyaam (5).
B yacrtnoctu, TOIBKO UTO Hanucanubie 3navenns xkomang (K - o)
u (K 10) namyT BOSMOXKHOCTL BEUHCAMTL #{) W OTIPaBUTH
ero B Aveilky a+9. Tak kak y' =w n X = u, TO Caeayo-
e nBa mukaa suuucast x{ u y® (k= 1, 2, 3) no ¢popmynam
THMA
X0 = x4+ h (% iy +- ; ufh — 2%;:{;) + i ug))

LlMK/1Bl OKOHUATCSA JIMIUL NOCAe BHuucaenns X, xorma suefika
3¥Y K, 6yner comepxarhb

K, ! X la+2| 6413 !

¥ B COOTBeTCTBMM ¢ kKoMmauaoft (K -+ 18) mwb mepefinem X
komange (K -+ 19), ¢ KoTopoil HAUMHAETCS BHIYMC/JIEHHE MPaBHIX
yacTefl AByX mocjaeaHuX ypaBHeHuii cuctemu (1).

Taxum ob6pazom, 6rarofapsi BLHICOKOfi IMKJIMYHOCTH MpoLecca
100 croxennii n ymHoxenul ymectwauch B 15 KoMmaHuax.

II. Komanns (K- 19) — (K + 21) o6pasyior cymmy 43 + w0} ,
rae nox u#, ¥ w, NoHUMaeM uX MNpuOJNKEHHBIe 3HAYeHUS,
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Haxonsuecs B sueiikax 3Y a + 9 n a + 10. Komannu (K4-22) —
— (K + 30) Buuncasior t(y{M) no dopmyaam (8). B camom nese,
komanaa (K -+ 22) o6pasyer y; — y{!). 3atem xomanna (K -+ 24)
pasnBamBaeT INPOLECC TaK, YTO MHOkuMOE Komaumb (K |- 27)
pasio a mpu y; —y{V >0 u a+B(y, — yM) npu y;, — yP <O0.
B nepsom cayuae xomangaa (K4 28) o6pasyer 5, + a(y; — yi),
BO BTOPOM 7y + & (y; — y) + B (y; — y{V)? B coorBeTcTBHM C dOp-
mynamu (8). Hakowen, mpu y; —y <y, xomanga (K + 30)
IOCBLIACT T, B AYEKY p,, BHITECHSIS HAKOIVIEHHOE B P, BHIpae-
Hue. Komanga (K -+ 31), eauucTBennas KoManaa AeICHHS B IIPO-

2
uy + w%

rpamme, o6pasyer ——g— = 02
=(¥i)
Ipynmma  xomann ¢ (K+32) no (K4 41) souuncaser
gy .8
uy + v
(ruP}
i (K + 33) xomangm (K4 34) u (K + 38) mpuobpetaior BUL:

). B pesyabrate Bumnosuedus xomang (K - 32)

K+3t | > o4t pp [Kt32 |
K+38 | + [d+1| p |

2 2
uy + wy

oM

2 2
uj + w

Taxkum o6pasom, npu g er

> v} (T. e. ecau BXOIHUT

02
B NEPBHH WUHTEPBAT U2 > — > 22| Mp Ie EXO0nMHM K Komaume
0 T 1

(K 4 37), octaBisiiowest (B cootseTcTBMH ¢ KoMaunoit (K - 35))
HyJb B siuelike p,. Komauga (K + 38) nocntaer A, B suefiky p;,
a (K + 39) uamensier xomanny (KX -+ 38), npunasas eii Bum:

K+38 | + i_d+2| P ‘ n

u nocae komangs (K -+ 41) Mbl BHOBD BO3BPATUMCSI K KOMAHJIe
(K +37). Jlerko BupeTtb, 4TO TNOCAEAYIOLIME UMKJIH AALVT
B duyeiike p, IOCJIe10BATEJILHO

At + B

A0t + Byv + G,

A0+ Byvt 4 Cyv? + D,



B cayuae xe, ecan v BXOAMT B r-il HHTEpPBaJ, MEPBHil apec
komanasl (K + 38) capunerca na 4 (r — 1), Tak Kak cpaBnenue
B Komanze (K - 34) moBTOpHTCS 7 pas A0 TOrO MOMEHTA, KOTAA
€ro mnepselii azpec OyJeT COAEPXKATb YHCIO, MeHbllee 2.
Komanan (K + 42) — (K + 47) mpeaHasHayeHsl [Jsi TOBTOPHOTO
ucrnonb3oBanus komann (K + 32) — (K4 41) npas BoiunciaeHvs
H. (y{")., Tax xak (K+37) < (K;)* TO MBH nepexomum K
xomange (K + 43) u otnpasasem G (v?) B sueiiky p,. (F. (y{V)
GyeT MOACUUTHBATLCS B Py.) 3atem uaMeHsieM Komauas (K -+ 34),
(K 4 37) u (K + 38) B COOTBETCTBUM C HX HOBHM HA3HAYEHHEM,
TAK 4TO 9TH KOMAHAH IIPHMYT BHI:

K+34 | 5> | e | p | K+32 |
K+ 3T X Ps M P1
K+38| + If—3 p| P ‘

3arem, nocsae Bo3Bpata K Komanje (K - 32), ta xe rpynma
komann Beuucaut f; (y{) B coorBerctBun ¢ dopmysamu (10),
u Teneph ywxe xomanma (K -+ 37) mact nam mepexoj K Komamu-
ne (K -+ 48), suuuncasouefi npoussenenue G (v%) H. (y{V).
IMpumenennast Hamu cxema Tpebyer 19 xomannm (¢ (K -+ 32)
no (K+47) n 3 xomaums (K4 53) — (K +59)), B TO Bpewms
KaK CXeMa, OTJIHYAlomascs ot ganHoit tem, uro G (v%) n H. (y{V)
HOACYMUTHIBATUCE Obl OTHAEAbHO, THOoTpeboBana 6 24 KoMan bl
(10 komanm (K + 32) — (K +41), 2 koManJIsl HA HCIpPaBIeHUe
komang (K +34) u (K -+ 38) n anasornynasi mporpamma JJisi
H: (y{M)). Takum 06pasoM 31€Ch MH C3KOHOMHIH O KOMAHIL.
Komanna (K 4 49) o6pasyer — E. Komanpa (K + 50) o6pa-
syer u;® B coorserctsun ¢ ypapuenuem (1) u dopmynamn (5),
a (K+51) n (K+52) o6pasyor w'®. Komanam (K 4 583) —
— (K + 55) Bosspamawor komanns (K 4+ 34), (K+ 37), (K + 38)
B MX IepBoHayaibhHoe mosoxenue. Komanna (K + 56) mochuiaeT
B auefixy 3¥Y K-+ 10 xomanay, KoTopas B JajJbHeHIIeM

# [lomaraeM pg = py + 1.
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COTPeTCs W MO3TOMY B J@HHHI MOMEHT Hac ne unrepecyert. [le-
pexonst K komanzie (K + 58), Mul ucnpasasieM komanas (K -+ 19),
(K + 20), (K -+ 22), (K+580), (K+51) u (K+ 52) ¢ tem, uTo6H
oun, uexoms w3 ufP, w® u yiV, nomcumramn O u,V u w,M .
Tak xax xomangn ¢ (K + 19) mo (K + 63) ne usmensiiorcsi, 3a
HCKJIIOUEHHEM YK€ ucrpasiennnx (K -+ 34), (K + 37), (K -+ 38),
TO MOXHO HpAMO mepexomuTb K komaume (K - 19). Tlocre
noxcuera #,), w,M, w, W u w, M, 1. e. eme nocae IBYX LHUKIOB,
MBl mepexoauM K kKomanme (K -+ 87): komanam ¢ (K 4 87)
no (K-+93) Bosppamaior komauan (K419), (K+ 20),
(K+22), (K+0530), (K+51) n (K4 52) B mepBonayaibHOe
COCTOSTHUE.

Temepb BCe rOTOBO AJ51 Hayaia CAEAYIOUEr0 HTEPaluoHnoro
uuk/ia, T. e. Buuucienns x{, y@ 4@ @@ 4@ u w®
(i =1,2,3). Tleppuie Tpu KOMaHIB MCHpaBJIAOT siueiikn K |- 5,
K+ 10 u K,, Bo3Bpalias HX B NEPBOHAYa/JIbHOE COCTOSIHHE, W
npouecc nopropsiercss 6es BesikuX usmeHenuil. On nmoBTOpsIeTCS
N pas, T. e. 10 TOrO MOMEHTa, IIOKA (p;) HE MNPEBBICHT (My).
Uepes N nukjaoB mnepexopom K komauupe (K -+ 67) naunnaercs
OCHOBHOH Ipouecc — BuUucaeHue no dopmyaam (6) — (7). B ue-
JISIX COKPAL@HHs! IPOrpaMMBl MEL HCIIOJIb3YEM [l 3TOr0 HOBOTO
npouecca Te ke koMmanau (K --4) — (K + 56), 4to u jiast mon-
cueTa NMepBOHAYAJIBHHX 3HAYEHHI.

III. Komanan (K -+ 67) — (K + 71) u3MeHsII0T IpeauIecTByo-
Iy HM [pPOrpaMMy TakK, YTO OHa, KaK MB Jajee YBUIHUM,
BHIYHC/UT MepPBOe MNPUOIMKEHHe ISt Xy, V,, U, Wy, i, W; 10
dopmyae (6). Ilocre aTux KoMaHm MH HMeeM:

K+s | X | a+6 |p+13 p,

K- 10 + a-+ 22 P a -+ 28

K+13 | > | K410 | Ky | K+4
S, —95 | —4
S, = —1
Ks X | at+21 | i

Komanna (K +10) Gymer wnMerh ykasauublii BuE, Gaaromaps
Komanzae (K 4-56) (oma we corpercs).

312



[lepeiinem x komange (K + 4). IToce nepsoro uukaa B sueiike
Ps o6pasyerca cyMmma
3 , 59

9 , 55
e L = "P [, S 'IE] — w
8 + ”"1 o 2Ty

3areM, B coorserctBiu ¢ komannoit (K -+ 10), nonyqnm nepsoe
npubimxeHue NI w,:
3 37 _ 59 )

W, = -3+k(—§wg+§wl *r+

55 .
IIpu 3TOoM mochae MmoAcUeTa MNOCJAEAHEro dJaeHa o1 W, ITOrO BHI-

paxenuss komanga (K -+ 5) npumer Bum:

K45 ‘ % | a+30 \ b+ 17 ‘ Py ‘

[Tocae komaua (K -+ 11) u (K + 12) xomanas (K + 5) u (K 4~ 10)
OYIyT TAKOBHIL: ‘

K+5 . X ‘ a+5 ‘ b+13 | po |

K+ 10 | s ‘ a+21 ‘ e 34-27‘

B coorserctBun ¢ xomanmoil (K -+ 13) BosBparmMcs K KOMauje
(K + 4) w Haunem BolYHC/IeHnne @, BHuncaus Ttakum ke oGpa-
30M Y, ¥ X,, MH TIepeieM HenocpelacTBeHHo K komanzge (K -+ 19)
(tak xak (S;) <0). Komanna (K 4 19) 6ynetr uMerb BHL:

K+ 19 ‘ % ‘a+27__‘ a+ 2 ‘ P ‘

2to obbACHAETCS TEeM, YTO IpH INOCJAEJHEM Iepexole uepes
koMauny (K -+ 66) mMm ne nepemn k komangam (K 4 87) —
(K+93), ocrasuB (K -419) wu papyrue KOMaHje B CBOEM
xoneuHoM cocrtosiHun. OJHAKO HMEHHO 3TH 3HAYEHHS] KOMAaHI
(K4 19), (K- 20), (K+ 22), (K -+ 80), (K+51) u (K+ 52) nam
cefiuac u nyxue. [MosTomy, ME NpPUCTYTIIAEM HENOCPEACTBEHHO
K moacyery u, u w, (komauas (K + 19) — (K -+ 59)). Komannoii
(K + 56) Bozepamaem koMmanmy (K -+ 10) B ee HoBoe nepsona-
yagpHOE MOoJOoNKeHue, a Oaaromaps komauue (K 4 57), bl 06x0-
INM CEepHI0 KOMaHz, usMensiomux (K 4-19) u apyrue KomaHjsl.
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Komanas (K + 73) — (K + 78) cocraBisiorT rpymmy KoMmaum
KOHTPOJ/Ist. KOHTPOIB IPOMSBOAMTCA MO 4 M W, NPUYEM, €CJTH
Up+1 (B pannom cayuae #,) U @, 0o6e M3MEHWINCh JOCTATOYHO
MaJo, TO CYHTAEM TPOLECC Ha JAHHOM [Iare 3aKOHYEeHHBIM
M IepexoauM K caeayiouiemy mary. Tak Kak pasHOCTH, TOJTy-
UeHHHE B AUEHKAX Py U Pg MOCAE TEePBOH 3KCTPANOIALMH, JOCTA-
TOYHO BEJHKH, TO MH mepexoiuM K komaune (K -+ 84), u, non-
CTABHUB 3HAUEHHUS

|_ -
Ko | X |a+3s] |

i

K+5| X |a+12 | o+17 | p, ‘

Bo3BpauiaeMcs K komanne (K --4), HauuHas HepBHIA HMHTEpHO-
JISIUMOHHBI MK, JTOT LMK/ MaJ0 YeM OTJIMYaeTcs OT IKCTpa-
MOJASIUOHHOTO, TAK UYTO MBl HAa HEM OOAPOGHO He OCTAHAB/IM-
Baemcsl.

OcranoBuMcsl Ha APYToOfi BO3MOMKHOCTH — KOTAa 00e pasHo-
CTH, CoJepialueca B sYeHKaX Py H Pg, AOCTATOYHO MAJbI,
1 Mu nepexomum kK komange (K -+ 79). Komaunn ¢ (K + 79) mo
(K -+ 82) caBuraior Bce 3HaueHus siveek ¢ (@ -+ 7) no (a -+ 30)
Ha WeCTh MeCT Hazaj, IOcJae Hero MH BO3BpallaeMCst K KOMaHIe
(K+70), wu, yCT4HOBUB COOTBETCTBYIOLIHE 3HAUYEHHUS sUeeK
K+5 n K,, HauuHaeM BHOBb 3KCTPaINOJALUOHHHIH IIpouecc,
BLICUMTHIBAs CJEAYIOIULYI0 TOUKY TpaekTopun. Korma (@ + 14) < 0
1, TakuM 06pa3oM, TOUHO NpOCYHTAaHA IO Kpafinel mepe oxna
touka ¢ y <0, npouecc npekpamaercss (komanna (K + 86)) n
MEI IEPEXOINM K KOManaam Bocctanosienus (K -+ 87) — (K 4 99),
He Tpe6ylomuM 0COOHX noscHeHuil. OTMETHM JMIIb, YTO,
6/1arofapsi CBOEMY PacmoJoxentio, Komauan (K + 87) — (K + 92)
ABTOMATHYECKH HCIOJb3YIOTCS ellle pas B KOHLE INPOrpaMMHL.

B saxaiouenue clejnaeM HECKOJBKO 3aMeyaHufl OTHOCH-
TEJABLHO IPYTUX BAPHAHTOB JAHHOMH MPOrPAMMEL.

1) Ilporpamma 6€3 BCAKOrO Tpyda BHIOM3MEHSETCS Ha
cayuafi, korja Gepercsd 3a OCHOBY OGoJsee Tounas (C GOJbUIMM
KOJMYECTBOM Y3J0B) HJIM MeHnee Tounas (C MEHbIIMM KOJHYeCT-
BOM y3u0B) ¢dopmysa B Merone Apamca. Tounee, B Heii usme-
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HSIOTCSI TOJILKO HEKOTOpHIE IapaMeTphl M YBEJIHYMBAIOTCA (MM
YME@HbIIAKTCSA) TPYNIH sYeeK

at+1l=a+30;6+1=b+20

2) Pasnoctnasi ¢opma 3samucu mMetona Anamca mnenesnecool-
pa3Ha, tak Kak GoJjee CJOXKHa u Tpebyer 6oJee IJHHHOH TpPO-
rpaMmbl, a Takke (mpH (PUKCHPOBAHHOM BpPEMEHH CJOXKEHHS
1 BHIUMTalKA) U OOJMBIIETO BpeMEHH.

3) B mesnsx cokpauieHus HOpOrpaMMLI MLI IIPHBE/IH CaMblf
NPOCTOH METOJA KOHTPOJs Heo6XOAMMOro KOJIMYeCTBA HTepauui
Ipu TOJCYETe IepPBOHAYAJbHHX 3HaueHuil. MeToxs, KOHNTpOIH-
pyiomue pasHocTs A-r0 H 7 -+ 1-ro npubamKeHuil ¥ npuMeHse-
Mbl€ HAMM JUISI KOHTPOJSI B OCTAJbHBIX TOUKaX, 60/1€e HaJeXHH,
TAK KaK OOEeCmeuMBaloT KOHTPOJb BCEro Impolecca, BK/HOYad
TOUYHOCTb, BEJHUMHY Liara, OTCYyTCTBHE TPYyObIX OMMOOK H T. I.
Ciaenyer OTMETHTb, 4TO /s NMPUMEHAEMOrO0 HaMM METOJa HTe-
paluy MOXKHO J0Ka3aTh, 4TO HauboJbLIMe OLHOKH IIPH MOACYETE
NnepBOHAYAJILHEIX 3HAYEHHH MAafaloT Ha 3HAYEHHS B TPETheM
yaJe, a TMO3TOMY JOCTATOYHO BECTH KOHTPOJbL JIMIUb MO Uy
0w

4) ViameneHue mporpaMMB Ha cJay4aii, KOria 3a apryMmeHt Oe-
percs He f, a, HampuMep, X, He IPEJCTABJSET OCOOHIX TPyH-
Hocreit. IToutu BcsAg mporpamMma ocrajgach 6L IIPH 3TOM HEH3-
MEHHOH.

5) INporpamma mpenHasnayeHa IJsi pacyeTa OJNHOH TPAeKTO-
pun. TeMm He MeHee, TAK KaK OHA BO3BPAIAeT BCE€ KOMAHIbL
B [IEPBOHAYAJBLHOE MOJOXKEeHnne, MOXKHO efl Mpeanociatb Mpo-
rpaMMy HM3MEHEHUsl U, M W, (W11 APYTHX NapaMeTpoB) OT TPaeK-
TOpUM K Tpaexktopuu. Takas nporpamma MorJjia Obl aBTOMaTHIECKH
BHIYMCIATH LeJbe MYYKH TPAaeKTOPHi.

6) Moxno Takxke Mmocae NPOrpaMMH A00aBUTH TMPOrpaMmmy
MHTEPMOJSIIMA W CIJAXKHBAHHA OKOHYATEJbHHIX PE3yJ/bTaTOB.

7) Aunpoxcumanuio smmupuueckux ¢yuxuuit G u H nouau-
HOMAMH MOXHO ObLTIO OH 3aMEHHThb 3aJaHHEM HX 3HAYeHHH
B OTJAEJbHHX TOYKAX, C T€M YTOGH IIpOrpaMma NOACYMTHBAJIA
5TH (QYHKIMH TIPH DOMOLM HHTepHoJAlun. OAHAKO s TAKOTO
samannst Qynkuuil norpe6osancs O6u Gospmnil 06beMm 3V.
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8) BumecTo ykasaHHoro B mporpamme crnoco6a orcuera HOMepa

2
HHTEepBa.Ja, Ha KOTOpOM C.’IE,IL}TET cuurath G (TI:‘) (OTC‘IeT HOME-

pa C BO3BPANICHHEM K NEPBOHAYATBHBIM 3HAYEHHSIM), MOXKHO
IPUMEHHTD JAPYTOH METOX (COXpaHeHHe IPEAbLIYIIEr0 HOMepa
C M3MEHEHHEM €ro Ha =+ 1 npm KamJaoM Iepexofie uepes Komel
uHTepBata). ITOT METOA MOTPeGOBaT 6L MEHbIIe BPEMEHH, 110
YAMMHUT OBl [IPOrpaMMy, M, KPOMe TOTO, CAEA0BAJIO Gbl pasme-

2
JIATH IPOTPAMMBL BHuncienus - (y) u G (T)

9) Ecan nac unrepecyer me TOABKO AANBHOCTB MOJIETA CHA-
psilid, HO TaK¥Ke H ero Tpaektopus, a obbem 3Y AOCTATOUHO
OOLIMpPEH, TO MOXHO NOMECTHTb B HELO BHYHCJACHHBIE TOUKH
TPAEKTOPHH, BCTABMB Mexay komanmamu (K -+ 82) u (K -+ 83)
crenyomue 4 KOMaHAH (C COOTBETCTBYIOLIUM TIOCJIE LY IOIILHUM
M3MEHEHHEM HOMepOB Npyrux siveek (K + i) mpu i > 83).

|

K+ 1 +3a+1‘ 141
K+2 |3+ |K4+1| S |K+1
K+3 |> | K |K+1|K+1]

K 44 4|K+]!S{!K+4

|
=] |

Kak serko sugetrp B 3tom cayuae, B [+ 1 n C/Ie LY 0TI X
siuefikax OynyT pasMemieHbl SHAYEHMS X, Y, 4 U W@ JIsi BCEX
TOYEK TPAGKTOPHH, KPOME HYJIEBOIl.

OTtMetuM emie, YTO IpH MEpemaye 3HAUECHUIT B Ipyrue sueiiku
MOJKHO J€rKO BHAOM3MEHHTBH NpPOrpaMMy, BBeJsl B Hee yIBoe-
HHE NPOMEKYTKOB HHTerpuposanusi. Taxoii mMetoj npu HeGOJb-
IIOM YBEJHYEHUH IIPOTPaAMMEL IpuBeal Ob K 3HAYMTEIBHOMY
COKPALIEHHIO BPEMeHH paboTH MAaIlWHH.

10) Hakoweu, oTMeTnM, dYTO HOYTH BO BCEX IMKJIAX
NPOrpaMMBl - UCMOJB3YETCA OAHA M Ta KE CXeMa CpaBHeHus
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C 3apaHee 3aroToBJEHHOH KOMaHIOH mjisi TOro, yToOH IHKJ [10O-
BTOPSLICSI HYXKHOE YHCJIO pa3d. ITa cXeMa BHIIOJHEe, 4eM Cxema
npubaB/aeHUsl eIUHUIB B HEKOTOPYIO STUEHKY U CPaBHEHHs] HAKOII-
JIEHHOTO 4YHCja C 3apaHee 3aroTOBJEHHBIM YHCJAOM I[HKJAOB. TeMm
HEe MEHee, B HeKOTOPHIX cayyanx (Hanpumep, B komauge (K- 13)),
BBUIY TOrO, 4TO KOMaHAY, C KOTOPOH MBI CpaBHHBaeM, MpPHXO-
AUTCS 4acTO MeHsSTh, OblIO OB, MOMXauayH, BHIOJHEE NPUHATDH
BTOPOH BapUAHT W B KOHEUHOM CYETE€ HECKOJBKO COKPATHTb
KaK IporpamMmy, Tak M KOJIMYECTBO siveek K.

§ 33. BbIYMCJIEHUE TABJMIbI BECCEJEBBIX
SYHKLMIA

Hacrosmas nporpamMma wWIIIOCTPHPYET OLHO U3 BaKHBIX
NPUIOKEHHH YHUBEDPCATBHHEIX HHU(PPOBHIX MAUIMH — COCTABICHHE
MaTeMaTHyecKux Tab.iuil,.

IlpuBenennas Hike mporpaMma BHUHC/AEHUS TAGMUIE 3HA-
uenudl Qyuknuu Beccens J, (xX) ocHOBaHa Ha mpeacTaB/eHHH

Jy (x) = 6 u,

m=0

rae
8, = (x vHE (1P
M \2) m!I' (m+14v)
H aCHMITOTHYECKOM paBeHCTBe

A (x)~]/g [cos (x——?—-zé)

2 Vor T
k=0
-+ sin (x—; — Z) kéovgk“ :I
rue
E(k+1) o k)
T 2 v,
=10 * 2
@ —1) (42 —3)...[42 — (2m—1)?)
(3 = 22kp|

, (,0) =1

5
Jasi onpeneseHHOCTH MB IIPHHEMAaeM v = o » OAHAKO, pOrpan-

Ma INPUTOAHA /s BEIYMCACHHH ¢ m00HM v B mpenenax 0 <v < 1.
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Buiunc/ieHuss HAYMHAIOTCS OT HYJEBOrO 3HAUEHMSI apryMeHTa X.
[Tocse BEIUMC/ICHHS OYePeHOro 3HaYeHus! PYHKIMH 3TO 3HAUeHHe
oTchuiaetcs B nevath (komanpaa (K -+ 16)).

ITon womanmamu (K+8), (K+38), (K+39 u (K4 40)
clIefyeT IOHMMATh OTCHUIKY K COOTBETCTBYIOIIMM IIOJIPOTpPaM-
MaM BHIUMC/ACHHS (PYHKIUHM, YKasanHoi B rpade onepauuu. Ecin
B MauIMHEe OCYIIEeCTB/JeHO B BUAE ClelHaJbHOH onepanuy u3Bje-
uyeHue KOpHs, TO komauga (K + 40) oxasweBaercss OOHYHOH
komannoi. BosBenenue x B ApoOHylo crenens (komanna (K - 8))
MOJKHO OCYILIeCTBHTb, BBIYMC/IAS (DYHKLUIO 2'18:*,

[lpu BHLIYMCJEHHH YJIEHOB 4, paaa Teliopa HCIOJAB3YIOTCSA

PEKYPEHTHBI® COOTHOLICHHS Umi1 = ,rae a, = —m?— my,

i

o 1

H @, =0m_1 +py A& p,=1—v—2m. Beauuunn p, nocie-
JIOBATEJBHO BBHIUHC/IAIOTCS BHIYHTAHHEM MABOWKHM W3 BEJHYHHBL
1 —v, a BeJUYMHH 0, — NOCJAEJOBATE/JBHEM TPUGAB/IEHHEM
pm K %m-1.

[Tepexon ot BuHuucaenuil paga Teliopa K BHYHCJACHUAM IO
acHMNTOTHYECKOH (opmyse obecrneunBaeTcsi KOMaHAOH YCJOB-
Horo nepexoja (K 21).

[Tpu BHIYMC/IEHUM UJIEHOB v, aCHMITOTHYECKOTO PasOXKeHHS

B
HCTIO/IB3YETCS PEKYPEHTHOE COOTHOIICHHE Vg = (— 1)A+1F+L Y%
(k-+1) x
v (2R—1)
rae B, = 5 g TPHUEM LA BHUHC/IEHUS B, mcnoabsyer-

¢ coorHomreHue B, =Pr-1+0c, o,=1—4k. Beanuununm o,
[oJyyaeM MOC/AeJ0BATEebHEIM BHUHTAHHEM €IHHHIL, 4 BEeJd-
UUHB f, — nocaeioBaTebHBIM NpHOaBIeHHeM o, K Br_i. Tak
4\42—(2',‘,_])2

1
Br = npu v < — Bospactaer 10 aGeo-

KdK MHOXHUTEJb
kx 8kx

JIIOTHOM BEJHYMHE C POCTOM R HauuHasg ¢ R=1, a mpu v >—;

2 17
yOuiBaeT no aGCcoaOTHOR BesawuuHe ¢ poctoM R oT 1 no [‘» +5

U BO3pactaeT no abCcoOMIOTHOH BeJUYUHE C POCTOM R HauuHasi
1
c kb= [v—|— E] -+ 1, To mocTaTouHO CyMMBL L vop U Y vopyq CUMTATH

IO Tex IOp, MOKa B OJHOM M3 CyMM He BCTPeTHTCSI TaKOf
UJIEH v, YTO || <8, rie 8 — A0nyCcTHMAasl NOTPEelIHOCTh hopMy.I,
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eCJM TOJBKO B KaIOH M3 CYMM €CThb YJeH, YJIOB/IEeTBOPSIONH
3TOMY HepaBeHCTBY. Besmuuny X=4 (conepxumoe A+2 sueiiku
3Y), naumHas ¢ KOTOPOil CUET MPOMCXOAUT MO ACHMITOTHYECKOMH
(dopMyJ/ie, Mbl BHOpaau 3[1eCh TAK, YTOOHI

MaKC (MI;H Vo |, i |V2k+1|)<a npH §> Xu
MaKc |u, < 128 mpu % X
k

IMocsaenHee HepaBeHCTBO HEOGXOAUMO YJIOBJIETBOPUTH M TOTO,
4yTo0OH BEYHCJSIEMBIE YJIeHH yMEIIaJHCh HAa TPUALATHABYX3HAU-
HOM JIBOMYHOM CYeTuHKe (B INPEANOJIOMXKEeHHH, YTO CUeT BeIeTcs
¢ 25 NBOMYHHIMHM 3Hakamu nocjae 3ansto#f). Beanunny X namo
MEHSITh B 3aBHCHMOCTH OT V.

Komanss, nonasuiine B BepXHHH TYHKTHPHBIH MPSIMOYTOJBHHUK,
obecneunBaloT BHuncjieHus no paay Teinopa. Komauam, nonas-
HMe B HUXKHUHA TYHKTHPHBIA [PSMOYTOJBHUK, MpeIHA3HAUEHHI
JJIsi BHIUMCJIEHHH TO aCHMITOTHUECKOH (opmyse.

ConepxaHue HEKOTOPHX sueexk 3Y

.

A+ 1 hj2
A+ 2 4
A+ 3 8
A+ 4 2
A4+ b v
A+ 6 | T +v)
A4 T 1
A+ 8 —1
A+ 9 A
A+ 10 %2
A+11 V2=
A+12 Xo
A+13 g
B+ 1 0

HauaqpHOe conepikanne ocTaapHHX sueex 3Y (B + 2,
B+3,... ¥ T. I.) POJd HE UTpaer.
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