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[1peauncnosue

OcHOBHAA TIEMb 3TOU KHUTY — PACCKA3aTh 00 OCHOBHOU MAaTeMaTUIe-
CKOU TeXHUKe, HEOOXOAMMOU CTYAEHTAM, M3yJAIomuM HHOHOPMATUKY.
[Ipeacrasrennnie 31eCh TEMBI MHTEPECHBI 1 caMu 1O cebe, u B CBI3U C
MX MIWPOKOU IPUMEHMMOCTHIO KAK HEMOCPENCTBEHHO B MATEMATHAKE, TAK
Y B UCHUILIAHAX, ACIOIB3YOMMX MATEMATHIECKAN annapaT. B 9acTHO-
cTH, GOPMATBHBIE METOIbI, TPUMEHAEMBIE B WH(MOPMATHUKE, OMAPAIOTCA
Ha Takwe (PyHAAMEHTAIbLHBIE TOHATHA NUCKPETHOW MATEMATUKM, KAK
JIOTUKA, MHOXECTBA, OTHONICHUA U (PyHKIUX.

Teopus msmaraeTcs mpegHAMEPEHHO KPATKO, & 00CYX IaeMbIe 31eCh
MAaTEeMATUIECKUE UIEH BIIOJHE HOCTYIHBI CTYJEHTAM CO CKPOMHOU Ma-
TEeMATUIECKON MOATOTOBKOU. B MHOTOYHCAEHHBIX TpuMepax 06006Ima-
IOTCA W PA3BUBAIOTCA KIIOYEBBIE UACH KyPCa, a KAk Iasd TJIABa, HATMHAA
CO BTOPOU, CHAOXKEHA TPWIOKEHNEM TEOPUHU K MpaKTUKe. [Ipuioxenus
HAIVIATHO JEeMOHCTPUPYIOT, KAK MATEMATHKA, O KOTOPOU PACCKA3BIBAET-
CA B KHUTE, pemaeT 3aaaau nabopMmaTuku. Kaxaasa rraBa 3aKaHIABA-
erca HaOOPOM YIIPaXHEHUH, 3, ITOOBI TIOOIIPUTH TATATENA 3aHUMATHCA
VMW7, TIOMHOE PENIEHUE MPUBOAUTCA TOMABKO B KOHIE KHUTH.

OCHOBHOU MaTEPUAT KHUTHY OABUWICA ITPY TIOATOTOBKE K ITEHUIO Ha-
ganbHOro (romoBoro) Kypca uadopmaruku B Oxcdopae. On paccamran
Ha 20 MeKnuiu. 3aBUCUMOCTE TJIAB APYT OT APYTa MPEACTABICHA, HA IUa-
rpamMMe, KOTOpas MOKA3LIBAET, ITO CYIIECTBYET HEKOTOPasA CBOGO A BhI-
60pa OYePEIHOCTHN U3YICHUA MATEPUATA. DTO BMECTE C BO3ZMOXHOCTBHIO
OIYCKATH OTAEAbHBIE IPWIOKEHNSA WX 3AMEHATH UX AJbTEPHATUBHBIMIY,
neraeT KHUT'y Oojee rMOKOM M yIOOHOU NJIA W3yIeHN.

lnasa 7 I'nasa 8
I'naBa 4 I'naBa b

I'nasa 1 I'nasa 2 I'nasa 3 FJI&;& 6
I'nasa 9




@ IIpeducaosue

ECTI) HECKOJBKO OOCTYIIHBIX TEKCTOB IIO AHCerTHOfI MaTeMaTUuKe,
OXBATHIBAIOIIUX CXOXUU MaTepuali. X CucoK i HaibHENIIero usyde-
HUS IPEAMEeTa IPUBEICH B KOHIE KHATU. Bosee npoaBuayTHIE yieOHUKA
IO JUCKPETHOU MaTeMATHKe TPeOyIoT GOMbLUIEN MATEMATUIECKOUN 3De-
JOCTH, U A HAJEIOCh, ITO YATATEIN, YCIEIIHO OBIAIEBIINE COTEPKAHAEM
HACTOSIIEN KHUTH, CMOTYT U3y4aTh UX GOJee Jerko U yBEepPEeHHO.

A xoTen 6b1 MOGIATONAPUATH CBOMX CTYAEHTOB, KTO BBIAEPXKAI BCE
TPYAHOCTH D>TOTO MATEPUANA W e POCT COOCTBEHHBIX MATEMATHYIE-
CKHUX CIIOCOGHOCTER MOOLIPSI MEHA MUCATh KHUry. Mos 6rarogapHocThb
aJpecoBaHa TaKXKe PEHEH3EHTAM IIPeIBAPUTEILHON0 BADUAHTA, CHEAAB-
UM MHOT'0 TIOJE3HBIX 3aMEYaHUT, U COTPYJHUKAM U3 1aTelbCTBa «Pear-
son Education» 3a ux ycunus, npegunpussaTbie npu 0OPMICHIN TEKCTA.
W makoHel, MOs HPU3HATEILHOCTH — CYNPYyTe, 33 ee HEM3MEHHYIO 3a-
60Ty ¥ MO NEPKKY.

Pod Xaeeapmu
Oxcgopd
Mapm 2001



NABA |
BBEOEHWE

[luckpeTHas MaTEeMATHKA U JOTHKA J€XAT B OCHOBE JI000I0 COBPEMEH-
HOrO u3ydeHus uHpopMaTuKu. CI0BO «IUCKPETHBIMY O3HATAET «COCTA-
BJIEHHBIN U3 OTAEAbHBIX 9aCTEW», 8 JUCKPETHAA MATEMATHAKA UMEET IeJI0
C COBOKYITHOCTAMU OOBEKTOB, HA3BIBAEMBIX MHOXECTBAMU, U OIIPE/IeIEeH-
HBIMM Ha HUX CTPYKTypaMu. DJIEMEHTHI DTUX MHOXECTB KAaK ITPABUIO
M30AUPOBAHBI IPYT OT APYyra W reOMETPUYECKN HE CBA3aHbL. [lencTBu-
TEIbHO, OOJBIINHCTBO WHTEPECYOUX HAC MHOXECTB KOHEYHBI WU, TI0
KpalHEeu Mepe, CIeTHHI.

JTa 06IACTh MATEMATUKN IPUBICKACTCA A PELICHUs 3aIa<d Ha
KOMITLIOTEDE B TEPMUHAX ANNIAPATHLIX CPEICTB U IPOrPaMMHOr0 o6ec-
[IEeYEHUA C IPUBJICICHNEM OPTaHU3AINNA CUMBOJOB M MAHUILYIALINN JAH-
HbpIME. COBpeMEHHBIN MU(POBON KOMIBIOTEP — IO CYIIECTBY KOHETHAA
OUCKpETHasa cucTeMa. [[oHMMaHuA TOro, Kak TakKasd MalllHa Pa0oTaeT,
MOXHO NOCTUTHYTb, €CIA NMPEICTABATL MAIINHY KaK MUCKPETHYIO Ma-
TEMATUYECKYI0 cucTteMmy. [lopTOMy Hama riaBHAS UEIb TPU U3YYCHUU
IUCKPETHOU MATEMATUKU — TPUOOPECTU MHCTPYMEHTHI U TEXHUKY, He-
00XOMMBIE /I MOHUMAHUA U IIPOEKTUPOBAHNA KOMIIBIOTEPHBIX CUCTEM.
Korga n kak ucnons30BaTh 3T MHCTPYMEHTHI M TEXHUKY — OCHOBA Pa3-
[e1a MaTeMaTUKY, U3BECTHOI'O KaK MaTEMATUIECKOE MOJIEANPOBAHME.

B macTosmen riase Mbl 6pOCHM B3TUIAA HA ITPOIECC MOAEIUPOBA-
HUA ¥ OPUMEHUM CTAHJAPTHLIA AJITOPUTM K PEIIeHHI0 MPAKTUIECKON
3aga4u. BuIOpaHHBIE ODpuMep IPOWLIIOCTPUPYET HE TOMLKO BHUI MaTe-
MAaTHUKH, O KOTOPOU UAET Pedb B 3TOU KHHUIE, HO M €€ MCIOIbL30BAHNE
[IPU pelIeHNW HACYIIHBIX 33aAad. 3aTeM MBI PA30BbEM ITACKAJIEI0m1006-
HbII! [ICEBIOKOJ B KA<eCTBE CPEJCTBA BLIPAKEHIA AICOPUTMOB, BBO -
MBIX fajee, MJIA OMHO3HAYHON TPAKTOBKA WX KOMAH.

|.1. MogennpoBsaxue

[Ipouecc MaTeMaTUIeCcKOro MOEIMPOBAHUA HA, [UATPAMME MOXKHO IIPE-
CTaBUTh TaK, KaK MOKa3aHO Ha puc. 1.1.
B kadecTBe mpumMepa MOAEIMPOBAHUA PACCMOTPUM CJAEAYIOIIYIO 3aa4TY:

Paccmosnue (6 muasz) mexrcdy wecmvio womaiaroCKumu 20po-
damu: Abepdun, Idunbype, @opm Yuavam, I'aazeo, Uneepuecc

!Pascal — A3BIK IPOrpaMMEUpPOBAHIA BEICOKOTO YPOBHA. — IIpum. nepes.



(// I'aasa 1. Beedenue

u Ilepm dano 6 maba. 1.1. Tpebyemcs natimu dopoxcnyo cemo
MUHUMAALHOT DAUHBL, CEA3BIBAIOWYIO 6CE UWECTL 20P0J0E.

3agada Pemenne
Ab6crpakTHAA IIpeobpaszosannas
MOIeIb : MOIeIb

Pucynok 1.1. Cxema M0 ne1mpoBaHus

Cama Tabiauna ABIAeTCA a0CTPAKTHOU MOAEIBIO peatbaon 3agadu. O -
HAKO [IJIA HAIIErO pelleHrua MBI IpeoOpa3yeM ee B FeOMETPUYIECKYIO MO-
nelb.

Tabauma 1.1

Abepaun D auubypr Popr Yuabam [masro Wusepuecc Ileprt
Abepaun — 120 147 142 107 81
SFivii:(0)g0)n 120 — 132 42 157 45
Dopr Yuapam 147 132 — 108 66 105
lnasro 142 42 108 — 168 61
MuBeprecc 107 157 66 168 — 112
IIepr 81 45 105 61 112 —

Mpur mapucyem epag , 9bu 8epuwiuHb, 0003HATAIOT TOPOA, a PedPa —
noporu ux cBasbiBaiomue. bomee monpobuO 0 rpadax paccKasaHO B IIa-
Be 7. Kaxpmoe pebpo Hamero rpaga, n3obpaxeHHoro Ha puc. 1.2, cHab-
KEHO 8ECOM, KOTOPHLIU O3HAYAET PACCTOAHME MEX Y COOTBETCTBYIOIIM-
MU Topogamu coriacHo taba. 1.1.

151 pereHns TOCTABJIEHHOR 330891 C IIOMOIIBIO IO AX0 AAIIETO (A20-
pumma (MOCIENOBATEIBHOCTU OJHO3HATHBIX WHCTPYKIIUY, BHITIOIHEHIE
KOTOPBIX BAEYET PENIEHUE 33 KOHETHOE BPEM:), MBI MOCTPOUM HOBBIN
rpad, IMeII MIHIMAILHLIA OOIIMKA BeC, B KOTOPOM BCE IIECTH I'O-
poaoB GyayT COEIUHEHBI OPOTaMM.

Aazopumm Ilpuma

IITar 1 BwibepuTe Tpom3BOILHYIO BepuimHy u pPebpO, COEIUHAIONIEE
ee ¢ OmmxanummM (TI0 BECY) COCEIOM.



1.1. Moodeauposanue

HOlar 2 Haugwre e npucoeamHeHHyO (eme) BepmmHy, OJMXKE BCEro
JEXKAIIYI0 K OJHOU U3 MPUCOEIUHEHHBIX, U COEJUHUTE C HEH.
ITIar 3 IloBropsauTe mar 2 10 Tex MOP MOKA BCE BEPUIMHBI HE OyAyT
IPUCOETUHEHHI.
Abepaun
81 120
107 147
Ile
pT 15 O nuHOY pr
105 157
112 132
142
WNuBeprecc 66 Dopt Yuream
61 42
168 108
I'masro
Pucynoxk 1.2.

Ha pucynmkax 1.3, 1.4 u 1.5 uzo6paxena mocreq0BaTEIbHOCTD IPadoOB,
KOTOPasA MOJYyIaeTCA B PE3yaAbTaTe TPUMEHEHNA anropurma [Ipuma, ec-
i HaamHATH ¢ BepmuHbl [lepT. [Tocrenauin rpad (¢ o6mum Becom 339)
OpEeACTaBIAeT COO0M MUHUMAJIBHYIO CETh NOPOT, OXBATHIBAIOUIYIO BCE
IeCTHh TOPOJIOB.

AGepaun Ab6epaun
Ilept 45 D xuubypr IlepT 45 D auEby pr
WNuBepuecc DPopr WuBepuece DPopr
Yuiabam 42 Yuabam
lmasro I'masro
Pucynok 1.3.

AnropuT™, KOTOPBIX MBI IIPUMEHSIN, HATUCAH HA OOBITHOM PYCCKOM
s3bIKe. Pa3roBOPHBIN A3BIK MOXET OKA3AThCA CAUIIKOM MHOT'OPEYUBBIM,
HEOJHO3HAYHBIM U, B CJAEACTBHAE DTOr'0, HE COOTBETCTBYIOIINM 3aIly TaH-
HOU 1mpobaeMe. Mbl MOMM ObI HAIMMCATH MPOTPAMMY A KOMIBIOTEPA,
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peanu3yIonyo aIropuTM, HO KAKOU A3bIK BEIOpaTh?! Kpome Toro, a3sik
IporpaMMUpPOBAHUA 3a9aCTYIO CKPBIBAECT I/ICTI/IHHI)IfI CMBICJI aJIropuTMa
oT HeonbITHOTO umTarend! [logxoaammi KOMOPOMUCC B DTOU CHTYaA-
MM — KCIOJBL30BATH TAaK HA3LIBAEMBIA Nce68dok0od, COCTOAIINNA U3 He-
GOMBUIOrO MUCAA CTPYKTYPHBIX A3LIKOBLIX DJIEMEHTOB BMECTE C PYCCKO-
MOMOOGHBIM ONMUCAHUEM TeUCTBUM peaausdyemMoro arroputMa. O HeM uger
pedsb B caenyomeM maparpade.

Abepaun Abepaun
81 81
Ilept 45 O unbypr IlepT 45 O auEby pr
105
Waseprecc DPopr Unseprecc DopT
42 Ny \ 42 Yurbam
I'masro lmazro
Pucynoxk 1.4.
Ab6epaun
81
IlepT 45 D aunGypr
105
Nuseprecc Dopt
& 42 Yunbam
I'masro
Pucynok 1.5.

|.2. MNMcegokoa

Mg OygeM MCIOMB30BATH TICEBAOKOI, OCHOBaHHBIN Ha [lackame. Axaro-
PUTM B HEM BBIIVIAAUT CIEAYIOIMM 0O6Pa3oM.

begin
OnepaTOPhI UCIIOIHAEMBIX JEHCTBUN
OepaTOPHI, YIPABIAIOUIAE TOPAJKOM BBITOJIHEHUA
end
CrpourenbHbIMEU GIOKAME AJITOPATMUIECKOTO A3BIKA, ABIAIOTCS OIIe-
pPaTOPBI, KOTOPBbIE MOXHO Pa30UTh Ha [BE KATErOPUU: ONEPATOPHI IIPU-
CBAWBAHUA U YIPABIAOIIUE ONEPATOPHI.



1.2. Ilcesdoxod

Onepamop npucsau8aHUs TPUTUCHIBACT MEPEMEHHBIM OIPE[eIeHHbBIE
BEJUYWHLI U UMEIOT TaKyIo o601yt ¢popMmy:

MMA II€PEMEHHON := BBIPAXKECHUE

IIpumep 1.2.1. (Aaropurm croxenus aByx uucen, First u Second, u
OPUCBOEHUE PE3yAbTATA MEPEMEHHOU Sum.)

begin
Input First and Second;
Sum:= First + Second;
end

Ynpasasowutd onepamop OupeaenseT MOPA0K, B KOTOPOM JTOJKHBI
BBIMOMHATHCA aru aaroputMa. QuepaTopsl ynpasieHus ObIBAIOT TPeX
THUIIOB:

® COCTABHBIE OIEPATOPHI;
® VCJIOBHBIE OIIEPATOPBHI;
e oIepaTop IUKIA.

Cocmasnvie onepamopvl TPEACTABIAIOT COOOU CIUCOK ONEPATOPOB,
KOTOPBIE JTOJXKHBI BHIMOTHATHCA KAK OTAEJbHAS KOMAH/A B TOM IOPA-
Ke, B KOTOpOM OHE 3amucanbl. COCTAaBHBIE OMEPATOPBI UMEIOT CJAELYIO-
LU BUL:

begin
omepaTop 1;
omepaTop 2;
omepaTop n;
end

IIpumep 1.2.2. (Aaropurm 0OMeHa 3HAYMEHUN ABYX nepemMenHbix: One
u Two.)

begin
Input One and Two;
Temp := One;
One := Two;
Two := Temp;
end

Yro06bl IPOCIEAUTD 33, PAOOTON ANTOPUTMA, TPEAIOJOKUAM, ITO HA-
JaJabHBIE 3HAYEHUS TiepeMeHHbIx One u Two paBHbl b 1 7 COOTBETCTBEH-
HO, U obpaTumcsa K Tabx. 1.2.
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Tabaunna 1.2

Temp One Two
Crpoka 1 — 5 7
Crpoxka 2 5 5 7
Crpoka 3 5 7 7
Crpoxka 4 5 7 5

Yeao8ubie onepamopel MO3BOIAT AETATh BHIOOD MEXY ABYMS AJb-
TepHaTUBHBIMEU cuTyanuavu. Onu 3anuceiBatoTca B Bujge if-then wmim
if-then-else. Ha ncesgokoge ycaoBHBIE OIepaTOphl B300PaXKAIOT TAK:

begin
if ycrosme then omeparop
end

INn TakK:

begin
if ycrosme then omepartop 1
else omeparop 2
end

IIpumep 1.2.3. (AIropuT™M BBIMUCICHUA MOAYIA TUCIA 7 U IPUCBOE-
HUE Pe3yabTaTa MepeMeHHon abe.)

begin
Input n;
if n <0 then abc:=-—n
else abc:=n;
Output abc;
end

B sToM anropuTMme onepaTop, CTOAMINNA BO BTOPOU CTPOKE, BHITIOTHACTCA
OpU OTPULATENbHBIX 3HAYEHUAX [IEPEMEHHOU 7, a B TPEThel — Ipu
HOMOXATENBHBIX (1 Hy1eBOM). MOXHO HAIMCATH U APYTOU AJIrOPUTM,
peLIAONMI Ty Xe 3a1a4y, HO He UCHoab3yiomun else:

begin
Input n;
if n <0 then n:=—n;
abc:=n;
Output abc;
end

3eCh OIepaTop BO BTOPOU CTPOYKE BBLIIOAHAETCA TOJILKO IIPU OTPUILA-
TEJbHBIX 3HAYEHUAX 1 U UTCHOPUPYETCA mpu JI0O0M APYyroM 3HAYEHUU.



1.2. Ilcesdoxod

B mocreguem ciydae BBIIOIHAETCA OMEPATOP, 3ANUCAHHBIN B TPEThEN
CTPOKe.

Onepamop yukae WX TPOCTO YukK.h MOXKET MMETb OXHY u3 GOpM
3alInCH:

for X := A to Z do oneparop; (1)
while Bripaxenne do omeparop; (2)
repeat

omepatop 1;

oriepaTop 2;

omepaTop n;
until ycaosue.

3mech X — nepeMenHas, a A u Z — ee HAMAIBHOE M KOHETHOE 3HATCHUA.
B caywae (1) nuka moBTOpseTcs onpegeneHHoe 9ucao pas. Ero pas-
HOBUIHOCTH BBIIVIAAUT CJIEAYIOMUM 0O0pa3oM:

for Bcex smemenToB mMHOXecTBa do omepaTop

B caygae (2) muKI BHIIOTHAETCA HE ONPEIENCHHOE HTUCAO pa3, a A0
TeX 0P, IIOKA BBIPAXKEHHUE, O KOTOPOM B HEM UJET PEtb, OCTACTCSA BEPHBIM.
KaK TOJIBKO BBIDAXKECHUEC CTAHOBUTCA JOXHBIM, ITIUKJ 3aKAHIUBACTCA.

N makomen, B mocrequen curyanuy (3) OUKJI BBIIOTHAETCA 10 TEX
0D, HOKA KOHEYHOE YCIOBME OCTAETCS JOXKHBIM. EIUHCTBEHHOE pasin-
qme Mexay (2) u (3) 3akmI09YaeTca B TOM, YTO B MOCHELHEM IWKJ BbI-
IOJHUTCA 110 KPaWHe!d Mepe OAUH Pa3, IOCKOIbKY UCTUHHOCTD YCIOBUA
B HEM IPOBEPAETCS NOCAe KaXK OO IPOXOAA IUKIA.

IIpumep 1.2.4. (AAropuT™ BBIMUCIEHUA CyMMBbI KBAAPATOB MEPBBIX 7
HATYPATbHBIX IHCEIL.)

begin
sum :=0;
for i:=1ton do
begin
Ji=1 %1

sum:=sum + §;
end
Output sum;
end

[Ipocregum aaropurm B cay<ae n = 4, 3anucas pe3yabTaTsl B Tabm. 1.3
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Tabauma 1.3
i J Sum
Ilepen Bemmonnenmem muxia — 0
IlepBBIl TPOXO IUKJIA 1 1
Bropou npoxon mukia 2 4 5
TpeTunt TPOXOL IUKIA 3 9 14
YeTBepTHIN TPOXOM IIKIA 4 16 30

BriBogumbin pesyasrar: sum = 30.

ITpumep 1.2.5. (Aaropurm BoigeneHus rpada ¢ MUHIMAILHBIM OGIIAM
BECOM, CBA3LIBAIOIIENO BCE BEPIIWHLI B TAHHOM CBA3HOM B3BEIIEHHOM

rpade.)

begin
¥ i= IPOMU3BOJbHAA BEPUIMHA;
U 1= OMUKAWIIAA COCENHAA BEPIINHA,;
CBA3ATH U U U;
while ocrarorca menpucoegunennapie BepmuHbsr do
begin
U := HENPHUCOEJUHEHHAA BEPUINHA, OMUXANIIAAL
K OJHOU W3 IPUCOEIVMHEHHBIX BEPIINH;
COCQUHUTE U C OJIMXKAULICH
U3 DPUCOCJUHCHHBIX BEPIINH;
end
end

OJTO — HANUCAHHAA HA, ICEBIOKOIE Bepeus aaropurma [Ipuma, ¢ xo-
TOPBIM MbI IO3HAKOMUIUCH PAHEE.
3ameuanue. CBA3HbIM HA3LIBAEMCA MAKO 2pagd, 68 KOMOpom cyue-
cmsyem nymyv (no pebpam) meanrcdy a00bimy I8YMA SePUUHAMY (NO-
dpobuee 06 amom cm. 2aasy 7, cmp. 146).

[Ipesparenue arropurma B paboTAOUYyIO IPOrPAMMY — I€J0 IPO-
rPaMMUPOBAHUA WK KyPCa CTPYKTYPHI TaHHBIX, IOSTOMY MBI He 6y 1em
06Cy X IaTh DTOT MpoIece B Hamen Kuure. OQHAKO MBI TTO3HAKOMUMCA
CO MHOXECTBOM AJICOPUTMOB, HEKOTOPBIE M3 KOTOPBLIX IPENCTABICHLI B
dopme mceBmokoma, a apyrume odpOPMIEHBI KaK MATEMATHIECKHE TeO-
pemsl. [[0Ka3aTeIbCTBO NCTUHHOCTH TEOpEM — HeOoOXOauMasa U JAJEKO
HETPUBHUAILHAA JACTh MATEMATUYIECKOrO IPOIEeCcca. AHAJIOIMIHO HEOO-
XOAUMO IIPOBEPATH KOPPEKTHOCTH HAMMCAHHOI'O HA, MICEBIOKOIE aJaro-
pur™ma. Hanpumep, oTkyma Mbl MOXEM 3HATDH, 9TO AJITOPUTM U3 IPUAME-
pa 1.2.5 1edcTBUTENBHO Ja€T MUHUMAILHYIO CETh TOPOr?!



Habop ynparcnenut 1

B Tom caytuae, korga eCTh HECKOJIBKO PA3IAIHBIX AJCOPUTMOB, Pe-
IAOIIAX OJHY U Ty Xe 33049y, BOSHUKAET BOMPOC: KAKOW U3 HUX ABIA-
erca 6onee appexkTuabiM? B ynpaxuenun 1.5 npuBenen eme oauH aj-
COPUTM, CYMMUDYIOUMA KBAAPATH HATYPAIbHBIX YHCE] (KAK U B IPHU-
mepe 1.2.4). O6a paborator. Ho kakon 5T0 geraeT GbICTpee, UCIONb3yeT
[IPU 3TOM MeHbIe TaMaTu! Kopote roBops, KAKOU U3 DTUX aJICOPUTMOB
ABIAETCA HAWIY M ]

O6e »Tu pobaeMbl: KOPPEKTHOCTH U 3P PHEKTUBHOCTHU AITOPUTMOB —
6y a1y T 06CyX JaTHCA B MOCAEAYIOMNX [VIABAX MOCJE TOI0, KAK MBI OCBOUM
HEOOXOAUMBIN /A DTOTO ANNapaT AUCKPETHON MATEMATHUKHU.

Habop ynpaxxHeHui |

1.1. T'pad Ha pucyske puc. 1.6 m3obpaxaeT ceTb TOPOT, CBA3BLIBAIO-
WX CeMb [epeBeHb. PaccTodaHme MeXIy AepeBHAMHI 3aTAHO B
vuiaax. Vcnons3ysa anropurm [lpuma, HauguTe ceTb HOPOr Mu-
HUMAJILHOU 00IEN AJIUHBI, OXBATHIBAIOUIYIO BCE IEPEBHMU.

B 3 C
3 3
6 1
G
A 2 D
3 3
2 5
F 4 E
Pucynok 1.6.

1.2. Haungure pe3yabTaThl BBIYUCJICHUU CJAELYIONIETO AJCOPUTMA, B
CIIygafx
(a) n=3;
(6) n=>.
begin
f=1
Input n;
fori:=1to ndo
fi=fx=i
Output f;
end
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YTO mOLyYUTCA HA BBIXOAE AATOPUTMA [PU TPOU3BOJILHOM Ha-
TYPaAIbHOM TuCIe N7

1.3. IIpocremguTe 3a m3MeHEHHEM 3HAYEHUU IEPEMEHHLIX i U § B Cle-
OYIOmEM aJropuT™Me npu m =3 un = 4:

begin
Input m, n;
1:=1;
Ji=m;
while ¢ # n do
begin
=1+ 1;
Ji=Jxm;
end
Output j;
end

Onummre Ha CIOBAX BBIXOAHBIE NAHHBIE DTOrO AITOPUTMA TIPHU
IPOM3BOIBHBIX Helblx m u n > 0. Uto moxyuurca npu n = 07

1.4. Haugwre meable 9mMcia, MOMYYAIOIMUECs B Pe3yJabTaTe pabOThI
CIEAYIOWIETO AITOPUTMA:

begin
first:=1;
Output first;
second :=1;
Output second;
next:= first + second;
while next < 100 do
begin
Output next;
first:=second;
second :=next;
next:= first + second;
end
end

Onnmure IMOJMYICHHYIO IIOCJICAOBATEABHOCTE THUCEI B TEPMHUHAX
€e 1JICHOB.

1.5. IIpocaenure 5BOMONUIO 3HAYMEHAN IEPEMEHHBIX [, sum u k B aj-
COpPUTME, MIPUBEEHHOM HA CJIEAYIOIEN CTPAHUIE Ipu 1 = 6.



Kpamxoe codeprcanue 24a6bl 2\\9

begin
Input n;
k:=1;
[:=0;
sum = 0;
while £ < 2n do
begin
l:=1+k;
sum = sum + [;
k:=k+2;
end
Output sum;
end

Onuuiure pe3yabTaT paboOTHL AITOPUTMA IPU BBOJE IPOU3BOIb-
HOI'O HATYPAJbHOI'O 3HATCHUA 7.

1.6. IlpocreguTe paboOTy aJropuT™Ma Ha MPUMEPE CETU AOPOT, W3
yup. 1.1. Kakou momy4amica pe3yabTar?!

begin
YnopsgounTe pebpa rpada mo yObIBAHAIO BECa
7 TpOHyMepyuTe ux yucaamu: 1, 2, 3, ...u T. 1.;

™M = YHUCJIO BEPLIUH;
ocmamok 1= 9ucao pebep;
mexyuwee ;= 1;
while ocmamox > m — 1 do
begin
if ynamenue pebpa ¢ HOMEPOM «meKyw,ee»
He HapylIaeT cBasHocTu rpada then
begin
yAaIuTs pebpo «nexyuLees;
ocmamox 1= ocmamox — 1;
end;
merywee :=mexyuee + 1;
end
end

Kpatkoe coaepxaHue rnasbl

JuckpeTHas MaTEeMaTHKA [IPEACTABIAET COOON MATEMATHICCKUN all-
mapaT W TEXHUKY, HEOOXOAUMYIO A MPOEKTUPOBAHUA U IMOHUMAHUSA
BBIYUCIUTEIbHBIX CUCTEM.
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MaTreMmaTuyeckoe MO JEIUPOBAHUE — DTO IIPOIECC, IPUBIEKAIOIUN
MaTEMaTUKYy A1 PELICHUs PEAJbHBIX IPAKTUICCKUX 334a.

I'pad (Momenb) JaHHOU ceTH AOPOT MEXAY TOPOJAME COCTOUT U3 Ha-
60pa BEPIIMH, M300paXammux TOpoaa, COeMUHEHHBIX APYT ¢ APYTOM
(B3BemeHHBIME) peGpamMu, 0603HATAIOUMMEA TOPOTH.

AnropuTm — 5T0 MOCIEAOBATEABHOCTD OJHO3HAMHBIX KOMAH/I, BHIIOJ-
HEHUE KOTOPBIX BJEYET PElIeHWe MOCTABICHHOW 33Ja9U 33 KOHEIHOE
BpeMi.

Auropurwm IIpuma MoxeT ObITH UCIIOJABL30BAH [JIA BBIIEIEHAA CETH Pe-
6ep MIHAMAJIBLHOTO OOIIEr0 BECa, CONUHAIONEN BCE BEPIIUHBLI JAHHOT'O
B3BELIEHHOT'O r'pada.

IlceB fokoaOM Ha3BIBaeTCA HAOOP CTPYKTYPHBIX MIEMEHTOB A3BIKA, TOJ-
XOOAIIUAN NI BHIDAXKEHUSA AJITCOPUTMA, B OJHO3HAYHBIX TEPMUHAX.

OmnepaTop npucBaMBaHUA IPUCBAUBACT MEPEMEHHBIM OIIPEIEICHHBIC
3HAYEHUA.

Yupasasaomuy OnepaTop OpeeIseT MOPAI0K, B KOTOPOM JOKHEI
BBIMOTHATHCA MIATHW AATOPUTMA.

CocTaBHOM OMEPATOP MpeACTABIACT OO0 CIUCOK MHCTPYKIuiA (Ore-
paTOpOB), KOTOpPBIC OOJXKHBI BBIIMIOJHATHCA KaK OTaACIbHAasI KOMaHIA B
TOM IOPALKE, B KOTOPOM OHU 33IIMCAHBIL.

YCI0BHBIA OMEPATOP [aeT BO3MOXHOCTD CAETATH BHIOOD MEX Y alb-
TEPHATABHBIMA BO3MOXHOCTAMM.

Oneparop UHMKIA WK IPOCTO IUKJ IO3BOIAECT BHIIOJIHATL OIpEre-
JEHHBIM HAO0p KOMAH/ IIOAXOIAIIEe TUCAO Pas.
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JIOTUKA U
AOKASATHE1bCTBO

Jloruka meob6xoguMa B I10060U (HOPMAIHLHON AUCIUILIMHE U COCTOUT U3
[PABUI HOXYYeHs 0O0CHOBAHHOTO BBIBOAA (3aKmiodenus). JIoruky Mox-
HO BBIAEIUTH W3 KOHTEKCTA TeX MUCIUILUIAH, B KOTOPBIX OHA WCIIOIb-
3yeTcs, U U3y9aTh KAaK OTAEIbHBIN P36l HAyKu. AKIIEHT B 9TOU IVIaBe
OymeT chenraH UMEHHO Ha JOTUKE, JeXAIe B OCHOBE HEOCIIOPUMBIX PAC-
CYyXIEHUU U JOKA3ATEIbCTB.

MBI TO3HAKOMUMCA C JOTMKOU BBICKA3BIBAHUMU, UMEIOIIEH IeJ0 C UC-
TUHHOCTBIO (WIM JOXHOCTBIO) MPOCTHIX OMUCATEABHBIX YTBEDXKACHWUN,
9TO MOXHO PACCMATPUBATHL KAK KOPOTKOE BBENEHWE B JOTUKY IMIPeNu-
kaToB. CkaxeMm cpa3sy, ITO HOpeIUKATAMU NPUHATO HA3LIBATH YTBEP-
XKJIeHIA, COJepXKalllie IepeMeHHbIe Beamunub'. Kpome Toro, B aToi
rJIaBe OMUCAHBI PA3IUIHBIE METOBL JOKA3ATEIbCTB (IPIAMOe PACCY XK [e-
HEE, METOJ «OT HPOTUBHOIO» M OOPATHOE PACCYXIEHUE), CHAOKEHHBIE
MPOCTBHIMU TIPUMEPAME MPOBEPKU (PAKTOB O FYETHBIX M HEIETHBLIX Y-
CllaX, WLIIOCTPUPYIONMMI METOMOJOrMI0 paccyXaenun. Hakomen, Mbi
PaCCMOTPUM CUIBHBIM METOJH A0KA3aTEeAbCTBA, HA3BIBAEMBIN METOIOM
MaTEMATUIECKOU WH Y KIUN.

[Tocne ynpaxueHuU, pasMEIIEHHBIX B KOHIE [MIABBI, MBI BCTPETHUM-
CA C TEPBBIMU NPUWIOKEHUAMU U3YIAEMBIX METOAOB K UH(POPMATHUKE.
B HEUX MBI yBUAMM, KaK JOTUYECKUE METOMBI JOKA3ATEIbCTB UCIONb3Y-
IOTCSA TIPYU MPOBEPKE KOPPEKTHOCTHU AJITOPUTMOB.

2.1. Bbicka3biBaHUA M NOrMKa

CrangapTHbiME GroKaMu (HPOPMATHLHON JOTUKY ABIAIOTCA BHICKA3BIBA-
Hus. Buicka3viganuem HA3BIBAETCA yTBEPXKIEHWE, KOTOPOE MMEET 3Ha-
YeHUe MCTUHHOCTH, T.€. MOXET OBITh MCTUHHBLIM (0603HAdaeTca Oy-
kBou 1) mium sroxubIM (0603HAawaeTca J1). Hanpumep,

® 3eMiA ILIOCKA;
e Capa — JOKTOD;

e 29 — mpocToe Iuco.

13 1ecn HyXHO CKa3aTh, 9TO JOTHKA MPEIUKATOB 0600IIAET JOTUKY BBICKA3BIBAHUN,
¥ MBI €0 TOXE 3aIIMeMCA.
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Kaxmoe n3 BRICKA3BIBAHUE MOXHO 0003HAUMTH cBoen OykBou. [lycTs,
Hampumep, P 0603Ha9aeT BBICKA3bIBaHUE «3eMils miockamy, () — «Ca-
pa — mokTop» u R — «29 — mpocToe <ucio.

Ucmonb3ys Takuwe JOTUYIECKUWE OMEPAIMY, KAK HE, WIN, M, MOXHO
MOCTPOUTDH HOBBIE, TAK HA3LIBAEMBIE COCMABHbIE GbICKA3bIGAHUA, KOM-
nanysa 6omee nmpocteie. Hampuwmep,

e (me P) — 5TO BHICKA3bIBAHUE (3€MJIA He IIOCKAAY;

o (P wiu Q) — @emua miockaa uau Capa — TOKTOD»;

e (P u (@) — @emun miockas u Capa — JOKTOD».
IIpumep 2.1. O6Gosnauumm <wepe3 P BhICKa3bIBAHUWE «IOTWKa — 3aba-
Ba», a depes () — «CerogHa MATHHANA). TpebyeTcsa BEIPA3UTh KaXJ0€ U3

CJEAYIOIWWX COCTABHBIX BBICKA3LIBAHUU B CUMBOIBHOU (hOpME.
(a) Jlormka — He 3a0aBa, W CETOMHA MATHUIA.
(6) Ceromusa He mATHHIA, 13 U JOTHKA — He 3a0aBa.

(8) JIm6o mormka — 3abaBa, 16O CErOAHA MATHUIA.

Pemenne.
(a) (me P)u Q.
(6) (se P) u (e Q).
(B8) P mum Q).

YT0o06bI yMETH ONPEAEIATH 3HAYEHNE UCTUHHOCTHA COCTABHBIX BBICKA-
3BIBAHUU, HAM HEOOXOAUMO Pa3o0paThCA CO CMBICAOM JOTMIECKUX OIe-
pauui, T.e. Kako 3p@OEKT OHU OKA3BIBAIOT Ha MCTUHHOCTHOE 3HAYEHUE
IPOCTHIX BBICKA3BIBAHUM. JDTO MOXHO aKKypPaTHO CAEIATH C IOMOIIBIO
TaK HA3BIBAEMBIX MaOAUY, UCTUHKOCTU.

Ompuyarnuem TPOA3BOILHOTO BHICKA3BLIBAHUA [P HA3BIBAETCS BLICKA-
3pIBaHUe BUAA (He P), Ibe HCTUHHOCTHOE 3HAYEHUE CTPOrO IPOTUBOIO-
J0XHO 3HadeHuio P. Oupegensoman TabIua NCTUHHOCTH OTPHUIIAHAIL
BBLICKA3BLIBAHUA IpuBeneHa B Taba. 2.1.

Tabauna 2.1
P (me P)
u JI

JI n




2.1. Bulcka3bi8aHuA U A02UKG

Konvionkyueti MM 402udeckum YMHONCEHUEM IBYX BBHICKA3BIBAHUN
P u @ maseBaior coctaBHOe BbicKazbiBanue Buga (P u (). Ono mpu-
HUMACT UCTUHHOEC 3HAICHNE TOJBKO B TOM CJIyvae, KOr'aa MCTUHHBIL 06e
€ro COCTaBHBIE YacTU. Takoe Ompe/eneHne XOpOoIIo COTJIACYEeTCI C OOBIT-
HBIM [TOHUMAHUEM COIO33a, (M) B Pa3TOBOPHOM s3bIKe. COOTBETCTBYIOMAA
TabInUIa UCTUHHOCTH — Tabm. 2.2.

Tabauna 2.2
P

EEESER=ISH RS

= = A s

= Ae e

Auzvrionkyueti Wi 402UYECKUM CAONCEHUEM TBYX BHICKA3BIBAHUN P
u () HasbIBaeTCsA cocTaBHOe BhICKasbiBaHue (P mum (). OHO mcTuHHO,
ecau XoTA ObI OHA U3 €€ COCTABHBIX YaCTEd MMEET UCTUHHOE 3HATCHME,
ITO B HCKOTOPOM CMBICJIC TAKX€E COrIacyeTcsa C O6]>IA€HHI)IM IIOHUMaHUM-
eM cow3a «mim. [Ipyrumu crosamu, (P wiau Q) oznagaer, aro «uau P,
wia (), i u TO, U Apyroer. TabiIua UCTUHHOCTH AU3BIOHKIAEA 060-
3HavYeHa Kak Tabi. 2.3.

Tabaua 2.3
P Q (P um Q) |
n n n
n JI n
JI nu n
JI JI JI

IIpumep 2.2. Y10 MOXHO CKa3aTh 00 UCTHHHOCTHU COCTABHOI'O BHICKA-
3pIBaHUA: «1OO0 JIyHA meaaeTcs u3 3emeHoro coipa u ['erpux VIII mmen
IIECTH JKeH, WX He BePHO, ITO APOHT. BLIMep)?

Pemenne. O6o3HauM 1Uepe3 P BHICKa3bIBAHUE «IyHA JEIAeTCA U3 3e-
JEeHOro chipay, depe3 () — «l'empux VIII mmen mects xen» u depes
R — «gpoHT BEIMep». CHMBOIBHAA 3aIMCh TAHHOI'O BHICKA3LIBAHUA NMe-
er Bug: (P u Q) manm (He R). UI3BecTHO, 4TO BHICKa3bIBaHue P JI0XHO,
a @ u R ncrunnsr. [losTomy BrickasviBanue (P u Q) mian (He R) umeer
Takoe uctTuHHOCTHOE 3HadeHwe: (JI u W) mum JI, gro skBusamzenTHO JI.

1,/I[pOHT — BBIMEpIIAA NTULIA OTPALA IoaybeoO6pas3HbIX, 0O0UTaBIIAA HA OCTpoBax UH-
ourcKoro okeana u uctpebaenHas B XVII-XVIII B.. 3aBe3eHHBIMU TyAa CBUHbBA-
vu. — IIpum. nepes.
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[IBa COCTaBHBIX BBLICKA3BLIBAHUA, IOCTPOCHHBIC M3 OJHUAX U TEX XKE
MPOCTHIX YTBEPKACHUN, HO PA3HBIMU Iy TAMU, MOTYT IPUHUMATE OJU-
HAKOBBIE 3HAYEHUA UCTUHHOCTHU HA, JIOOOM BO3MOXHOM HAOOPE 3HAYCHUN
UCTUHHOCTU CBOUX COCTABHBIX YaCTed. Takue BHLICKA3LIBAHWA HA3LIBA-
I0TCA A02UYECKU IKEUBAAECHITIHDIMY.

ITpumep 2.3. Ilokasats, uro BeicKasbiBauue (He (P u (He (Q))) aoru-
“YEeCKU DKBUBAICHTHO yTBepXkaeHuio ((He P) mam Q).

Pemenne. 3anorrum coBMecTHy Tabmuiy ucTuHHOCTZ (Tabl. 2.4)
IJI COCTABHBIX BBICKA3BLIBAHUM!

R = (me (P u (He Q))) u S = ((ue P) mmm Q).

BCHOMOI‘aTeJIbeIe KOJIOHKW MCIIOJIb3YyIOTCA M IIOCTPOCHUA O6OI/IX BBI-
paxenuu u3 P u ().

Tabauma 2.4
P Q "e P He P u (me Q) R S
n n JI JI JI n n
n JI JI n n JI JI
JI n n JI JI n n
JI JI n n JI n n

[lBe mocaegHIe KOJOHKYU TAOIUILI UACHTUIHBL. DTO O3HAYMAET, ITO BbI-
CKasbIBaHME R JIOrmvYecKy SKBUBAJEHTHO BBLICKA3BIBAHUIO S.

Baxuo u3y4uTh eie OgWH TUI JOTHIECKOI'O OIEepPaTopa, Pe3yib-
TATOM KOTOPOIL'O SABIAETCA YCA08HOE BbiCKa3bisanue. IIpumepom Tako-
IO BBICKA3BIBAHUA ABIAETCA CIEAyIOUIEE: «eCau 3aBTpa OymeT cybOoTa,
TO CEerofHsA — IITHUIAY. [Ipu ompemeseHnr UCTUHHOCTHOTO 3HATCHUS
YCIOBHOT'O BBICKA3BIBAHUA, HEOOXOIUMO PA3AINYIATH (DAKTUIECKYIO NCTH-
HY U JOTUIECKYIO.

PaccmoTpum BricKaswiBanue «ecau P, To (Q». B Tom ciydae, korga
IpPEeANnOChLTKA P MCTUHHA, MBI HE MOXKEM IOJIY IUTh JUTHIeCKYA KOPPEKT-
HOT'O 3aka4ueHusd, ecau () goxuao. OoHAKO eciau mOoChUIKa P JI0XHA, MbI
“MeeM JOTMIeCKN KOPPEKTHOE BLICKA3LIBaHME W KOraa () JOXKHO, U KO-
ra OHO UCTUHHO.

IIpumep 2.4. Ilycte P — (m0xHOe) BbicKasweiBanume 1 = 5, Q —
(Toxe moxHOE) BBRICKasbBaHWE 3 = 7 u R — (ucTuHHOE) yTBEpXKAE-
uue 4 = 4. [lokazaTh, 9TO yCIOBHBIE BBICKA3BIBAHUA: «eciu P, To (Q» u
«ecu P, To Ry, — 06a UCTUHHBL.

Pemenune. Ecam 1 = 5, To, npubasasas 2 x obeum IacTsAM PABEHCTBA,
MBI TIOIy UM, 910 3 = 7. CaemoBaTenbHO, BHICKasbiBaHue «ecau P, To (Q»
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crupaBemauBo. Berarem Teneps u3 ob6eux dacTerd paBeHCTBa 1 = 5 9ucao
3unpugem k —2 = 2. [Moaromy (—2)? = 22, 1.e. 4 = 4. Takum o6pasom,
«ecu P, To R» TOXe BepHO.

B jormke yciaoBHOE BBICKasbIiBaHWE «eciu P, To ()» IPUHATO CYIU-
TATh JOXHBIM TOJIBKO B TOM CIyd4ae, KOrjaa npednocviakae P uctunna, a
3akarouenue ) M0xHO. B 11060M APYyroM CIydae OHO CIUTAECTCA UCTUH-
HBIM.

Wcnoas3ys cumMBOM MMILIUKAIUK «=», MBI nuiieMm P = Q) mias 060-
3HAYEHUS YCIOBHOTO BBICKa3bIBaHUA «eciau P, To (». Takasa samuck 4u-
Taerca Kak «u3 P caenyer (O unum, «P Brever (Q», wim «P nocTaTovHO
st (Qy, mwiam «() Heobxomumo maa Phr.

Tabauma NCTUHHOCTY UMILIUKAIIMY IpUBeneHa B Taba. 2.5.

Tabauia 2.5
P Q (P=Q)
n n n
n JI JI
JI n n
JI JI n

IIpumep 2.5. BrickasviBanue ((He Q) = (me P)) HazwBaeTCI npo-
MUBONOAOHCHBIM WU KOHMPANO3UMUEHbIM K BbICKasbiBanuio (P = ().
[MokazaTk, aro ((HE ) = (He P)) mormvecku S5KBUBATEHTHO BBICKA3BI-
Bauuio (P = Q).

Pemenune. Paccmorpum coBmecTHyo Tabuuiy ucruaaocty (Tabm. 2.6).

Tabauia 2.6
P Q He P He (P=Q) (e Q) = (me P))
n n JI JI n n
u JI JI u JI JI
JI u u JI n n
JI JI n n n n

[Mockonbky aBa mociemHUX CTOJAONA DTOU TAOIUILI COBIANAIOT, TO W
BBICKA3BIBAHMUA, O KOTOPBIX UAET PeYb, JOTMICCKU SKBABAJCHTHEL.

2.2. lNpeauKkaTbl U KBAaHTOPSI

Jloruka BBICKa3BIBAHUU IPUMEHAETCA K IIPOCTHIM AEKIaPATUBHLIM BbI-
CKa3bIBAHUAM, rje 0a3UCHBbIE BBHICKA3BIBAHUA — JUOO WCTUHHBI, 10O
JOXHBI. Y TBEDXKIEHU, COMepKaIre OqHy 1 601ee mepeMeHHBIX, MOT'Y T
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ObITH BEPHBIMU IPU HEKOTOPHLIX 3HAYEHUAX HEPEMEHHBIX U JOXHBIMU
IIpU IPYTHX.

IIpeduramom HA3BIBAETCS yTBEPXKACHUE, COMEPKAIIEE IIEPEMEHHEIE,
MPUHAMAIOIIEE 3HAYCHNE UCTUHBI WA JXKYU B 3ABUCUMOCTHU OT 3HAYMEHUN
nepeMeHHBIX. Hampumep, BeIpaxeHue «r — IeJ0e UHUCIO, VIOBIETBOPSI-
fOIllee COOTHOWMICHUIO & = I°» ABIACTCA MPEIUKATOM, MOCKOIBKY OHO
vctuHHO IpU £ = 0 mwin £ = 1 ¥ T0XHO B 1I060M APYTOM CIydae.

Jlormveckue omepanmuy MOXHO NPUMEHATH W K INpeamkaTaMm. B 06-
meM CIydae UCTUHHOCTH COCTABHOT'O NPEAUKATa B KOHEIHOM cUeTe 3a-
BUCHUT OT 3HQYEHUU BXOAAIIMX B HEro nepemMeHHbrx. O THAKO CyIIeCTBY-
I0T HEKOTOPBIE, elIe HE3HAKOMbIE BaM Joruvieckue onepaTopsl (Ha3bIBa-
eMBIE KBAHMOPAMU ), TPUMEHEHNE KOTOPBIX K MPEIMKATAM IPEBPALIAET
MIOCJAEHYE B JIOXKHBIE IV UCTUHHBIE BEICKA3BIBAHUA.

IIpumep 2.6. Kakwue u3 ciaeqyiommnx BEICKA3BIBAHUNA UCTUHHBL, & KAKUE
JIOXKHBI!

(a) Cymma BHyTpEHHUX yIJIOB JTI00G0TO TpEyroabHUKa paBHa 180°.

6) Y Bcex KOIIeK eCTb XBOCT.

(6)
() Haiigercsa menoe €mcio &, yIOBIETBOPAIONIEE COOTHOMEHHUIO T2 = 2.
(r)

r) CymecTByeT mpocToe IeTHOE TUCIO.

Pemenne.

WUcrur=O.

JloxuO. Y 6€CXBOCTON! KOWIKA XBOCTA, HET.

JloxHo.

Ucruamo. Yucmo 2 sBaseTcs u NPOCTHIM, U I€THBIM.

B npumepe 2.6 mbr umeem geno ¢ HAOOpOM OOBEKTOB W yTBEPXKI€-
HUSAMEI O TOM, YTO HEKOTOPOE CBOMCTBO MMEET MECTO Ja4f 8CET PACCMa-
TPUBAEMBIX OOBEKTOB, WIKM 9TO Hatdemcs (cywecmeyem) N0 KpanHen
Mepe OAuH 00BEKT, 00/IaJaI0IINKA JAHHEIM CBOMCTBOM.

BoIpaxkeHus «IIs BCEX» U (HAUAETCA» («CYLIECTBYET») HA3LIBAIOT-
€A KBAHTOPAME M 0003HAMAIOTCA, COOTBETCTBEHHO, V 1 1. Bruouas B
IPEIUKAT KBAHTOPBI, MBI IPEBPAIIAEM €r0 B BBICKA3LIBaHUE. [lo3TOMY
OPEIUKAT ¢ KBAHTOPAMI MOXET OBITh MCTUHHBIM IV JOXKHBIM.

! BecxBocTas KOIMIKa — PAa3HOBUIHOCTH JOMAIIHEN KOmKH. — IIpum. nepes.
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IIpumep 2.7. OGozmauum wepes P(r) nmpegukar «r — nenoe Iucao u
1?2 = 16». BoipasuTe cioBaMu BhicKasbiBamme: 1z @ P(x) m ompenemuTe
ero UCTUHHOCTHOE 3HAYCHHUE.

Pemenue. BrickaswBanme Jx : P(x) ozmadaer, 9T0 HAUAETCA Ue-

J0e 9HCIO T, YAOBIETBOpsIomee ypaBHeHmio z° = 16. Boickasnizamue,
KOHEYHO, MCTUHHO, IOCKOIbKY ypaBHeHEe z° = 16 mpespamaercs B Bep-
moe Toxaectso npu r = 4. Kpome Toro, + = —4 — Takxe pemuieHue

naaHOro ypasHerusa. O THAKO HAM He TpebyeTcsa PacCy X IaTh O 3HAKE Ie-
PEMEHHOU I, ITOOBI HIPOBEPUTH UCTUHHOCTD BHICKa3biBaHuA 3z : P(x).

IIpumep 2.8. Ilycts P(z) — mpegukar: «r — BEMECTBEHHOE TUCIO U
22+1 = 0». BeipasuTe croBamu BhICKasbIBague: 3z : P(x) m ompenemuTe
€ro UCTUHHOCTHOE 3HAYMECHIUE.

Pemenne. [JanHoe BBICKA3bIBAHIE MOXHO IPOYMATATH TAK: CYIIECTBYET
BEIIECTBEHHOE WHCIO Z, YAOBIeTBOpAomee ypapaenumo -2 + 1 = 0. [lo-
CKOJBKY KBaJpaT JIOOOT0 BEIIECTBEHHOT'O YMCIA HEOTPHUIATENEH, T.e.
z? > 0, MbI HorydaeMm, uTo z2 + 1 > 1. ClegoBaTelbHO, YTBEPXK CHHE
Jz: P(x) a0xHO.

OTpurianue BHICKA3BIBAHUA U3 TPUMEPa, 2.8 3aIUCHIBAETCA B CAELYIO-
wem Buge: He 32 : P(r). DT0, eCTEeCTBEHHO, ICTUHHOE BHICKA3BIBAHUE,
KOTOPO€ 03HAYAET, 9TO HE CYUIECTBYET BEIIECTBEHHOI'O HUCIA T, YIO-
BIeTBOPAIOMEro ycaosuio 2 + 1 = 0. MupiMu croBaMu, KaKoBO GBI HI
6BLI0 BemecTBenHOE T, T2 + 1 # 0. B cuMBoabHOR hOpME DTO MOXKHO
3anucaTh Kak vV He P(z).

[ns obmero npeaukara P(z) ecTh creayomme JOruaecKne SKBUBA-
JeHTHOCTH?:

He Jz: P(z) & Vz me P(z);
e Vz P(z) & 3z : P(x).

Kak mnokasbiBaeT CIeayomuyi npuMep, HEKOTOPBIE TPYIHOCTH BO3-
HUKAIOT, KOI'la B BHICKA3LIBAHUU yIacTByeT Oojee OLHOT'O KBAHTOPA.

IIpumep 2.9. Ilpeamonoxwm, ITO T U Yy — BEIIECTBEHHBIC TUCIA, A
P(z, y) obosragaer npegukat x + y = 0. Berpazure kaxmoe 3 BBICKa-
3BIBAHUU CJIOBAMU U ONPENETUTE UX UCTUHHOCTb.

(a) Yz Jy: P(z, y);
(6) Jy: YV Pz, y).

’B cuMBOABHOM (HOPME JOIMYCCKN SKBUBAJICHTHBIC BBHICKA3LIBAHHA OGO3HATAIOTCA
3HAYKOM « < ». — IIpum. nepes.
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Pemenne.

(a) BreickaswiBanme Vz Jy: P(x, y) rOBOPUT O TOM, ITO i IOOOTO
BEIIECTBEHHOrO 9UCIA I HAMAETCA TaKOe BEIIECTBEHHOE TUCIO Y,
aro z+y = 0. OHO, 09eBUHO, BEPHO, TOCKOIBbKY KAKO€e ObI TUCIO L
MBI HU B3sAAM, YUCIO Yy = — obpamaeT paBeHCTBO T +y = 0 B
BEPHOE TOXAECTBO.

(6) BreickaswiBanme Jy : YV P(z, y) duraercsa cregyomuM o6pa3oM:
CYIIECTBYET TAKOE BEIIECTBEHHOE TUCJIO ¥, ITO IJIA JIOOT0 Bele-
CTBEHHOT'O 9YUCIA T BBHIIOJHEHO PABEHCTBO T + y = 0. DTO, KOHEd-
HO, HE TaK: HEe CYIIECTBYET BENIECTBEHHOTO IUCIA Y, OOJIAIAI0MEr0
YKa3aHHBIM CBOﬁCTBOM. CJIeAOBa,TeJH)HO, BBICKA3bIBAHUE JOXHO.

2.3. MeToapl fOKa3aTenbCTB

[Ipm mokazaTenbCTBe TEOPEM MPUMEHIETCA JOTMIECKAA APTyMEHTAIINA.
lokazarenscTBa B MHPOPMATAKE — HEOT'HEMIEMAsA YaCTh MPOBEPKU
KOPPEKTHOCTH aaropuTmMoB. Heo0Xo1uMocTh [0Ka3aTeIbCTBA, BOSHUKA-
€T, KOrJa HaM HYXHO YCTAHOBAThH UCTUHHOCTH BBHICKA3LIBAHUA BUIA,
(P = Q). CymecTByeT HECKOIBKO CTAHIAPTHBIX THIOB HOKA3ATEIBCTB,
BKJIOYAIOIINAX CJAENYIONIE:

1. IIpsamoe paccyxgerwme. llpeqnonaraem, 9To BoicKa3biBaHue P uc-
TUHHO M TOKa3bIBAEM CIpaBeaauBocTh (). Takon cmocob mokasaTenab-
CTBa UCKJIIOYAET CUTYAIHUIO, KOTaa P ucTuHHO, a () — JOXHO, TOCKOJIb-
Ky UMEHHO B DTOM M TOJBKO B 5TOM ciydae uMmmiukamus (P = Q)
IPUHUMAET JOXHOe 3HadeHue (cM. Tabu. 2.5 Ha cTp. 27).

2. O6parnoe paccyxzgenme. llpegnoraraeM, 9To BBHICKa3bIBaHEE ()
JOXHO U IOKa3biBaeM omu609HOCTh P. To ecThb, haKTUIeCKH, IPAMBIM
croco60M TpoBepseM HCTHHHOCTH mMmankanuu ((He ()) = (me P)),
9ITO COIVIaCHO IIpUMeEpy 25, JOI'MTI€CKN SKBUBAJECHTHO MCTUHHOCTHU HUC-
xoxuOro yreepxaeausa (P = Q).

3. Merog «or nmporuBroroy. llpennonoxwus, 910 BhICKa3bBaHUE P
UCTUHHO, a () JOXHO, UCIIOAb3YsA aPrYMEHTUPOBAHHOE PACCY XK [EHUE, [T0-
Jy9aeM OPOTHUBOpedre. DTOT CHOCO0 OMATH-TAKKA OCHOBAH HA TOM, UTO
nvummkanua (P = () npuHEMAET J0XKHOE 3HAYEHHNE TOMLKO TOT/A, KO-
raa P nctuuHO, a () JOXHO.

IIpumep 2.10. [okaxwuTe NpAMBIM CIIOCOOOM PACCY X AEHUN, ITO TPO-
M3BEICHUE TY ABYX HEUETHBIX [EILIX IUCENT T U Y BCEr/a HEIETHO.
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Pemenune. I[Ipexpge Bcero samernm, 4To a060e HEIETHOE UUCIO, U B
9aCTHOCTH X, MOXHO 3amnucaThb B Buge £ = 2m + 1, rge m — menoe
quciao. Auanmorudno, y = 2n + 1 ¢ HEKOTOPBIM LETBIM 7.

SHAMUT, TPOU3BEICHUE

zy=02m+1)2n+1) =4dmn+2m+2n+1=22mn+m+n)+1

TOXE ABJACTCA HECICTHBIM YINCJIOM.

IIpumep 2.11. Ilycte n — maTypaasuoe [mcio. [lokaxwmre, MCHOIL-
3ya 06paTHBIR CIOCO6 JOKA3ATEILCTBA, ITO €CIX N° HEIeTHO, TO ¥ 1

HEYIETHO.

Pemmenne. OTpI/IIIa,HI/IeM BBICKA3bIBaAHUA O HCYCTHOCTHU "IUCIA n2 Cay-

XKUT YyTBEPXKIACHUC (<’I’L2 YEeTHO», a BBICKAa3bIBAHME O YETHOCTHU 71 ABJIA-
€TCS OTPUIIAHUEM YTBEPKAECHUA «IUCIO N HEYETHO». Takum o6paszom,
HAM HYXHO MOKA3aTb MPAMBIM CIIOCOGOM PaCCyX I€HUU, ITO IeTHOCTD
q;cIa 7 BIeIeT YeTHOCTDb ero KBagpaTa n’.

Tak xak n 9eTHO, TO N = 2m g Kakoro-To mejaoro uucaa m. Cie-

moBarensHo, n’ = 4m? = 2(2m?) — 4erHoe UmCIO.

IIpumep 2.12. MeTomoM «OT IPOTHUBHOTO» MOKAKWUTE, ITO PEIICHUE
ypaBHeHus 2 = 2 ABIAETCA UPPAIUOHAILHBIM THCIOM, T.€. HE MOMXKET
OBITH 3AIIMCAHO B BUAE APOOU C MEJBIMU UCIUTEIEM W 3HAMEHATEJIEM.

Pemenne. 3aech HaM clefyeT NOIMYCTUTH, 9TO PEIIEHUE T yPABHEHUA
7? = 2 paIMOHAILHO, T. €. 3AIUCHIBACTCA B BUE APOOU T = 7L C HeTBIMu
m u n, npudem n # 0. [Ipeamosoxus 310, HaM HEOOXOAUMO MOJYIUTH
MIPOTHUBOpetne JubO0 C IPEeAIoN0XeHneM, Ju60 ¢ KaKUM-TO paHee T0Ka-
3aHHBIM (PAKTOM.

Kak m3BecTHO, palMoOHAJBHOE YUCIO HEOTHO3HAMHO 3aMUCHLIBAETCA
B Bune npobu. Hampumep, v = 7 = 22—21 = %—2’” u 1. 1. OxHAKO MOX-
HO CUMTAThL, IYTO M W 7 He HMET OOImMX AeIuTener. B sToM caydae
HEOTHO3HAYHOCTD 3AIIMCHU IPOMATAET.

Urak, npegnonaraeM [OMOIHUTENBHO, ITO APOOb T = T HECOKpa-

Tuma (m u n HEe UMEIOT 00mmx gemurenenn). [lo ycaoBuio wmcao = ymo-

2
BICTBOPACT ypPABHEHUIO T = 2. 3HAYHT, (%) =2, oTkyma m? = 2n2.

I3 mociefHero paBeHCTBA cIegyeT, uTo aucio m’ derHo. Ciresoba-
TEIBHO, M TOXe IeTHO (cM. yup.a(6)) u MOXeT GbITH MPEJCTABICHO B
BUe M = 2p IS KAKOro-To memoro duciaa p. llogcrasus sty madopma-
7IO B PABEHCTBO M’ = 2n?, MbI moay«duM, 910 4p? = 2n?, T.e. n? = 2p?.
Ho Torga n Toxe ABIA€TCA YeTHBIM 9ACAOM. Takum 06pasoM, MBI IO-
Ka3aJu, ITO KaK 1, TaK U N — YeTHbIe Juciaa. [losromy onu 06aa a0t
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obmwmmM geaureneMm 2. Ecan xe Tenepb BCIOMHUTDH, 9TO MBI IIPEIOIAT A~
J OTCYTCTBUE OOIIETO ACTATENA y IACTATENS ¥ 3HAMeHATeIA Jpobm
TO YBUUM ABHOE IPOTHUBOPEYINE.

Hammennoe mpoTuBOpeyune NPUBOIUT HAC K OJHO3HAMHOMY BBIBOLY:
pellleHye ypaBHeHHA 72 = 2 He MOXeT OBITH PANMOHAILHBIM IHCIOM,

T. €. OHO UPPAIIMOHATILHO.

2.4. MareMaTnyeckan UHAYKUMA

KoMmnboTepryo mporpaMMmy B WH(OPMATHKE HA3LIBAIOT NPaEULbHOU
WIA KOoppexmmoti, ecIu OHa AeJaeT TO, ITO yKas3aHO B ee cuerudpuka-
nnu. HecmoTpsa Ha TO, 9TO TeCTHPOBAaHUE IPOrPAMMEI MOXET 1aBaTh
OXUJIAEMBIA PE3YIbTAT B CAY9Iae KAKUX-TO OTIENbHBIX HAYAILHBIX JAH-
HBIX, HEOOXOQUMO MOKA3aTh MpUeMaMu (POPMATLHOU JOTUKHU, ITO MPaA-
BUWJIbHBIE BBIXOJHBIE NAHHBIE OyIyT HMOMYYIATHCA HOPU JIOOBIX BBOIUMBIX
HadaabHBIX 3HaveHuAX. O MOKa3aTerbCTBaX TAKOro copra OymeT pac-
CKa3aHO B NPUWIOXKEHUU, PA3MEIIEHHOM B KOHIIE DTOU TJIABHL

[IpoBepka KOppPEKTHOCTH AJITOPUTMA, CONEPKAIIETO MUK, HY XK 1a-
€TCA B LOBOJBHO MOITHOM MeTO/e I0Ka3aTelbCTBa, KOTOPLIX HAa3bIBaeT-
CA «(MAMEMAMUNECKAS UHIYKYuAy. IIpOIeMOHCTPUPYEM MPEAMYIIECTBA
3TOr'0 BaXHOI'O METOZa, IO0Ka3aB KOPPEKTHOCTH CAEAYIOUIero PeKyp-
PEHTHOTO AJITOPATMA, OMPEAEIIIONEr0 MAKCUMAILHBIA DIEMEHT U3 Ha-

6opa a1, ag, as, ..., G, HATYPAIHHBIX TUCE.
begin
1:=0;
M :=0;
while : < n do
begin
ji=i+

M :=max(M, a);
end
end
[lericTBue aaropuTMa Ha HaboOpe HaHHBIX: a1 = 4, ao =7, a3 =3 1
a4 = 8 mpocaexeHo B Tabia. 2.7.

Tab6auma 2.7
J M j < 4?
0 0 Ma
1 4 Ha
2 7 Ha
3 7 Ma
4 8 Her




2.4. Mamemamuueckas uhoyKyus \)

B kxadecTBe BEIXOMHBIX MaHHBIX MBI moay<awmaun M = 8, aTo 6e3ycaos-
HO MPABUIBHO. 3AMETHUM, 9TO MOCIE KAXA0r0 MPOX0Aa IUKJIA, IIePEMEH-
Hag M paBua HambomabieMy u3 ducesa HaOOPA, MPOCMOTPEHHBIX K DTOMY
MOMEHTY.

Ho 6yaeT au anroputM paboTaTh IPABUILHO IPHU JIOOOM BBOIUMOM
Habope Tucen NJIUHBL 717

PaccmoTpum BBOAMMBIN HAGOD a1, G2, G3, - .., G AIAHBL 1. T 060-
sHavuM depes My, s3uavenue nepementnoun M mocie k-ro mpoxoa KA.

1. Eciu MBI BBOAMM HAOOpP @i MIUHBI 1, TO TMKJI CHEJAET TOJBKO
onuu npoxoq u M upucBomTca mambouabiee 3uaxenune u3 0 u ap,
KOTODPBIM, OYEBUAHO, OymeT a1 (HaTypambHBIE “mcaa Oombme ().
B sTom mpocToMm cirydae BeiBOA OymeT TpPaBUILHBIM.

2. Ecau mocine k-ro mpoxoma mukiaa M — HauOOJBIINA DIEMEHT 13
mabopa ai, ag, ..., ak, TO IOCIe creyiomero npoxona My, Oy-
net paBuo max(My, ag41), T. €. MAKCHMAIBLHOMY SJI€MEHTY HabOpa
a1, G2,y ..., Ok, Qf41-

B n.1 mbr mokasanu, 9TO aaropuT™M pabOTaeT MPABUILHO IIPHU JIO-
6om BBOgEMOM Habope mauubt 1. [TosTomy cormacuo m. 2, on 6ymer mpa-
BuiIbHO paboraTh m Ha ai060M Habope miumubl 2. BHOBL mpumenssa . 2
paccy X aeHun, Mbl yOEX aeMCsA, ITO AJCOPUTM pabOTaeT TPABUILHO U
Ha JI00BIX Habopax MAIWHBL 3, U T.A. Takum ob6pa3zom, aJIropuTMm mopa-
BWIBHO paboTaeT Ha JIOOBIX HabOpax MPOW3BOJILHOW JJIWHBL 71, T.€. OH
KOPPEKTEH.

Ha ¢popMaibHOM A3BIKE UCIOAB30BAHHBIN METO] MOKA3ATEILCTBA, BhI-
IVIAAUT CAEYIOMUM 06pa3oM.

IIpunyun mamemamuuecrotli uHIYKYuUY

IIyemv P(n) — npeduxam, onpedesennvili das 6CeL Hamypaio-
HbLT WUCEA T.
IIpednososcum, vmo

1. P(1) ucmuwnno u
2. Vk = 1 umnaurayus (P(k) = P(k + 1)) sepna.

Tozda P(n) ucmumnno npu 41060M HAMYPAALHOM 3HAYEHUL N.
IIpumep 2.13. [JoxaxuTe IO MHAYKIIMU, ITO PABEHCTBO

n(n+1)

LF24 e fn=——

BBIIIOJIHEHO IIPU BCEX HATYPAJBHBIX 7.
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Pemenue. Ilycts P(n) — mpegukatr 1 +2+ -+ 4+n = n(n2+1)-

B caydae n = 1 nreBag “acTb paBeHCTBA — HPOCTO 1, a BBIYMCAAA
MPABYIO IACThb, MTOLYIAEM

1(1+1)
2

=1.

CaenoBarensno, P(1) ucrunso.

[Ipenmonoxum Temepnb, ITO paBeHCTBO 1+24---+k =
MEeCTO IId KAKOTO-TO HATYpaibHOro umciaa k. Torma

@ nMeeT

142+ +k+(k+1)=0+2+ - +E)+(k+1)=

_ KD gy =

k(k+1)+2(k+1)) =

(k+2)(k+1)) =
(k+1)(k+2)
—

Takum o6pasom, npu J0O60M HATYPATILHOM k MMILIUKAIAA

P(k) = P(k+1)

CIIPABEINBA. SHAYUUT, IO TPUHIAIY MATEMATUICCKON UHIYKIUY, IPe-
nukaT P(n) mMeeT MCTUHHOE 3HAYMEHUE IIPU BCEX HATYPAIBHBIX 7.

IIpumep 2.14. MeTomoM MATEMATHIECKON UHAYKIMYA HOKAKUTE, ITO
7" — 1 gemurcsa Ha 6 mpu JIOOOM HATYPAJBHOM IIOKA3ATEIE 71.

Pemenune. Ilpexge Bcero HamoMHUM, ITO IEI0€ GUCIO ( AEAATCI HA
mejaoe 9uciao b Torma M TOJBKO TOT[A, KOT'JA BBIMOMHAETCA PABEHCTBO
a = mb npu kakoMm-TO nemom wucae m. Hampumep, 51 gemmrcsa Ha 17,
mockoabKy bl = 3 - 17. Kpome TOro, mia HAmMX PacCyXIeHUU TOTPe-
6yeTcs IpOCTOe CBOUCTBO ASIUMOCTH STUCET, KOTOPOEe YTBEPK IAET, ITO
CyMMa, OeJIANMXCAa Ha b qmcen meanTcs Ha b.

[Iycts P(n) o6osHadaer npegukar «7" — 1 memrurcsa Ha 6».

[Ipz n = 1 umeem

T —1=7-1=6,

T.e. npegukar P(1) umeer ucTuHHOE 3HAYEHME.
pegnonoxum, aro 7% — 1 geawres Ha 6 IPE KAKOM-TO HATYDAJIb-
voMm k. Torma



Habop ynpaxcnenut 2 3\\5)

7k+1

(T -1 =
7(7* —1)+7—1—
(7" —1) +6.

Tax xax 7F — 1 germrcs Ha 6, TO O YHOMAHYTOMY CBORCTBY IETHMOCTIH
cymma 7(7% — 1) + 6 Toxe memurcs Ha 6.

Urax, 7%*t! — 1 nemmrca ma 6, Tak wTO mpw IHO6OM HATYpAIBEHOM k
nvmnukanus (P(k) = P(k + 1)) ucrunna.

VHyK TUBHBIM pacCy X AeHUEM MbI JOKA3AJIU UCTUHHOCTD IPEIAKATA
P(n) muas Bcex HATYPAIBHBIX 7.

IIpumep 2.15. TlociemoBaTeabHOCTE HEABIX YUCET L1, L2, ..., Ly OIPE-
JeleHa, PEKyPPEHTHOU (hPOPMYJION:

z1 =1 u Tkl =2k +8k mpmk =1
JlokazaThb, 9TO mMeeT MecTo dhopmyaa: T, = (2n — 1)? ara Beex n > 1.

Pemenne. Ilpemukar 1, = (2n — 1)2 o6osmaumm wepes P(n). Eciu
n =1, 10 (2n —1)2 = (2 — 1)? = 1, 9T0 NOKA3LIBACT MCTUHHOCTD
BoIcKa3biBaHua P(1).

[omycTum Temeps, 9o x), = (2k —1)? nna mexoToporo k > 1. Torga

Tpp1 = ok + 8k =
= (2k —1)* +8k =
=4k? + 4k +1 =
= (2k + 1)

Ms1 BEAM, 9TO Ty = (Z(k +1) - 1)2 7 IO3TOMY MCTUHHOCTH MMILIN-
kauuu (P(k) = P(k + 1)) moxaszana npu Bcex k > 1. CregoBarensHo,
COIVIACHO MHAYKTMBHOMY HOpuHOuIy, npesukar P(n) npespamaercs B
HICTUHHOE BBICKA3bIBAHME NIPH J0O00M HATYDPAJIbHOM 3HAYCHUN IIepeMeH-
HOU 7.

Habop ynpaxHeHuii 2

2.1. Ilycrs P, Q u R — oupefeieHHbIe CaeqyomuM 00pa3oM BBEICKA-
3BbIBAHUA:
P: A ymwupaio oT Xaxmbl.
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2.2,

2.3.

Q: Mou crakan mycr.
R: Cenvac Tpu gaca.

SanumTe Kaxgoe u3 CIeIYIOINX BHICKA3BIBAHUN KAK JOTHYe-
CKOe BhIpaxeHue, Bkaodatpomee P, Q u R.

(a) S ymumpaio oT XaxIbl 1 MOU CTAKAH HE MYCT.

(6) Cemuac Tpu Uaca, a 1 YMUPAIO OT KaXK IBL.

(B8) Ecam cemuac Tpm 9aca, TO A yMUPAIO OT KK IBL.

(r) Ecam s ymuparo oT XaXabl, TO MOU CTAKAH IIYCT.

(1) Ecam s He yMmpar OT XaxkJAbl, TO MOM CTAKAH HE MYCT.

O6o3Ha MM Yepe3 P BHICKa3bIBAHKE: «PO3bI KPACHBIEY, 8, depe3 () —
«pUATKA CUHEE). SAMAMIATE KaX 10€ U3 CIeIYIONMX BHICKA3BIBA-
HIL:
(a) ecam po3BI HE KPACHBIE, TO (DUATKA HE CUHUE;
(6) po3bI KpacHbIE Win PUATKA HE CUHUE;

(5)

b0 PO3BI KpACHBIE, IUO0 (UAIKU CHHEE (HO HE OJHOBpE-
MEHHO)

KaK JIOT'U'I€CKOE€ BbIPDaXKCHUE.

Ucnonp3ys Tabamnsl HCTUHHOCTH, JOKAXKUTE JOIUIECKYIO DKBU-
BAJIEHTHOCTH BBhICKa3biBaHuU (a) u (0).

CocraBHbBIE BBHICKA3BIBAHUA, IPUHUMAONINE UCTUHHBIE 3HAYMEHUA
pu J0OBIX UCTUHHOCTHBIX 3HAYEHUAX CBOUX KOMIIOHEHT, HAa3bI-
BAaIOTCA MasMoao2uimt. C mOMOIBI0 TabauI] UICTUHHOCTY HAU-
IUTE TABTOJOIUU CPEIU CAEAYIOIINX BHICKA3BIBAHUN:

(a) me (P u (me P));
(6) P = (ue P);
() (Pu(P=Q)=Q.

2.4. Tlokaxwure, 9T0 BeICKa3bBauue (P = Q) = R noruvecku sKBu-

BaJeHTHO BhICKasbBauuio ((He P) = R) u (Q = R).

2.5. O6o3HAYUM |Uepe3 T CIOBO «KOUIKaw, a depe3 P(z) mpegukar «y

€CThb yChI). SAIUIINTE KaXK0€ U3 BHICKA3BIBAHUN B CUMBOJBHOU
dopme:
(a) ycBbI eCTh y BCEX KOIIEK;

(6) mampmercs Komka 6e3 yCcoB;

(B) He OBIBaET KOLIEK C yCAMM.



Habop ynpaxrcnenut 2 \)

3anumuTe OTPUIAHUE BHICKA3BIBaHUA (6) B CUMBOIBLHOU (HOPME,
a OTPUIIAHUE BBICKA3LIBAHWA (B) 3AMUIIMTE KAK CUMBOJAME, TAK
7 CIOBaMHU.

2.6. Ilycts P(r) 03HAYaeT « BBHICOKHWY, a (Q(Z) — «& TOACTBINY, TIe
I — KaKOU-TO 4IeJ0BeK. IIpounTanTe BHICKA3LIBAHUE:

Va (P(z) u Q(z)).

Hanigure ero orpunanue cpeau caeqyiommx yTBEPXK ICHUN:
(a) HAMAETCA HEKTO KODOTKUU U TOJICTHIN;

6

HET HUKOI'O BBICOKOT'O ¥ XYIOTO;

2.7,

(6)
(B) HAMAETCHA HEKTO KOPOTKUU WIM XyJOU.
(a)

HpﬂMBIM pacCyXxXneHueM MJOKaXNWTe€ NCTUHHOCTBb BBICKA3bI-
BaHWUA:

n U M — YEMHbIE YUCAL = 1 + M — YUCAO YEMHOE.

(6) [Maure 0O6paTHOE NOKA3ATEILCTBO BHICKA3BIBAHMUA:

’fl2 — YEMHOE YUCAO = T — UEMHOE.

(8) MeTomoM «OT IPOTUBHOI'O» JOKAXKUTE, ITO

N+ m — HEeYeMmHOEe YUCAO = 00HO U3 CAA2AEMBLT
ABAACITNCA YEMHbIM, A (?pyaoe — HEYECMHLIM.

2.8. JlokaxuTe Kaxa0e U3 BEICKA3BIBAHUNA METOJOM MATEMATUIECKON
WHAYKIUHA.

(a) 14+5+9+4+ -4+ (4n—3) = n(2n —1) guas Bcex HATYPATLHBIX
THucen n.

(6) 124+2%+---4+n? = tn(n+1)(2n+1) a1 Bcex HATYpATLHBIX
qmcen n.

1 1 1 __n
(B) T3tss+- -+ @n=1)-@n¥1) — Znfl AL BCEX HATYPAIbHBEIX
THUCEI 7.

(r) Ymcmo nd —n mgerwTcs Ha 3 IPH BCEX HATYpPAIbLHBIX BHAMC-

HUAX TUCIA N.

(m) 1-1142-214---4+n-n! = (n+1)!—1 gas Bcex HATYpaAIBHBIX
qucen n.

(CumBoa n! amraerca xak «n paxkTopmam u 0003HATAET TPO-

U3Be/eHNe BCEX HATYPAIbHBIX YUCEA OT 1 10 N BKIIOYATENIHHO:
n!l=1-2-3---(n—1)-n.)
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2.9. TlocremnoBaTeabHOCTH HATYPAJBHBIX GHUCEI X1, L2, - .., Ly OMPE-
IenseTcs PeKyppeHTHOU (hPOPMYION

L

T =1 u Thyl = mpu k > 1.

TE + 2
Boraucaure x9, r3 1 4. JOKaXuTe M0 MHIYKINM, ITO

1
2an —1

Ty —

I Bcex 1 > 1.

2.10. IlociaemoBaTerbHOCTH HATYPAIBHBIX IUCET L1, L2, - .., Ly ONPE-
IenseTcs PeKyppeHTHOU (hOPMYION

r1 =1, 9 =2 un Tg+1 = 2T —TK—1 upum k > 1.

Boraucnure x3, x4 m x5. Hargure o6uyio dpopmyny aas T, u
IOKAXUTE €€ NCTUHHOCTD WHIYKTUBHBIM METOIOM.

Kpatkoe coaepxaHue rnasbl

Jloruka npencrasiaser cobod HaGOpP TPABWI A TONyYeHUs 00O0CHO-
BaHHBIX BBIBOJOB.

Broicka3bpIBaHHMEM HA3LIBACTCA yTBEpX AE€HUE, UMEIOIICEe NCTUHHOCTHOE
3HaYCHUE, T.€. OHO MOXeT OBITH UCTUHHbIM WA AOHCHLIM.

CocTaBHOE BBICKA3LIBAHUE MOXET OBITh MOCTPOEHO U3 APYTHUX C IO-
MOIIBIO JOruYecKux onepanui. Hanbosee yrmoTpeOuTeabHBIMEI OMEPAIIT-
AMU ABAAIOTCA U, WM, €CJIHA ... TO U HE.

B Tabx. 2.8 cBegeHnl TaGIUAIIBI HICTUHHOCTHY JOTUIECKUX ONEPAIAN H,
WIN U =.

Tabauma 2.8
P Q Pud@ P wm Q (P=Q)
n n n n n
n JI JI n JI
JI n JI n n
JI JI JI JI u

[IBa, COCTABHBIX BLICKA3BIBAHUA HA3BIBAIOTCA JIOTUYIECKHN DKBUBAJICHT-
HBIMHM, €CIM OHU I[PUHUMAIOT OJUHAKOBBLIE 3HAYEHUA MCTUHHOCTHU HA,
a1060M HabOOpEe UCTUHHOCTHBIX 3HAYEHUN CBOMX COCTABHBIX IaCTEH.



Ipusoxcenue. Koppexmmnocmov as2copummos \)

BrickasbiBaHTE 0 CBOMCTBAaX IMEPEMEHHOU I HA3BIBAIOT IMIPEJUKATOM U
o6o3HaIaIOT, HApuUMeEp, Tak: P(x).

[Mas Bcex (V) u cymecrByeT (J) — 5T0 KBAHTOPBHI.

IIpm mokazaTeabcTBe MPAMBIM PAaCCyKJE€HUEM YTBEDXIECHUSI BUIA
(P = Q) u3 npeanonoxennsa 06 nCTUHHOCTH P BBIBOAAT MCTUHHOCTS (.

O6GpaTHOEe pacCcyX A€HME B JOKA3aTEIbCTBE OCHOBAHO HA JOIMIECKOM
SKBUBAJEHTHOCTH BHICKasbiBaHuY (He () = He P) u (P = ().

Meron mokaszarenbcrsa uMmmuukanua (P = (), opu KOTOPOM U3 IpE/-
TOJIOXKEHUA O JOXKHOCTHU () U UICTUHHOCTY P NPUXOAAT K IPOTUBOPEUUIO,
HAa3BIBAIOT METOAOM «OT IIPOTHUBHOI'O».

MaremaTun4ieckas HHAYKIIAA [I0JE3Ha IIPU NOKa3aTEJIbCTBE BBICKA-
3bIBaHUA, KCTUHHOI'O MJd BCEX HATYPAJbHBIX THUCEJI.

IIpuHOMI MaTeMaTUIECKON MHAYKIMU — DTO CIeAYIomas TeopeMa;

IIyecmv P(n) — npeduram, onpedesennvili 0as 6CEL HAMYpPaib-
HOLE 1.
IIpednososcum, 4mo

1. P(1) uecmuwnno u
2. Vk = 1 umnaurayus (P(k) = P(k + 1)) sepna.

Tozda P(n) ucmumnno npu 41060M HAMYPAALHOM 3HAYEHUL T.

[Mpunoxxenne. KoppekTHocTb anroputMos

YT06bI OKA3ATH KOPPEKTHOCTD AATOPUTMA (MHBIMU CAOBAMMY, yOEIUTH-
s, 9TO OH JIeJaeT UMEHHO TO, YTO U IPEIYCMOTPEHO), HAM HYXKHO IIPO-
BEPUTH BCE U3MEHEHWsA MEPEMEHHBLIX, B HEM HUCIOIb3yeMBIX d0, 6 me-
wenue u nocie paboTHl AICOPUTMA. JTU U3MEHEHUA U YCIOBUA MOXKHO
paCCMATpPUBAThL KaK HEOOJBIINE YTBEPXK ACHUA WIN IPEIAKATHL.

[Iycts P — npenukar, MCTUHHBIA [IJA BXOTHBIX TAHHBIX AICOPUTMA
A, 1 () — IpeauKaT, ONMUCHLIBAIOIIAY YCIOBUA, KOTOPBIM JOJXKHEI Y I0BJIE-
TBOPATH BBHIXOAHBIE AaHHBIE. BrickasbiBanue { P} A {Q)} o3mauaer, uro
«ecau paboTa aaropurMa A HAUUMHAETCA ¢ UCTUHHOTO 3HAYEHUA MPeIu-
kaTa P, To OHAa 3aKOHYUTCA TpU UCTUHHOM 3HadeHuu (Q». [Ipenukar P
HA3BIBAETCA 8LOOMbIM YCAOBUEM WA NPEJYCao8uem, a () — BbILOIHbIM



@ T'aasa 2. Jloeukxa v dokazamenbcmeo

ycaosuem umm nocmycaosuem. BreickasbiBanue { P} A {Q} camo aBiaer-
ca npegukaroM. [losToMy HOKA3aTEILCTBO KOPPEKTHOCTH AIrOPATMA
A paBHOCHIBHO fokasarerbcTBy uctuaaoctu {P} A{Q}. Muaa npocreix
AJITOPUTMOB HTO [AEIaeTCI LOCTATOYHO IPAMOIAHENHO.

3agada 1. [Jokaxure KOPPEKTHOCTHL aaropurma Pa3nocmes.

Paznocmo
begin

Zi=T —y;
end

Pemenue. B mannoMm caydae mpeayciroBueM P ABIAIOTCA pPaBEHCTBA:
=z uy = y;. llocrycmoBue () — 310 z = 1 — ;. [Ipegukar

{P} Paznocme {Q}

YUTAETCA KAK «eCIn T = T1] U Y = Y1, TO 2 = 1 — y1». ICTUHHOCTH mO-
CIIETHETO TPEIUKATA JErKO MPOBEPAETCA MOACTAHOBKON & = T1 U Y = U1
B TEJO AJITOPUTMA, COAepXkKaliero mepeMmenusie z, £ u y. C dopmanb-
HOU TOYKHU 3PEHUSA COOTHOIIEHUA: 2 = T — Y, T = L1 U Y = Y] BIEKYT
TOXJIECTBO Z = T1 — Y].

Korga B anropurme A mpouCXOQUT MHOIO PA3IUIHBIX AEUCTBUU C
epEMEHHBIMU, MBI pa3buBaeM ero Ha moaxomadsmme orpesku Ay, ..., Ay
7 JOKA3BbIBAEM IEMOYKY yTBEDXKJICHUN BUIA

{PAL{@Q1}, {Q1} A2{Q2}, .., {Qn—1} A0 {Q},

rie TOCTYCIOBHE JI000r0 OTpe3Ka CILYXUT IPeIyCIOBUEM CIeLYIOIIEro.

3agaua 2. [lokaxuTe IpaBUWILHOCTE atropurma «Keadpammwiii mro-
20ua€eH).

Keadpammnoviii mnozouaen
{z — BemecrBenHOE HCIO}

begin
Y= ar;
y:=(y + b)z;
yi=y+¢
end

{y = az® + bz + ¢}

Pemenune. Pazobbem anrropurm HA KyCOUKH, 3A(PUKCUPOBAB IIPU STOM
0003HATEHUs IPE/- U MOCTYCIAOBUHA.
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