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IIpeaucaoBue

Ecnu nazvisams Python 3amenoti BASIC, mo mozoa u mpatc-
Gopmep Optimus Prime — 3mo monvko 3amena 2py308uKa.
Cory Dodt

Python — coBpeMeHHBI S3bIK MPOrPAMMUPOBAHUSL, PAOOTAIOIIUI Ha BCEX Pacpo-
CTPAaHEHHBIX OIEPALMOHHBIX CHUCTEMax /I HACTOJbHBIX KOMIIBIOTEPOB. SI3BIK
nporpammupoBanus [Tuton paspabatsiBaercs uyTh 6omnee 20 ner. B Hacrosiee Bpems
aKTHBHO UCIIOJIB3YETCs JIBE BEPCUH sA3bIKa — 00JIee cTapasi Bepcus 2 1 COBPEMEHHas Bep-
cusi. Bepcusa 2 Oonee He pa3BUBaeTCs, HO 0 CHX MOP €II€ MCHOJb3YETCs, MOCKOIbKY
OY€Hb MHOTO NMPOTPAMMHOTO OOecreueHust 1 OMOJIUOTEK pazpaboTaHO UMEHHO IS Bep-
cuu 2. Mexay BepcusiMU €CTh CYILIECTBEHHAs] HECOBMECTUMOCTb, B TOM UHCJIE B CUHTAK-
cuce KOMaH]l BBOJAa-BbIBOJA (Iporpamma Ha si3bike Python 2-ii Bepcun Moxket He pa-
6oTaTh B 3-if BepcUM U HA0OOPOT), HO B IIEJIOM OHU OYEHb TOX0XKH. MBI OyJIeT HCTIOB30-
BaTh IMEHHO BEPCHIO 3, Kak 00Jiee COBPEMEHHYIO U COBEPILICHHYIO.

Python — coBpeMeHHBIN YHUBEPCAIbHBIA UHTEPIPETUPYEMBIN S3BIK ITPOIPAMMH-
poBanus. Ero nocronHcrna:

KpoccmnargopmeHHOCTh U O€CIIIaTHOCTb.

[IpocToii cuMHTakCcMC W Ooratrble BO3MOYKHOCTH IO3BOJISIIOT — 3aIMCHIBATh
MpOrpaMMbl OYEHb KPATKO, HO B TO € BPEMsI IOHSITHO.

[To mpocToTe OCBOCHUS SI3bIK CPAaBHUM C OEMCUKOM, HO Ky1a 6oJjiee 60rat BO3MOX-
HOCTSIMU M 3HAYUTENIBHO 00JIe€ COBPEMEHEH.

boraras cranmaptHas OuMOJIMOTEKA, BO3MOXKHOCTH Pa3paOOTKU MPOMBILIIECHHBIX
npuiioxeHui (s padotsl ¢ cetbto, GUI, 6a3aMu JaHHBIX U T.1.)

BOABIIMHCTBO HIKOJNBHBIX OJMUMIHUAJ [0 MHPOPMATHUKE MOAJECPKUBAIOT S3BIK
Python. C 2015 ronma B Tekctax 3ajad EI'D npuMepbl NPUBOAATCS TAKKE U Ha S3BIKE
Python. [IpakTrka nokassiBaer, uTo 3aganus EI'D no uadpopmatuke, B KOTOPBIX TpeOyeT-
Cs HAIWCaTh MPOrpaMMy, CYUIECTBEHHO IMpPOIIE peuaTh C HCHOJIb30BAHHEM SI3bIKA
Python, yem kmaccudeckux s3pikoB beticuk, [Tackans, C/C++.

PEKOMEHIAYEMAS JIMTEPATYPA

1. Mapxk Jlytu. U3ygaem Python. 4-e n3nanue — oueHb TOJACTHINA U MOAPOOHBII yueO-

HUK.

2. Mapk Cammepduna. [IporpammupoBanue Ha Python 3 — MeHee TONCTBIN, HE CTOH
NoAPOOHBIN yUeOHUK.

3. M. B. CsicoeBa, U. B. CoicoeB [IporpammupoBanue Ajis HOpMaJIbHBIX C HYJIS Ha
a3pike Python B aByx wactsax. Yacte 1. YueOHuk. — MockBa — bazanet CIIO
MAKC IlIpecc, 2018

4. Cysu, P.A. A3bik nporpamMmmupoBanus Python DnexkTpoHHblid pecypce : yueOHOe 1o
cooue / P.A. Cy3u. - S3pix nporpammupoBanusi Python. - Mocksa : MHTepHeT-
Yuuepcutet Mudopmanmonnsix Texunonoruit (MHTYUT), 2016. - 350 c.



IIpakTnueckoe 3ansitue Ne 1
3anuch apupMeTHIeCKUX BHIPAKEHU

HEJIb: 3akperuieHME 3HAaHUKW IO TEOPETHUYECKHM OCHOBAM QJITOPUTMHU3ALMUU U
MPOrpaMMHUPOBAHUS, MPUOOPETEHUE HABBIKOB  MCIOJb30BAHMS
apu(pMETHYECKUX ONepaluii, PyHKIUN 1 MpaBuil 3anucu apudmeTu-
YEeCKHMX BBIPAKEHUU COTIIACHO CMHTaKcHcy sizbika Python.

3HaHMs1, YMEeHHUS U BJIA/IeHUs1, IpUoOpeTaeMbie 00y4alOUIMMCS B pe3yJbTare 0CBoe-

HHUS TeMbl, B paMKax GopMHUpPyeMbIX KOMIIETEHUMH (OIIK-8): CM. IPUJIOKEHUE 2: TIPH-

oOpeTeHre HABBIKOB Pa3padOTKU MaTeMaTHYECKUX Mojeneit (popmMupyercs 4acTh yKa-

3aHHBIX KOMIIETCHITUN).

Teopernyeckas 4acTb
1. OcHOBHBbIE NOHATHS AJITOPUTMHU3ANUN U IPOTPAMMHUPOBAHMS

1.1. 3manbi peweHus 3ada4y Ha OBM

3anauu, periaemsie ¢ noMous0 IBM, MoxkHO Ki1accuUIMpoOBaTh MO Pa3INYHbIM
KpUTEpHUSAM: MO TUIy MHPOpMaUUU U UH(OPMAIMOHHBIM TEXHOJIOTHSM, MO CIOCO0Y
MOKCKa peleHus (MpoCThie U epedopHBIe), IO XapaKTepy LieleH (3a1a4n ONTUMH3AIIH,
yIpaBiieHus], 00ydeHus, ”HPOPMALIMOHHOTO TOKUCKA), 0 (PYHKIIMOHAIILHOMY Ha3Haue-
HUIO, a TAK)KE M0 YPOBHIO JOCTH>KEHUS LIEJIM U YPOBHIO UX PEIIEHUS, B T. Y. 10 YPOBHIO
aBTOMAaTHU3allMH TAIlOB UX PELICHUS.

3amaya CTAaHOBUTCS PAa3peLIMMON, €CIM HaiJIeHO MPaBUJIO, CIIOCOO MOJTyuYeHUs
pe3ynbraTa. B nHpOpMaTHKe Takoe IpaBUIO Ha3bIBAIOT AJITOPUTMOM.

Pemenne 3axaun Ha IBM coCTOUT M3 HECKOJBKHMX 3TANOB, CPEIH KOTOPHIX
OCHOBHBIMU SIBJISIFOTCSI CJIETYIOIINE:

1. TlocraHoBka 3a7ayu:
- cOop undopmanuu o 3aaaue;
- opmynrpoBKa yCcIoBuUS 3a7a4u;
- ompejieNieHne KOHCUHBIX IEJICH peleHus 3a/1auu;
- onpeesieHrne GOpMBbI BBIZIAUN PE3yIbTATOB;
- ONMCAaHME JaHHBIX (MX TUIIOB, TMANIA30HOB BEJIWYHH, CTPYKTYPHI H T. I1.).

2. ®opmanusanus (AHAJU3 U UCCJIEJOBAHNE 3a1a4H, MOJCJIU, MPEJACTABJICHUE ee
B BH/Ie YPABHEHUI1, COOTHOIIEHNH, OTPAHMYECHUIN U T.IL.):

- aHAJIM3 CYUIECTBYIOIIMX aHAJIOTOB 3a/1a4u;

- AaHAJIN3 TEXHUYECKUX U MPOTPAMMHBIX CPEJICTB;

- pa3paboTKa MaTeMaTHICCKON MOJIEIIH;

- pa3paboTKa CTPYKTYyp AaHHBIX.

IonsiTHE MOACIMPOBAHUA
[Ipu pemennu 3a1auyu 0OOBIYHO UCCIEAYIOT HE PeaIbHbI OOBEKT, a €r0 MOJEIIb.

Mojaeab — UCKYCCTBEHHO CO3JaHHBIN OOBEKT, 00JaatoNuii BCEMU CYIIIECTBEH-
HBIMU MIPU3HAKAMH PeIbHOTO 00BEKTA, SIBJICHUS WM Mpoliecca.



MOI[QJIHpOBaHI/Ie — 9TO MCTOJ ITO3HaHMI, COCTO?IHII/Iﬁ B CO3JaHUM N UCCICOAOBA-

HUU MOJEJIEN.

Hean MogeupoBaHus:

1) TOHSATH CYIIHOCTh U3y4aeMOT0 0OBEKTA;

2) HAY4YUTHCS YOPABIATh OOBEKTOM M ONPEACNIATh HAUITYUIINE CIIOCOOBI yIIpaBJie-

HMS,

3) OpOrHO3UpOBATH MPSIMBIE WIIM KOCBEHHBIE MMOCIIEACTBHUS;

4) pemiath NpUKIagHBIC 3aaUH.

MaremaTuueckasi MoJieJib — 3TO CHCTEMa MaTeMaTHYECKHUX COOTHOIICHUH (J1aH-

HBIX) — OpMYJI, YpaBHCHUIA, HEPABCHCTB U T.I. U OTHOIICHUN MEXKTy HUMH, OIHCHI-
BAaIOIIMX MOBEIEHNE 00BEKTAa C HEKOTOPOM CTETIEHbIO TOUHOCTH M OTPAXKAIOIINX CYIIIe-
CTBEHHBIEC CBOMCTBA MOJICTUPYEMOT0 Tipoiiecca (00beKTa MU SIBJICHUS ).

[Topsimok cocTaBiieHHs] MAaTEMAaTUYECKOM MOJIEIH:

- BBIICJIUTH PEAJIbHBIA 00BEKT, HA KOTOPOM OYJIE€T OCHOBBIBATHCSI MaTeMaTH4YeCKas
MOJICJIb, U U3 MHOXKECTBA €r0 CBOMCTB, 3aKOHOMEPHOCTEH, BHYTPEHHUX CBS3EH,
OTJICIIbHBIX XapaKTCPUCTHUK SBJICHUS M ITAPAMETPOB BBIJCISAEM T€, KOTOPHIC SIB-
JISIFOTCSL CYIIECTBEHHBIMU JJISI peIIaeMoi 3ajjauu, U OTOPOCUTh HECYIIECTBEH-
HEIC;

- OIIpeACiuTb, 4YTO CHHUTATb UCXOJHBIMU JAHHBIMU U PE3YyJIbTATAMM,

- mojoOpaTh MaTeMaTUYECKUl OOBEKT C TEM Ke YHCIIOM MOA0OHBIX MapaMeTPOB,
OTPaXXaIOIIUK CyTh PEATbHOTO O0BEKTA; 3aMUCaTh MAaTEMAaTHIECKHE COOTHOIIIE-
HUSI, CBS3BIBAIONIUE PE3YJIbTATHI C HCXOAHBIMU JAHHBIMH.

Bb10op MeToaa penieHus.

Paszpaborka anropurma:

- BBIOOp METO/1a MPOEKTUPOBAHUS AITOPUTMA;

- BBIOOp (popMBI 3anucu anroputma (OJI0K-CXEMBI, ICEBAOKO U JIp.);
- BBIOOp TE€CTOB U METO]1a TECTUPOBAHMUS;

- POEKTUPOBAHUE AITOPUTMA.

IIporpamMmupoBanmue:

- BBIOOD sA3bIKa MPOrPaMMHUPOBAHUS;

- YTOUHEHHE CIIOCOO0B OpraHu3aIiy TaHHbIX;

- 3aITUCh AITOPUTMA HA BHIOPAHHOM SI3BIKE TTPOTPAMMHUPOBAHMUS.

TecTtupoBanme, 0T/Ia1Ka M HCIIPABJICHHE 00HAPYKEHHBIX OIIMOOK:
- CHHTAaKCUYeCKas OTJIAJIKa;

- OTJIaJIKa CEMAHTUKH U JIOTUYECKON CTPYKTYPBI;

- TECTOBBIE PACUETHI ¥ AHAJIN3 PE3YyJIbTATOB TECTUPOBAHNS,

- COBEPIICHCTBOBAHUE IIPOrPAMMBI.



O1iaaka nporpaMmsl

Oraaaka mporpaMMbl — 3TO MPOIECC TOHUCKA M YCTPAaHEHHUs OIIMOOK B
porpamMme, NpOU3BOIMMBIN MO PE3yJbTaTaM €€ MPOTrOHa Ha KOMITBIOTEPE.

B coBpeMeHHBIX MPOrpaMMHBIX CUCTEMAX OTJIAJKA OCYLIECTBISETCS C UCIOJIb30-
BaHHUEM CHEIHAIbHBIX ITPOrPAMMHBIX CPEACTB, HA3bIBAEMBIX OTJIaAUYUKaMU. DTU CpPE-
CTBa MO3BOJISIIOT MCCJIEI0BATH BHYTPEHHEe MOBeAeHNEe MPOrPaMMBbl.

[IporpamMmma-oTia UKk OOBIYHO 0OECIIEYUBACT CIICTYIONINE BO3MOXKHOCTH:
~ T1OIIAaroBoe HCIOJHEHHE MPOrpaMMbl C OCTAaHOBKOM IOCJIE Ka)J0W KOMAaHIbI

(omepaTopa);

~  TIPOCMOTP TEKYyUIero 3HAYeHHs JII000H NepeMEeHHOM WIN HAXO0K/IeHHe 3HAYe-
HHUSA JI000r0 BBIPAa’KeHHUsI, B TOM 4YHCIIE, C HCIOJIb30BAaHUEM CTaHAAPTHBIX
GbyHKIMI; TpU HEOOXOAUMOCTH MOKHO YCTaHOBUTH HOBOE 3HAUYEHUE IEPEMEHHOI;

~ YCTAaHOBKY B NporpamMmMe ''KOHTPOJBbHBIX TO4YeK', T.e. TOYEK, B KOTOPBIX
porpaMMma BPEMEHHO MPEKPAIAET CBOE BHIIIOJIHEHUE, TaK YTO MOKHO OIEHUTH
MIPOMEKYTOUYHBIE PE3YJIbTATHI, U JIP.

[Ipu oTiaske mporpaMM Ba:KHO MOMHUTH CJIeyIOLIee:
- B HayaJe mpolecca OTIaJK1 HaJ0 UCTIOIb30BaTh MPOCThIE TECTOBbIE IaHHBIE;

- BO3HMKAIOIIUE 3aTPYAHEHHUS CIEIYET YETKO Pa3deasiTh H YCTPAHATH CTPOro
M00YEPETHO;

- He HYKHO CYUTATH NPUYHUHON OMIMOOK MAIIMHY, TAK KaK COBPEMEHHBIE
MAaIIUHBI U TPAHCISATOPBI 00JIaAI0T YPE3BBIYAMHO BHICOKOM HAJIEKHOCTHIO.

TecT u TecTUPOBaHME POrPAMMBbI

TeCTI/IPOBaHI/Ie — 9TO UCIBITAHUC, ITPOBCPKA IPABHUIILHOCTHU pa6OTBI IMporpaMmebl B
neiioM 00 €€ COCTaBHBIX YacCTEM.

[Tpu oTinaike NPOUCXOAUT JOKAIN3ALKS U YCTPAHEHNE CUHTAKCUYECKUX OLTMOO0K U
SBHBIX OIIMOOK KOJMPOBAaHHUSA, B MPOLECCE K€ TECTUPOBAHUSA IpOBepsieTcss paboTo-
CHOCOOHOCTh MpOrpamMMbl, He cojepxkalleld sBHbIX omuOok. TecTupoBaHue ycTaHaB-
AuBaeT (PakT HaMW4Ms OMIMOOK, a OTJIAJKa BBISICHSAET MPUYMHY HEMPaBUIBLHOU pabOThI
[IPOrPAMMBL.

Kak Obl HM ObUIA TIIATENBHO OTJIA’KEHA MPOrPaMMa, PEIIAOIIMM 3TAIOM, YCTaHAB-
JUBAIOIINM €€ MPUTOJHOCTb JJIsl pabOThI, ABJISIETCSI KOHTPOJIb IPOrPaMMBbI IO pe3yJIbTa-
TaM €€ BBIIOJHEHUS Ha CUCTEME TECTOB.

[Iporpammy yciiOBHO MOXHO CUMTATh MPABUJIBHOW, €l €€ 3alycK AJid BbIOpaH-
HOM CHCTEMBI TECTOBBIX MCXOJHBIX JAaHHBIX BO BCEX CilydYasx AacT MPaBUJIbHbIE
pe3yJsbTaThl. HO, Kak cripaBeuIMBO yKa3bIBajl U3BECTHBIN TEOPETUK IPOrPAMMUPOBAHUSA
3. JlelikcTpa, TECTUPOBAHUE MOXKET MOKA3aTh JIUIIb HATMYUE OIINOOK, HO HE UX OTCYT-
ctBue. Hepenku cirydan, Korzia HOBbIE BXOJHBIE JAHHBIC BBI3BIBAIOT "'OTKA3" WIIN MOJTy4e-
HUE HEBEPHBIX PE3YJbTAaTOB PabOThHI MPOrPaMMbl, KOTOpas CUMTAJIACh MOJHOCTHIO OT-
JIAKEHHOMU.

Jiig peanu3anuy METo/1a TECTOB JIOJKHBI ObITh U3TOTOBJICHBI HIIM 3apaHee U3BECT-

HBI 9TaJIOHHBIC PC3YJIbTATHI. Breraucnsates 3TaaoHHbBIE pE3yJibTaThl HY’KHO 00s13aTeNILHO a0,
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a HC II0CJIC ITOJYYCHHA MAIIMHHBIX PC3YJILTATOB. B IIPOTUBHOM CJIy4aC UMCCTCA OIllacC-
HOCTh HEBOJILHOM IIOATOHKH BBIYHCIIACMBIX 3HAYCHUMN nona XKCJIacMbIC, IOJTYUYCHHBIC pa-
HCC Ha MaIllluHC.

7. AHaau3 pe3yJbTATOB pellieHUA 32/1a4U M YTOUHEHHE MAaTeMATU4eCKO Moje-
JIM C TIOBTOPHBIM BBHITIOJIHEHUEM 3TaIoB 2 - 6 (IIpu HEOOXOIUMOCTH).

8. ConpoBoxaenne NporpamMmbi: 5TO pabOThl, CBSA3aHHBIE C OOCIYXKUBaHHEM
MpOrpaMM B IIPOIIECCE X IKCILTyaTalluu:
- TopabOTKa MPOrpamMMBbl JIJIsl pellieHUs] KOHKPETHBIX 3a/a4;
- COCTaBJICHUE JOKYMEHTAIIMH K PEeIIEHHOM 3a]aue, K MaTeMaTH4YeCKOW MO, K
QITOPUTMY, K IIporpamMme, K Habopy T€CTOB, K UCIIOIb30BAHUIO MPOTPAMMBI.

1.2. OcHo8bI anneopummu3sayuu

AJITOPUTM — 3TO MeTOJ (CIIOCO0) peleHus 3a/1a4uu, 3aluCaHHbIi 110 ONpPeaesIEH-
HBIM [IpaBUJIaM, B BHJE€ KOHEYHOM IMOCJIEA0BATEIBHOCTH OAHO3HAYHBIX MPEANUCAHUM,
UCIIOJIHEHHE KOTOPBIX IMO3BOJISIET C IOMOIIBI0 KOHEYHOT'O YMCJIa IAroB MOJIYYUTh pelie-
HUE 33141, OJJHO3HAYHO OIPEEIISIEMOE UCXOJHBIMU JaHHBIMH U3 HEKOTOPOTO MHOXKE-
CTBA 3HAYECHUMU.
CaoiicTBa ajiropuTmMa

1. IuckpeTHOCTh (MPEPHIBHOCTh, Pa3/I€IbHOCTh). AJITOPUTM JIOJDKEH MPEACTABISAThH
IIPOLECC PELICHUs 3aJa4d KakK ITOCIEI0BATEIBLHOE BBIITOJIHEHUE KOHEYHOI'O 4MCia
IPOCTHIX (WJIM paHee ONpPE/ICICHHBIX ) 3aKOHYEHHBIX JCHCTBUIM 11aroB.

2. IoHATHOCTH ISl UCTIOJIHUTEINSI — T.€. UCIIOJIHUTENb aJTOPUTMA JOJKEH 3HATh, KaK
€r0 BBITIOJIHSATb.

3. OnpeneseHHOCTDb (TOYHOCTb, JETEPMUHUPOBAHHOCTD). Kaxx0e npaBusio anroputma
JOJIKHO OBITh YETKUM U OJIHO3HAYHBIM, COACPKATh NEUCTBUS HaJ U3BECTHBIMU JIaH-
HeIMU. Kaxkaoe neiicTBre T0JKHO OBITh MOHATHO UCIOJHUTEINO (U1l KaX]I0T0 aJiro-
pUTMa IPEAIOIaraeTcss KOHKPETHBINA UCIIOJHUTEND ).

3ameuanue. Yacto moq CBOMCTBOM ACTCPMUHHUPOBAHHOCTH AJI'OpUTMA ITIOHUMACTCA O -
HOBPCMCHHOC BLIIIOJIHCHHUC CBOMCTB TOYHOCTH U IIOHSITHOCTH.

4. Pe3yJbTATUBHOCTb (WM KOHEUYHOCTb). AJITOPUTM JOJKEH MPUBOJUTH K PEIICHUIO
3a/1a4u, NOJYyYEHHUE ONPEIETIEHHOr0 pe3yJIbTaTa 332 KOHEYHOE YKCIIO IIAroB.

5. lIpaBuwiabHOCTH. CrOCOOHOCTH ANrOpUTMa OOECHEYHUTH IMOJTYYEHHE HUMEHHO TOTO
pe3yabTara, KoTopslid TpedyeTcs. HempaBUIIbHOCTh MOXKET OOBICHATHCSI HEMOJIHOTOM
HaIllUX TPEJICTaBICHUN O CBOMCTBaX OOBEKTAa WM YIYIICHUEM B pelieHuu. Jlms
JI0Ka3aTeIbCTBA MPABUILHOCTH QJITOPUTMA 3a/auya 4acTo JIEJTUTCS Ha OJIOKM U Tpa-
BUJILHOCTH JIOKA3bIBACTCS JIJISI KaXJOTo OJI0Ka, XOTS Takas MpOBEpKa HE SIBISETCS
ITOJTHOM.

6. MaccoBocTh. AJITOPUTM PEIISHUS 3a/a4u pa3pabaThIiBaeTCs B 0OIIEM BHUE, T.C. OH
JIOJIKEH OBITh TPUMEHUM JUIsI HEKOTOPOTO KJlacca 3aj1ay, pa3inyaroiuxcsl JTUIlb UcC-
XOJIHBIMU JTaHHBIMH. [Ipy 3TOM MCXOJIHBIE JaHHBIE MOT'YT BBRIOUPATHCS U3 HEKOTOPOU

O6HaCTI/I, KOTOpasd Ha3bIBACTCA 00J1aCTBIO IMMPUMCHUMOCTH aJIT'OPHUTMA.
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7. YHUBepPCANbHOCTh. AJNTOPUTM JOJKEH OBITh COCTABJICH TaK, YTOOBI MM MOT

BOCII0JIb30BAaThCS K000 UCIIOTHUTEND JJIs1 PElleHHs aHalornyHou 3aaauu. (Hanpu-
Mep, IpaBUIIa CII0KEHUS U YMHOKEHHUS YUCEJI TOAATCS JUIsl JTFOOBIX UMCEe, a HE 171 Ka-
KHX-TO KOHKPETHBIX. )

dddexTuBHOCTB. BHIOOP anropuT™Mbl, KOTOPBIA OYJET BBHIITOJIHEH 32 MUHUMAJIBLHOE
BpeMsi, C MUHUMAJIbHBIMU 3aTPATaAMH PECYPCOB.

TakuM 00pa3oM, UCIIOIIHUTEN JEHUCTBYET POPMAIbHO, T.€. OTBIEKAETCS OT COJEpKa-
HUS IIOCTABJIEHHOM 3a/1a4M, a TOJIBKO CTPOTO BBINOJIHIET HEKOTOPBIE MPAaBUIIA,
MHCTPYKIMU U BMECTE C TEM MOJIYy4aTh HY>KHBIH PE3yJIbTAT.

Kpurepuu kayecrBa ajaropurma

CesizanHOCTBb. Onpenensercs: KOJIMYECTBOM ITPOMEKYTOUHBIX PE3yJIbTaTOB. UeMm
BBIIIE KOJIUYECTBO IIPOMEKYTOUYHBIX PE3YJIbTATOB, TEM HUXKE CBI3aHHOCTD.

O0bem anropurmMa. DTO KOJMYECTBO OINEpALM WIM IIaroB, KOTOPble HEOOXO-
JTUMO BBITIOJTHUTH, & TAK)KE CIIOKHOCTh ATUX IAroB.

Jloruueckasi CJ10:KHOCTb. OnpenensieTcs KOIUMYECTBOM BETBICHUMN U LIUKJIOB.

HOpHIlOK BBIINMOJIHCHHUSA AJITOPATMA

JIlencTBYS B aJITOPUTME BBITIOJIHSIOTCS B MOPSIJIKE UX 3AMKUCH.

Henb3st MEHITH, MECTaMKM HUKAKHUE ABA JICUCTBUS aJrOpUTMA.

Henb3st HE 3aKOHYMB OJHOTO JACHUCTBHS MEPEXOAUTH K CICAYIOMIEMY.
Cnoco0b1 onucaHus aJIrOPUTMOB

Cnogecno-ghopmynvusrit. Onricanuie aqropuT™Ma ¢ TOMOIIBIO CJIOB U GOpMyTT Ha
€CTECTBEHHOM SI3bIKE.

CroBecHbI cioco® He UMEET UTUPOKOTO PACTIPOCTPAHEHHUSI IO CISAYIOUIUM IpHU-
YUHaM:
TaKHe OMMCAHUS CTPOro HE POpPMaTU3yEMBI;

CTpaaar0oT MHOT'OCJIOBHOCTBIO 3aaneﬁ;

AOIMYCKarOT HCOAHOZHAYHOCTD TOJIKOBAHUA OTACIbHBIX HpCI[HHC&HHﬁ. «OH BCTpC-
THJI €€ Ha IT10JIC C IBCTAMM)).

IIpumep. CocTaBUTh JITOPUTM HAYUCIIEHUS 3apIUIAThl COIJIACHO CIIEAYIOIEMY

MIPaBUITY: €CJIM CTaX pabOThI COTPYIHUKA MeHee S5 JieT, To 3apruiata 130 py0., mpu ctaxe
pabotsl oT 5 510 15 et — 180 py0., mpu craxke cBhiie 15 JeT 3apruiaTa MOBBIIIACTCS C
KaXJ1pIM rojioM Ha 10 pyo.

CHOBGCHO-(i)OpMy.HBHOG OIIKMCAHUC AJITOPUTMA PCIICHUA 3ad9n:

1. Beectu ST, nepeiitu K 11. 2.

2. Eciiu ST<5, mo ZP:.=[30, nepeiiTu K 11. 4, nHaA4Ye — MEPEUTH K 1. 3.

3. Ecnu ST<15, To ZP:=180, nepeiitu k 1.4, unaue ZP:=180+(S7-15)10, nepeiitu k 1. 4.
4. BeiBectu (OTIeyaTaTh) 3HaueHUe ZP, nepenTu K 1. 5.
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5. BeruucneHnus npekpaTuTh.

2. Tabauyunsii. Anroput™ nipeAcTaBisieTcs B hopMe TaOIUITBI U PACUETHBIX (POPMYIT
(pusuka, XuMust 1 T. 1.).

3. Cmpykmypozpamma:

YWCIOBHE

pyal HMHEAaus

OeHCTEHE 1 OEHCTBHEZ

4. Cunmaxcuueckan ouazpamma (¢popmynwt brkyca-Haypa)

- nedcTBEME ] -

» WCJAOBHE

OEHCTEBHEZ

5. Ilcesookoowl. [1onydhopmann3oBaHHBIE OMMMCAHUS aJTOPUTMOB Ha YCIOBHOM aJITO-
PUTMHUYECKOM SI3bIKE, BKIIFOYAIOIIHE B CE€0S KaK 3JIEMEHTHI sI3bIKa TPOTrpaMMHUpPOBa-
HUS, TaK U (pa3bl ECTECTBEHHOTO 53bIKa, OOIIETIPUHATHIE MaTeMaTUYecKue 000-
3HAYECHUS U Jp.

[IceBoko 3aHUMAET MPOMEKYTOUHOE MECTO MEXKIY €CTECTBEHHBIM U (hopMalib-
HbIM si3blIkaMu. C OJHOW CTOPOHBI, OH OJIM30K K OOBIYHOMY E€CTECTBEHHOMY S3BIKY,
MO3TOMY QJITOPUTMBI MOTYT Ha HEM 3alHChIBATHCS M YUTATHCA KaK OObIYHBINA TekcT. C
JPYroi CTOPOHBI, B TICEBJOKO/I€ UCTIOIB3YIOTCSI HEKOTOpbIE (popMaTbHbIe KOHCTPYKIIMH
¥ MaTeMaTU4eCcKas CUMBOJIMKA, YTO MPUONIIKAET 3alMiCh AJITOPUTMA K OOIICTIPUHSITON
MAaTEMaTHUYECKOU 3aIUCH.

B nceBnokose He MPUHSTHI CTPOTHE CUHTAKCUYECKUE MpaBWja JJIs 3alUCU KO-
MaHJI, TpuCyIue (OPMaAIBHBIM S3bIKaM, YTO 00JIETY4aeT 3amuch ajJropuTMa Ha CTaJHH
€ro IMPOCKTUPOBAHUS U JACT BO3MOXKHOCThH HMCIOJIb30BaTh 00Jiee IMIMPOKUNA HAOOp KO-
Manz. OHaKo B MCEBJIOKO/JIE, TaK K€, KaK U B (DOpPMaIbHBIX SI3bIKaX, €CTh CIIyKEOHBIC
CJIOBa, CMBICJI KOTOPBIX OIpeE/IeIeH pa3 U HaBCer/ia.

Enunoro wiu gpopMalibHOTO OmnpeseseHus MCeBA0KoIa He CYIIECTBYET, MOITOMY
BO3MOYKHBI Pa3jM4HbIE TMCEBIOKOJIbI, OTIHWYAIOIIUEcs HAaOOpOM CIY>KEOHBIX CIIOB H
OCHOBHBIX (0a30BBIX) KOHCTPYKITHH.

[TpumepoM rceBIoKOa SBIASETCS MIKOJIBbHBINA alrOPUTMHUUECKHUH S3bIK.

Aneopummuieckuti A3vlK — 3TO CPEJCTBO IS 3allUCH AJITOPUTMOB B aHAJIUTHYE-
CKOM BHJE, MPOMEXKYTOYHOM MEXKIYy 3alKChi0 alfOpUTMA HAa €CTECTBEHHOM (Yelo-
BEUECKOM) SI3bIKE U 3aMKChIO Ha si3bike DBM (s13b1Ke mporpaMMUpOBaHHS).

3anuck anropuTMa pelieHus 3aauu npuMepa | Ha alropuTMUYECKOM SI3bIKE:

anr 3apnnarta(uen. ST, Bew, ZP)
apr ST
pes ZP

Hay4



ecnu ST<5

TO ZP:=150
nHa4ye
ecnu ST<=15
TO ZP:=180
nHauve ZP:=180+(ST-15)*10
BCe
BCe
KOH
6. Ilpozpammmustii. Oriicanue aIropuTMa ¢ MIOMOIIBIO SI3bIKOB MPOrPAMMHUPOBAHUSI.
7. I'paghuueckuii. AnropuT™m H300pakaeTCs B BUJIE MOCICI0BATCIPHOCTH CBA3aHHBIX

MEXKy c000i PYHKIIMOHAIBHBIX OJIOKOB, KaXK bl U3 KOTOPBIX COOTBETCTBYET BbI-
MOJIHEHUIO OJIHOTO WJIM HECKOJIbKUX AeiicTBui. Takoe rpaduueckoe npeacrasie-
HUE€ Ha3bIBAETCSI CXEMOW aJITOpUTMA WU 0JI0K-CXEMOIA.

brok-cxema aneopumma mpencrtaBiasieT coOOl CUCTEMY CBSI3aHHBIX I€OMETPHUYECKHX
duryp.
IIpaBuiia nocrpoeHus: 0JIOK-cxemM

1. B G10K-cXxeme KaxJI0My TUITY ACHUCTBUM (BBOAY UCXOIHBIX JJAHHBIX, BEIYUCICHUIO
3HAYCHU BBIPAXKECHUM, IPOBEPKE YCIOBUH, YIIPABIECHHUIO IIOBTOPEHUEM JICHCTBUM,
OKOHYAHUI0 OOpaOOTKH M T.II.) COOTBETCTBYET reoMerpuueckas Qurypa, mpea-
CTaBJICHHAsI B BUJIC€ OJIOYHOr0 CUMBOJIA. [[JI1 HATJIAAHOCTH ONEPALUM PA3HOIO
BU/JIa U300PAXKAIOTCS B CXEME PA3IMYHBIMU T€OMETPUUECKUMU (PUTYpaMHU.

2. biio4HBIE CUMBOJIBI COCTUHSIOTCA JMHUSAMU MEPeX010B, ONPEACISIONIMMHA OYe-
PEIHOCTDH BBIMOJIHEHUSA AEUCTBUM. [1OpsAIOK BBITIOJHEHUS IEMCTBUN YKA3bIBACTCA
CTpEJIKAMH, COSTUHSIONTUMU OJIOKH.

3. B cxeMe 0:10Ku cTaparoTcsi pa3MeIlaTh CBEPXY BHU3, B MOPSAJIKE UX BBIIOJHEHHUS.

4. Bce noBOpOTHI COETMHUTENBHBIX JUHUMN BBITIOIHAKOTCS oA yriioM 90 rpaaycos.



B Tabnuiie ke MpuBeeHB HAM00JIEEe YACTO YIOTPEOIsIEMbIE CUMBOJIBI.

Ha3zBanue

Oo0o03HaYeHNE "
npuMep 3amnoJiHe-
HUSA

Boinosinsiemasi pyHkuusi (osicCHeHue)

Hauano/xoner (Bxon/
BBIXO/]T)

:

Hauvano uiam koHer nporpaMmbl, BXO/1 UK BBIXOJ] B
MOJMIPOTPAMMY

bioku BBO#a/BBIBOAA

Beog,
ab,c

BBoa-BBIBOI TAaHHBIX

BrIBOA maHHBIX Ha MeYaTarollee yCTpOMCTBO

bnok BeIuncieHni

x=(a-b)sinil)

Apudmernueckuii 010K onpenenseT BEIYUCIUTEILHOE
JNEUCTBUE WU IIOCIIENOBATEILHOCTD JEUCTBUN

Jlornueckuii 010K

Jlornueckuii 6J10K MPOBEPSAET UCTUHHOCTD WIIN JIOXK-
HOCTb yCJIOBHS M BHIOMpPAET HalpaBICHUS BBITOJIHEHUS
aJITOPUTMA B 3aBUCUMOCTH OT YCJIOBUs. B Giioke 1omxk-

HBI OBITh YKa3aHBI BOTIPOC, YCIIOBUE WJIH CPAaBHEHUE,

KOTOPBIE OH OIPEEIISET.

[IpenonpeneneHHbII
npoiiecc

Boruncienus no cTaHIapTHON WIIH MOJIb30BATEIbCKOM
MOATIPOrpaMme

brox Mmogudukanum

BrinosiHeHne AENCTBUM, U3MEHSAIOIIMX TYHKTHI aJlro-
pUTMa, Ha4yajo LUKJIA.

BayTpu 6110Ka 3anuckIBaeTCs mapameTp UK, IS
KOTOPOTO YKa3bIBAKOTCS €r0 Ha4YalIbHOE 3HAYEHUE, rpa-
HUYHOE YCJIOBHUE U LAl U3MEHEHHMS 3HAUYCHUS [TapaMeTpa
JUISL KQKJA0TO TOBTOPEHUS.

MekcTpaHU4HBIN CO-
€IMHUTEIb

VkazaHue cBsI3H MCXKAY YaCTsAMH CXEMBbI, PACIIOJIOKCH-
HOI Ha Pa3HBIX CTpaHULlaX

O01mme npaBmiia MOCTPOEHMSI CXEMbI AJITOPUTMA 32124

1. BpIsIBUTHh UCXOJHBIE JAHHBIE, PE3YJIbTAThl, HA3HAYUTh UM UMEHA.
2. BeiOpatb MeTo 1 (MOpsAI0K) pelIeHuUs 3a1a49H.
3. Pa3buth MeTo[ pelieHus 3a/1a4u Ha 3Tanbl (C y4eToM Bo3MokHOcTel DBM).
4. N300pa3uTh KaKIbI dTall B BUJE COOTBETCTBYIOIIETO OJIOKA CXEMBI ajlropuUTMa U
yKa3aTh CTPEIKAMU MOPSIAOK UX BBITIOJHEHHUS.
5. B momy4yeHHo# cxeMe mpu 1I000M BapuaHTE BBIUUCICHUH:
a) MPeyCMOTPETh BbIAauy pe3ylbTaToOB MM COOOIIEHUH 00 UX OTCYTCTBHH;
0) oOecneunTh BO3MOXKHOCTH MOCJIE BBHITIOTHEHUS JII000H onepannu, Tak Wi HHa-
ye, nepeitu k 070Ky Ocmarnog (K 6bix00y CXEMBI).

Ot mpaBwia U ectb «OCHOBHBbIe NPHHIUNBI AJropuTMU3anum». bynem
CUHMTAaTh, UTO 3HAHHUE U IPUMEHCHUE HACTOSIINX «IIPUHIIMITIOBY 00513aTEILHO ITPH COCTAaB-
JICHUHU aJiITOpUTMa JIF0OOM 3a1auu.

TunbI a1rOpuTMOB

- CTPYKTYypUPOBAHHBIE;
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- HECTPYKTypUpPOBaHHBIE (T.e. C HapyIICHUEM CTPYKTypbl — C OIEparopamu
0€3yCJI0BHOTO MEepexo/ia);
- BCIIOMOraTeNbHbIe (MCTIONB3yEMbIC B COCTABE JPYTHUX ATOPUTMOB).

Bl/IIlbI aJToOpuTMOB

- JINHEUHBIN aJITOPUTM;

- QJITOPUTM BETBJICHUS;

- UMKJIWYECKUU AJITOPUTM;

- aJNropuTM C NOJAIPOrpaMMaMu;

- CMelIaHHBIE (T.€. coJepKallie U ITUKIIbI, U BETBJICHUE, U (DYHKIIUH).

- PEKypCHBHBIN aITOpUTM oOpaliaercs Kk camomy cede, oka He BBIMOJIHUTCS OTpe-
JIEJICHHOE YCIIOBHE.

ba3oBble anropurMuveckue KOHCTPYKIUH

CTpyKTYpHOE NMpOorpaMMHUPOBaHNEe — METOI0JIOTHS Pa3pabOTKH MPOTPaMMHOTO
obOecrieueHus, B OCHOBE KOTOPOM JICIKHUT MPECTABICHHE MPOTPAMMBbI B BUJIC HepapXHUe-
CKOU CTPYKTYphI 010K0B. IIpemnoxkena B 70-x romax XX Beka J. JlekcTpoit, pa3pa-
6orana u nonoixHeHa H. Buptom. OcHOBBIBaeTCsS Ha TEOpEME O CTPYKTYPE.

CornacHo Teopeme 0 cTpyKType (Teopema béma — Axonunu, 1966 r) norunueckas
CTPYKTypa JIFo00T0 aaropuTMa MOKET OBITh MpECTaBICHa KOMOMHAITNEH Tpex 0a30BBhIX
CTPYKTYP: cled0o8aHue, gemeieHue, YuKi.

XapakTepHOil 0COOEHHOCTBIO 0a30BbIX CTPYKTYP SBJSETCS HANMYKE B HUX OJHOIO
BXOJia M OJTHOTO BBIXOJA.

1. ba3oBasi cTpykTypa cjeloBaHue (JIMHelHbI aaroputm). O6pasyercs u3 mo-
CJIE10BATEIbHOCTH JACHCTBUIM, CIEIYIOIINX OJHO 32 APYTUM:

OelcTEHe 1
|

OeHCTENE 2
I

OEHCTEME h

2. ba3zoBasi cTpykTypa BeTBJIeHHE (AJTOPUTM BeTBJIEHHUN) 00€CTICUMBACT B 3aBU-
CUMOCTH OT pe3yjbTaTa MPOBEPKHU YCIOBUSI BHIOOP OJHOTO U3 aIbTEPHATUBHBIX MyTEH
paboThl anropuTMa. Y clloBUE — BOIIPOC, UMEIOIINN JIBa BapuaHTa OTBETA: a4 WIH HeT.
Kaxxaplii U3 myTei BeJeT K 0011eMy BbIX0OAY, TaK 4YTO paboTa aJiropuTMa Oy1eT MpoaoJ-
’KaThCsl HE3aBUCUMO OT TOT'0, KaKOH IMyTh OyJIeT BhIOpaH. 3alIUCh BETBJICHUS BBIMOIHSET-
csl B AIBYX (hopmax: MOJTHOM U HETIOTHOM.
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https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%BD%D0%BE%D0%B5_%D0%BE%D0%B1%D0%B5%D1%81%D0%BF%D0%B5%D1%87%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%BD%D0%BE%D0%B5_%D0%BE%D0%B1%D0%B5%D1%81%D0%BF%D0%B5%D1%87%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%92%D0%B8%D1%80%D1%82,_%D0%9D%D0%B8%D0%BA%D0%BB%D0%B0%D1%83%D1%81
https://ru.wikipedia.org/wiki/%D0%94%D0%B5%D0%B9%D0%BA%D1%81%D1%82%D1%80%D0%B0,_%D0%AD%D0%B4%D1%81%D0%B3%D0%B5%D1%80_%D0%92%D0%B0%D0%B9%D0%B1
https://ru.wikipedia.org/wiki/%D0%91%D0%BB%D0%BE%D0%BA_(%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5)

CrtpykTypa BeTBJIEHHE CYIIECTBYET B YETHIPEX OCHOBHBIX BAPUAHTAX:

Henounas ¢gopma 3anucu IHonnas popma 3anucu

+ —

oedcTEME 1 | neficTeMe 1 | ‘ OefcTEME 1! |

I |
|
+ CIOBME - _
1. ecam- b 2. eCJIU-TO-
TO - uHaYye

- 1 ‘ ODeficTEMe 1 ‘ ‘ meficTEHE 1' |
OeHCTBHE
‘ nedcTEMe 2 ‘ ‘ nedcTEME 2 |
IEeHCTBHME 2 T T
‘ OEACTEME I ‘ ‘ OeHCTEME ' |

OEHCTEHE N [ ]

I
m
‘ya}mm P Aalterema 1
et
WOE = Aattcrema 2
4. BbIOOP-

3. BBIOOp et
: HHave
3. Bba3oBasi cTPyKTypa IHMKJ 00€CIeYMBAacT MHOTOKPATHOE BHINOJIHEHHE HEKOTO-

pOM COBOKYITHOCTH JIEMCTBUM, KOTOpAsi HA3bIBACTCS TEJOM IHUKJA, HAJl HOBbIMU JaH-
HBIMH.

[MUKJIbI

‘/ \

C HCU3BCCTHBIM YHCJIOM ITIOBTOPOB
C U3BCCTHBIM YHUCJIOM ITIOBTO-

;/ \‘\ POB

C TIPETyCIIOBHEM C TIOCTYCJIOBHEM
(ITMKJT «ITOKa») (IIUKIT «J10%)
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5] Huxa Tuna «noka» (Lluki ¢ npexyciaoBuem)

Breinmonnenue OUKJIa «IIOKa» HA4YMUHACTCA C

YcnoBue
MPOBEPKHU YCIOBHUS, MOITOMY TaKyK pasHOBHI-
+ HOCTH IHUKJIOB HA3bIBAKOT IUKJIIAMHU C HpellyCJIOBlfl-
Temno mukia €M. HCpGXOI{ K BBIIIOJIHCHHULIO IIGI\/JICTBI/IH ocy-

MIECTBIISIETCS TOJIBKO B TOM CJIy4ae, €CJIU YCIOBHE
BBITOJIHSIETCS, UHAYE MPOUCXOIUT BBIXOJ U3 IUK-
nma. Teno mukia BBIMOJHAECTCA 0 TEX MOP, MOKA
BBITIOJTHSCTCS YCIIOBHE. Y CIIOBHE IHMKJIAa HE00XO0-
\l' TUMO TO00paTh TakK, YTOOBI ICUCTBUS, BHITIOTHS -
€MbI€ B IIMKJIE, IPUBEJIM K HAPYILICHUIO €r0 UCTUH-

HOCTH, NHAYE MPOU30UAET 3allMKIINBAHNE.

3aluKIMBaHue - 0ECKOHEUYHOE TTOBTOPEHUE BBIMOJIHAEMbIX JIEHCTBHM.

Huxa Tuna «10» (Luki ¢ mocryciaoBuem)

HcnonHenre yUKiIa HAYMHACTCS C BBIITOJIHCHUS ICHCTBUSL.
Takum 00pa3om, Teno HuKiIa OyAeT peairn30BaHO XOTs Obl
onuH pa3. Ilocie 3TOro MpoUCXoIUT MPOBEpPKa YCIOBUS.
ITosromy 1uki "A0" HA3BIBAIOT LIMKIJIOM € MOCTYCJIOBHEM.

Teno nukaa

Ecau YCJIOBUC BBIIIOJHACTCA, TO IMPOUCXOAUT BO3BpAT K

+ Ycaosue Ny N
BBIITOJIHCHHIO JICUCTBUHU, MHAYC OCYIICCTBIIAACTCA BBIXO/ U3
— OUKJIA. I[JIH NpeAOTBpAIICHUA 3allUKIINBAHNA HGO6XOI[I/IMO
MPEeAYCMOTPETh JCUCTBUA, MPUBOISIIIME K JOXKHOCTH
YCJI0BHUA.

kg THnA «1JI5D)

| [Muxn ¢ mapameTpom, WIKA LIUKJII CO CUETUUKOM,

WM apu(PMETHYECKHI LUK - 3TO LIUKJI € 3apa-

—)< Xo +Xno h >7 HEE U3BECTHBIM YUCIIOM NOBTOPOB. [Ipeanucei-
| BAacT BBIIIOJIHATH TEJIO UKIIA A1 BCEX 3Ha4Ye-

HUI HEKOTOPOU NEepeMEHHOM (IapaMeTpa LHK-
Ja) B 3aJJaHHOM JIMaIla30He.

Teso nukiIa

\l, Xo — HAYAJIbHOC 3HAUYCHHUC ITapaMECTpa, h — mIar,
Xp — [IOCJICAHCC 3HAYCHHUC ITapaMCTpa.
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I[.]IH CO31aHMA IIMKJIOB C MAapaMeTpoOM HCOﬁXOIlI/IMO HCIIOJbB30BaTh MpaBUJjIa:

1. [TapameTp 1uKiIa, €ro HaYaIbHOE U KOHEUYHOE 3HAUYCHUS U IIar JI0JKHBI OBITh OJ1-
HOI'O THUIIA.

2. 3anpenieHo U3MEHATh B TeJle IUKJIa HAa4aJIbHOE, TEKYIIEe M KOHEYHOE 3HAUYCHUS
JUIS TTapameTpa.

3. 3anpeieHo BXOUTh B IUKII, MUHYS OJIOK MOAU(DUKALIMH.

4. ITocie BpIXO1a U3 LMKJIA 3HAYCHHUE TIEPEMEHHOM ITapamMeTpa HEONPEAECIEHHO U HE
MOYKET UCITOJIb30BATHCS B NAIIBHEUIIINX BBIYUCIICHUSX.

3. N3 nukiia MOKHO BBIWTH, HE 3aKOHYMB €T0, TOTIa IEPEMEHHAs NTapaMeTp coxpa-

HACT CBOC ITOCJIICAHCC 3HAYCHHC.

1.3. Teopemu4eckue OCHO8bI npo2pamMmMupo8aHus

IIporpammupoBanue — 3T0 paszaena UHPOPMATUKH, U3yUaIOIIUA METOAbI U MpHU-
€MBbI COCTaBJICHUS MPOrpaMM JUisi KoMnbloTepoB. KpoMe Toro, mporpamMmmupoBaHue — 3TO
MOATOTOBKA 33/1a4 K PELICHHIO €€ Ha KOMIIBIOTEPE.

IIporpamma — mocnegoBaTEIbHOCTh JEWCTBUM, KOTOPHIE JTOJKEH BBIMOJHUTH
KOMIIBIOTEP B CTPOr0 YKa3aHHOUN 0YEPEAHOCTH JIJIsl AOCTHXKEHUSI KOHKPETHOT'O pe3yJibTa-
Ta.

A3bIKU NPOrPpaMMHMPOBAHUS — 3TO COBOKYITHOCTh CPEJICTB U MPABUI MPEICTAB-
JICHUS aJICOPUTMA B BHUJIE, IPUEMIIEMOM JIJI1 KOMIIBIOTEPA.

CucreMbl NPOrpaMMHMpPOBAaHUsL — 3TO Ha0Op CPEACTB BBOJA, pEAaKTUPOBAHUS,
TPAHCISALMY U BBIIIOJIHEHUS ITporpaMM Ha OBM.

TpaucasTop — 3T0 yCTPONCTBO UM KOMIUIEKC MPOrpamMM, 00eCrieYuBarONIui 1e-
PEBOJ IPOrPAMMBI, HAMMCAHHOW HA CUMBOJIMYECKOM SI3bIKE, B COBOKYITHOCTh MAallTMHHBIX
KOMaH 1, 1100 mepeaaroniue/mpeoopasyone TaHHbIe WIH JIPYTYI0 MporpamMmmy.

Hanpumep, TpancasTop BOCIIPUHUMAET ONEPATOPbI OJTHOTO SI3bIKA U BbIpabaThIBa-
€T COOTBETCTBYIOIIME ONEPATOPHI IPYTOro SI3bIKA.

KomnuasTop — 53To TpaHcisTop, OOecneuuBarOUMil MEpPeBOA IPOrpPaMMBbL,
HAIMMCAHHON Ha aJTOPUTMHUYECKOM SI3bIKE, B COBOKYITHOCTh MAlIMHHBIX KOMaH]] 0e3 ee
BBIIIOJIHEHHS B KOMIIBIOTEPE.

KomMmmiisiTop OLeHMBAeT MCXOAHBIM TEKCT B COOTBETCTBHM C CHUHTAKCHYECKOU
KOHCTPYKIIMEH S3bIKA U MIEPEBOJUT HA MAIIIMHHBIN SI3bIK.

Hanpumep, xomnunsatop 6epeT nporpaMmy, HarucaHHyto Ha si3bike C, 1 mpeoOpa-
3yeT €€ B IpPOrpaMMy Ha si3bIKe accemoOepa.

HNuTepnperaTop — 3TO TpaHCIATOpP, OOECHEUYMBAIOLIMN MEPEBOJ  KaXAO0u
KOHCTPYKIUU aJITOPUTMUYECKOTO A3bIKa B MAIIMHHbIE KOMaH/bl U OJJHOBPEMEHHOE BbI-
MOJIHEHHUE 3TON KOHCTPYKIIMHU B KOMIIBIOTEPE.

[Ipu McTONHEHUH MPOTrPaMMHBIX ONEPATOPOB, MHTEPIIPETATOP JIOJDKEH CHaudala
CKAaHUPOBATh KaXK/IbIi OMEPATOP C LIEJIbIO0 IPOUTEHHS €T0 COAEPKUMOT0, a 3aTEM BBIIIOJI-
HUTH 3aIIPOIICHHYIO ONIEPALUIO.
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http://ibd.tsi.lv/sart2.pl?T1=ZAA

1.4. YcmaHoeka Python u cped pa3pabomku
Jliist paboThl HEOOXOIUMO YCTAHOBUTH MHTEpIIpETaTOp s3blKa [IUTOH U, 1515 ynoo-
CTBa HaIlMCaHUs IPOrpamMM, Cpeay pa3padoTKu.
YcTaHoBKa HHTEpHpeTaTopa

JucTpuOyTUBHI 1711 yCTAaHOBKHU:
=  Windows, 32-OuTta: https://www.python.org/ftp/python/3.10.5/python-3.10.5.exe

=  Windows, 64-6uta: https://www.python.org/ftp/python/3.10.5/python-3.10.5-
amdo64.exe

= JluctpuOytusel 11 Mac OS X ecTh Ha CTpaHHILIE
https://www.python.org/downloads/release/python-3105/

= Jlna onepammonnbix cucteM GNU/Linux s3bik [IMTOH cKOpee BCero ecTh B JUC-
TpUOYTHUBE, ISl YeT0 HEeOOXOMMO MTOCTAaBUTh MakeT python3. Bo3mMoXxHO, OH yke
YCTaHOBJICH B BaIllel CHCTEME: IIPOBEPHUTH 3TO MOYKHO KOMaH 101 python3.

= Jlns Android ects maker QPython3.

YcTaHOBKA HHTErPUPOBAHHOM Cpebl Pa3padoTKu
Jlna yno6ctBa pazpaboTKu Ko/ia POrpaMMUCTBI UCIIONB3YIOT CPeIbl pa3paboTKu
(IDE).
Jlnisa oOyueHus: mporpaMMUpPOBaHUIO Ha si3bike [IMTOH pexkoMeHayeTcs cpeaa pas-
pabotkn Wing IDE 101.
Jlst Gonbinx npoektoB pekoMenayercss PyCharm Community Edition.
WING IDE 101
HuctpuOyTtus anga Windows: http://wingware.com/pub/wingide-101/5.0.9/wingide-101-
5.0.9-1.exe
JMCcTpUOYTUBBI JUIsl PYTUX ONEPALIMOHHBIX CUCTEM MOKHO HalTH
Ha http://wingware.com/downloads/wingide-101
Buneo ycranosku Python u Wing IDE 101 na Windows 7 (na
aHrnuiickoM): http://www.youtube.com/watch?v=0OrpaviGbkSw
OOpaTuTe BHUMaHUE: €CJIM BBl YCTaHABJIMBAeTe cpely rnocie yctanoBku Python, To ona
J0JbKHA cama OOHapyXUTh ycTaHoBJiIeHHbIN Python. Ecnu aToro He npousomuio, npo-
nuute B MeHio Edit-Configure python B BepxHeM mosie BBOAA IyTh K UCIIOIHIEMOMY
¢aiiny Python (mog windows 3To 00b14HO uTO-TO TUMA C:\python34\python.exe).
PYCHARM COMMUNITY EDITION
Bepcus aiist Windows: https://download.jetbrains.com/python/pycharm-
community-2022.1.4.exe OcTanbHble BEPCUU MOKHO CKayaTh
31ech: http://www.jetbrains.com/pycharm/download/

15


http://wingware.com/pub/wingide-101/5.0.9/wingide-101-5.0.9-1.exe
http://wingware.com/pub/wingide-101/5.0.9/wingide-101-5.0.9-1.exe
http://www.jetbrains.com/pycharm/download/
https://download.jetbrains.com/python/pycharm-community-2022.1.4.exe
https://download.jetbrains.com/python/pycharm-community-2022.1.4.exe
http://www.youtube.com/watch?v=OrpavIGbkSw
http://wingware.com/downloads/wingide-101
https://www.python.org/ftp/python/3.10.5/python-3.10.5.exe
https://www.python.org/ftp/python/3.10.5/python-3.10.5-amd64.exe
https://www.python.org/ftp/python/3.10.5/python-3.10.5-amd64.exe
https://www.python.org/downloads/release/python-3105/

1.5. [llpaeuna 3anucu e Python apughmemuyeckux ebipa>keHuu

ApupmMeTnyecKue BbIPAKEHUS

Bbipa:keHHe COCTOMT M3 ONepaTopoB U omepaHaoB. OmepaHgamMu MOTYT OBITH

BBIPAKEHUSI WIIM OJTHU U3 €r0 YACTHBIX CIy4aeB — yucia (KOHCTaHThI) WU IEPEMEHHBIE, Olle-
paTopbl 0003HAYAIOT BBIMOJHSAEMbIE HAJl HUMU JEUCTBHS (+ CIOXEHUE, - BhIUMTaHUE, *
YMHOXKEHHE, / IeIeHne (pe3yaIbTaT — YaCTHOE, T.€. BEILIECTBEHHOE YMCII0, 1aXKe ecliu A Halle-
70 nenutcs Ha B), //— nienast yacth OT AesieHus (HeMoJHOe YacTHOE ), % OCTaTOK OT JIeJIeHuUsI,

).

Bce ocHoBHBIC oneparuu s3p1ka C++ MOXHO pa30UTh Ha CIICAYIONINE TPYIIIIbI:

- apupMETHIECKUE OTepallnu;

- JIOTUYECKUE OTICPAIIHH;

- oTiepanuy OTHOIICHUS;

- orieparuy ¢ OuTaMu HHPOPMAITUH;

- OTIepaIiy CO CTPOKaAMHU;

- oTIepaluy MPUCBAUBAHMUS;

- ycIIoBHas ornepanus (yCIOBHOE BBIpAXEHUE WU TEPHAPHAS OTIepaITus).

IIpumeps! Boipa:xxenuii Python:

(a + 0.12)/6
x and y or not z
(t * sin(x)-1.05e4)/((2 * k + 2) * (2 * k + 3))

B BeIpakeHHE MOTYT BXOAWTH OMEPaHIbl Pa3IWYHBIX THUIIOB, HO 3TOT0, CTPOTO
TOBODSI, HE CIIEAyeT A0mycKaTh. Eciu oniepaHpl UMEIOT OJJUHAKOBBINA TUII, TO PE3yJIbTAT
orepanuu 0yJ1IeT UMETh TOT ke Tur. Eciu onepanapl pa3aMdyHOro TUIIA, TIEPe]T BEIYHUCIIS-
HUSIMH BBITIOJIHSIOTCSI TIPEOOPA30BaHUsI TUIIOB MO OMPE/CICHHBIM IpaBuiaM, oOecre-
YUBAIOIIMM TIpeoOpa3oBaHue 0ojiee KOPOTKUX TUIIOB B 00Jiee JUTMHHBIC ISl COXPAHCHHUS
3HAYMMOCTHU ¥ TOYHOCTH.

[Topsiiok BEIYUCIICHUS BEIPAKCHUN OIMPEACIISICTCS PAHTOM (IPUOPUTETOM ) BXO/ISI-
X B Hero onepanuii (tadin. 3). [lpunsateiit B C++ panr oneparuii Hanbosee 0JU30K K
MaTeMaTHYECKOMY, TaK)Ke KaK ¥ IPUHSITHIA TOPSAIOK UX BEIYUCICHHSI. TakK, yMHOKECHHE U
nenenne (MyJIbTUILNTUKATHBHBIC OTIEPAIMK) CTApPIIe CIOKEHUS W BHIYMTAHUS (ATUTHB-
HBIC OTepalliy). YHapHbBIC ONEpavy + U — cTapiine OWHAPHBIX, T.€., 3HAK OMepaH/a BbI-
YHCIISIETCS B MEPBYIO ouepeap. Omneparuu THIa TPUCBaUBaHUS MITJIIIE IIPOYUX, YTO TI03-
BOJISICT BBITIOJTHUTH WX TOJBKO MOCIIE TOTO, KaK 3HAYCHHE BBIPAKCHHSI BEIYMUCIICHO MTOJTHO-
cThio. Omepanuy OTHOLIEHUS MIIaJIlIe apu(METUUECKUX OTepalrii, 4TO MO3BOJISET HC-
MOJIb30BaTh €CTECTBEHHYIO 3aIUCh JIOTHUYECKUX BBIPAKECHHM, HAIpUMEDP, x>0 && y>0.
31ech B MEPBYIO OYEPE/Ib BEIYUCIIAIOTCS 3HAYCHUS OTHOIIICHUH, KOTOPBIC 3aTEM SIBJISIOT-
Cs oTepaHaMi KOHBIOHKITUH.
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Tabmmua 1 — [Topsinok BeIUKCIECHUS BRIPAXKEHUN

I'pynna Tun peiicrBui Onepauuu MM 3J1eMeHTbI
1 Brruucnenus B kpyribeix ckodkax | ()
2 Brruncnenus 3HaueHunii QyHkimu | PyHKIUN
3 YHapHble onepanuu +, -, ~ (OOUTOBOE OTPHUIIAHUE), ...
4 Onepauuu THUIA YMHOXKEHHS *,1, %
5 Ornepanuu TUNa CJI0KEHUs +, —
6 Onepanyu OTHOIICHUS < <=,> = == 1=

ApudmMeTudeckue BBIPAKEHUSI CTPOSITCS U3 ONEPAHI0B, apu(pPMeTHUYECKHX
onepanuii U KPyrJjbiX CKOOOK.

Kpyriable cKOOKH UCTIONB3YIOTCS IS 3aKITFOYSHHS B HUX YaCTH BBIPAKEHUS, 3HA-
YeHHUS KOTOPOW HEOOXOAMMO BBITIOJIHUTE B MIEPBYIO O4epe/ib. B BRIpa)KeHUN MOXKET OBITh
Tr000€ KOJIMYECTBO KPYTIIBIX CKOOOK, MPHYEM KOJMYECTBO OTKPBIBAIOIINX KPYTJIBIX
CKOOOK JTOJDKHO OBITh PAaBHO KOJIMYECTBY 3aKPhIBAIONIUX. YacTH BhIpaKEHUM, 3aKITFOUCH-
HBIE B KPYTJIbIE CKOOKH, JTOJDKHBI OBITH JTM00 HE MEePeCceKatoNUMUCS, JTHO0 BIOKEHHBIMU
JpyT B IpyTa.

Apudmernyeckne BHIPAKEHHUA 3aNMCHIBAIOTCS 10 CJeIYHOILIMM MPABUJIAM:
— 3anuce BEIETCS B CTPOUKY.

— Henp3s OIIYCKAThb 3HAK YMHOKCHUA MCKIY COMHOXKUTCIIAAMU.

— Mg 0603HaueHHS TIEPEMEHHBIX HCTIONIB3YIOTCS OyKBbI TATHHCKOTO angaBuTa.

OHCpaHI/II/I BBIIIOJIHAIOTCA B COOTBCTCTBUU C npuopumemami: CHadalla BBIYUCIICHUC
®YHKHHﬁ, 34TEM YMHOXCHUC U JICJICHUC, IIOTOM CJIOKCHUC W BBIYUTAHHC.

Ecnu B 01HOM BBIpaKEHUU 3alIHCAHO HECKOJIBKO ONepalnii OJMHAKOBOTO IPHOPUTE-
Ta, YHApHbBIE ONEpallid, YCJIOBHAsl ONepauus U Oonepalud NpUCBAaUBaHUS BBINON-
HSAIOTCSI Chpaea Haleeo, OCTANIbHbIE — ciesa Hanpaeo. HanpumMep, a=b = ¢ o3Hayaer a

=(b=c¢),aa+b+ co3nagaer (a +b) + c.

— Jlnst m3Menenust mopsijka JeHCTBUN UCTIONIB3YIOTCSL KPYTIIbie CKOOKH.

— Ilpu ucnonb3oBaHMM CTAaHAAPTHBIX (PYHKIHMIA apTyMEHT 00s13aTENIbHO 3aKITI0YAeTCS B
KpYIJIble CKOOKH.

Tabauna 2 — ApupmMernyeckue onepalny ¢ YUCJIaMU U BCTPOECHHbIE (PYHKIIUU C OJ1-
HUM U IBYMsI apTyMEHTAMHU

X+y Crnoxenue —cyMmmaxuy (2+3=15)

X-y Brruuranne — pasHocth X Uy (5 -2 =3)

Xx*y YMHOXeHHe — TpousBefieHue X uy (2 * 3 =6)

x/y Jlenenne x Hay: 4/1.6=2.5,10/5 = 2.0, pe3yapTar 1poOHBIN

x// Jenenne x Ha y Haneno: 11 //4=2,11.8// 4= 2.0, pe3ynbTar 1eibIi,

y y pesy.

TOJIBKO €CJIK 00a apTryMEHTa 11eJIbIe

x%y Ocrartok ot genenus: 11 % 4 =3, 11.8 % 4 = 3.8000000000000007
(TIpUCYTCTBYET ONIMOKA, CBSI3aHHAsI C HETOYHOCTHIO MPEACTABICHUS
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JTAHHBIX B KOMITBIOTEPE)

X **y Bo3Beaenue X B cTenens y: (2 ** 3 = §)

abs(x) Monynb uncina X

round(X) Oxkpyrnenue (round(11.3)=11)

round(x, n) OxpyTasieT 4uciio X 0 n 3HaKoB noce 3anaroi: round(12.34567,
3)=12.346

pow(X, y) MIOJIHBIN aHAJIOT 3aMucH X ** y

divmod(x, y) | BBIZAET Ba YKCIa: YaCTHOE U OCTATOK, 0OpaIaThCs CIeayeT TaK:
g, r = divmod(x, y)

MopayJab math
3arpyska MopyJieit B Python ocyiiecTBisiercs ¢ mOMOIIBIO orniepaTopa import.
Camblif mpocTol Crocod ero UCIoIb30BaHUs — 3arpy3UTh BCE COACPKUMOE MOJTY -
JI TII00AJIBHO:

from math import *
t = sin (pi /6)

Ho akamemudecku npaBuibHEe, MUCATh CIICIYIOMIAM 00pa3oMm:

import math

t = math.sin (math.pi / 6)
v = math.log (math.e)
print(t, v)

Tabauna 3 — Hanbonee ynmotpeduTenpHbie PYHKITMN M KOHCTAHTHI MOAYJIst math

trunc(X) Yceuenue 3HaueHus X 10 1EJI0T0

sqrt(X) KBagpartsbiii kopeHs u3 X

exp(X) DKCIOHEHTA Yncia X

log(X), log2(X), log10(X) HartypanbHblil, JBOWYHBIN U A€CATHUHBIN JIorapud-
MbI X

log(X, n) Jlorapugm X mo OCHOBaHHIO N

sin(X), cos(X), tan(X) CuHyc, KOCMHYC U TaHreHC X, X YKa3bIBA€TCs B pa-
JIaHax

asin(X), acos(X), atan(X) ApKCHHYC, apKKOCHHYC U apKTaHIeHC X

atan2(X, Y) APKTAHT€HC OTHOLIECHUS X
Y c yu€ToM KBajpaHTa

degrees(X) KoHBepTupyeT paguansl B Tpaaychl

radians(X) KouBepTrpyeT rpaaychl B pauaHbl

sinh(X), cosh(X), tanh(X) ['unepOonryeckre CHHYC, KOCHHYC M TAaHT€HC X

asinh(X), acosh(X), atanh(X) OOpaTHbBIN THITEPOOTHISCKHUN CUHYC, KOCHHYC U
TaHreHe X

hypot(X, Y) ['unoreHny3a TpeyronbpHuKa ¢ kKaretamu X 1 Y

factorial(X) @Pakropuan yucna X

gamma(X) [Mamma-bynaknus X

pi Be1aéres yncio

e Boigaéres uncno e

[IpuMeps! 3anKcH BEIPAKEHUN:

MareMaTH4yecKoe BbIpasKeHue 3anuch Ha Python
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. 10x 4+ 3+/cosx 1. 10 * x + 3 * sqrt(cos(x))

sin2x —1
2 —1 2. (sin(2*x) - 1) / (pow(x, 2) - 1)
_ ‘x’+2ctgx 3. abs(x) + 2 * cos(x) / sin(x)

Bomnpocsl 1 3axanus
3apaxue |

3anucamu credyrowue svipadicenusi no npasuiam szvika Python

2xy +4x°

. sin 5x +2 tg x* —
Sy

3. ;

. 2x + 3y? - sin3x 6 4\/cos3b—2sinb.
siny. +2|1gy = 25| —2cosx’ +2y’
2cos2y 7. ;

1 2 S_q |2a+tg3a|
——+|x —3x —_—
x’ ‘ ‘ g J1+6° +11
3apaHue i
Buinonnums coenacrno eéapuanmy:
V4 72
2cos x—g b=1+ .
_ z
0.5+sin’ y 3+?
z —z(y—x
s=|xr — 32|+ Inx tz(y—x)—y (y 2)
x 1+(y—x)
2 3 4 _ .3 2
S:1+x+x_+_+X_ t—x(smx + cos y)
21 31 4!

b

y=e"sin(at+b)—/|bt + 4 S=bsin(az‘2 cos2t)—1
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b*sin’(x +a _ 2.3 X
e e i v
s=x g (x +b) +—= :bxz—a
6 & (x ) Nx+b e” —1
x*(x+1 .
Z:¥_Sm2()‘+a) s=,/ﬁ—cos2(x+b)3
7. , @
2
X
y=sin3(x2+a)2—\/§ Z=;+cos(x+b)3
8. 5
f=3fm-1gt+|c-sint| z=mcos(bt-sint)+c
0. 5
9 a _Ja (bxj
y=btg"x —————~ d=a-e " -cos| —
sin(ij ¢ )
a
10. 5
len(a+x2)+sin2(£j, Z:e—CX.—x+ X a
b x—,/|x—b|
11.
2x —Xx ax
y:a +b™" -cos(a+b)x k:eﬁ-cos\/g
12 x+1 2
ZZ\/CIX'SiI’IZX-l-e_ZX'(X-l-b) W:e3.‘sinbx|_x_3
13. , a
L a’*x + e~ -coshx f=e"In(a+x)-b"-In(b-x)
bx—e " -sinbx+1 :
14. )
- sin x —cm - n(mx) s=e“ x+l+e™ x+15
s J1+ m?sin? x '

b
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bzln(c2 +m)+e_cy

a=e ‘mz—xz‘
16. ,
2 2 m
z=Xx"-sin (x+b)+ * S:(m T )-ey+\/3m+ln(m+4y)
(x+b2)
17. ,
. acos’ bx sin (x3 — a)+ blx|
sina + bxcosb —e* W= cos(ax +b)
18. ,
ol [ X L@ ey
¥y =CO0S8 (x-i—a ) + ? 3x2
19. ,
o xi—si t:(x_y)s1n(x+y)—tg(yz—x)-z
y 1+ (x-y)
20. ,
e 1n(m—3) v=w/|bt—a|—er—’-sin(bl+a).
S arex 24
21. ,
bsin(at2c0s3t) f:%/m-tgt+|csin3z|
y=1+
12x
22, ,
y=a-tg’(x+a)- b d:b~e‘@-cos(ﬂ+l.4j
. z(aj b
sin”| —
X
23. ,
Z:\/X—T—ln(a2+x2) _ —cx.x+ |x_b’
24, : , f=e X—+x+a
m2+y2 B 2x N .
;- » )+J\m\+tg(m—2y) =@y o sin=)
25.

b
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3agaHwue lll

B UHMEPAKNIUBHOM PEINCUME 6bIUUCTIUMb SHAYECHUE eblpaofceHuzZ, 300AHHbIX 8 3a-

oanuul,mpua=1,b=2,x=0.5,y="17.

[IpoBectu nmoapoOHBIN aHAIN3 MOJYYEHHBIX PE3YyJIbTaTOB.
3apgaHue IV

HpI/I pa60Te B UHTCPAKTUBHOM PCIKUMC OI[HOﬁ 13 HanOoJIee MOJIE3HBIX SIBIISICTCS

dbyukius help, BeIBoAsIIas ClIpaBOYHYI0 HH(POpMAIHO 00 00bEeKTe, IoAaIoIeMcs B Ka-
YeCTBE apryMeHTa.

C momompto ¢pyskimu help npoananuzupyite GpyHKIMA print v input, B TeTpaau

ONUIINTE UX apaMETPBL.

15.
16.
17.

KoHTponbHbIe BONpoOCHI

Yrto Takoe aroputm?

[lepeuncnure CBONCTBA aIrOPUTMOB.

CriocoOblI 3anucu aaropurma.

[lepeuncnure 6a30Bble ANTOPUTMUYECKHE KOHCTPYKIMU. KakoBa O10Kk-cxema clie-
JIOBaHUsA?

KaxkoBa 010Kk-cxemMa 1moaHoM (HemoiHOM) (hOpMbI KOMaH Ikl BETBJICHUS ?

KakoBa 050Kk-cxema 1uKia ¢ npeaycioBuem?

KaxoBa 6510K-cxema IHKJja ¢ MoCTycIOBUEM?

KaxoBa 650Kk-cxema 1ukIia ¢ napamerpom?

Urto Takoe nporpamma?

Urto Takoe TpaHcasTop?

Yto Takoe KOMIHISTOP?

Yro takoe uHTEpHpeTaTop?

UYrto Takoe onepartop u onepasya’?

B kakux ciyyasx Mpu 3alucy MaTeMaTUYeCKUX BhIpakeHUH Ha s3bike Python wuc-
MOJIB3YIOTCS KPYTJIbIE CKOOKU?

[IpaBuia uCHoab30BaHMS CTAHIAPTHBIX MaTeMaTuyeckux ¢yHkuuii B Python.
J1J1st 4ero Ucnonb3yeTcs UHTEPAKTUBHBIN peKuM?

Uto HeoOX0AMMO JUIsl UCTIOIB30BAHUSI HHTETPUPOBAHHOMN Cpeibl pa3paboTku?

Cnncok JJUTEpaTyphbl, pEKOMEHyeMblil K HCI0Jb30BAHUIO 110 JAHHOM

TeMe
e [1]ctp. 14-16, 30-36, 79- 82, 106- 107;
e [6] cTp. 5-31.
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IIpakTn4yeckoe 3ansaTue Ne 2
IIporpaMmmupoBaHue aJIrOPUTMOB JJUHEHHOH CTPYKTYPbI

HEJIb: 3akpernenue 3HaHuid 0 TUNaxX JaHHBIX, IPeo0pa3oBaHUSAX TUIIOB, TPUOOpeETE-
HUE HAaBBIKOB COCTABJIEHUS U OTJIAJIKM ITPOTPaMM JINHEMHOM CTPYK-
Typbl Ha s3BIKE TTporpaMMupoBanus Python
3HaHMs1, YMEeHHUS U BJIA/IeHUs1, IpUodpeTaeMbie 00y4aOUIMMCs B pe3yJbTare 0CBoe-
HHS Te€MbI, B paMKax ()OpMHUPYeMbIX KOMIETEHIMH (OIK-8): CM. IPUIIOKEHHUE 2: BbIpa-
0aTbIBaeTCs HAaBBIK Pa3pabOTKU MaTEMaTHYECKUX MOJENel, a Takxke (opmupyercs
CIIOCOOHOCTh K pa3pabOTKe W MPUMEHEHUIO aJTOPUTMUYECKUX M MPOTPAMMHBIX pellle-
HUW (TMHEHHOW CTPYKTYpPHl) B 00JACTH MPUKIAJHOTO MPOTPAMMUPOBAHUS C YMEHUEM
OOBSICHUTH TEOPETUUYECKYIO M TIPAKTHYECKYIO YacCTH TeMbI ((opMUpYyeETCs 4acTh yKa3aH-
HBIX KOMIIETCHITUH).

Teopernueckas 4acThb
2. IIporpaMMupoBaHue aJrOPUTMOB JIUHECHHON CTPYKTYPbI

2.1. Ob6uwas xapakmepucmuka si3blka npo2pammupoeaHusi Python

IMaiiTon nau IIMTOH — SI3BIK TIPOrPaMMHUPOBAaHMS BBICOKOTO ypoBHs (Python —
aHTJIOSI3BIYHOE Ha3BAaHME), OPUEHTHUPOBAHHBIA HA TOBBIIIEHUE MPOU3BOIUTEIHLHOCTH
MIPOrpaMMUCTA U YUTAEMOCTH KOJ1a. MOIIIHOCTH S13bIKA JOCTUTAETCS 33 CUET CTaHAAPTHOM
OoubIuoTeKn QYHKIIMIA, CaM e CHHTAKCHUC Spa BKIIOYAET MUHUMYM BO3MOKHOCTEH.

CTpyKTypHOE TIPOTrpPaMMHUPOBAHHE, OOBEKTHO-OPUEHTUPOBAHHOE MPOTPAMMUPO-
BaHMe, (QYHKIIMOHATHLHOE, UMIIEPATUBHOE W aCMIEKTHO-OPUEHTUPOBAHHOE — BOT CIHCOK
napajnrM, KOTOPhIE TOIJIEPKUBAET SI3bIK python.

Kon crpykrypupyercss B PyHKIHMH U KJIacChl, KOTOPbIE MOXHO OOBEIUHUTH B
MOYJIH.

31k python co3nan B konie 1980-x ro0B royimaHACKUM IPOrpaMMUCTOM [ BUIO
BaH Poccymom (cotpyauuk nncturyta CWI). M3HavasbHO S3bIK OBLT OPUEHTUPOBAH Ha
o0BbeKkTHYI0 mnapaaurMy. Ha3BaHue s3bIKy JaHO B YECTh IMOMYJSAPHOTO AHTIUHCKOIO
koMmeauitHoro Tenemoy 1970-x «Jlerarommii upk Mountu [Taiitona» (rmoapazymeBaeTcs
TPYKeI0OHBIA U UTPOBOM TOAXO0 B 00YUEHUN ).

Python — coBpeMeHHBIN SA3BIK MTPOTPAMMHUPOBAHUs, pabOTAIOMIUK HA BCEX pac-
MIPOCTPAHEHHBIX OMNEPALMOHHBIX CHCTEMAax /i HACTOJbHBIX KOMIIBIOTEPOB. S3BIK
nporpammupoBanus [Iuton paspabareiBaercs uyTh Oosee 20 ner. B HacTosmee Bpems
aKTUBHO MCIIOJIB3YETCs JIBE BEPCUH sI3bIKa — OOJIee cTapasi Bepcus 2 M COBPEMEHHAs BEp-
cus 3. Bepcus 2 Oosiee HE pa3BUBAETCs, HO 10 CHX MOP €IIE MCHOIb3YETCs, IOCKOIbKY
OY€Hb MHOT'O MMPOTPAMMHOT0 OOecIeueHust 1 OMOJIUOTEK pazpadoTaHO UMEHHO ISl Bep-
cuu 2. Mexy BEpCUsIMU €CTh CYILIECTBEHHAs: HECOBMECTUMOCTD, B TOM YHCJIE B CUHTAK-
CUCe KOMaH]l BBOJIa-BbIBOJIa (MporpamMma Ha sizbike Python 2-if Bepcuu MoxkeT He pa-
0oT1ath B 3-i1 BepcUU U HA00OPOT), HO B IIEJIOM OHU OYEHB MOX0XH. byieM ncnoib30BaTh
MMEHHO BepcHio 3, Kak 0oJjiee COBPEMEHHYIO M COBEPIIECHHYIO.

Python — coBpeMeHHBINI YHUBEPCAIIbHBIA MHTEPIIPETUPYEMBIN SA3bIK MPOTPAMMM -
poBanus. Ero nocronHcrsa:

1. KpoccrnaTdhopMeHHOCTh U OECIUIATHOCTb.
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2. JluHamMuueckasi THITH3AIUA.
ABTOMAaTHYECKOE yIPABICHUE MTAMSTHIO.
4. Tlpoctoit cuHTakcuc u OoraTble BO3MOXKHOCTH IIO3BOJISIIOT  3aIMCHIBATH

MIPOrpaMMBbI OY€HB KPATKO, HO B TO K€ BpEMS MTOHSATHO.

5. Tlo nmpocToTe OCBOEHUS A3BIK CPABHUM C OCMCUKOM, HO KyJ1a Oosiee OoraT BO3MOXK

HOCTSIMU M 3HAYUTENIBHO 00JIe€ COBPEMEHEH.

6. borartas crangaptHas OuMOIMOTEKa, BO3MOXKHOCTh Pa3pabOTKHU MPOMBILIIECHHBIX

NpUIIoKeHUH (711 padoTsl ¢ ceTbto, GUI, 6a3amu gaHHBIX U T.1.)

BOABIMIMHCTBO IKOJNBHBIX OJIUMIHNAJ [0 MHPOPMATHUKE MOAJCPKUBAIOT S3BIK
Python. C 2015 roxa B Tekctax 3amad EI'D mpumepbl mpUBOASTCS TakKe U Ha S3bIKE
Python. [IpakTuka nokassiBaer, uto 3aganus EI'D no uadopmatuke, B KOTOPBIX TpeOyeT-
Csl HamWcaTh MPOTrpamMMy, CYIIECTBEHHO NPOIIE periaTh € HCIOJb30BAHUEM S3bIKA
Python, yem kmaccudeckux s3p1koB beticuk, [Tackans, C/CH++.

[TporpammupoBanue Ha [IuToHe B HacTosIIIEe BPEMS TIPUICP)KUBALCTCS TeIon (Hu-
aocodun, HazpiBaeMoit «The Zen of Python» («/[3en [IuTonay), aBTopom KOTOPOIt SIBIIS-
erca Tum Ilerepc.

Python mocTossHHO pa3BHUBAETCsI, MOSBIISIOTCS €r0 HOBBIC BEPCHH, OTYACTH H3-3a
storo Ha Python ortcyrctBytor crangapt ANSI, ISO wiu apyrue oduimanbHbie
CTaHAapThI, UX poib BeImoaHsAeT CPython.

(O8]

2.2. OcCHoO@8HbIe NoHsIMus fsi3bIKa

OcHoBy 11000T0 SI3bIKa MPOTPAMMHUPOBAHUSI 00PA3YyIOT TPHU, €T0 COCTABIISAIOIINE:
an@aBUT, CHHTAKCHUC U CEMaHTHKA.

AJspaBHUT - 5T0 (UKCUPOBAHHBIN IS JAHHOTO SI3bIKA MPOrPaMMHUPOBaHUS HAOOP
OCHOBHBIX CUMBOJIOB (OYKB ajipaBuTa), 13 KOTOPHIX COCTOUT JIFOO0H TEKCT HA ITOM SI3bI-
ke. Hukakue npyrvue cCUMBOJIBI B TEKCTE, HE JOMyCKatOTCsA. Bce CUMBOIIBI B TEKCTE KOAU-
PYIOTCSl ¢ MCTIONb30BaHMeM cTaHaapTHOW komoBoi Tabmuibsl ASCII. Kaxnbrit cuMmBon
koza ASCII nmeer HEOTpHULIATENBHBIN IMOPSAIKOBBIM HOMED, T.€. MHOKECTBO BCEX CHMBO-
JIOB SIBJISIETCSl yIIOPSIIOYEHHBIM.

Aadasur a3pika Python

N3yuyenue mo000ro si3plka HaUMHAETCs ¢ U3y4yeHus andaBuTa, U3 OYKB CKJIa/bl-
BaIOTCS CJIOBA, U3 CIIOB - MpeAsioKeHUs. To ke MPOUCXOAUT U MPU U3YUYEHHUH SI3bIKa
nporpaMMmupoBanusi. CHavyaia Mbl JOJDKHBI YSICHUTh, KAKUE CUMBOJIBI MOKHO MCIIOJIB30-
BaTh JUIsl 3allUCH CJIOB $3bIKA, U3 KOTOPBIX MOXHO (OPMHUPOBATH ONpECICHHbIC
KOHCTpyKIuu. Utak, B andasur s3bika Python BxogsT:

1. JlatuHCKHE OYKBHI OT a 710 Z M OT A 110 Z.

B Python ecth paznuuust Mexxay MpONMMCHBIMUA U CTPOYHBIMU OyKBamMu angaBuTa,

HarpuMmep, chislo, CHISLO, Chislo - pa3Hble UMeHA nepeMeHHbIX. OH 4yBCTBUTE-

JIEH K PETUCTPY.

2. Hudpst ot 0 10 9.
3. CnenuanbHble CUMBOJIBI, HATIPUMED +, -, *, /.
4. 3ape3epBupoBaHHbIe (Ci1y>KeOHbIe) cioBa: for, if, class, def U T. A.
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NnenTtudukaropsl u o01IHe NpaBuJIa UX HAMCAHUS
Jlyist TOoro 4TOORI MpOrpaMMa pemIeHus 3aa4u 00J1a/1a1a CBOWCTBOM MacCOBOCTH,
CJIeTyeT yIoTPeOISITh He KOHKPETHBIC 3HAUCHHUS BEJTMYHH, a UCIIOIh30BaTh NX 0003HAUE-
HUS JJI BO3MOKHOCTH U3MEHEHHUS 10 XOAY BBITIOJIHEHUS MTPOTpaMMbl X 3HaYeHUH. J{7s
0003HauYeHUs B TIPOTPaMMe ITepe MEHHBIX M MMOCTOSTHHBIX BEJIMYMH UCTIOIB3YIOTCS HMEHA
- uneHTuduKaTopsl (identification - yCTaHOBJICHHE COOTBETCTBUS 00BEKTA HEKOTOPOMY
HabOpy CUMBOJIOB).
[Iporpamma Ha Python mpexacrasisier coOo# MocCiae10BaTENbHOCTh UHCTPYKIIUH,
KOTOpbIE Ha3bIBAIOTCA oneparopamMu. HeoOXoIMMO yUnTHIBATh, CJIEIyIOLIEE:
e B MJICHTU(HUKATOP HE MOTYT BXOJIUTh MPOOEIBI, CIICIIMAIbHbIE CUMBOJIBI alipaBuTa;
e UJEHTU(DUKATOP HAYMHAECTCS TOJIBKO C OYKBBI HJIM CO 3HAKA MOAYECPKUBAHUS;
e UJECHTU(DUKATOP MOXKET COCTOSTH U3 OYKB, UG U 3HAKA MOJICPKUBAHUS;
e TMPU HAMKMCAHUH UJCHTU(HUKATOPOB MOMKHO HCIOJIH30BATh KaK MPOIUCHBIE, TaK U
CTpOYHBIC OYKBHI JIATHHCKOTO ayipaBuTa;
o HIEHTU(UKATOP HE JOHKCH SIBISTHCS 3apE3ePBUPOBAHHBIM CIIOBOM.

CHHTAKCHC — 3TO CUCTeMa IPaBUJI, ONPEACIAIONUX JOMYCTUMbIE KOHCTPYKITHH
OykB andaButa. C MOMOIIBIO 3THUX KOHCTPYKIHH, NPEACTABISAIOTCS OTCIbHBIC
KOMIIOHGHTBI aJrOPHUTMa W QJFOPUTM B IIEJIOM, 3alMCAaHHbIC HA JIAaHHOM SI3BIKE
nporpaMMupoBaHus. TakuM 00pa3oM, I KakI0# MOCIeI0BaTeIbBHOCTH CHMBOJIOB all-
(aBUTa CHHTAKCHUC MO3BOJISICT OTBETUTh, HAa BOIPOC, SIBJISICTCS JIM OHA TEKCTOM Ha JIaH-
HOM SI3BbIKE ITPOrPaMMHPOBAHMS WU HET.

CHHTaKCHUC yCTaHABJIUBAET, KAK MOKHO Ha 3TOM SI3bIKe C(HOPMHPOBATH KOPPEKT-
HBIM TEKCT U MHUcaTh MporpaMMbl. CHHTAaKCUYCCKH ITPaBUIbHAS MPOrpaMMa HHTEPIPETH-
pyeTcst 6e3 OIOOoK.

N3 cumBonoB andasuta GOpMHUPYIOTCS leKcembl S3bIKA:

- HWAEHTH(PUKATOPHI;

- KJII4YeBble (3ape3epBHPOBAHHbBIE) CJIOBA;

- 3HAKH ONEpPALUii;

- KOHCTAHTHI;

- pasaejuTesin (CKOOKM, TOYKA, 3aNATaA, NIP00eIbHbIE CHMBOJIbI).

Jlekcema, vy 3jeMEHTAapHAs KOHCTPYKUHMS - MUHUMAaJbHAas €IUHULA S3bIKA,
UMEIIAss CaMOCTOATEIbHBIM CMBICH. ['paHUIBI JIEKCEM ONPENCISIOTCA APYTUMH
JIEKCEMaMU, TAKUMH, KAK Pa3aCIUTENN WM 3HAKU ONECPaIlHil.

OAHUM U3 BOKHEUIIINX CUHTAKCUYECKUX MOHSATUH JIF000TO sI3bIKa MPOrPaMMHPO-
BaHUS SBJISICTCA OHATHE HAEHTHPUKATOPA.

Naentundukarop — umsa npoecpammnozo obvekma.

B unentugukarope MOryT UCIIOJIb30BATHCA TATUHCKUE OYKBBI, IU(PHI ¥ 3HAK MO
yepkuBaHus. [IponucHeie U cTpouHble OYKBbI pa3anvaroTCs, HalpuMmep, alpha, Alpha u
ALPHA — TpH pa3IMYHbIX UMEHU. [IepBbIM CUMBOJIOM HAEHTUPHUKATOPA MOXKET OBITH OYK-
Ba WJIM 3HAK MOJAYEpPKUBaHUs, HO He Iudpa. [Ipobensl BHYTpH HMEH HE TOMYyCKAIOTCS.

JUig yiiydiieHus: YUTaeMOCTH MTPOrpaMMBbl CIEAYET 1aBaTh 0OBEKTaM OCMBICIIECH-
Hble IMeHa. CylIeCTBY€ET COTIIalIeHUE O IIPABUIIAX CO3/1aHUs IMEH, HA3bIBAEMOE BEHIEP-
CKOM HOTalMel (MOCKOJbKY MPEMAJIOKHII €€ COTPYIHUK KomnaHuu Microsoft BeHrp 1o
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HAIMOHAIBHOCTH ), IO KOTOPOMY KaXKJIO€ CJIOBO, COCTABIIAIOIICE HICHTU(DUKATOP, HAYM -
HAETCS C IPOIMCHOM OYKBBI, @ BHaYajIe CTABUTCS MPePUKC, COOTBETCTBYIOIIHUIA THITY Be-
JIMYUHBI, HAIIpUMeEp, 1pfnSetFirstDialog. Jpyras Tpaguuus — pa3gensaTh CI0Ba, COCTAB-
JAIOUIME UMS, 3HAKaMU MOAYE€pKUBaHuUs: max_length, number_of_galosh [2].

JlnnaHa naeHTUUKATOpa 1O CTAaHAAPTy HE OTpaHUYCHA, HO HEKOTOPHIE KOMITHIIS -
TOPBI U1 KOMIIOHOBIIIMKY HAJIaraloT Ha Hee orpannueHus. Unentudukarop co3maercs Ha
sTane oObSABICHUS TIEPEMEHHON, (DYHKIWMU, TUIA, U T. II., TIOCJIE ITOTO €ro MOXKHO HC-
MOJIb30BaTh B MOCJEAYIONMIUX OrepaTopax mporpammel. [Ipu BeiOOpe uaeHTH]UKaTOpa
HEO0OXO0JIMMO UMETh B BUJY CIICAYIOIIICE:
— HJEeHTU(DUKATOP HE JOJDKEH COBIMAJATh C KIIFOUEBBIMU CJIOBAMU U UMEHAMHU UCTIOJh-

3YEeMBIX CTaHJIAPTHBIX OOBEKTOB S3BIKA.

[Ipumepsl TpaBUIBHBIX HIACHTH(PHUKATOPOB: value25, My_File, index,
Operation. [IpuMepbl CHHTAKCUYECKH HEMTPaBUIbHBIX UACHTU(HUKATOPOB:

1_Side (MMs HE JOJKHO HAYMHATHCA C ITUDPHI),

Tom 2 (HE JoIycKaeTcs mpober),

New-Name (He momyckaercs neduc),

break (cimyxeO0HOE CJIOBO).

3amMeTHM, 4YTO UMEHA, KOHCTAHTHI, CIY>KEOHBIE CIIOBA HEJIB3$1 ITUCATh CIUTHO APYT C
JOPYrOM, OHU JOJKHBI OTIAEISATHCSA OAUH OT IPYroro npo0eaom, NepeBoIOM CTPOKH WIIH
KOMMEHTapHUEM.

Cay:keOHble (3ape3epBUPOBAHHBIC, KIIFOUEBBIE) CJI0BA — OTO UJEHTU(PUKATOPHI,
MMEIOIIKE CIIeUaIbHOE 3HAaUeHHE JUIsl TpaHCasATopa. MIX MOKHO UCIIOJIb30BaTh TOJIBKO B
TOM CMBICJIE, B KOTOPOM OHHU ompejenensl. Hanpumep, from - KitoueBoe CI0BO, 000-
3HAYaIoIIee UMIOPT HECKOIBKUX (DYHKIMI U3 MOAYJIS, return - KIIFOYEBOE CIIOBO, HC-
M0JIb3yEeMOE JUIsl 0003HAYEHUS ONEpaLliU: BepHYTb pe3ynbTarT.

3Haku onmepaumid. 3HaK orepalnuy — 3TO OJWH WIM 00JIee CMMBOJIOB, OIpese-
JSIOIIMX JISWCTBUE HAJ olepaH aMu. BHyTpH 3HaKa omnepaiiuy mpooesbl He JOIMyCKatoT-
cs1. Onepanuu JIeisaTcs Ha yHapHbIe, OMHApHBIE M TEPHAPHBIE IO KOJIMYECTBY YYaCTBY-
IOIIMX B HUX ornepanaoB. OJIUH U TOT K€ 3HAK MOXKET UHTEPIPETUPOBATHCS MMO-PA3HOMY
B 3aBHCHMOCTHU OT KOHTEKCTa. Bce 3Haku oneparuii 3a uckirouenueM | | ,( ) u ? : mpea-
CTaBIIIIOT COOOH OTACIBHBIC JICKCEMBL.

CeMaHTHKA AI3BIKA — 3TO CMBICJIOBOE 3HAUYE€HME CJIOB. B mporpamMMupoBaHuu —
Ha4yaJbHOE CMBICIIOBOE 3HAYEHHE OIEPATOPOB, OCHOBHBIX KOHCTPYKIMH SA3bIKA, T.1I. [1].

IIpumep. Ilepsbri kox: i=o0
S=20

while i < 5:

i+=1

S +=1
Bropoi ko S=20

for i in range(5):
S +=1

Jlormyecku 3T 1Ba hparMeHTa KOJa BBIMOIHSIIOT OJTHO U TO K€, PE3yIbTaThl UX
paboOThI HACHTUYHBI. B TO e BpeMs CEeMaHTHYECKH 3TO J[Ba Pa3HBIX ITUKIIA.
Takum oOpazom,
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- CHHTaKcuC — GopMaIbHbII HAOOP MPaBUJ, ONMPEACIIIONINA CIOCO0 MOCTPOSHUS
JTHOOBIX KOHCTPYKITUH SI3BIKA;

- CeMAHTHKAa — MHOXECTBO MPABUJ, OMPEICISIIONINX CMBICT CHHTAKCUYECKHX
KOHCTPYKIIUH.

KoMMmeHTapum — 3T0 TEKCT, KOTOPBIM UTHOPUPYETCS MPU KOMIMIISILIUH, YTO ObIBa-
€T MOJIE3HO TPOrpaMMUCTaM IS MTOSICHEHUS TEX WIM UHBIX Y4acTKOB Koaa. Komnunsatop
00pabaTbIBa€T KOMMEHTAPUHU KaK IyCTOE MPOCTPaHCTBO. KOMMEHTapuu MOKHO HCTIOJIb-
30BaTh U AJIsI BDEMEHHOIO OTKJIFOYEHUS YACTU KOJIa IIPU OTIAJKE.

KommenTtapuu B nporpamme Ha Python HaunHaroTcs ¢ cumBouia # «iue3 (Mnu wapn
unu xeww) » (#oAHOCTPOYHBIN KOMMeHTapwit). BHyTpu KOMMEHTapusi MOKHO HUCTIOJIB30BATh
J00BIEe TOMYCTUMbIE HA JAHHOM KOMITBIOTEPE CUMBOJIbI, @ HE TOJIBKO CUMBOJIBI U3 alia-
BUTA s3bIKa Python, mockonabKy KOMOUIASTOP KOMMEHTApUU UTHOPUPYET.

2.3. [aHHbIe u cnocobbl ux op2aHu3lauuu

JlanHble — 510 uHbOpMaIys, IPEACTABICHHAs B BUJIE PUTOTHOM IS 00paOOTKH
ABTOMAaTUYECKUMHU CPEACTBAMH, B 9aCTHOCTH DBM, Mpr BO3MOYKHOM y94acTHH YEJIOBEKA.

B mporpammax o6pabaTbsiBaeMble TaHHBIE (PUTYPUPYIOT B KAUECTBE 3HAYCHHUIA TEX
WIA UHBIX MPOTPAMMHBIX 00BEKTOB. [laHHBIE, KOTOPHIE 3a)UKCUPOBAHBI B TEKCTE M HE
M3MEHSIOTCS B MMPOIIECCE BHITIOJIHEHUS TTPOTPAMMBbI, HA3bIBAIOTCS KOHCTAHTAMM; OCTAJIb-
HBIC JJAHHBIC SIBIISIIOTCS 3HAYCHUSIMU 0OBbEKTOB, HA3bIBAEMBIX NePeMEeHHBIMHU, TTOCKOJIBKY
3HAYEHUS dTUX 00BEKTOB MOTYT U3MEHSITHCS B TIPOIIECCE BHITTOJIHEHHSI IIPOTPAMMBEI.

JlanHbIe, ¢ KOTOPBIMH pabOTaeT MPOrpaMma, XpaHsTCs B OTIEpaTUBHOM mamsiTu. VTHTep-
NpeTaTopy HEOOXOANMO TOYHO 3HATH: CKOJIBKO MECTa OHHM 3aHUMAIOT, KaK MMEHHO 3aKOIPO-
BaHbBI M KaKue ACHCTBHUS HAJI HUIMU MOYKHO BBITIOJHATE. Bce ATo 3a7aeTcs mpy ONMcaHuy JaH-
HBIX C TIOMOIIIBIO THIIA.

Tun JaHHBIX OTHO3HAYHO OIpe/IeIsieT:
dopmat npeacTaBICHUs JaHHBIX B TTaMITH KOMITbIOTEpA.
MHO0X€eCTBO JOMYyCTUMBIX 3HAUEHHM, TPUHUMAEMOE NIEPEMEHHOW WJIM KOHCTaHTOM,
NpUHAAJIeKAIIeH K BBIOpAaHHOMY THITY.
3. MHOXECTBO JOMYCTUMBIX JEHCTBUUA NPUMEHUMBIX K 3TOMY THUIy (ONEpaluu u

byHKINN).

N —

Koncranrel B si3bike Python

Wtak, kOHCTaHTa MPEJICTaBISIET 3HAYEHHUE, KOTOPOE HE MOYKET OBbITh M3MEHEHO. BaxkHo
3aMeTHTh, 4TO B Python HET BO3MOXXHOCTH OOBSIBUTH KOHCTAHTY, OJTHAKO CYIIECTBYET
COTJIALIEHUE, YTO MEPEMEHHBIE, KOTOPBIE HE JOJKHBI MEHATHCS BO BPEMS BBIIIOJHEHUS
MPOTrpaMMBbl, 3aITUCHIBAIOTCS 3arjlaBHBIMU OyKBaMu: MAX_SPEED, LOCAL.

HOpHIlOK 00bSIBJICHUS U HHUIHAJIU3AINHUA TEPEMECHHDBIX

IlepemeHHast — 3T0 IMEHOBAaHHAs 00JIACTH MTAMSTH, B KOTOPOU XPaHATCS TAHHBIC OITpe-
neneHHoro Twmna. Kaxmas mepeMeHHas JO0JDKHA OBITh NPOMHUITMAIM3UPOBAHA B TEKCTE
IIPOrPaMMBI TIEPE/T TIEPBBIM €€ UCITOJIb30BAHUEM.

HUmsa nepemennou (uoenmughuxamop) 00O3HAYAECT B TEKCTE MPOrPAMMBbI BEITUYHHY,
M3MEHSIONTYIO CBOE 3HaueHHe. [1J1s1 KayKIoi IepeMEeHHOM B TTAMSATH KOMITHIOTEPA BBIIEIISETCS
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HEKOTOpasi 00JIaCTh MaMsITH, CIIOCOOHAS XPaHUTh 3HaUeHHE. VIMst IO3BOJISIET OCYIIIECTBUT JI0-
CTYM K 00JIACTH MAMSATH, XPAHAIIEH 3HAUCHHE IEPEMEHHOM.
Tun niepeMeHHO onpeieNIeT pa3Mep BbIICISIEMON aMSITH U CIIOCO0 XpaHEeHHsI 3Have-
HUISI.
3uauenue nepemernou. Eciin nepeMeHHasi He POUHULIMATM3UPOBAaHA HAYAIbHBIM 3Ha-
YeHHUEM, TO IIepe]l IEPBbIM €€ UCIIOIb30BaHUEM, 3HAYECHHE ITEPEMEHHOM OyIET HE ONPEJIENICHO.
HesaBucumo o1 Toro ObLIO 33JaHO WM HET HaYalbHOE 3HaYE€HUE MEPEMEHHOM (IIpU €€ OIurca-
HUU WK TIPY BBOJIE C KJIABUATYPBI, HATIPUMED) €€ BETMUMHA MOXKET U3MEHSTHCS B XOJI€ BBITIOJ-
HEHUSI IPOTPaAMMBI.
Obnacme euoumocmu. llepemennsie B si3bike Python kmaccuduuupyrorcs mo
00J1aCTH BUAMMOCTH U JEJISITCS Ha JIBE KATETOPUU: JIOKAJIbHBIE U TJ100aIbHBIE.
JlokanvHas nepemennas — 3TO Takas nepeMeHHas, KoTopas 0ObSBICHA BHYTPH Ka-
koi-nmrbo ¢ynkiuu. [1o 3aBepuiennn paboThl GYHKIMH 3Ta IEPEMEHHAS pa3pyIIaeTcs, a
3aHMMaeMasi el MmaMmsaTh BBICBOOOXKIAETCsA. TO €CTh, BpeMs JKM3HU TaKOW MEPEMEHHOU
OTPaHUYCHO TEM OJIOKOM, B KOTOPOM OHA OOBSIBJICHA.
I nobanvnas nepemennas — 3TO Takas MepeMEHHas, KOTopas 0ObABIEHA BHE JIIO-
ooro 610ka. CienoBaTenbHO, BpEMsI €€ KU3HHU — BPEMS KU3HU CAMOM IIPOrPAMMBI.
Pe3tomupyst Bce BBIIIIECKa3aHHOE, MOYKHO CZEJIaTh BBIBOJ, UTO MPEXK]IC YEM OITUCHIBATH
KaKhe-i00 JaHHbIEe, HEOOXOIMMO BBITIOTHUTH CIICTYIOIINE ICHCTBHUS:
— BBIOpaTh UM MTEPEMEHHOM (OIMCcaTh UACHTU(DHUKATOD);
—  ONpENeNUTh UCXO/Is U3 HEOOXOIMMOr0 AUana3oHa MPeCTaBICHHs YUCEN THIl IEPEMEH -
HOM;
— ONpeNeNuTh 00JaCTh BUAMMOCTH MIEPEMEHHOM;
— OOHYJHTH WM PONHUITNATM3APOBATE IEPEMEHHYIO HaYaTbHBIM 3HAYCHUEM.

2.4. CmaHdapmHbie npocmabie murnbl OaHHbIX

Python siBisieTcst I3pIKOM IPOrpaMMUPOBAHMS C JUHAMHYECKON HESIBHOM THUIIH3a-
UCH.

Berpoennsie ¢hyHKIMH, BBITOIHSIOIIME MPEOOpa30BaHUE THITOB:

bool(x) - mpeoOpa3oBaHHe K THUITy bool, MCHONB3yIOIIas CTaHAAPTHYIO IPOIIETY-
Py TIPOBEPKHM MCTUHHOCTH. Ecin X SIBISIETCS JIOXKHBIM WM OITYIIEH, BO3BpaIlaeT 3HAYCHHUEC
False, B mpoTiBHOM CiTy4dae oHa Bo3BpaiiaeT True.

bytes([cTpoka[, koaupoeka [ownbku]]]) - BO3BpalaeT oObEKT THIa bytes, KOTo-
PBIH SIBJISIETCS] HEM3MEHSIEMOM TOCIIEI0BATENTLHOCTBIO IEIbIX yrcel B tuarnazoHe 0 < X < 256.
ApPryMeHTBI KOHCTPYKTOpa HHTEPIPETUPYIOTCS Kak [yt bytearray().

complex([real[, imag]]) - mpeoOpa3oBaHKE K KOMIUIEKCHOMY YHCIY.

float([X]) - mpeoOpa3oBaHKE K YMCITY C TIaBaroIIeH ToUukoi. Eciiu apryMeHT He yka-
3aH, Bo3Bparaercs 0.0.

int([object], [ocHOBaHMe cucTemsl cuucneHua]) - MpeoOpa3oBaHUE K LIETIOMY
YUCITY.

str([object], [koamposka], [ownbkn]) - CTPOKOBOE MPECTABICHNE OOBEKTA.

2.5. Cmpykmypa npo2paMmMbi

Kak npasuino, nporpamma Ha Python nomxHa cocTosTh U3 CleayonMX YacTei:
1) cuuThIBaHUE NAHHBIX,
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2) pellleHHe 3a]a4H,
3) BBIBOJ pe3yJibTara.
Hanpumep, nporpamma, cuuTaromas CymMMy JIBYX YHUCEJ MOKET UMETh CIEAY-

FOIIIMU BUT:
a = int(input())
b = int(input())
summa = a + b
print(summa)

B 10 e Bpems B Python mnporpamma MoxkeT OBITh «OJHOCTPOUYHUKOMY:
print(int(input())+int(input()))
OcHOBHbBIE NPUHIIMIIBI CHHTaKCcHUCA si3bIka Python

1. Konerr cTpoku sBI€TCS KOHIIOM HHCTPYKITUH (TOUYKa C 3arsITol He TpeOyeT
cs).

ITPUMEP
a=>5
b =23

print(a + b)

2. BiioxxeHHbIE MHCTPYKIIUKM OOBEAUHSIOTCS B OJIOKU MO BEJIMYMHE OTCTYIOB.
OTtcTyn MOXET OBbITh JTHOOBIM, TJIABHOE, YTOOBI B Mpejeiax OJHOTO BIOKEHHOTO OJiIoKa
OTCTYI ObLT OAMHAKOB. B TOXe Bpems NI 0003HAUCHUSI OTCTyNa PEKOMEHIYyEeTCs UC-
MoJIb30BaTh 4 npoobena.

I[TPUMEP

if a == 5:
print('yes"')
a +=1

3. Bnoxennsie nHcTpyKkiuu B Python 3anuceiBatoTcsi B COOTBETCTBUM C OJTHUM
U TEM e abIOHOM, KOTJJa OCHOBHAsI MHCTPYKIIUS 3aBEPILIAETCS IBOETOUMEM, BCIIE] 3a
KOTOPBIM pACIOJaraercsi BIOXKEHHBIM OJIOK KOoJa, OOBIYHO C OTCTYIOM IOJ CTPOKOH
OCHOBHOM MHCTPYKIIHH.

IIpaBuia odopmMmieHnsi TeKCTa MPOrpaMMbl, HAmpaBlICHHbIE HAa OOJErdyeHue
MOHMUMAaHUS CMBICJIA U TTOBBIINICHUE HATJISITHOCTH, TAKOBHI:

— Ppa3aensaTh JOTUYECKUE YaCTH MPOTrpaMMBbl ITyCTHIMU CTPOKAMH;

— pa3zensTh ONEepPaH]Ibl U ONepaluy NpooeIamu;

— B K@XJO0W CTPOKE JOJHKHO OBITh, KaK MPaBUIIO, HE O0Jiee OTHOTO ONepaTopa;

— OTpaHUYUBaTh JJIUHY CTpokHu 60-70 cuMBOIaAMU;

— OTCTyMaMH CJIeBa OTPAXKATh BIIOKEHHOCTH ONEPATOPOB M OJIOKOB;

— JUIMHHBIC OMEpPaTOPhl pacroyiarath B HECKOJbKUX CTPOKaX;

— TMPOBOJUTH AITOPUTMH3AINIO TaK, YTOOBI OMPEACIICHUE OTHON (DYHKIIMN 3aHMMAJIO,
KaK MpaBWIIo, HE O0Jiee OJHOrO SKpaHa TEKCTa;
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— CTPEMHTBHCS HCIOIb30BaTh TUIOBBIE 3arOTOBKH ()PAarMEHTOB MPOrpaMM, BKIIIOYAs
TUIIOBYIO CTPYKTYpPY OJI0Ka ¥ MPOTPaMMBI B LIEJIOM.

KoHeuHo, 3TH mpaBuia HyXHO HCIOJIb30BaTh COBMECTHO C MPAGUAAMU UMEHOBAHUS

AJIEMEHTOB MPOTPAMMBbI U KOMMEHMUPOBAHUsL TEKCTA IPOrPAMMBIL:

— KOMMEHTApHUH B TEKCTe HEOOXOAUMBI;

— HMMeHa 00beKTOB NPOrpaMMbl BHIOMPAKOTCH 0CMBICIeHHO. Kaxxnoe ums noauep-
KMBAaeT HA3HAYEHUE U JIOTUKY 00bEKTa, HapUMep, UMEeHa OMOIMOTEUHbIX (QyHKUINN
sin, abs, print u mpoumux roBopsAT camH 3a cedOs. IMeHa oOBbEeKTOB, BBEJCHHBIC
IPOrpaMMHUCTOM, TOAYEPKUBAIOT UX a0OCTPAKTHBIN CMBICT, HAIpUMEP, count, square,
point.x, point.y u TaK gajee.

2.6. Onepamopsbl

Oneparop — 3TO OCHOBHOW DJIEMEHT sI3bIKa NPOrPAMMHUPOBAHMS, MPEICTAB-
AU co00M 3aKOHUEHHYIO (Dpasy W Ompenensionuii HEKOTOPHIN JIOTHYECKH 3a-
BEpLIEHHBIN 3Tan 00pabOTKH TaHHBIX.

Omneparopsl yCI0BHO MOKHO IOAPA3ACIIUTE HA ABE KATETOPUU: UCHOHAEMblE — C
UX MOMOIIBI0 PEAIU3YETCsl AITOPUTM DPELIAeMON 3alauu, U onucameinbHvle, HEOOXO-
IUMBIE ISl ONpPENIETICHUSI TUIOB IMOJIb30BaTENsl U OOBABICHUS OOBEKTOB MPOTrPaMMBlI,
HarpuMep, NEPEMEHHBIX.

Cpeny UCIOTHSAEMBIX OTIEPATOPOB MOXKHO BBIJICTUTH:
- MPOCTHIE OMEePaTOPhl (ONepaTOpP-BhIPAKEHUE, OTIEPATOPHI NIEPEeIaun yIPaBICHU);
- COCTaBHBIE ONIEpPaTOPHI (COCTABHOM omepaTop, OJI0K)
- CTPYKTYpUPOBAHHBIEC ONEepaTopsl (YCIOBHBIN, BRIOOPA, IIUKIIA).

PaccmoTpum nmpocThbie onepaTopbl
OnepaTop «BbIpa:KeHUE)

JIro6oe BBIPA’KCHHC, 3aBCPIIAOIICCCA HA)KATUCM Enter, pPacCMaTpUBACTCA KaK OIIC-
paTop, BBIIIOJIHCHUC KOTOPOT'O 3aKIH0YACTCA B BBIYUCIICHUH BbIPAXKCHU .

[Ipumepsr:
c=a*1.5 # BblpaxeHue C onepauuein npucBavBaHUA
a *= b+ c # BbINOMIHAETCA YMHOXEHWe C npucBauBaHuem: a = a * (b + ¢)
fun(i, k) # BbINONHAETCSH BbI3OB PYHKLUU

Onepanusi NpUCBAUBAHMS.

OO0wmii BUI:
WAEHTUPUKATOP = BblpaxeHue

[Tpumep: X =Yy + 4 # BblpaxeHue c ornepauuein npucBavBaHuA

Brinosiasercs B 1Ba tana:

a) BBIUMCIISICTCS 3HAUCHHUE BBIPAXKEHUS, CTOSIIETO B MPABOM YaCTH OT 3HAKA MPUCBANBA-
HUS;

0) BBIYHCIICHHOE 3HAYCHWE MPHUCBAWUBACTCSA MEPEMEHHOM, CTOSIIECH B JICBOW YacTH OT
3HaKa MPUCBAUBAaHUs, IPU 3TOM MPEABIAYIIECE 3HAUEHUE 3TON NEPEMEHHOM TEPSETCHI.
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PekoMmeHmyeTcsi CTpOro OTHOCUTHCS K THUIIAM JIaHHBIX, HE CMENIMBATH THUIIHI B
BBIPKCHHUSIX.

B croorcnuvix onepayusix npuceausanus ( +=, *=, /= U T 1.) IPU BBIYUCICHUU
BBIPKCHHMSI, CTOSIIIIETO B MIPABOM YacTH, UCTIONB3yeTcs U L-3HadeHHne W3 JICBOW YacTH.
Hanpumep, pu cI0’)KEHUH ¢ IPUCBaMBAaHUEM KO BTOPOMY OIEpaH.y MIPUOABIISETCS Tep-
BbIH, U pe3yJIbTaT 3aITUCHIBACTCS B TIEPBBIM OTMIEPAH]I, TO €CTh BRIPAKEHUE a += b SBIIACT-
cs1 00JIee KOMIIAKTHOM 3alMChIO BEIPAKCHUS @ = a + b.

Emie ogun BUIT 0nIepaTopoB, KOTOPBIM MOYKHO OTHECTH K OTIEPaTOPaM-BBIPAKEHH -
M, 9TO onepamop obpawjenus Kk hynkyuu (Bb130B GyHKIMK). Ero onepangaM sBIsrOTCS
napameTpbl QyHKIINH.

@opmam onepaTopa:

umsa oyHkumMm ([cnmMcok ¢akTMyeckux napameTpoB] - MOXeT OTCYTCTBOBAaTb);
Hampumep:

# BbIBOA JAaHHbIX
print ("Uenoe = %d, BewectBeHHoe = %f\n" % (my _int, my float))

[TpoGenbl B CTpOKe TEKCTa ABJISIOTCS 3HAYAIIMMHU, TO €CTh, €CJIM BBECTH 1I€JI0€ 5 U
npobHoe 9.9, To cTpoka BbIBOAA OyIeT UMETh BHU/I:

Uenoe = 5, BeuwecTtBeHHOe = 9.900000

K omeparopam mepenaun ymnpaBiieHHs OTHOCSITCS continue, MO3BOJISIONIMMA Tie-
PENTH K CIeAyIONIel uTepanuu B ukiie, break asis BbIX0/1a U3 IIUKJIA U return Jiis BO3-
BpaTa 3HaueHUsl QYHKIMH U MPEKpaIeHUs €€ BEIUUCICHUS.

2.7. OpeaHu3auyusi eeo0a/ebieo0a OaHHbIX

BBecTH JaHHOE — 03HAYAET ITPUCBOUTH IPOU3BOJIBHOE 3HAUCHUE IIEPEMEHHOU BO
BpEMs BBINOJIHEHUA MPOrpaMMbl. BbIBeCTH JaHHOE — O3HAYAET HAIe4yaTaTh HA dKpaHe
3HAYEHHUE IEPEMEHHOM MPU BBIIOJIHEHUH TPOTPAMMBI.

BBoa JaHHBIX
BBoj 1aHHBIX MOXHO BBITIOJIHUTH C KJIaBHATYphl GyHKIUEH input():

m = input([str])

[Ipu 5TOM Ha 5KpaH OyAeT BhIBEJCHA CTPOKA str, a IEpeMEHHasi M IOJIYYUT 3Haue-
HUE CTPOKOBOTO THIA, BBEAEHHOE MOJib30BaTesieM. CTPOKOBBIM THUIT MOKET OBITh Ipe-
oOpa3oBaH, HalIpUMeEp, K TUIlY int wiu float, eciiu BBEIEHHOE 3HAYEHUE — YUCIIO.

JUist BBO/IAa HECKOJIBKMX 3HAYEHHWH MOXXHO BOCIIOJIB30BaThCS METOAOM split(),
KOTOPBIN TO3BOJISIET pa30UTh CTPOKY HA MOACTPOKH (split —pacHIeruisiTh).

Hanpumep, 115 BBOJa 3HaYEHUM TapaMeTpa o. U IEPEMEHHOM X MOXHO I10-
CTYIIUTh TaK:

a, X = input('BBeauTte paHHble (a, x): ').split()
a = float(a)
x = float(x)

Wcnonp3yemMblid  pa3enuTellb yKa3bIBAaeTCSl B KauecTBE TapaMeTpa MeEToja
split(). Ecnu pa3aenurens He yka3zaH, To UM OyneT npoben. [Ipu BB BEIIeCTBEHHOTO
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qucIa 1enas 9acTh OTACNSICTCS OT JCCATHIHON apoOu Toukou. Eciu moas3oBaTens He
BBEJI IaHHbIE (TTpocTO Haxan Enter) nim BMecTo nudp v TOUKH BBEI HEJIOTY CTUMBIE CUM-
BOJIBI, HaTpuMep OyKBBI, TpOorpaMMa 3aBEPIINTCS aBApUIHO Ha IIare MPUBEICHUS K THITY
— float().

WcknmrounTenpHas cUTyallus, KOTopas MpU 3TOM BO3HUKAaEeT, MOXKET OBITh 00pa-
00TaHa C MOMOIIBbIO HHCTPYKIIMH try.

BbIBOJ JaHHBIX

BbIBO TaHHBIX HA SKpaH MOHUTOPA MOYKET OBITh BBIMOJIHEH (QYHKIMEH print().
Orta GyHKIUS TO3BOJSET BHIMOIHATH (POPMATHPOBAHHBIN BBIBOJI, KAK C MUCIIOJIb30BAaHUEM
Cu-nogo6HOT0 hopMaTUPOBAHUS, TAK U C UCTIOJIb30BaHUEM (hopMaTHOU cTpoku Python.
Crnenyromme CTPOKU JEMOHCTPUPYIOT, KaK MOKHO (DOpMATHUPOBATH BHIBO/I.
for x in range(1,11):

print('%2d %3d %7.2f' % (x, X*x, x*x*x))
print("{0:.2f} {1:.2f} {2:.4f}".format(a, x, y))

bykBa B hopmaTte yucia onpenensieT TUI BIBOAUMOro yucia. Tak, d — 3To 1esbii
Tul, f — BelleCTBEHHOE YucIo. Yucio B popMare 03HAYAET TO YUCIIO O3ULUH, KOTOPOE
OyJIeT MCIOIB30BAHO ISl BHIBOA YKMCIA. J[Jisl BEIIECTBEHHOTO YUCHA YKa3bIBAETCA, MO-
CJI€ TOYKH, KOJTMYECTBO BBIBOJAUMBIX JI€CITUYHBIX 3HAKOB.

Bo BTOpoIii cTpoke ucnonb3oBan Cu-moqo0HbIH (hopmaT, B KOTOpoM hopmaT duciia
HayMHaeTcs ¢ nporeHTa "%". B atom dopmaTe apryMeHTHl OTASISIIOTCS OT (pOopMaTHOM
YaCTH CTPOKH TaK K€ CHMBOJIOM % — MPOLIEHT. B TpeTheli cTpoke ucnoiib3yercs hopmar-
Has cTpoka Python, B koTopoii B hopMaTHOM CTPOKE MO3UIUH JIJIS1 3SHAUCHHU apTyMEHTOB
BBIICIITIOTCST (PUTYPHBIMHU CKOOKaMHU.

OOpaTtuTe BHUMaHUE Ha TO, YTO caMu (OpMaTHbIE CTPOKH HAUYMHAIOTCS U 3a-
BEpIIAIOTCS OJUHOYHOM MM ABOIHOM KaBblukoi. B Python nomyckarorcs 06a Buaa ka-
BBIYEK JIJIS BBIJICJIICHUSI CTPOKU. Ba)KHO TONBKO, YTOOBI HA4YAJIO U KOHEI ObUTH OJIMHAKO-
BBIMH.

Taxk >xe cieayeT MOHUMATh, YTO B IPOMEXKYTKAX MEXIY CUMBOJIaMU (DOpMaTUPOBAHUS
MOT'YT HAXOOUTHCS U IPYTHE CUMBOJIbI HIIA CIIOBA:

print('x=%2d x*2=%3d x"3=%7.2f"' % (x, x*x, x*x*x))

print("a={0:.2f} x={1:.2f} y={2:.4f}".format(a, x, y))

Hcnonb3oBanue GopMaTHBIX CTPOK JeJIaeT BBIBOJI IAHHBIX 00JIee BHATHBIM. 3a 60-
Jee mopoOHOoM nHpopMalmen oopamanTecs kK yueOHukam win MHTepHeT.

Bonpocel u 3aganus
3apaHue |

B coomeemcmeuu c 6APUAHNMOM coCmAasuntb U peaiu3zoseanitb npocpammbsl

Hanucare mporpamMmy st pacuera no 1ByM (opmynam. IIpenBapurenbHo
MOJIFOTOBUTH TECTOBbIE MPUMEPHI JJIs1 BTOPOH (HOPMYIbI C MOMOIIBIO KalbKyJsATOpa
(pe3ynbTaThl BRIYUCIEHUS 110 00euM (HopMysiaM JOJIKHBI COBIAAaTh). YacTh MaTeMarTu-
yeckux (QyHKIUS peaqu3oBaHa B MoyJie math.
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z, = 2sin* (3n - 2 )cos® (51 + 2 ); 4
1.
. T
z, =cosa +sina + cos3¢ +sin3¢; 2= 2\/Ecosa'81n(2+2a)’
2.
z _sin2a +sin5a —sin3a
; ' cosa+1-2sin’2a z, =2sina.
_ sina +sinSa —sin3a
4 cosa —cos3a +cosSa’ z, =1g3a.
=1 L 22 2a;
ATl smsacosaa z, =cos’ a +cos’ a.
3.
_ 4o 5 4
z, =cosa +cos2a + cosb6a + cosTa; Fy T RCOST T COS T COS AL,
6.
zl:cosz(—n—gj—cosz(—fwﬁj, Z :QSinﬁ.
4 8 4 ) 2
7.
z, =cos" x +sin’ +lsin22x—1° - -
1 YT ’ z, =sin(y+x)-sin(y —x).
8.
A 205_ﬂ.
o zl=(cosa—cos,8)2—(sina—sinﬂ)z; z, =—4sin 9 Cos(a+ﬂ).
sin(n+3aj
1-sin(3a—n)’ LEAS| LTS A
10.
Z_1—2sin2a_ _1-iga
' 1+sin2a P l+iga
11.
sin4a cos2a (3 j
z, = : ; z,=cig| -n—a |.
1 1+cosda 1+cos2a 2
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_sina +cos(2f-a)

. . 1+sin2pS
1 : ? LT T o
cosa —sin(28 - a) cos2f3
13.
i _cosa+sina (secx: j
14 ' cosa—sina’ z, =1g2a +sec2a. cosx
N4 I
= ; Z, = .
s L —44be2 © Vb2
X +2x=3+(x+1)Vx* -9 Y43
zZ, = ; - =
1 x2—2x—3+(x—1)\/x2—9 % x-3
16.
J(3m+2) —24m
z, = \/_ 3 5
3Nm ———
Jm z, =~/m.
. m
17 (m > 0)
. __2_(a+2_ a 2 j.\/g_\/z. 1
1 V2a 2a+2 a-+2a) a+2 0 T N2
18. (a>0)
2 _ 2\
o e ) J Y0 L e
2a+a 2a—a 2 2
19.
(=0 =1, o
1 \/m3n+nm+m2—m ’ T m
20.
0
) z=(1+1ga)(1+ciga)-2; 2 sinacosa’
) 1
z, =l+ctg’a + —5—; =T o
’ cos’ a sin” a cos’ a
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1 1
z, =1- = =T 2
I+ctg"a l+ig°a
g g
23. .
. _1-2cos’a tctgar;
' sinacosa ’ z, =18
24. .
. 4 ) 2 . 4
z,=sin" a —1+2sin” acos” a; Z,=—C0S a
25. .

10.

11.

12.
13.

14.

3apaHue i

Buvinonnumos 6 coomeemcmeuu c eapuaHnmom.

CocTaBUTh MPOrpaMMy BBIYUCICHUS 00beMa KOHyca MO 3aJlaHHOMY JHaMETPy |
o0Opazyroliexn.

JlaHa cTOpOHA paBHOCTOPOHHETrO TpeyroiabHuKa. CoCTaBUTh POrpaMMy HaxoxK[e-
HUS IUTOIIAJN 3TOTO TPEYTOJIbHUKA U PailyCca OITMCAHHOW OKPYKHOCTH.

N3BecTHBI paguycChl IBYX KOHIIEHTPHUUECKUX OKpYKHOCTE. COCTaBUTH IPOrpaMMy
HAXOXKJECHUS TUTOMIAIHN KOJIbIIa, 00pa30BaHHOTO STUMHU OKPY>KHOCTSIMU.

CocTaBUTh IPOrpaMMy HaXOXKJIEHUSI CYMMBI 7 YIEHOB apu(pMETUYECKON Mporpec-
CHUH, JUIsI KOTOPOW W3BECTEH MEPBBIN YJIE€H, PA3HOCTb U YUCIIO .

Boruucnutbh 00beM npu3Mbl, OOKOBbIE 'PaHU KOTOPOM - KBaJpaThl, a OCHOBAHUEM
CIIY’KUT PaBHOCTOPOHHUI TPEYTOJIbHUK, BIIMCAHHBIN B KPYT pajanyca 7.

Boerunciuts miIomanab IMpAMOYIOJIbHUKA, BIIMCAHHOI'O B OKPYXHOCTbL paauyca 7,
CCJIM OTHOLICHUC €0 CTOPOH paBHO R.

JlaHbl 1BE CTOPOHBI TPEYTOJIBHUKA U YTOJI MKy HUMH. ONPEeUTh TPETHIO CTOPO
HY U IJIOIATb.

Boruucnuth nporeHT Marepuania, yIieamero B OTX0/bl, €clid U3 Kyba ¢ pedpoM a
OBLJT BRITOYEH MIap pajauyca r (r < a).

BbraucnuTe 1omaap KoJblia, IHpUHA KOTOPOTO paBHA @, a OTHOIICHUE PaIyCOB
OKpY>KHOCTE paBHO b.

Breraucnurtb MNEpUMETP M IUIOMAJb MPAMOYTOJBHOTO TPCYTOJIbHUKA, OIMMCAHHOI'O
OKOJIO KpyTa paauyca r, CCJIU TMIIOTCHY3a TPCYIrOJIbHHUKA paBHA C.

Boruucnutb quamerp TpyObl, IPOIYCKHAsSI CIIOCOOHOCTh KOTOPOM MO3BOJISIET 3aMe-
HUTB €10 JIB€ TPYOBI ¢ [uamerpamu d, u d..

Bbluncnuth BBICOTHI TPEYTOJIBHUKA CO CTOPOHAMU 4, b U c.

Brruncnute mioniaas NpaBUIbHOIO 7-yTOJIBHUKA, OMMCAHHOIO OKOJIO KpyTa paany-
COM 7.

BricoTa koHyca paBHa /4, a paguyc ocHOBaHUs 7. BeuucianTs 0o0beM 1apa, BIMCaH-
HOT'O B KOHYC.
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15.

16.

17.

18.

19.

20.

21.
22.
23.

24.

25.

26.

27.

28.

29.
30.

Boeraucinth Maccy CBUHIIOBOM TPYOBI, JUTHHA KOTOPOU paBHA b M (IUIOTHOCTH CBUH-
1a pasHa 11,4 r/cM’), ToNIMHA CTEHOK @ MM, @ BHYTPEHHUI JUaMETp TPYObl paBeH d
MM.

JlaH paBHOCTOPOHHMM TPEYTOJBHUK. BBIYUCIUTH CTOPOHY, BBICOTY M IUIOLIAIb
ATOTO TPEYTOJIBHUKA, €CIIU PAINYC BIMCAHHON OKPY>KHOCTH PABEH 7.

CranpHOi1 Baji, UMEIOIIMK b MM JUIMHBI U d MM B IMaMeTpe, 00TaYMBAETCS HA TOKap
HOM CTaHKE, MPU 3TOM JMaMETp yMEHbIIAeTCs pU 00ToUYKe Ha S MM. BhIUnCIuTh,
Ha CKOJIKO YMEHbIAeTCs Macca Tena (II0THOCTh ctanu 7,4 r/cm’).

Boruucnuth 06beM mpu3Mbl, OOKOBBIE TpaHU KOTOPOH — KBajpaThl. OCHOBaHUEM
PU3MBI CITY>KUT PAaBHOCTOPOHHUM TPEYTOJbHUK, 3aIaHHBIN JUTMHONW CTOPOHBI.

B xonyc ¢ paanycom oCHOBaHHS 7 U BBICOTOW /1 BIIUCAH UUJIUHAP, PaIlyC OCHOBA-
HUSI KOTOPOTO paBeH a. BaucanTs 00beM UIHHPA.

JlaHbl 1B€ CTOPOHBI TPEYTOJIBHUKA d U ¢ M Yrodl Mexay Humu o. Hailtu paguycsl
OKPYXKHOCTEU: BIMCAHHOMN B TPEYT'OJIbHUK U OIIMCAHHON OKOJIO HETO.

Jlana qyHa pedpa ky6a. Haiitu o0bem kyba u miiomaas ero 60KOBOM MOBEPXHOCTH.
TpeyroyibHUK 3a/1aH TpeMs CTOPOHAMH. BEIYHCTUTH €0 BBHICOTHI.

OnpenenuTes NepuMeTp MPaBUIBHOTO 71-yTOJIbHUKA, OIMUCAHHOTIO OKOJIO OKPY>KHO-
CTH paauyca R.

Cwmemano Vi nuTpoB BOAbI TeMieparypsl 1 u V, nuTpamMu BoJibl TeMnepaTypsl 1n.
Haiiti 06beM 1 TemmiepaTypy 00pa3oBaBIIEHCS CMECH.

N3BectHa jnmHa OkpyxHOCTM. HauTum momans Kpyra, OrpaHM4EHHOTO JTOHU
OKPY>KHOCTBIO.

JlaHbI TUIIOTEHY3a M KaTET IPSAMOYTOJIBHOIO TpEyrojbHUKa. Halit BTOpOi KaTeT n
paauyc BIIMCAHHOM OKPY’KHOCTH.

Haittu momans Kosiblia, BHyTPEHHUN paJiyC KOTOPOI'O paBeH R, a BHEIIHUH - R,
(R>>R).

OrnpenenuTs BpeMs, 4uepe3 KOTOPOe BCTPETATCS JBa TeJia, PABHOYCKOPEHHO JIBUXKY -
IIMECS HABCTPEYY APYT K IPYTY, €CIU U3BECTHBI MX HAYAJIBHBIE CKOPOCTH, YCKOPE -
HUE, HAYaJIbHOE PACCTOSIHUE MEKY HUMHU.

Brruncnuth paccTossHUE MEXAY IBYMsI TOUKaMU C KOOpAUHATAMH (X1, V1) U (X2, )2).

JlaHbI KaTETHI MPAMOYTOJIBHOIO TPEYTroJIbHUKA. HaliTh ero rumoTeHysy U miomaib.
3agaHwue il

Boinoanums 6 coomeemcemeuu ¢ eaApuaHnom.

PaoHOBBIE BaHHBI, IPUMEHAEMBIE [UIS JIe9enus, conepxar 1.8-10° atToMoB pagona B
Bozie 00beMoM 1.0 1v°. Ha CKONIbKO MOJIEKYIT BOJBI IPUXOIUTCS OJUH aTOM PagoHa
B JieueOHOI BaHHE?
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10.

11.
12.

13.

14.

15.

16.

17.

CKOJIBKO aTOMOB PTYTH COJEPKHUTCS B BO3ayxe 00beMoM 1.0 M’ B moMeleHny, 3a-
pPaXEHHOM PTYThIO, nipu Temreparype 20°C, ecnau IaBlIeHUE HACBIILIEHHOTO Iapa
pTyTH TipH 3TOM Temneparype 133 mlla?

Kakosa anuua pebpa xy6a, comepxkaniero 1.0-10° MoneKyJs uaeaabHOro rasa npu
HOPMAJIbHBIX YCIOBUSIX?

[Ipu kakoil Temmeparype MOJIEKYJbl T€IUSI UMEIOT TaKyl0 € CPEIHIOI0 CKOPOCTb,
KaK MOJIEKYJIbI Kuciopoa mpu 23°C?

Haligure cpeaHIor KHHETHYECKYIO SHEPTHUIO IOCTYNATENLHOIO ABUKEHHUS MOJIEKYJT
BOIOPO/A, €CIM NP AaBjieHuu 0.5 aTM. UX KoHleHTpanus pasHa 1.5-10° M.

["a3 HarpeBaeTcst B OTKPBITOM COCY/IE TP HOPMaAJIbHOM aTMOC(EPHOM J1aBICHUU OT
27°C no 327°C. Kakoe npupallleHHE M0Iy4aeT IPU 3TOM YUCIIO MOJIEKYJ B €IUHHULIE
oOBbema raza?

B cocyze 06beMoM 1 1M’ comepKUTCS HEKOTOPKIH Ta3 npu Temneparype 17°C. Haii
TH NIPUPAILEHNE JIABJIEHUS Ta3a, €CJIU BCIEACTBUE YTEUKH ra3a u3 Hero Bbiizer 107!
MOJIEKYL.

B cocyzne oobemom 3.0 M’ Haxomures renuit Maccoii 4.0 Mr, a3ot maccoii 70 Mr u
5.0-10*' monexyn Bogopona. KakoBo naBinenue cmecu, eciay TeMneparypa ee 27°C?

OnpenenuTs CPEIHIO KMHETUYECKYIO SHEPTUI0 BPAIIATEIBLHOTO JIBUKECHUS MOJIE-
KyJI Bojiopoaa, coaepxkauniuxcsa B 1.0 moisb npu 18°C.

[Ipu kaxoit Temmneparype MOJEKYJbl KUCIOPOJia UMEIOT TaKylO K€ CPEIHIOI0 CKO-
POCTh, KaK MOJIEKYJIbI Bojgopoaa mnpu 25°C?

CKOJILKO MOJIEKYJI COJEPKUTCS PH HOPMAIIBHBIX YCIOBHAX B 1M° Bo3ayxa?

B cocyne o6nemom 2.0 am° HaxoauTcs ra3 moa nasieaueM 0.50 MIla. UemMy paBHa
CpeaHsisi KHHETUYECKasi SHEPTUs OCTYNaTeIbHOTO JBHXKEHUS MOJICKYJI ra3a’?

Kucnopoxn maccoii 12 r naxogurcsa npu temneparype 700°C, npu s3tom 40% more-
KyJI JUCCOLIMUPOBAHO Ha aTOMbI. UeMy paBHa CpeIHsIsl KHHETUYECKasi YHEPT Ul Tell -
noBoro aBmkeHus yactun? KonebarenpHbie cTenenn cBOOOIBI MOJIEKYJT KUCIOPOIa
HE BO30YXIaroTcsl.

O6néM nomerenns 50 m° . Temneparypa Bozayxa 3umoit 0°C, a netom — 40°C. Ka-
KOBa pa3HUIlIa B Macce BO3/1yXa, 3alOJHSAIONIEr0 oMelleHne 3uMon u getom? [pu-
HATH L = 29 KI/MOJIb.

[TnoTHOCTH BO3MMyXa MpU HOpMANBHBIX ycnoBusix 1.3 r/n. KakoBa miioTHOCT BO3Y -
xa npu Temneparype 100°C u gasnenuu 4.0-10° H/m*>?

Temnepatypa Bo3ayxa B 6amione 06béMom 10 M° ipu gasnenun 700 MM pT. CT. ObLIa
15°C. Ilocne narpeBa Bo3ayxa a0 20°C gacTe Bo3ayxa Oblia BeITecHeHa. Haiiaure
MaccCy BBITECHEHHOTO BO3/1yXa.

CkonbKkOo 4YacTul (aTOMOB M MOJIEKYJ) Haxoautcs B a3zoTe maccou 1.0 r, ecnu
CTeneHp aucconuannu azora 7.0%.
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18.

19.

20.

21.

22.

23.

24.

25.

10.

Kakoe maBlieHHE Ha CTEHKH COCYa IPOM3BOMUT KHCIOPO, €CIIM CPENHss KBaapa-
THYHAs CKOPOCTH ero Moekyn 400 M/c 1 KoHmeHTpauus Mojeky 2.7-10" m>?

Haiingure cpenHIOI0 KHHETHYECKYIO SHEPTUIO MTOCTYIIATENBHOTO IBUKEHUS MOJICKYJI
renus, ecnu npu gasienanu 0.5 aTM. ux KoHIeHTpanus pasaa 1.5-10° v’

Onpenenute TeMIepaTypy raza, €CJiv CpeIHssl KHHETHYEeCKasi SHEPTUs MOCTyIaTelb
HOTO JIBMKEHUS €r0 MOJIeKyl paBHa 1.6-107" JTx.

KakoBo naBieHue rasa, €ciy B KaKJI0M KyOUYECKOM CaHTUMETPE €ro COAEPKHUTCS
1.0-10° Mmonekyu, a Temneparypa rasza 87°C?

["a3 HarpeBaeTcst B OTKPBITOM COCY/I€ P HOPMAIBHOM aTMOC(HEPHOM JIaBIICHUU OT
22°C no 320°C. Kakoe npupanieHue noay4aet Ipu 3TOM YHCIIO MOJIEKYJI B €IUHULIE
obbema raza?

B cocyne o0bemom 15.0 am’ Haxoautes ras nox gasinenuem 0.50 MITa. Uemy paBHa
CpeaHssl KHHETHYeCKasi YHEPTUs TOCTYNaTeIbHOTO JIBIKCHHUS MOJICKYJI ra3a’?

[Ipu kakol Temmeparype MOJEKYJIbI Telus UMEIOT TaKylo e CPEIHIOI CKOPOCTD,
KakK MOJIEKYJIbI Bogopoaa npu 27°C?

['a3 3anmmaer 00bEM 2 11 npu gasienuu 5-10° H/mP. Ompenenurte CyMMapHyIO
OHCPIrvuIo NNOoCTyNnaTCiabHOI0 ABMXXCHHA MOJICKYJI Ira3a.

3agaHuAa Ansa caMoCTOATeNIbHOMN pPaboThl
I[aHI)I JABa ﬂCﬁCTBHTGHBHBIX yuciaa. Hantn CpCaHECC apI/I(I)MeTI/I‘{CCKOG n CpCaHCC
ICOMCTPHUUICCKOC 3TUX YHUCCIIL.

Hanbl detbipe 1menbix umcia. Haiitu cpemnee apudMeThyeckoe STUX YHCEN H
CpeHee reOMETPUYECKOE ITUX YNCEIL.

TpeyronpHuK 3a/aH IIUHAMU CBOMX CTOpOH. Mcnonb3ys dhopmyny ['epona, HaliTu
IJIOIIA/Ib 3TOTO TPEYTOJIbHUKA.

Uner k-1 cexkynaa cytok. OnpeaenuTb CKOIbKO MOTHBIX YaCOB H, MOTHBIX MUHYT M
MPOULIO K 3TOMY MOMEHTY.

JlaHbl 1Ba MOMEHTa BPEMEHU OJHUX CYTOK: H,, H, - yacel, M\, M, - munyTsl. Ornipe-
JEJINTh UHTEPBAJI MEXKY dTUMU MOMEHTAMHU B yacax H u munyrtax M.

ITo Tpem KoOpAMHATAM BEPIIMH HEKOTOPOI'O TPEYTOJIbHUKA HAUTHU €TO BBICOTY.

Hatiti 00beM 1 TUTONI1h OOKOBOH IMTOBEPXHOCTH KOHYCA PaJIMyCOM 7, BBICOTOU 4 U
oOpazyrortieii /.

Bbrunciants OOKOBYIO OBEPXHOCTh MUPAMUJIBI (TTUPaMUJIa MPaBUIbHAS, YCCUCHHAs ),
€CJIM M3BECTHBI p | p1 - OJYIIEPUMETPBI HIDKHETO M BEPXHETO OCHOBAHUM | K - aTlo-
dema.

Haiiti 00beM U MOJHYI0 MOBEPXHOCTH MOJIOTO 1Iapa, €CIIU U3BECTHBI 7| U 1> - PAIRY
Chbl BHEIIIHEW M BHYTPEHHEN IAPOBBIX IIOBEPXHOCTEM.

BerauciuTh mIonaas mToBepXHOCTH M 00bEM yCEUEHHOTO KOHYCa BBICOTOM /1, painy-
camu r| " r,, oOpa3zytouiei /.
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11.

12.

13.

14.

15.

16.

17.

18.

PN B DD =

p—t e e e e e e el e e \O
OISR WD = O

B map paguyca r BucaH KOHYC C yIJIOM @ IPU BEPIIMHE B OCEBOM CEYEHUU KOHYCA.
Onpenenuts 00bEM U MOJIHYIO IOBEPXHOCTH KOHYCA.

Boruncnuts 00beM HWIMHApA, BOHCAHHOTO B MPAaBUIBHYIO IIECTUYTOJIBHYIO
MIPU3MY, Y KOTOPOH KaKJ10€ pedpo paBHO a.

Haiitu nmomaas paBHOOOKOH Tpaneuuu ¢ OCHOBaHUSIMU A U B 1 yriioM o ipu 00JIb
IIEM OCHOBAHUU A.

TpeyrojibHUK 3aJ]aH BEJIMYMHAMHU CBOMX YTJIOB U PAAUYyCOM OIMCAHHOW OKPYXKHO-
ctu. Haiitu, cTOpOHBI TpEyTroJIbHUKA.

Haiitn 00beM mpaBWIBHON TPEYTOIBHOM MTUPAMUJIBI, €CITH CTOPOHBI €€ OCHOBAHUS
PaBHBI @ U TUIOCKHI YTOJI IIPU €€ BEPUIMHE PABEH QL.

Boruucnuth paguyc mapa, BHUCAHHOTO B IPABUIIbHYIO YETHIPEXYTOJNbHYIO MHUPaMHU-
1y, €CJIM CTOPOHBI OCHOBaHUS TUPaMUIbl PaBHbI @ U IBYXI'PAaHHBIN YToJI P OCHO-
BaHUM PABEH OL.

Boluucnuth miomaap Kpyra 1 paBHOOEIPEHHOM Tparenny, OMMCaHHOW OKOJIO HETO,
€CJIM IEPUMETP TPANELNN PABEH p, & YTOJ IPU HUKHEM OCHOBAHHUM PABEH d.

Boruncnuth 00beM IpU3Mbl, OOKOBBIE TPaHU KOTOPOH — KBajapaTbl. OCHOBaHHEM
IIPU3MBI CIIKUT PaBHOCTOPOHHUU TPEYTOJIbHUK, TIO KOTOPBIA U3BECTHO, YTO PATHYC
BIIMCAHHOM B HET'O OKPYKHOCTHU PABEH 7.

KOHTpOﬂ bHbI€ BOMNPOCHLI

Urto takoe mporpamma Ha Python?

Kakas nporpamma siBisieTcss TMHEUHON?

Kaxkoga cTpykrypa nporpammsl Ha Python?

UYrto takoe uaeHTUHUKATOD?

[To xakum mpaBwmiiam co3natotcs uaeHtudukarops! B Python?

Yro Takoe TUI BEIUYHHBI?

Kakue Tunel BeIMYMH UCHIOJIB3YIOTCS B si3bIKe Python?

Kakue Tunbl BEIMYMH OTHOCATCA K MPOCTHIM THUIIAM?

B xakom nuanazoHe MOTYT U3MEHAThCA NepeMeHHble Tuna int u float?

Kak unnnmupyrores (3agarorces) nepemernsie B Python? (IIpusectu mpumep.)
KakoBo HazHaueHHe OTCTYINOB B porpaMMe, HarucanHoi Ha Python?

Kak BbInonHsieTCSI KOMaH1a IPUCBauBAHUSA ?

Kaxkast uHCTpyKIUS TpeiHa3HavYeHa JIJIsl BBIBO/IA HA SKpaH COOOIICHU?
Kakast uHCTpyK1IM peIHa3HayeHa Jyisl BBOJIa JAHHbIX ?

Urto Takoe mporpaMMHbId MOyIb? [IpuBenuTe npuMep NporpaMMHOTO MOYJIS.
Kaxk coxpanuts nporpammy? (Y cTHO)

Kak ocymiecTBUTh HHTEPHPETAIMIO TEKCTA TpOrpaMmbi? (Y CTHO)

Kak ocymecTBuTh 3amyck nporpaMmmsl? (Y CTHO)

Kak cuntars rotoByro nporpammy c aucka? (Y cTHo)
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NMpumep BbINONMHEHUNA 3a4aHUN

3aganue 1. Hanummre nporpaMmy 11t pacdera no AByM ¢popmynaM. OTCyTCTBYIOIIUE B
OnbamoTeKe A3bIKa PYHKIUU BbIPA3UTE YE€PE3 UMEIOIIHECS.

Z = tg(x)—ctg%[,

T T
zZ, = tg?—\/g'tgg-tg(x)
Pemenue

1. MaremaTu4yeckas Mmojae/b
Jlnsa maTemaTuyeckux BeranciaeHuit B Python umerorcst kak BCTpoeHHbIE, TaK U J10-

MOJIHUTENbHbIE (DYHKIMH U MeTOAbl. [I[pUMEHHUTH JONOJHUTEIbHBIE MAaTEMATHYECKHE
(GyHKUMA MOXKHO MOCJE MOAKIIOYEHU MOAYJIs math .

3anuch BeIpaxkeHUi Ha si3bike Python npumer Bu:

tan(x**2/2-1)**2+(2*cos(x-pi/6))/(1/2+sin(a)**2)
pow(2, log(3-cos(pi/4+2*x), 3+sin(x))/(1+tan(2*x/pi)**2))

z1
z2

APryMeHTBI: a, X — 8ewecmeeHHo20 mund.

PesyabTarel : z1, z2 — gewecmeenHo2o muna.

2. AuaroputM (0JI0K - cxema)

Hauaio

v

BBox a, x

v

z1 = tan(x**2/2-1)**2+(2*cos(x-pi/6))/(1/2+sin(a)**2)
72 = pow(2, log(3-cos(pi/4+2*x), 3+sin(x))/(1+tan(2*x/pi)**2))
v
BriBog z1, z2

|

3. IIporpamma

from math import *

a = float(input('BBegute napameTp a: '))

x = float(input('BBegute 3Ha4deHue x: '))

z1 = tan(x**2/2-1)**2+(2*cos(x-pi/6))/(1/2+sin(a)**2)

print("Mpm a = {0:.2f} u x = {1:.2f} \nZl = {2:.4f}".format(a, x, zl))
z2 = pow(2, log(3-cos(pi/4+2*x), 3+sin(x))/(1+tan(2*x/pi)**2))
print("z2 = {0:.4f}".format(z2))

4. Pe3yabTat padoThl porpaMmasl

'BBeguTe napameTp a: -2
'BBeguTe 3HadYeHue X: -2
Mp a = -2 x = -2

z1 = 1.1970
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z2 = 1.1184

S. Pe3yibTaThl TECTHPOBAHMS NMPOTPAMMBI

a x | IlepBoe BeIpaxkenue | Bropoe BelpaxeHue
[Iporpamma | Kanbkynstop
-2 | -2 [1.1970 1.1184 1.1184
0 -2 | -0.8347 1.1184 1.1184
0 0 |5.8896 1.6880 1.6880
2 0 |3.7309 1.6880 1.6880
1.5]0.5(2.7712 1.7955 1.7955

IIpumeyanue: D1a Tabnua opopMIIIIACh B TEKCTOBOM PEIAKTOPE BPYUHYIO.
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6. AmHaau3 pe3yJibTATOB

[Tpu BBIYMCIIEHNU TOJOOHBIX BBIPAXKEHUN HEOOXOIUMO aHATU3UPOBATH 00JIACTH
JOIYCTUMBIX 3HAYEHHH apryMEHTOB, KOTOpPBIE HCIIOJIB3YIOTCS B BbIpRXXEHHH. Tak,
HaIpuMep, 3HaMEeHaTelb JPOOU MOKET NOJyUUTh HYJIEBOE 3HAUEHHE, U IIPOrpaMma rpe-
pBETCs MO OoIKOKe JeneHus Ha HoJib. HeoO0X01MMO yUuThIBaTh U JOIYCTUMBII TUana3oH
apryMeHTOB MCHOJb3yeMbIX QPyHKIui. Tak, ocHoBaHue Jorapudma J0JIKHO ObITh 00JIb-
1€ HYJISl U HE PAaBHSTHCS €IMHULIE, a JorapudMupyemas QyHKIUs J0HKHA OBITh OOJIbIIE
HYJIA.

BaumaTenbHO ciielyeT OTHOCUTBCS K BBIPAXKEHHUIO, B KOTOPOM, HAITPUMED, BBIMOJI-
HSIETCS U3BJIEYECHUE KBAJPATHOTO KOPHS WJIM, B OOIIEM Cily4yae, BO3BEJCHUE B CTEICHb,
NOKa3aTeslb KOTOPOH SIBJIIETCS HE LIeNbIM YUCIOM. B 3TOM citydae MokeT ObITh MOTy4YeH
pe3ysbTaT B BUJI€ KOMIUIEKCHOIO YKCJa MJIM BO3HUKHET OLIMOKa, KOTOpas MPUBEIET K
IPEPBIBAaHUIO paOOTHI MPOTPAMMBI.

B Hammx npuMepax 3HaMeHaTenu ¥4 + sin‘a u 1 + tg*(2x/n) Beeraa HepaBHbI HYJIIO.
Kpowme 3Toro, BO BTOpOM NpuMepe, OCHOBAHUE Jiorapru(ma He OTPULIATETBHO U HE PaBHO
eauHule, a Jorapudmupyemast yHKIMs Bceraa oompiie HyJid. CnenoBaTelbHO, X MOKET
OBITH JIFOOBIM.

3aganme II. Hanucats mporpamMmy i BBIYMCICHUS IJIMHBI OKPYKHOCTH W TUIOIIAIH
Kpyra 3aJJaHHOTO paguyca.

Pemenune

=271, §=nrmr1.
1. MarteMmaTuueckast MojaeJjb

APryMeHTbI: painyc OKPY>KHOCTH 7, BEILIECTBEHHOI'O THUIIA.

Pe3yabTaThl: 1JIMHA OKPYKHOCTH / ¥ TIJIOIIAIb KpyTa S, BEIIECTBEHHOTO THIIA.

2. BJiok — cxema 3. IIporpamma

from math import pi

float(input("BBegute paaumyc: r = "))

r\

2 S =pil*r **2
Bgon 7
v pr‘?nt(",ﬂ.nMHa oKpyxHoctn: 1 =", 1)
= 2%pit print("Mnowaab kpyra: S =", S)
S = pi*r¥r;
7 4. Pe3yibTaTr padoThl MPOrpaMMbI:
Boisogx [, S BBeante paguyc: r =5

| AnvHa okpyxHocTmn: 1 = 31.4

Mnowaab kKpyra: S = 78.5
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CIHCOK JIUTEPATYyPhl, PEKOMEHIYeMbIil K HCI0Jb30BAHUIO 110 JAHHOI
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[1] ctp. 37- 57, 65-78, 83-89;

[4] cTp. 362-389;

[6] cTp. 32-41;

[11] Teopernueckmit matepuan: VHTepakTuBHbli KanbKynsaTop (informatics.msk.ru),

Teopernuecknii Marepuad: 3alyck mpocreiireil mporpamMsl (informatics.msk.ru) -
https://informatics.msk.ru/mod/book/view.php?1d=3912
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IIpakTuuyeckoe 3ansitue Ne 3
IIporpaMmmupoBaHue ajJirOpuTMOB Pa3BeTBJIAIOIIENCHA CTPYKTYPbI

HEJIb: npuobpeTeHrne HaBbIKOB TPOrPAMMHUPOBAHUS BBIYUCIUTEIBHBIX Pa3BETB-
JSFOIIMXCS MPOLIECCOB C UCIOJIB30BAHUEM YCIIOBHOT'O, COCTABHOTO
ONEPATOPOB, ONIEPATOPA MHOKECTBEHHOI'O BETBJICHUS.
3HaHMs1, YMEeHHUS U BJIA/IeHUs1, IpUodpeTaeMbie 00y4aOUIMMCs B pe3yJbTare 0CBoe-
HHS TeMBbI, B PAMKaxX (popMHpPyeMbIX KOMIIETEHIHH (OIIK-8): CM. IPUIIOKEHHE 2: BbIPA-
0aTpIBaeTCs HaBbIK pa3pad0TKHU MATEMAaTUUYECKUX U MH(POPMALIMOHHBIX MOJIEJIEH, a TaKKe
dopMmupyercsi cnocoOHOCTb K pa3paboTKe M MNPUMEHEHUIO aJITOPUTMUYECKUX U
IPOrpaMMHBIX pellIeHU# (pa3BEeTBIAIOIIENHCS CTPYKTYpbl) B 00JacTH NPHUKIAJTHOTIO
IPOrPAMMHUPOBAHMS C YMEHHEM OOBSACHHTH TEOPETUYECKYIO U NPAKTUYECKYH 4YacTb
TeMbI ((OPMHUPYETCS YaCTh YKAa3aHHBIX KOMIETCHIINN).

Teopernueckas 4acThb
3. Omneparopbl BeTBJICHHUS

3.1. [lpocmbie u cocmasHble ycriosus

B Python ycnoBue — BblpaskeHue Joruyeckoro tuma (bool), KOTOPOE MOXKET MPH-
HUMATh OJIHO U3 JIBYX 3HAUEHUM: «UCTHHA» (True) Uiu «10xkb» (False). Kiacc (Tumn) bool
Hacieayetcs oT int. [Ipu npuBeAeHUN K JIOTHYECKOMY TUITY HYJIEBOE 3HaYEHHUE JTH000r0
YUCJICHHOTO TUIIA, None, a TAaKXKE MyCTast CTPOKa WK HE COAECPKAIUN 3JIEMEHTOB UTEPH-
pyemblii 00BekT (list(), tuple(), set(), dict(), range(@)) BepHET False. Jlroboe
Ipyroe 3HaYeHue UHTEpIpeTupyercs kak True. [Ipu npeoOpazoBanuu K int uinu Decimal
True BO3BpaILlaeTCs 3HaA4YEHUE 1, IIpu IpuBeAeHUU K float — 1.0. /[i11 False jioruka ta
’Ke, HO 3HaueHus HyJieBbie. [IpeoOpa3oBanue True v False B CTPOKY BO3BpaliaeT ‘True’
U ‘False’ COOTBETCTBEHHO.

W crionb3ytoTes MecTh OMepaTopoB, MO3BOJISIONINX CPAaBHUBATH MEXK Ty COOOM 3HA-
YEHUS BBIPAXKEHUM, YUCIIOBBIX IEPEMEHHBIX, a TAK)KE 3HAUCHUE IEPEMEHHON U KOHCTaH-

TY:

> (Gouiblie), < (MeHbIIIE),
== (paBHO), = (He paBHO),
>= (6ople 1100 paBHO), <= (MmeHbl1e JU00 PaBHO).

Taxxe B Python ecTh nonosiHUTENBHBIE ONIEPATOPHI JIJIs1 IPOBEPKH MPUHATICKHO-
CTH WJIA UJEHTUYHOCTH:

in (mpUHAUICKUT), not in (HE MPUHAIICIKUT), is (IBIAETCA), is not (HE SBISICT-
csl)

is, is not mpoBepsieT yepes id()

in, not in IIPOBEPSIET O 3HAYCHUIO

VYcnoBus, KOTOPBIE COCTaBJIEHBI C UCIIOJIB30BAHUEM OJHOIO ONEPATOpPA CpPaBHE-
HUSI, HA3bIBAIOTCS MPOCTHIMM YCJIOBUSIMU, HATIPUMeEP, X +y > 0.

BbpaXeHWe OonepaTop CPaBHEHUA BbipaxeHue
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N3 npocThIX yCIOBUNA, KOTOPBIE SIBISIOTCS BBIPAKEHUAMU JIOTUYECKOTO THUTIA MOK-
HO CTPOUTH CJIOKHBbIE YCJIOBHUS, IPUMEHSIS K HUM, KaK K OlepaHaM, JOTHYECKHUE Orepa-
TOpPBIL: not (HE), and (1), or (WIN).

Jlormyeckue omepanuu BBITIOJIHAIOTCS CJIeBa HampaBo. Eciu 3HavYeHUE MEepBOTO
oriepaHa J0CTaTOYHO, YTOOBI ONIPEACTUTh PE3YJIbTAT ONEPAIMH, BTOPOU OTIepaH I HE BbI-
gucnsercs. [ u3sMeHeHus nopsijika ASHCTBUIA UCTIOJIB3YIOTCS KPYTIIbIe CKOOKH.

CocTaBHBIE YCJOBHS — 3TO MPOCTHIE YCIOBUS, CBSI3aHHBIE IPH ITOMOLIM JOTHYE-
CKHX OIICpaToOpoOB: X > 5 or a + b < 0.

Hwxe npuBenena tadiuia mpruopuTeTa ONepaTopoB, YeM HUXKE B TAOIUIIE ONIEPATOP, TEM
0oJiee OH MPUOPUTETEH (3HAYUT, BHITIOIHIETCS PAHbIIIE).

Onepatop Onucanue

= Oneparop npucBavBaHus
lambda Lambda-Beipaxkenue

if - else Y CIOBHBIN OIIEPATOP

or Jlornueckoe NMJIN

and Jlornueckoe 1

not x Jlornueckoe HE

in, not in, 1is, is|CpaBHeHus, BKIHOYAs MPOBEPKY MPUHAIICKHOCTH U HICH-

_ = 1=
not, <, <=, >, >=, =, | tpyynoctH

[To6buroBoe UJIN
[To6ouroBoe uckirouaromee 11N

>|— 1

& ITo6urosoe U

<<, > Casurn

+, - CnoxeHue ¥ BBIYUTAaHHUE

* @ /5 1/ % YMHOKEHHE, YMHOKEHUE MATPHI, JACJICHUE, IeI0YNCIICH-

HOE JIeJieHHe, B3siThe ocTaTka (% TakXKe HUCIOJIb3YyeTCs JUIs
(dopMaTHUpOBaHUS CTPOK, B ATOM CiIy4yae MPUOPUTET 3TOM
omnepaluu Takou xe)

X, -X, ~X [TonoxuTtenpHOE, oTpHIlaTelbHOE, moouToBOe HE

*x Bo3Benenne B cTeneHb (BaXXKHO OTMETHTh, YTO OIEPATOP
BO3BEJICHNS B CTEIICHb CBS3BIBAET B MEHBIIEH CTEIICHH,
HEXeJ apuPMETHUECKUI WM TOOUTOBBIN yHApHBIN onepa-
TOp CIIpaBa OT HETo, TO €CTh 2 ** -1 BEpHET 0.5)

await x Bripaxxenue await (0XugaHUE BBIIOJHEHHUS aCUHXPOHHOU
byHKITUN)

x[index], OGpalneHre 1o HHIEKCY WIH KUY, B3ATHE Cpe3a, BHI30B,

x[index:index], B3SITHE aTpHOyTa

x(arguments...),
x.attribute
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Omnepanus and

Jlornueckyto onepanuio and (1) yalle BCEro, €CIu HyHO, YTOObI OJTHOBPEMEHHO
BBINIOJIHAJIUCH ABa yciioBud. B Python ato 3anuceiBaercs Tak:

00beKT 1 and 0OBEKT 2

[llaHHasa onepauusa BO3BpalwaeT MepBbii 06LEKT B Cjly4Yae €ro NOXHOCTU, MHa4e
BTOpoi. 3To paboTaeT He TONbKO C ycnoBuaAmu, TO ecTb 3 and 5 paBHO 5, a ©
and 5 paBHO ©.

Ha mnpakTuke 3Ta jorudeckas oOnepanus 4acTo INPUMEHSETCA Ui CO3JIaHMS
YCIIOBHS MPUHAJIEKHOCTU HEKOTOPON MEPEMEHHOMN YKa3aHHOMY IIpOMeExXyTKy. Hampu-
Mep, COCTaBUM YCJIOBHE, KOTOpOe OyAeT UCTUHHO TOTJa U TOJIBKO TOI'/1a, KOTJ1a IepEMEH-
Has X TPUHAIEKUT NpoMexyTKy oT 10 10 20: 10 <x <20. T.e., kormax >10u x <20. Ha
a3bike Python 370 3anuceiBaeTcs Tak: x > 10 and x < 20. Takxe MOYHO 3anucarh 0e3
and: 10 < x < 20

Onepanus or

Jlornyeckyo onepanuio or (MIM) Yalle BCEro UCMOJIb3YIOT, KOTa XOTAT c(hopmy-
JUPOBATH yCIOBUE, KOTOPOE OYJET MCTUHHO B TOM CIIy4ae, KOrja BepHO XOTs Obl OJHO
ycioBue u3 1Byx. B Python 3Ta oneparus ucnonb3yercs Tak:

06beKkT1 or 0OBEKT2

JlaHHaA onepaumnA BO3BpawaeT NepBbii 06bLEKT B C/ly4ae ero UCTUHHOCTH,
MHa4ye nepBbii. 3TO paboTaeT He TONbKO C YC/JIOBMAMM, TO eCTb 3 or 5 paBHO 3, a
@ and 5 paBHO 5.

Onepauus not

Jloruueckyto onepaiuio not (He — JIOTHYECKOE OTPULIAHUE) UCTIONB3YIOT, €CIIN HY K-
HO TIPOBEPUTH YCIOBHE (BBIPAXKEHUE) HA JIOKHOCTh. JTa Olepanus JeiaeT JOKHBIM UC-
TUHHOE YCJIOBUE Y UCTUHHBIM JIOKHOE. 3aluCh ONepaluu:

not ycnoBue

B tabnuue 6 npuBOASTCS pe3yibTaThl MPUMEHEHUS JIOTHUYECKUX OMEPaTOpOB K
orepaHaaM JIOTMYECKOro Tuna. J[Jis HarIsAHOCTH BMECTO 3HAUEHUs False UCIIOJIb3YETCS
0, True — 1.

Tabamua 6 — Jlornueckue onepanuu

a b aandb aorb not a
0 0 0 0 1
0 1 0 1 1
1 0 0 1 0
1 1 1 1 0

[Ipu 3anmcH CIOXKHBIX YCIOBUM HAJIO YYUTHIBATh IPUOPUTET ONIEPALIAN U, B CIIy4ae
HEO0OXOMMOCTHU, UCIIOJIB30BATh KPYTJIble CKOOKH.
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3.2. CocmaeHou orepamop

CocTaBHO# OomeparTop — MOCJEIOBATEIIBHOCTh ONEPATOPOB, BhIAENsgeMast Taly-
nsiuuert. OnepaTopsl, BXOJSIIME B HETO, TOKHBI BBIIOJHATHCS B TOM MOPSJIKE, B KOTO-
POM OHM 3alKCaHbI.

@opmam oneparopa:
#some code

onepaTtopl

onepaTop2

onepaTopN

#some more code

CocraBHo#t oneparop (0JI0K) HUCIONB3YETCs B JIFOOOM cllydae, KOTja HECKOJIbKO
OTIepaTOPOB cieayeT 0OBEUHUTH B OJIUH. DTO OBIBAET HEOOXOAMMO B YCIOBHBIX OIEpa-
TOpax M olepaTopax IMKJIA, COTJIACHO CHHTAKCUCY KOTOPBIX, UCTIOJTHUMBIM SIBIISIETCS
TOJIBKO OAMH omepatop. Yaie Bcero, COCTaBHOM oniepatop (popMupyeTt BeTBb YCIOBHOTO
orepaTopa WX TEJIO IUKIIA B OTIepaTopax IMHKIA. bjoKu, Jaiie BCero, UCIOIb3yIOTCS B
kadecTBe Tena GyHkimu. B Python B HEKOTOPBIX Ciydasix MOKHO HE JEIaTh TaOyJISIIHIO
¥ TIMCaTh B TOM JK€ CTPOKE, HAIPUMED, B IIUKIIAX WIIM CO3/IaHUU (DYHKITHI, HO €CTh OTpa-
HUYCHUS, HAIPUMEP C YCIOBHBIMH KOHCTPYKIHMSIMU — HEJIb3s MHUCATh if-BI TOCIEI0-

BaTEIbHO, HEJIB3s B TOU e CTPOKE MUcaTh else.

3.3. YcnosHoe ebipakeHue (TepHapHbIM onepaTtop)

Ota onepauus TEpHApPHAs], TO €CTh UMEET TPU ONEpaAHAA.
@opmam onepanyu:

onepaHa_1 if onepaHp_2 else onepaHa_3
Bropon onepann oneHnBaerca. Ecnu pe3ynbTaT BEIYMCIEHHUS ONEpaHAa 2 paBeH
True, To pe3yJIbTaTOM YCIOBHOM oniepaliy Oy1eT BO3BpAIlCHUE 3HAUEHHSI IEPBOTO OIle-
paHja, UHaue — TPEThero omnepasja. Beruncisaercs Beceraa MO0 NepBblid onepan, 1Moo
TpeTuil. IX TUII MOXET pa3inuyaTbCs. Y CIOBHOE BBIPAKEHUE SBISAETCS COKPALLECHHOU
dhopmoil yciioBHOTO orneparopa if.
IIpumep: BbIBECTH HA 3KpPaH MUHUMAJIBHOE U3 JBYX 3HAYCHHUI.

a =10

b=2>5

min = b if b < a else a
print(’HaumeHbwee 4ncno:’, min)

PesyabTat padoThl IpOorpaMmabi:
Hanmensiee yncio: 5

Jpyroii npumep MpuMeHeHus yCIIOBHOM ornepauuu. Tpedyercs, 4ToObl HEKOoTOpas
1[eJ1asl BEJINYMHA YBEJIMYMBAJIACH HA |, €CIu €€ 3HaYeHHE MEHBLIE N, & UHAY€ IPUHUMAJIA
3Ha4YeHHE |:

i=(i+1) if i < nelse1l
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3.4. YcnoeHbilu onepamop if

HpeILHa3Haqu I BBI60pa K UCITIOJIHCHHUIO OJJTHOT'O U3 JIBYX BO3MOKHBIX OIICPATO-
POB B 3aBUCMOCTH OT BBIIIOJIHCHUA HCKOTOPOTO YCIIOBUA.

@opmam onieparopa:
if ycnoBue:
onepaTtop 1
else:
onepatop 2
WNHCTpyKIMS BBITIOTHAETCS CICIYIONIUM 00pa3oM:

1. Bbluucnsercss 3HaueHHE YCIOBHUS (BBIPpRXKEHHS), KOTOPOE MOXKET HMETh
apu(pMETUIECKUN TUTI WIH TUIT YKa3aTesl.

2.  Ecnu 3HavyeHue BhIpaKeHHS (YCJIOBHUS) HE PaBHO HYJIO (MMEET 3HA4YCHUE
true), BBINIOJIHAETCA MIEPBBINA ONIEPATOP, CIEAYIONINH 3a ycinoBueM. Eciu 3Ha-
YeHUEe BBIpaKEHUS (YCJIOBUS) paBHO false, TO BBITIOJHSIOTCS UHCTPYKIIUH,
CJIeOYIOLINE 32 CIOBOM else.

JIOBOJIBHO YacTO B CIy4ae JIOKHOCTH YCJIOBHSI HE HYXHO MPOU3BOJUTH HUKAKHX
neiicTBui. Jlomyckaercs UCMONb30BaHUE KPATKOK (DOPMBI YCIOBHOIO ONEpaTopa:

if ycnoswue:

onepaTop

Ecnu 3HaueHue JIOTHYECKOro BRIPAKEHUS (ycnoBMA) UCTUHHO, TO BBITIOTHSIOTCS
WHCTPYKIIUH, CICAYIOIINE 3a YCIOBUEM. ECIM 3HaUEHUE BBIPAKEHUS JTOKHO, TO BBITIO -
HSETCA MHCTPYKLMS, CIEAYIOMast HEIIOCPEACTBEHHO MOCIE onepaTopa if.

Ecnu mocne ycioBus wid ciy>keOHOro cioBa else TpeOyeTcs BBINOTHUTH
HECKOJIBKO OTIepaTOpOB, TO UX O(hOPMIISIOT B BUJIE COCTABHOTO OMEPATOPA.

Ta6auna 7 — I'padudeckas nHTEpIpETAAS YCIOBHOTO ONEpaTopa.

Henounas ¢gopma 3anucu IMoanas ¢popma 3anucu

€CJIN-TO

€CJIN-TO-UHave

Crpykrypa koMaH bl «BeTBieHUE)» HA3bIBAECTCS BIOKEHHOM, €CIIH MOCIIE YCIOBUS
WM CITY’KE€OHOTO CJI0Ba else UCTIOIb3YIOTCS BHOBb YCIOBHBIC OMepaTophl. UKCIIo BIOKe-
HUWU MOXET ObITh MNPOU3BOJBHBIM. [Ipu 3TOM cHpaBemsIMBO cieayrollee MpaBuio:
CIIyeOHOE CJIOBO else BCerja OTHOCHUTCS K Onvkaiiemy if.
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IIpumep. CocTtaBuTh IporpaMMy Haxo0KIACHUS
JNEHHBIX C KJIaBUATYPBL.

MHUHHUMAJIBHOI'O U3 TPCX YUCCII, BBC-

1 BapuaHT pemieHus:

2 BApUAHT pelleHus:

Haugao

Y

4
BBoj uncen BBog uncen
v
min:=a
Y
>
I .| I I min:=b
{ | I | .
Y +
BeiBox max @ —
|
A2 min:=c
:
v
BrBox min
v
IIporpamma na Python

//min_of_3_numbers;
a, b, ¢ = (int(x) for x in input('BBeauTe 3 uyucna
yepes npoben: ').split())
if a < b:
if a < c:
min
else:
min

else:
if b < c:
min = b
else:
min = ¢
print('MuHuUManbHoe uucno =', min)

//min_of_3_numbers;
a, b, ¢ = (int(x) for x in
input('BBeguTte 3 4ucna 4Yepe3 npoben:
").split())
min = a
if b < min:
min b
if ¢ < min:
min C
print('MMHMManbHoe 4ucno =', min)

Pe3yabTat padoThl IporpaMmai:

Brenute 3 uncia uyepes npobden:
125-7
MuHuMaJIbHOE YUCIIO = -7

3.5. KackaOHble ycrio8HbI

e UHCmpyKyuu

Ecnu B mporpamme Hy»HO peann3oBaTh BRIOOp U3 OoJiee, 4ueM ABYyX BapHaHTOB, TO

MO>XHO HCIIOJIb30BaTh HHCTPYKLHIO MHOKECTBEH
Python peanuzyetcst mpu moMoIu KackaaHo# ycio

@opmam oneparopa:
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if ycnoBHoe BblpaxeHue 1:
onepatop_1

elif ycnoBHoe BblpaxeHue 2:
onepatop_2

elif ycnoBHoe BblpaxeHue n:
onepaTtop_n

else:
onepaTtop_n+1

Kackaanslii onepatop BbiOOpa siBiIg€TCS 0000IEHNEM YCIOBHOrO ornepartopa. B
TaKOM KOHCTPYKLMH yCJIOBUA if, ..., elif mpoBepsArOTCs IO OYEpEeaU, BBIIIOIHACTCS
0JIOK, COOTBETCTBYIOIIUI TEPBOMY M3 WMCTUHHBIX ycioBuil. Ecim Bce mpoBepsiembie
YCIIOBUS JIOKHBI, TO BBIIIOJIHAETCS OJIOK else, €CITU OH IPUCYTCTBYET.

3aTeM ynpaBieHUE NEPEeNAETCs ONepaTopy, CAEAYIONIEMY 3a KACKaJHON yCIOBHON
UHCTPYKIMEH.

Haunnas ¢ Bepcun 3.10 B Python peanm3oBana koHcTpykius match, paboraromas
aHanoru4Ho switch u3 C++, Ho ¢ HeKoTOpbIMU ocobeHHOCTsIMU. [loapoOHEee 0 JaHHOM
KOHCTPYKIIUU MOKHO y3HATh B JIOKYMEHTAITUH.

Ta6auna 8 — Oneparop BeIOOpa (6510K-cXema)

Henouanas ¢gopma 3anucu IHonnas ¢popma 3anucu

+

J’_

+

BbIOOP

+

+

BbIOOp-MHaYe

- ~( onepatop n+1

T
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N S kW

10.

11.
12.

13.
14.

Bonpocel u 3aganus
3apaHue |

B coomeemcmeuu c 6APUAHMOM COCMABUNb U peaiu3zosanitb npocpammbsl
Pewiumo 3a0auy C UCNO/1b306AHUECM KOHCMPDYKYUUU 6emeieHusA:

Paccrostnue ot noma 110 mkossl S kM. J[o Hayana ypoka ocTajloch ¢ MUHYT. Y UEHUK
UJET CO CKOPOCThIO v. OnpeaenuTs, NPUAET U OH paHbIIE 3BOHKA, ITOCJIE 3BOHKA
WJIM BO BpEMH.

JlaHbl neficTBUTENBHBIC YKCHA X, y U z. Halitu min(x, y, z).

Zx\/;, eciux >1,
f — XZ

?,eCﬂu x<0.

Breraucnuth 3HaueHrne QyHKIUMA
Bo3Bectu B kBaapart Oosbllee U3 TPEX 3aJaHHBIX YHUCE.
OnpenenuTs, €CTh JIU CPeAr TPEX 3aJaHHBIX YUCET YETHBIE.
BriBecTH Ha DKpaH TpH 3aJaHHBIX YUCJIA B TIOPSAAKE YOBIBAHUS.

OnpenenuTh, MPUHAIICKNT JIU TOUKa A(a1, az) KOIbILy, OIIPEAEIAEMOMY OKPYXKHO-
cramu: x° +3* =1 ux*+y* = 16.

In’ (x2 + 1), ecaux <—3,

/= |

arctg

,eciau x > 3.
2x+1
Breraucnuth 3HaueHne QyHKIIUH

JIBe OKPY>KHOCTHU 3aJlaHbl KOOPJIMHATAMU LIEHTpa U paguycamu. CKOJBKO TOUYEK Iie-
peceyeHust UMEIOT 3TU OKPYKHOCTHU?

B nBa cocyna, oquH u3 KOTopbix uMmeeT hopmy miapa paauyca R1, a npyroi — popmy
Ky0Oa ¢ pedpoM A, noBepxy HanuTa Boja. CpaBHUTE KOJUYECTBO BOJIBI B COCYAaX.

7 xsin? x, ecux <1,

e’ ecau x> 2.
BbrauciauTh 3HaUeHNE (YHKITHH:

JIaHBI TpY MPOU3BOJIBHBIX JEUCTBUTENBHBIX YUCIA. MOXKHO JIU IIOCTPOUTH TPEYTOJIb-
HUK C TAKUMU JJIMHAMU CTOPOH?

Kakas u3 touex A(ai, a>) wnu B(b1, b,) HaX0auTCs Aalibllle OT Havajga KOOpAUHAT?

JIBe nipsiMble 3a/1aHbl ypaBHEHUSIMU: ai1X + biy+ ¢1 =0 u axx + boy+ ¢, =0. Onpenenurs,
NIepeceKaroTCsl TN OHHU.
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15. Tlonan€t nu Toka A(ai, a») B OKpY>KHOCTb 33JIaHHOTO pajuyca ¢ HIEHTPOM B Hayaje Ko-
opauHar?

ax* +bx+c,ecmux<1.2,

a

7 —+VxX*+ 1, ectux=12,
=X

a+ bx

Vx? +1

secau x >1.2.

16. Beruucauts 3HaueHue GyHKIUU
rnea=2.8,b=-03,c=4.

17. B 3a060pe BoInuIeHa Ablpa MPSAMOYTOIbHOU (POPMBI ¢ U3BECTHBIMU pazMepamu. Onpe-
JEIUTh, IPOUET JIU B OTY ABIPY MY 3aJaHHOTO paauyca.

18. JIBe OKpyXKHOCTH 33/1aHbl KOOPJIUHATAMM LIEHTpa U paaunycaMu. OnpenenuTs, nepe-
CEKaIOTCs JIM OHU, KACAIOTCs JIPYT APyTra Ui HE UMEIOT OOIIUX TOYEK.

19. B rpuropuanckoM KajeHIape KaxKJIblid r0Jl, HOMEp KOTOPOro ACIUTCA Ha 4, SIBIAETCS
BHCOKOCHBIM, 32 UCKJIFOUEHHEM TeX, KOTophie AensaTcs Ha 100 u ve genstces Ha 400
Haueno. OnpeneauTs YUCIIo THEW B roqy o HoMepy roaa. T.o. 1900 r. - He BUcokoc-
HbIl, 2000 r. — BUCOKOCHBIH.

20. OnpenenuTh, €CTh JIU CPEIH YETHIPEX 3aJaHHBIX YHCEII KPATHBIE IISITH.
at’*Int, ecrul <t <2,

f =11, ecrut <1,

e cosbt,ecnu t > 2.
21. Boruncnuth 3HaueHUE QyHKIUU rnea=-0.5,b=2.

22. U3 Tpex AeMCTBUTENBHBIX YHCEI @, b U ¢ BBIOpaTh T€, MOAYJIM KOTOPHIX OoJiblie 4.

23. JlaHbl TpY NPOU3BOJBHBIX JEUCTBUTENBHBIX YUCIA. MOMXKHO JIU TIOCTPOUTH TPEYTOJb-
HUK C TAKUMU JJIMHaAMU CTOpOoH? ECiu 1a, TO BBIBECTH Ha SKPaH SBISETCS JIN 33/1aH-
HBIA TPEYTOJIBHUK PABHOCTOPOHHHUM, PAaBHOOEAPEHHBIM HIIM PA3HOCTOPOHHUM.

24. JlaHbl AeiicTBUTENBHBIE Yncna x U y. Halitn U = max® (x*y, x)7).

25. PemmnTh KBaIpaTHOE ypABHEHUE.
3apaHue i

Peuwtums 3a0auy c ucnonvzosanuem KOHCMpPYKuuu eploopa:

1. Jlano yucno c. PacrieyataTh BeIUUYHMHY 3TOrO YKCJa B CJIOBECHOM (popMe, yuuThIBas
ero 3Hak. [IpenycMotpeTs, uto -7 < c < 7.

2. Jlano uucno m (1 <m < 12).0OnpenenuTs, CKOJIBKO THEH B Mecsile ¢ HomepoM m. ['ox
HE BUCOKOCHBIH.
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3. C xnaBuaTypbl BBOJUTCS HATYpPaJIbHOE YUCIIO X — KOJMYECTBO IpaHEW BBITYKIIOIO
MHOTIOTpaHHMKA. B 3aBUCMMOCTH OT 3HAYEHUS # BBIBECTH Ha dKpaH (pazy «Brimyk-
JbIi MHOTOTPAHHUK MMEET # TpaHEel», COrIacoBaB OKOHYAHME CJIOBa "TpaHp' C
gucioM n. [Ipexycmorpers, uro 0 < n < 25. Eciu BeITYKJIOTO MHOTOIPaHHHKA C 3a-
JaHHBIM KOJIMYECTBOM I'paHeil HE CyIIECTBYET, BBIATh COOTBETCTBYIOIIEE COOOIIIE-
HUE.

4. C xnaBuarypsl BBoguTcs uudpa m (ot 1 go 4). BeiBecT Ha 3KpaH Ha3BaHMS MECSAIIEB,
COOTBETCTBYIOIIMX BPEMEHH I'0Jla C HOMEPOM m (CUUTATh 3UMYy BpeMeHeM roja No

).

5. C kymaBHUaTypbl BBOJAUTCA HATYPAIBHOE YMCIO 7 — KOJIUYECTBO TPAHEUW BBIMYKIIOrO
MHOTOI'paHHUKA. B 3aBUCHUMOCTH OT 3HAYEHHUs 7 BBIBECTU HA DKpPaH B CIOBECHOU
dbopMe Ha3zBaHHE MPABUIBLHOTO BBIMTYKJIOTO MHOTOTPAHHUKA WJIM COOOIIUTH, YTO
MPAaBUJIBHOTO BBIMYKJIOIO MHOTOTPAHHUKA C TAKUM KOJIMYECTBOM I'PAHEW HE CYyIIIE-
CTBYET.

[Ipenycmotpets, uto 4 < n < 20.

Ilpumeuanue. CymecTByeT TMSTh BBIMYKJIBIX MPAaBUIBLHBIX MHOTOTPAHHUKOB:
TeTparap (4 rpanu); rekcadap unu kyO (6 rpaneit); okradp (8 rpaneit); noaekad’ap
(12 rpaneit); uxkocasp (20 rpanein)

6. [ano natypanbHOe uncio n < 25. BelBecTu Ha 3kpaH ¢pa3y «MHE # JIeT (o1 WM
rojia)» COOTBETCTBEHHO.

2sin’ x, eciu —1<x <1,
S =33x,ecru—10< x <—1,

0 8 ocmanvhvix cryyasx.
7. Haiitu 3HaueHHe PyHKIMUU:

8. Hano wucno m (1 <m < 12).0Onpenenuts, K KAKOMY BPEMEHH rofjla OTHOCUTCSI MECSII] C
HOMEPOM 711.

9. BBoaurcs uenoe uncno. Eciu C > 0, To BBIBECTH Ha 3KpaH Ha3BaHUE 3TOTO YMCia B
cioBecHOU (hopme. B mpoTHBHOM cilyyae COOOMIMTh, YTO YUCIO OTPULIATENLHOE.
|C|<5
10.C xiaBuatypbl BBOJIUTCS HATYPAIIBHOE YHUCIO 7 — KOJIHU YECTBO YIJIOB
MHOTOYTOJIbHUKA. B 3aBUCHMOCTH OT 3HA4€HMs 7 BBIBECTM Ha JKPAaH Ha3BaHUE

MHOTOYTOJIbHUKA WU COOOIIUTh, YTO MHOTOYTOJbHUKA C TaKUM KOJUYECTBOM
YIJIOB HE CYLLECTBYET.

[Tpenycmotpeth, uto 0 < n < 6.

11.C xnaBuaTypbl BBOOUTCS HATypaJIbHOE YUCIIO 7. B 3aBUCUMOCTH OT 3HaUY€HHS OCTAaTKa
¥ TIPY JICJICHUY YKCIia 7 Ha 7 BBIBECTH HA DKPaH YUCIIO 1 B BUJIE n = 7k + r, rae r npea-
CTaBUTh B CJIOBECHOMU (hopme.
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12.J{ano uucio m. OnpeaenuTs Noayroaue, Ha KOToOpoe NPUXOIUTCA MECSI 71 U KOJInye-
CTBO JIHEHN B 3TOM Mecdlle. [Ipenycmotpets, uto 1 <m < 12. ['o1 HE BUCOKOCHBIM.

13.lano yucno n. Hanewarars paszy "Mebl ycrienHo canu 7 9K3aMEHOB'', COTJIacOBaB
OKOHYaHME cJI0Ba "3k3ameH" ¢ unciioM n. [Ipexycmorpets, uto 1 <n <23.

14.Onpenenuts Bpemsi rofa, K KOTOpOMY OTHOCUTCSI MECSILL 71 U ONIPEAEIUThH KOJIMYECTBO
nHeW B 3ToM Mecste. [Ipexycmorpers, uto 1 < m < 12. ['0J1 BACOKOCHBIM.

15.Jlano umcno c. PacneyataTs BeITUUMHY 3TOT0 YKCia B ciaoBecHoi dopme. [IpemycMoT-
peth, uto 0 <c <7.

16.1anb! n1Ba uncna D — aenb u M — mecsn. Onpeaenuts K — NOpsSAKOBBIA HOMEP TOTO
JTHSI BACOKOCHOT'O TOa, KOTOPBIM umeet naty D u M.

17.1ansl Tpu yucna D, M v G, onpeaenstonue AeHb, Mecsll ¥ rof. [IpoBepuTh 00pa3yroT
T OHM TPABWIBHYIO JIaTy U BBIBECTH COOTBETCTBYIOIIee coobienue. Hampumep,
31.06.90 - HenpaBwiIbHAA 1ata. 1’01 HE BUCOKOCHBIM.

18.C knaBuarypsl BBoguTcs iudpa ot 0 10 9. BeiBecTr Ha 5kpaH Ha3BaHUE 3TOM U(PHI B
CIIoBeCHOH (hopme.

19.B nonenensHuk pupma padotaet ¢ 9-00 no 16-00; Bo BTOpHUK, Cpeay, YETBEPT, MAT-
Huiy — ¢ 8-00 1o 19-00; B cy660Ty — ¢ 10-00 mo 15-00; BockpeceHbe — BBIXOIHOMA.
ITo 3amanHOMY HOMEPY JHS HEJIETU OMPEACIIUTh Yachl paOOTHI.

( 2
xNx—a“,eciux=a+1,

a 1
———cos2x,ecmu0<x<a,
Y=1x
e ,ecmu—a<x<0,
leunvix cnyuasx.
20.Haiitu 3HaueHre PyHKIUU: rae a =4.

21.C xymaBuaTypbl BBOJUTCS HATYPAJIbHOE YUCIIO 7. B 3aBUCMMOCTH OT 3HAYEHMS OCTAaTKa
¥ TP JIEJICHUU YUCJIa 7 Ha 5 BBIBECTHU Ha dKPaH YKCIIO 1 B BUAE 1 = Sk+r, e r ipea-
CTaBUTH B CJIOBECHOU (popme.

22.Ha nepBoM Kypce CTYAEHTBI YEThIPEX IPYIII CAAIOT 3a4€T 1o uHpopmatuke. Ha BTO-
poMm kypce rpynna Ne 1 cnaér sk3amen no aucuuiuinae « MHpopmalioHHbIe TEXHO-
JIOTHUH B DKOHOMUKE», rpynmna Ne 2 — sk3ameH no aucuuruinae «Hapopmanmonnsie
TEXHOJOruu B Qu3nke», rpynna Ne 3 — sk3ameH no aucuuminae « MHpopMannoH-
HbI€ TEXHOJIOTHH B reorpadun», rpynmna Ne 4 —sk3ameH no nucuuiuinae «Mapopma-
UOHHBIE TEXHOJIOIMU B MAaTEMATHYECKUX MCCIIEIOBAHUAX». 3a/1aTh C KIABUATYPHI
HOMEp Kypca U HOMEp TPYIIIbI U BHIBECTH HAa 3KpaH COOOIICHHE, KaKOH 3a4€T WiH
9K3aMeH rpynna OyleT c1aBathb.
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23.C knaBuaTyphl 3a7aH0 1esioe yuciao N < 5. Eciii oHO MOJIOKUTENBHOE, TO BEIBECTH Ha
9KpaH €ro Ha3BaHHWE B CIOBECHON (opMe. B mpoTHBHOM ciydae HaWTH KBajapaT
ATOTO YHUCJa.

24.Crynentsl youparoT s16;10ku. Hopmbl crieytoiue: cTyIeHT 1 Kypca JoJKeH coopaTh
B JIeHb He MeHee 50 KT s10JI0K, CTYyIeHT BTOPOro Kypca — He MeHee 60 Kr B JIeHb, CTY-
neHT 3 Kypca — He MeHee 70 Kr B JIeHb. 3Has KypcC, Ha KOTOPOM YYHTCS CTYJIECHT,
OIPEJENNTb, BHITOJIHWI JIU OH JHEBHYIO HOPMY.

25.1ano uucno m (1 £ m < 12). Onpenenuts, CKOJIbLKO THEW B MECALIE C HOMEPOM 7M.
Y4ecTh BUCOKOCHBIM MJIM HE BUCOKOCHBIM T'O/I.

3apaHume lll

Hamucatps nmporpammy, KOTopasi 10 BBEJACHHOMY 3HAUEHUIO apTyMEHTa BbI-
yuclsgeT 3HaueHue (yHKIWU, 3aaHHOM B Buje rpaduka. [lapamerpsi, HE0OXO-
JTUMBIC JIJISl PEIICHUs 3aJaHus CJIeIyeT MOJYy4YUTh W3 Tpaduka U OmpeeanuTh B
nporpamme. ['paduk QyHKIMU BEIOpATH COTIIACHO BapUaHTY.
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29)

30)

Jlononnumenvrnoe mpebosanue k 3adoaruio Ne3(0: IlporpamMmma nomkHa ObITh HAITMCAHA
TaK, 4TO ObI pEIICHHS MOJIYJaTUCh MPU PA3INIHBIX 3HAYCHUSAX R, BBOAMMBIX C KJIaBHa-
Typhbl. LIeHTp MoJI0KEeHHS JICBOM YETBEPTH OKPYKHOCTH H3MEHSETCSI B COOTBETCTBHHU C
BBEIEHHBIM PAJINyCOM, a MPABON — OCTAETCS MOCTOAHHBIM TP X = 3,Y = -1.

3apaHua AnA camoCToATENIbHOW paboThbl

1. Omnpenenuts D u M-naty K-T0o Mo C4ETy JAHS BUCOKOCHOTO rojia. Mecsiil BHIBECTH B
cioBecHol opme. D - nenn, M - mecsil. [Ipenycmorpets, uto 1 < K < 366.

2. Kommnanus mo CHaOXEHUIO 3JIEKTPOIHEPIrHeil B3WMAET IIaTy C KIMEHTOB IO Ta-
pudy:
e 7p.3al xB1/43a nepsrie 250 kB1/4;
e 17 p.3a kB1/4, ecu notpebnenue cpaiiie 250, Ho He npeBbiaeT 300 kB1/4;
e 20 p. 3a kB1/4, ecnu norpednenue cpoiie 300 kB1/4.

[ToTpeburens uzpacxomosan n kBt/4. [Togcunrars miaty.

3. IIIxkonbHUKH CIAIOT HOPMBI MO MPBDKKaM B JIuHY. Ecnu juyMHa npbpkka Oosibiine
2,50 M, TO o1ieHKa — «5», ecnu oT 2 M 110 2,5 M - o1rieHKa «4»; ot 1,5 M 10 2 M - o11eHKa
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«3»; ecnu MeHblie 1,5 M — «2». BbICTaBUTh MIKOJILHUKY OLIEHKY, €CJIM U3BECTHA JIJTH-
Ha ero npspkka. [Ipumedanue: 1 m= 100 cm.

[Tpu mokymke ToBapa Ha cymmy oT 200 go 500 py0 nmpenoctaBusiercs: ckuaka 3%,
IIpy NOoKynke ToBapa Ha cyMMmy oT 500 1o 800 — ckuaka 5%, Ipu MOKyIIKe TOBapa Ha
cymmy ot 800 mo 1000 py6 — ckuaka 7%, cBbime 1000 py0d — ckuaka 10%. Ilo-
KynaTesb mpuoodpen 8 pysoHOB 000eB 1o 1eHe X1 u qBe OaHKK KpacKH 1o IeHe X2.
CKoJIbKO OH 3aruiaTui’?

CrygaenTtsl youparot ypoxait momuaopos. [Ipu coope 10 50 kr B 1eHb pabora oria-
guBaeTcs u3 pacuéta 30 py0. 3a 1 kr; mpu coope ot 50 10 75 kr B newb — 50 py06. 3a 1
Kr; ipu coope ot 75 10 90 kr B neHb — 65 py0. 3a 1 kr; ipu cOope cBbiie 90 Kr B
nenb — 70 py6. 3a 1 kr mmtoc 120 py06. nmpemus. CtyaeHT cobpan X kr 3a aeHb. Onpe-
JEITUTH €ro 3apaboToK.

VYyeHrKu HayaaIbHOM IIKOJIBI CIAI0T TEXHUKY uTeHus. B 1 kiacce ckopocTh YTEHHS
10 20 cJ10B B MMH cuuTaeTcst Hu3koii, ot 21 10 40 cnoB B MuH — cpenineit, ot 41 1o 50
— BBIIIIE CpesiHero, Oosee 51 cioBa B MUH — BBICOKOM. BO BTOpOM Ki1acce CKOpOCTh
yTeHus 10 30 CI0B B MUH cUMTaeTCs HU3KOM, OT 31 110 60 CIIOB B MUH — CpeHEN, OT
61 1o 70 — BeIIe cpeaHero, 6osee 71 cioBa B MUH — BEICOKOH. 3a71aTh C KJIaBUATYPBI
HOMEp KJIacCa M KOJWYECTBO MPOYMTAHHBIX YUYEHUKOM B MUHYTY CJI0B. OLIEHUTH
CKOPOCTh YTEHHUSI.

Crynentsl youpatot s6moku. Ctyaentram 1 kypca npu coope 10 50 kr B 1eHb paboTa
orutaunBaeTcs u3 pacuéra 30 kor. 3a 1 kr; mpu coope ot 50 10 75 kr B 1eHb — 50 KoTI.
3a 1 kr; mpu coope oT 75 10 90 Kkr B 1eHb — 65 Kor1. 3a 1 kr; npu coope cBeIiie 90 kr B
nenb — 70 xom. 3a 1 xr mroc 20 py6 npemust. CtyaeHTam 2 kypca mpu coope 110 60 kr
B JIcHb paboTa orutaunBaeTcs U3 pacuéra 35 kom. 3a 1 xr; mpu cbope ot 61 10 80 kT B
neHb — 55 xom. 3a 1 xr; mpu cOope ot 81 10 95 kr B ieHb — 65 kom. 3a 1 kr; mpu coope
cBbitie 95 kr B neds — 70 kot 3a 1 kr mtoc 30 py0 mpemusl.

Cryaent cobpain X kr s10J10K 3a 1eHb. OnpeaenuTs ero 3apadoToK.

C xnmaBuatypsl 3a1a€TCA LEN0€ YUCHO0 A > -5. [Ins NOT0KUTEIBHOTO OJJHO3HAYHOTO
Yyucia OMPENEIUTh, SBISETCA JIU OHO YETHBIM; JJIS MOJIOKUTEIIBHOTO JBY3HAYHOTO
ONPENENIUTh, KPATHO JIK OHO 3; JIJIs IOJIOKUTEIIBHOTO TPEX3HAYHOTO YUCIIa OIpeie-
JIUTh, KPATHO JIU OHO 5; JuIs uKcia, Oonbiiero 999, onpenenuts, kpaTtHo Jin oHO 10.
Ecnu uncio 4 < 0, To BBIBECTH Ha SKpaH €ro Ha3BaHUE B CJIOBECHOU ¢opme.

[IIx0oNbHUKH CAAIOT HOPMBI MO MPBLKKAM B IIMHY. JJis1 yYeHUKOB 5 Kiacca HOPMBbI
CIEAYIONIUE: €CIIH JIJTMHA PbDKKa Oosbie 2,50 M, TO olleHKa - 5, eciiu oT 2 M 710 2,5
- oueHka 4; ot 1,5 M 110 2 M - onieHka 3; ecny MeHsble 1,5 m - 2. HopMbl fj1s1 yueHu-
KOB 6 KJj1acca: ecjiv JIJInHa MpbikKa 6osbiie 3,0 M, To olleHKa - 5, eciu oT 2,5 M 710 3,0
- oneHka 4; ot 2,0 M 10 2,5 M - onieHKa 3; ecau MeHbIle 2,0 M — olleHKa 2. YUYCHUKH
JIPYTUX KJIACCOB MPBIKKHU HE CIAIOT.
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10.

11.

12.

13.

14.

15.

bl

Now

BpICTaBUTH HIKOJIBHHUKY OLIEHKY, €CJIM MU3BECTHBI HOMEP €ro Kjacca W JJINHA
MPBIKKA.

[IIKONBHUKM CIAIOT HOPMBI MO IPBDKKAaM B JUIMHY. I yY4EHUKOB 2 Kjacca MU-
HUMaJIbHAs JJIMHA NMPBDKKA JOJDKHA ObITh HE MeHee 1,2 M; 11l y4eHHKOB 3 Kjacca —
He MeHee 1,5 m; mna 4 xnacca — He MeHee 1,7 M; s 5 xnacca He meHee 2,0 M.

3Has HOMep KJlacca U IMHY IIPbDKKA YYEHUKA, ONIPEAEINTD, CAAaH JIM HOpMa-
TUB.

C xiaBuatypsl 3a1aérca HatypanbHoe yuciao N < 100. Ecnu oHO 0gHO3HAaYHOE, TO
BBIBECTH Ha 3KpaH €ro Ha3BaHME B ciloBecHOU (opme. Ecnu uncio nBy3HadHoe, TO
COOOMIUTH 00 ATOM U OTMPEICTUTH OCTATOK OT JIeJICHUs ero Ha 2, 3, 5.

Komnanus 1mo cHaOXXEHHIO DJIEKTPOIHEPTHEl B3bIMACT IUIATy C KJIMEHTOB IO Ta-
pudy:

v 7 p.3a 1 xBr/4 3a nepsoie 250 kB1/u;

v' 17 p. 3a kB1/4, eciin morpeGiienne ceeie 250, Ho He npeBbimaer 300 kB1/4;

v' 20 p. 3a kBt1/4, eciin motpeGiienne cBpie 300 kBr/4.

Cy1miecTBYIOT Tpu Kateropuu norpeoureneit. Tapud 1 kaTreropuu coctaBiser
75% o0mieit cTouMoCTH, Tapud 2 KaTeropuu — MOJIOBUHY OOIEed CTOMMOCTH.
OcranbHble OIIAYUBAIOT MOJHOCTHIO.

[ToTpeburens u3pacxononan n kBt/4. [logcunrars mary, 3Hast €ro KaTeropuio.

C xiaBuatypsl 3a1aH0 HaTypainbHoe unciio N < 10000. CooOmuTh, SBISIETCS U OHO
OJIHO3HAYHBIM, JIBy3HAYHBIM, TPEX3HAYHBIM WJIM YETHIPEX3HAUHBIM. B Kaxk10M City-
4yae ONpPENCIIUTh, YETHOE OHO WJIM HEYETHOE.

YUYeHUKH HadallbHOM WIKOJIBI CIAKOT TEXHUKY uTeHus. Hopmsbl cienyromue: B 1
KJIacce peOEHOK T0HKEH YuTaTh HEe MeHee 20 CJI0B B MUHYTY; BO BTOPOM KJlacce — He
MmeHee 50 ciioB B MuH; B 3 Ki1acce — He MeHee 60 cJIoB B MUH, B 4 Kjlacce — HE MEHee
70 ciioB B MUHYTY. 3aJiaBasi C KJIaBUaTyphl HOMEpP Kjlacca U KOJMYECTBO MPOYUTAH -
HBIX YYEHUKOM B MUHYTY CJIOB, ONIPEJIETUTD, C/IJaHA JTU TEXHUKA YTCHMUS.

HaHBI TPpH LHCJbIX YKUCJIa OIIPCACIIAIOINUC 1aTy: o, MCC:lLl, ICHb. C‘-II/ITEUI, qToO 1o HE
BHCOKOCHBIP'I, OIPCACINUTD AAaTy CICAYIOIICTIO AHA.

KOHTpOﬂ bHblI€ BOMPOCHLI

Yro Takoe cocTaBHOM oneparop?

KakoBa nonnas (HemosHas) popMa komaH 6l BeTBIIeHUs (OJ0K-cxema)?

KaxoB anroputm BBITIOJIHEHHS] KOMaH/bl BETBIICHUS?

KakoB anropuT™m BBINMOTHEHUS] KOMaH/Ibl MHOYKECTBEHHOT'O BETBIICHUS (KacKaJaHOU
YCIOBHOUM MHCTpYKUUH)? Biok-cxema.

Kakue omeparopsl cpaBHEeHUS UCTIONB3YIOTCS B Python?

Uro HazpIBaeTCs MpocThiM ycinoBueM? [IpuBenure mpumepsl.

Uro Ttakoe coctaBHOE ycinoBue? [IpuBenure npumepsl.
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8.  Kakwue nornueckue oneparopsl JOMYCKAIOTCS IPU COCTABICHUH CII0KHBIX YCIOBHUI?
9. Kakos pe3ynbrar npuMeHeHus oneparopa jorudeckoe "MU" (and)?

10. KakoB pe3ynbTaT npuMeHeHus onepaTtopa jgoruueckoe "MIIN" (or)?

11. KakoB pe3yabpTaT NpUMEHEHHS orepaTopa jJorudeckoe orpuuanue (!1)?

12. KakoB o6muii Bua (hopmat) UHCTpYKUUU «BeTBieHue»?

13. KakoB anroputm BeINOJIHEHUS TepHApHOU onepauuun? [Ipusenure npumep.

14. KakoB o6muii Buj (hopmaT) KackaJHON YCIOBHOW MHCTPYKUIUU?

15. Mosker 11 oniepaTop BETBJIEHMSI COAEPKATh BHYTPU c€0sl Ipyrue BETBICHUSA?

MpumMep BbINONHEHUs 3aa4aHUN

3apanue 1. JI[Be okpyxHOCTH 3a7aHbl pagunycamu. Onpee/IuTh Kakas U3 JaHHBIX
OKPY)KHOCTEH OyJieT MeTh OOJIBINYIO TII01a b. BeiBecTH 3HAUEHHE 0O0JIh-
IICH TIJIONIAIM HA SKPaH.

Pemenne

1. MartemaTuueckasi MojeJlb
HawnGonbmas miomaas OyJaeT y OKPY>KHOCTH C HAMOOIBIIIAM PaIHyCOM.

AprymeHTsl: rl, 12 BEIIECTBEHHOTO TUIIA — PAJINYChl OKPY’KHOCTEM.
Pe3yabTaThl: S BEIIECTBEHHOTO TUIIA — 3HAYEHUE HaWOOJIBIIEH III0MA/IH.

2. AJITOPUTM 3. IIporpamma

Ha4yalio
pi = 3.14159265359
rl, r2 = map (float, input(" BBeguTte

paauycoel rl u r2: ").split())
if ri1>r2:

1 et S = pi*pow(ri, 2)
else:
£ S = pi*pow(r2, 2.0)

S= 1%l S=F 1212 pr‘int("; " s)
3

| T | 4. Pe3yabTaT paGoThl NpPOrpaMmabl

S BeBeante paguycel rl u r2: 6 3
S = 113.04

3apanme I1. /JTan Homep Mecsnia m. BBIBECTH Ha 3KpaH Ha3BaHUE 3TOTO MECSIIA.

Pemenune
1. MaTteMmaTuueckast MojaeJjb

Jlist perieHns 3a/1a4d HeOOX0IMMO HCTIOIb30BaTh HHCTPYKITUIO BBIOOpA.

APryMeHTBI: m €00 TUIIA - HOMEP MecsLa.
Pe3ynbTaThl: TEKCTOBOE COOOLICHHUE.
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2. AJiroputm 3. IIporpamma Python
a

= int(input("BBeaute Homep Mecaua - "))
if a == 1:
print (*fHeaps")
l elif a == 2:
Y 4 n n
BBox 3HaueHust m print("®espanb")
elif a == 3:

' print("MapT")

S nany’ elif a == 4:
print("Anpenb")

_ elif a == 5:

Y
< A

T print("WoHb")
0 elif a == 7:
print("Wonb")

@ elif a == 8:
print("Aeryct")

. elif a == 9:
‘3aman HEBEPHBIN print("CeHTAabpb")
HOMEp Mecsiua’ elif a == 10:
| print("OkTabpb")
V< elif a == 11:
print("Hoabpb")
elif a == 12:
print("fekabpb")
else:

print("Ownbka BBOAA")

4. Pe3yabTaT padoThl MIpOrpaMMbl

Beeaute Homep mecAua - 5
Mau

Cnucok JauTeparypbl, peKOMEHAYeMbIH K UCIOJb30BAHUIO 110 TAHHOM

TEME
e [1]ctp. 58-64, 109-110;
e [4] cTp. 394-409;
e [6] cTp. 42-48;
e [I1] Teopernueckuii Marepuayi: CHHTAKCUC YCIOBHOW HMHCTPYKIMU
(informatics.msk.ru) (https://informatics.msk.ru/mod/book/view.php?
1d=4033).
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IIpakTueckoe 3ansaTue Ne 4
IIporpaMmMmupoBaHue AJrOPUTMOB HUKIMYECKON CTPYKTYPBI

HEJIb: npuobpereHre HaBbIKOB IPOIPAMMHUPOBAHUS BHIYUCIUTENBHBIX IOBTO-
PSOIIMXCS IPOLIECCOB C UCIIOJIB30BAHUEM LUKIMYECKUX ONEPATO-
POB.
3HaHMs1, YMEeHHUS U BJIA/IeHUs1, IpUodpeTaeMbie 00y4aOUIMMCs B pe3yJbTare 0CBoe-
HHS TeMBbI, B PAMKaxX (popMHpPyeMbIX KOMIIETEHIHH (OIIK-8): CM. IPUIIOKEHHE 2: BbIPA-
0aTpIBaeTCs HaBbIK pa3pad0TKHU MATEMAaTUUYECKUX U MH(POPMALIMOHHBIX MOJIEJIEH, a TaKKe
dopMmupyercsi cnocoOHOCTb K pa3paboTKe M MNPUMEHEHUIO aJITOPUTMUYECKUX U
IPOrpaMMHBIX pelIeHUH (UMKINYECKOW CTPYKTYypbl) B O0JIaCTH MPUKIIATHOTO
IPOrPAMMHUPOBAHMS C YMEHHEM OOBSACHHTH TEOPETUYECKYIO U NPAKTUYECKYH 4YacTb
TeMbI ((OPMHUPYETCS YaCTh YKAa3aHHBIX KOMIETCHIINN).

Teopernueckas 4acThb
4. IHuKJIBI

Huka - BUJI KOHCTPYKIIUHU, UCIIOJIB3YEMbIN ISl BRIYMCICHUH, MOBTOPSIIONTUXCS
MHOTOKPAaTHO.

brok, paau KOTOPOTo U OpraHuszyeTcs UK, Ha3bIBaeTCA TeJoM mukiaa. Ocrtanib-
HBIE OIEpaTOphl CIyXaT JJIs YIpaBiICHHUS MPOLIECCOM MOBTOPEHUS BBIUMCICHUMN: ITO
HaYaJIbHbIE YCTAHOBKH, TIPOBEpPKA YCIIOBUS MPOJOJDKEHUS IUKIAa U MoaudUKaius ma-
pamerpa uukia (puc. 4.1). OquH npoxo/1 HMKIA Ha3bIBAETCS UTEepalHeil.

| v

Y
HaganpHbie
Hauanbneie
YCTaHOBKH
YCTaHOBKH
>|
Y
YcaoBue ‘ Y
oTepaTophbI
N |
Y
Y
OIEepaTOpPHI Mogudukarms
napamerpa
| LIMKJIA
Y |
Moauduxkarus
mapameTpa +
KJIa : Ycnosue

h— a) M b)

\4

Pucynok 4.1 — CTpyKkTypHBIE€ CXEMBI BBIIIOJIHEHHS LIUKJIA

HauvanbHble yCTAHOBKH CITY’KaT JJIsl TOTO, YTOOBI 10 BXO/a B IIUKJI 33]1aTh 3HAUE-
HUS IEPEMEHHBIX, KOTOPHIE B HEM UCIOJIb3YIOTCSI.

[TpoBepka ycioBUs TPOJOJKEHUS [IUKJIa BBHITIOJIHAETCS HA KaXXI0M UTEepaIuu Tu00
710 Tena muKia (Torja roBOPST O IUKJIE C MpeAaycioBueM, puc. 4.1a), mubdo mocie tena
UK (IUKII C TOCTycloBUEM, puc 4.10). Pa3Huiia Mex 1y HUIMH COCTOUT B TOM, YTO TEJIO
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IIUKJIA C TIOCTYCJIOBHEM BCET/Ia BHITIONHSAETCS XOTS OBbI OJIMH pa3, MOCIIE YETO MPOBEPSIETCS
HaJI0 JIU €r0 BHITIOIHATS eliie pa3. [[poBepka He0OX0IUMOCTH BBITTOJTHEHUS IIUKJIA C TIPE-
YCIIOBHEM JEJIaeTCA 10 TeJla LUKIIA, I03TOMY BO3MOXKHO, UTO OH HE BBIIIOJIHUTCS HU pasy.

I[lapameTpoM mnMKJA Ha3bIBACTCA NEPEMEHHAs, KOTOpas UCIOJb3yeTCs MpHU
MIPOBEPKE YCIOBUS IIUKJIA U IPUHYAUTEIHHO U3MEHSIETCS HA KaXKI0H UTepaluu, IpuueM,
KaK MPaBUJIO Ha OJIHY U TYyK€ BeIMUMHyY. Eciu mapameTp 1ukiia 1eJ04YrCICHHbIN, OH Ha-
3BIBACTCSl CYETYMKOM IIMKJIA.

Jist peanuzanuy IUKIMYECKUX BBIYUCICHUI MPEIyCMOTPEHBI TPU Omeparopa:
IIUKJI C IPETyCIOBUEM, LIUKJI C TOCTYCIIOBUEM, ITUKJI C mapaMeTpoMm. [lepBbie qBa onepa-
TOpa UCIOJIb3YIOTCSI B TOM Cllydae, KOTJla YUCIIO MOBTOPEHUM ITuKIa Hen3BecTHO. Eciu
K€ YHUCIIO TIOBTOPEHUH ITUKJIA MOXKET OBITh OIMPEIENICHO MePe]l €ro HayajioM, TO UCTIONb-
3y€eTcsl ONepaTop LUKJIIA ¢ TapaMETPOM.

4.1. Onepamop yukna c napamempom (for)

[{ukm 06xoma (MUK ¢ TTapaMETPOM WJTU CO CUETYMKOM, apu(PMETHIECCKUHN ITUKII,
LUK «JJI51») — 3TOT LMK UCIOIb3yeTCsl JIMOO ISl MOBTOPEHUS KAKOU-TMOO0 mocieno-
BaTEJIbHOCTH JEUCTBUI 3aJaHHOE YKCIIO pa3, JIUOO JJI U3MEHEHUS 3HAaUCHUsI TIEPEMEH -
HOU B IIUKJIE OT HEKOTOPOI'0 HAYaJIbHOT'O 3HAYEHUS /10 HEKOTOPOTO KOHEUHOTO.

@opmam oneparopa:

for i in range(a, b, h):
OnepaTopl #Teno uumkna
[else:
OnepaTtop2]

['pacduueckas uHTEpIIpETaLUs ONEpaTopa HUkKiIa for

MIIL] - MoauUKaIUs mapaMeTpa IuKIIa

Telo LMKIa range(a, b, h) - ¢yHKuMa, reHepupyuwasa MHoxe -
CTBO 3Ha4eHuMW oT a Ao b-1 c warom h.

Mo ymon4yanuw a = 0, h = 1.

—

A\
[{ukn ¢ napaMeTpoM peain30BaH KaK IUKI C MPETyCIOBUEM.
Moouguxayuu BBHITIOIHSIOTCS MOCE KAKIO0N UTEPAINH ITUKIIA U CIIYKAaT OOBIYHO
JUISL U3MEHEHHUs Mapamerpa nukia. [Ipoctoil unm coctaBHOM onepamop NMPEACTABISET
co0oM Temo IUKJIA.

3HaueHue HGpGMeHHOﬁ-quTQHKa MOXHO HUCIIOJB30BAaTh B TCJIC HUKJIA, U3BMCHCHUC
CT0 3HAYCHHUA TOXKE JOIIYCKACTCA, HO CHUTACTCS IIJIOXUM CTHUJICM ITPOIrpaMMUPOBAHUA.

[TomMuMoO range MOKHO HCITOJIB30BaTh IPYTHE UTEPUPYEMbIC O0BEKTHI, HATIPUMED,
KOPTEXU U criicku. Mconp3oBanue ciucka [ 1, 3, 5] OyaeT mouTH MoJIHOCTHIO aHATIOTHY-
HO MCTI0JIb30BaHuio range(1, 6, 2).

Jlns Bcex omepaTopoB IUKJIA BBIXOJ M3 LHKJIA OCYIIECTBIISIETCS KaK BCJIEACTBUE
€CTECTBEHHOT'O OKOHYAaHMS OIepaTopa LHKJIA, TaK U C IIOMOIIBIO ONEPATOPOB MEPEXOAA
(continue — nepexo k cieayroniel urepamun) u Beixoja (break — BbIxoJ1 U3 1iukJa, omne-
paTop Bo3Bpara u3 QPyHKIuU return).
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IIpumep: BoiBecTu Ha 3KpaH TaOIUIly KBaAPATOB MEPBBIX MATH YHUCEIL.

#numbers_and_them_squares

print("\nYucna u ux kBagpaTtbi:\n ")
for i in range(1, 6):
—>_im1s > s = it

| print(i,"~ 2 = ",s)
s =1*i
Yucia 1 uX KBaJIpaThl:
2/2=4
372=09
—— 472=16

4.2. Onepamop yukna c npedycrnoesuem (while)

@opmam oneparopa:

while BblpaxeHue:

OnepaTtopl #Teno uukna

[else:
OnepaTtop2]

['paduueckas uHTEpIIpETAIMS OTIEpATOpA:

%

CJIOBUEC 1

vy T+

Teno mukia

I
S
v

Onepatop while mMO3BOJIIET MHOTOKPATHO BBITIOIHSTH
OJIHM U T€ K€ JICUCTBUS B 3aBUCHMOCTU OT 3HAYEHUS BBIPAXKE-
HUs (yciaoBus). TuIl BeIpaKeHUs JOJKEH OBITh apudmeTHye-
CKUM WJIA MPUBOJAUMBIM K HEMY. BrIpakeHr€ BBIUUCIISETCS T1e-
pell KaXI0M UTepalen UKJIA.

Paboma onepamopa

HpH BXOAC B IHKJ BBIYHUCIIACTCA 3HAYCHHC BBIPAXKCHUA

(ycmoBust). Ecniu nipu BXoJie B IMKJI 3HAYEHUE YCIIOBUS paBHO false, TO BXOJ B LIUKJ HE
OCYUIECTBJISIETCS U YIIPABIIEHUE MEPEACTCS ONEPaTopy, CIeIYIOUIEMY HETOCPEICTBEHHO
3a ornepaTopoMm Iukia. Eciu ycinoBue uctuHHo (He paBHO false), To mpoucxoaut BXoj B
LUKJI 1 OJTHOKPATHOE BBIMOJHEHHE TeJIa UKIIA, IPEJCTABICHHOTO MPOCTHIM MU COCTAaB-
HbIM onepaTopoM. Kak TOJNbKO JOCTUTHYT KOHEL LIMKJIA, yIPABIECHUE CHOBA NIEPEAAECTCS
Ha €ro 3aroJIOBOK, I'JIE CHOBA BBIYUCISAETCS 3HAUYECHHE BbIpakeHus. Ecinu 3HaueHue
BBIPAKEHUS BCE €IlI€ PaBHO true, TO TEJIO IIUKJIA BBIMOJHSIETCS €Ill€ OJIMH pa3 U T. 1. 10
TeX MOop, MOKa 3HAYCHHUE YCIIOBUS HE CTaHET paBHO false. Ecii OHO MOCTOSHHO OyneT
paBHO true, TO IIUKI Oy/IeT OECKOHEYHBIM, T.€. POU30MIET 3aI[UKINBAHNUE.

3amevanus:

— JIiA TOro, YTOOKI TEJO IMUKJIa BBIITOJIHHUIIOCH XOTsA ObI OJIMH pas, HGO6X0,ZII/IMO, YTOOBI
NepCa BBIMMOJIHCHHUEM TCJIa TUKJIA BBIPAKCHHUC (YCJIOBI/IG) OBLIO HUCTHUHHO,

— IJIA TOro, YTOOBI UK 3aBCPIINIICA, HCO6XOI[I/IMO, YTOOBI B TEJIE OUKJIa U3MCHAINCH
SHAYCHUS IIEPEMCHHEBIX, BXOAAIINX B YCJIOBHUC.
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IIpumep: BoiBecTu Ha skpan yucna ot 1 g0 100.

# Schet_ot_1 do_100;
’ print("\nYucna ot 1 po 100:\n ")

o i=1 #HayanbHOe 3Ha4YeHue napameTpa UMKAA
while (i<=100): # nepebupaem nepsble 100 4ucen

3 print(" ",i,end="") # BbIBO4 Ha 3KpaH 3HayeHuA
@ i

+ i+=1 # YBenuyeHue napameTpa umkna Ha 1

PesynbTar paboThl IpOrpaMMBl:
Yncna ot 1 po 100:

| 1 2 3 4 5 6 7 8 9 10 11 12 13 14
EE— 15 16 17 18 19 20 21 22 23 .

4.3. Onepamop yukrna c nocmycsioeuem

dopmam oreparopa: ['paduyeckas HHTEpIpETAIUS OlepaTopa
B Python nuki ¢ mocrycioBueM | :‘,
OTCYTCTBYCT. Temno nukia
I
+
YcnoBue

Paboma yuxna Y

CHauasna BBINIOJTHSAETCS MPOCTON WM COCTaBHOM ONEpaTop, COCTABIISIONIANA TEIO
[MKJIa, @ 3aT€M BBIUMCISAETCS BbIpaxeHue (ycioBue). Eciii OHO MCTMHHO (HE paBHO
false), TesO IIUKJIA BBIOJIHSETCS elle pa3. LIuki 3aBepiiaercsi, KOrja BbIPaXKEHUE CTa-
HEeT paBHBIM false WM B TeJ€ [IUKJIA OyA€T BBIMOJHEH KaKoW-Tu00 omnepaTop nepeaadu
ynpaBieHus. TN BbIpaXEeHHs JOJKEH OBITh aprU(PMETHUYSCKUM WA TPUBOJUMBIM K
HEMY.

3ameuanus:

— TOCJEA0BATEILHOCTh MHCTPYKIIMH, SIBJISTFOIIIMXCS TEJIOM IMKJIa, BCETa OYIET BBITION -
HEHa XOTs ObI OJIUH Pa3;

— IJIA TOro, YTOOBI IMUKJI 3aBCPIINIICA, HCO6XOI[I/IMO, yTOOBI B TENE OUKJIa U3MCHAIINCH
3HAYCHUA IICPCMCHHBIX, BXOJIAIINUX B YCIOBHC.
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4.4. Bro)xeHHble YUKIbI

Teno muKIa MOXKET CoepKaTh 000K orepaTop, B TOM YHCIIC U OIIepaTop IHKJIA.
CtpykTypa IuKJIa, CoAepIKamias BIOKEHHBIN UK, HA3bIBACTCS KPAMHbIM Yukiom. Ync-
JIO BIIO)KCHUH MOYKET OBITh TPOM3BOJIBHBIM. ECIIM IUKII COAEPKUT OTWH BIOKCHHBIN
IMKJI, TO OH Ha3bIBACTCS 080UHbIM Yukiom (puc. 4.2).

TCJIO0 NUKJIIa TCJI0 NUKIIa TCJI0 NUKJIa

L]

a) — b) ﬁvy o

Pucynok 4.2 — Biiok-cxeMbl HEKOTOPBIX U3 BO3MOXHBIX BAPUAHTOB peau3aliy JBONHOIO UK~
na

[{nKn, KOTOPBIM COAECPIKUT BIIOKEHHBIN LIUKJI, HA3BIBACTCS HewHUM. B 1BOMHOM
IIMKJIC BJIOKEHHBIN IUKJI Ha3bIBaeTCs eHympenHum. Ha pucynke 4.2.a npejioxeHna 0J10k-
CXeMa aJrOpUTMa, B KOTOPOM JIsl peajiu3allii U BHEIIHET0 U BHYTPEHHETO UKIIOB HC-
MOJIb30BaH OMepaTop IuKiIa ¢ nmapameTpom (for). Takoi BUI ABOMHOTO IUKJIA UCTIOJIb-
3yeTcsi Ipu paboTe ¢ IByMEpHbIMU MaccuBaMu (Tabnuiiamu). Ha pucynke 4.2.b s pea-
JU3alliy BHEUIHEr0 LMKJIAa KCIOJb30BaH OMEpaTop LMKJIA ¢ MpeayciioBreM (while), a
BHYTPEHHETO LIMKJIa — OrepaTop IukJia ¢ napamerpom (for). Ha pucynke 4.2.c BHeIIHUI
LMKJI MIPEJCTABIICH ONEPaTOPOM IMKIIA ¢ mapameTpom (for), a BHyTPEHHUN — OnepaTo-
POM ITMKJIA ¢ MpeaycioBueM (while).

[lepemeHHasi BHyTpEHHErO [IUKJIA BCET1a MEHSETCs ObICTpee, YeM BHEUIHEr0. DTO
03HAYaeT, YTO JJIs KAXJ0ro 3HAUCHUS! BHEIIHEN IEPEMEHHOM 1IMKJIa MEHSIIOTCS BCE 3HA-
YEHUs1 BHYTPEHHEH IEPEMEHHOM.

BHemHuii 1 BHyTPEHHHI LUKIIBI MOTYT MCIIOJIB30BaTh JIFOOOW BUJ ONEPATOPOB
nukiia Python (while, for) (puc. 4.2).

ITpumep. lano uucio Buaa ab, rae a=1..2,b=0..9. BelBecTH Ha 5KpaH BCE YuCIa
ab.
1. MartemaTuueckasi MojaeJ1b

Beinuniem Bce 3TH 4ncia B psia:
1011 121314151617 18192021 222324252627 2829

CHauasna yBeTMuuBaroTCs eUHUIIBI 0T O 10 9, pH ATOM 3HAYCHUE JIECSITKOB HE Me-
HseTcs. TonbKo Korma mepedop eAMHUI 3aBepIIEH, eCATKH yBennunBaroTes Ha 1. [Tocne
ATOTO OISITh MPOUCXOAUT U3MeHeHue eauuutl oT 0 10 9. B nepemenHol a — OyayT JaecsT-
KH, B b — € TUHMIIEL.
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2. brnok-cxema 3. [Iporpamma

Hauaio

for a in range(1, 3):

‘) for b in range(@, 10):
A print(a * 10 + b, end = ¢ )

s e

s=a*10+b

BriBog

i

Komnerg

4,

Pe3yabTaTr paGoThl NpOrpaMmbl

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29
Bonpocel u 3aganus

3apaHue |

B coomeemcmeuu ¢ éapuanmom cocmasums u peaiuzo8ams nPOCPaAMMbl
Hcnonv3ysa onepamop yuxia ¢ napamempom, peuums npeoiodceHHyio 3a0ayy:

1. BbluucauTh CyMMy M IPOU3BEICHHE NMEPBBIX N HaTypalibHbIX yucen. [Ipegycmor-
pPETh BBOJI 71 C KJIIABUATYPBL.

k n
S=>(-1) n*, k=10.

n=l1

2. Bremraucouts

3. BpuuMcIuTH CyMMY MEPBBIX N WIECHOB Psijia ¢ OOIIKUM YICHOM

4. Omnpenenutb CpeaHUN POCT JE€BOYEK, U MAIBYMKOB OJHOTO Kiacca. B kitacce yuurcs
N YYEHUKOB. (n > 15).

5. BBozs B ukiIe 10 4 OLIEHKH KaXA0T0 CTyIEHTa IPyIIIbl, IOJCYNUTATh YHACIIO CTYyIEH
TOB, HE UMEIOIIMUX OLEHOK 2 U 3. B rpynne yuurcsa n cryaeHToB. lIpegycmorpers
BBOJI 71 C KJIABUATYPBI.

6. BBoag B nukIie 1o 4 oeHKH, MOTYyYEHHBIE CTYJICHTaMU B CECCHIO0, ONIPENICIIUTh CPEL
HUM 0aJu1 rPyIIIbI 10 BceM dK3ameHaM. B rpymnmne yuurcs n ctyaenToB. [Ipeaycmot-
PETh BBOJI 71 C KJIIABUATYPBL.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

3amaHo n Tpoek, yucen a, b, c. BBoas BX 1Mo odepenn ¢ KIIaBUATyPhl B TIOPSJIKE BO3-
pacTaHusi U UHTEPIPETUPYS UX KaK JIJIMHBI CTOPOH TPEYTroJIbHUKA, ONPEICIUTh,
CKOJIBKO TPOEK MOKET OBbITh UCIIOIb30BaHO JIJIsl TOCTPOCHUS TPEYTOJIbHHUKA.

B OBM 1o ouepeau mocTynaroT pe3yJbTaTbl COPEBHOBAHMM IO IUIABAHUIO HA
muctanuu 200 M, B KOTOPBIX y4acTBYeT # ciopTcMeHoB (n > 10). Beinath Ha skpaH
JUCILIES JIy4IIANA pe3yJIbTaT I10CIIe BBOAA PE3YyJIbTaTa OYEPEAHOTO CIIOPTCMEHA.

B DBM BBoadTCS 110 ouepean KoopAuHaTsl # Touek (n > 10). Onpeaenutpb, CKOIbKO
U3 HUX MOMAJIET B KPYT pajuyca » ¢ LIeHTPOM B TOUKe (a, b).

YyeHrukaM MepBOro Kjaacca Ha3HadyaeTcs cTtakaH Mojoka (200 mi), eciu MX Bec
coctaBisieT MeHble 30 kr. OnpeaennuTb, CKOJIBKO JIMTPOB MOJIOKa MOTpedyeTcs,
€XKEeIHEBHO JJIsI OJHOTO KJIacca, COCTOSIIIETro U3 n yuyeHUukoB. [lociie B3BelInBaHus
BEC KQXKIOT0 yYeHUKa BBOAUTCSA B OBM.

B OBM BBoasTCS HOMED MO CKUCKY U pocT yueHUukoB 10 kitacca. BeiBectn Ha 3kpaH
HOMEDPA 10 CHUCKY TEX YUYEHUKOB, pOCT KOTOPBIX Oosbme 170 cMm.

B copeBHoBanusx no 6ery Ha auctaHiuu 100 M IpUHUMAIOT y4yacTHE 7 CLIOPTCMeE-
HOB. BBO/1sI 0Ouepen Homepa o CIUCKY U Pe3yJIbTaThl y4acTHUKOB B DBM, orpene-
JIUTh, CKOJIBKO M3 HUX BBINOJHWIM HOPMY, U HameyaTaTb uX Homepa (HopMa paBHa
13,2 cek.)

B DBM BBoAATCA IO 0O4epear KOOPAUHATHI 7 TOUEK. ONpeneNnTh, CKOJIBKO U3 HUX
MOMNAJIET B KOJIBIIO C BHYTPEHHUM PAJUyCOM |, BHEIITHUM 7, U LICHTPOM B Ha4aJje Ko-
OpJAMHAT.

B OBM 1o ouepeau BBOAATCS KOOPAUHATHI 77 TOYEK. ONpeiesuTh, CKOJIBKO U3 HUX
NPUHAUICKUT (PUrype, OrpaHMYeHHON OChIO aOCIHMCC W apKOW CHHYCOWIBI, I10-
CTPOEHHOM M1 apryMeHTa co 3HaueHusiMu ot 0 710 7.

3aaHa OKpY’KHOCTB pajnyca » ¢ UEHTPOM B Hayajie KoopauHar. Beoxas mocneno-
BaTeapHO B OBM KOOpIMHATEI 7 TOYEK, SBISIOIIMXCS LEHTPAMU APYTUX OKPY>KHO-
CTEHl TOTO XK€ pajauyca, ONpPeeanTh, CKOJIbKO M3 3TUX OKPYKHOCTEH MepeceKkaeT
JaHHYIO.

Hailitu Bce Tpex3HauHble HAaTypajlbHbIE YUCIA, CYMMa LHU(PP KOTOPBHIX paBHA UX
IIPOU3BEJICHMUIO.

Haliti cyMMy LI€TBIX MONOXKUTENBHBIX yucen, 0onbimx 20, menpmmx 100 u kpat-
HBIX 3.
1 1 1
S:1+?+3—3+...+—3
n
Boruucnute cymmy ,rae n > 10.
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19.

20.

21.

22.

23.

24.

25.

BBoz4 B iukiie 1o 4 OLUEHKH, [MOJTYyYEHHBIE CTYAEHTaMHU B CECCUIO, ONPEIEIUTh YHC-
JIO HEYCIIEBAIOIINX CTYICHTOB Irpynnsl. B rpyme yunrcs n ctyneHTos. [Ipexycmor-
peTh BBOJ 11 C KJIIABUATYPBI.

Hununanap o6veMa 1 ky0.ea. uMeeT BbICOTY /4. OnpeaenuTs paguyc OCHOBAHUS NSt
sHaueHuii 4 ot 1 1o 6 ¢ mrarom 0.5 en.

a, = sin(k2 + b)
BeiBecTr Ha medarts MOCIEI0BATENBHOCTD C OOIUM UYJIEHOM , TIe

k=0,1, ..., K. IlpenycMoTpeTh BBOJ K U b ¢ K1aBUATYPhl. BRIUMCIUTH KOJTHUYECTBO
AJIEMEHTOB, YAOBIIETBOPstoMUX yciaoBuio: 0 < a, < 0.5.

B OBM BBozATCS oouepeHo n ToueK. OnpenennTb, CKOJIBKO U3 HUX MMPUHAIIEKUT
(urype, orpaHMYEHHON OCHIO OPAUHAT ¥ IPABOM MOIYOKPYKHOCTBIO x° + )7 = 77,

B OBM 1o odepeny BBOAATCA KOOPAMHATHI 7 TOUeK. ONpeieTnuTh, CKOIBKO U3 HUX
OPUHAIIEKUT PUTYype, OrpaHUYEHHON JiuHuen | x [+ |y | = 1.

CocraBuTh porpamMmy BBIYMCIICHUS 3HAYEHHI byHKIMHA

p(x)z%(231x6 —~315x* +105x" - 5)

nipu u3MeHenuu x 0 1o 1 ¢ marom 0.1.

(x — 2)(x — 4)(x — 6)...(x —64)
(x — 1)(x - 3)(x — 5)...(x - 63)

Breraucnute 3HaueHUE BBIPA’KCHHA JJIS1 IIPOU3BOJIb-
HOTO I[CP’ICTBHTGJIBHOFO Yypcia X U3 00JacTh OIpCACIICHUA JaHHOI'O BbIPAXKCHUA.

3apaHue i

HUcnonw3ya onepamop yukia ¢ npedycioguem, 011 OAHHO20 3HAYEHUS X HAUMU

cymmy psaoa S ¢ mouHOCmbI0 00 UlleHa paod, no abCcoNOMHOU BeTUYUHE MEHbULE20 eps =
0.0001. Cpasrums 3my cymmy co 3HaYeHuem KOHMpPOIbHOU QYHKYUU V.

S = x—:1+£+—+..,x 1.5;y=e¢".
= n! 1! !
© n n 2 2

S:Zx In 3:1+xln3+x In 3+...;x:1;y=3x.
= n! I! 2!

= X 1 x x°
5= (-1 Y ol2ye—
;( N T Rrar e i by
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10.

11.

12.

13.

14.

15.

16.

17.

n=1
)
S—;W—1—2—!+4—!—...,X—0.3,y—COSX.
S:i(—l)nlx—n:x—x—2+x—3—...;x:0.4;y:1n(1+x).
p_— n 2 3
&y gywsin(mx) o sin2x sindx @
S—;( 1) » =sInx 5 + 3 +.x= 2,y—
00 x2n+1 3 5 ex_e—x
S= =X+—+— =2;y=
;(2n+1)! 3105 TSN

2n+l 3 5
" x° X

S zg(—l)n 2xn+1 =x—?+?—...;x:0.6;y:arctgx.

- n X x X .
S:;(—l) R T esx =14y =sinx
© x2n 2 4 ex+e—x

S = =l+—+ =0.5;y =
,Z;(zn)! o T T T
Szi“sm(zn_l)x:sinx+Sin al x=£' _Z
o Iy

N n+ 2
S=>(-1) EOSTY _ o5 x — cos2 Y ox=2y= ln(2cosgj.

o 2n— —x

& 1 1 1 1 1, x+1
S= =t —+——F.x=3y=—In"—

;(2n—1)xz” ox 3x sy 4 2 x-1
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18.

19.

20.

21.

22.

23.

24.

25.

2n-1 3
x-1 :x_—1+lx_—1 +...;x=0.6;y:llnx.
2n 1 x+1 x+1 3\x+1 2

< 0 X" *oxt Xt e
Z;q)’ﬂzynﬁ+ETn§m¢_—ozy_e

(/3

S

3

S = i(nwtl)x =1+2x+3x" +4x’ +..;x=-0.7;y = !

n=0 (1—x)2 .

© 2n+l1 3 5

S= x4t x=035y=In Itx
o2n+1 3 5 I—-x

S IZ.O:(_I)H (x+1)2n :—(x+1)2 +l(x+1)4 +...;x:—1.2;y=ln—1 .
= N 2 2+2x+x°

‘&ﬂ_§x4YHL316f%;3%:ﬂ+%x_;4ﬁ+2:ift"*

x=-0.8; y=+I+x.
2 1-3-5-..-(2n—-1 : 3.
S=1+3 (2n )ﬁ":1+lx2+1 34,135 ¢
= 2-4.6-..-2n 2 2-4 2.4.6
1

1—x

x=0.64; y=

5

> smnx . sin2x
Szz nx+

T—X

2

. 7[.
+...,x=§,y=

n=1

3apaHwue lll
Kaxkoe konmuuecTBo TermnoTsl motpedyercs mis ucnapenus 100 r Boasl ipu 100, 110,
., 200°C?
Onpenenure BHYTpEHHIOIO dHepruto 1 r renus npu temneparype 10, 15, ..., 50°C.

B cocyne 06béMoM 1 cM’ Haxomutes 10'° monekyn raza. OnpenennuTs qaBiaeHue raza
B cocyjie npu temmeparype 0, 1,...,10°C.

KakoBa cpemgnss xBagpatudHas CKOPOCTb MOJEKYJN kuciaopona mpu 10, 12,
20°C?

CKOJBKO TEIUIOTHI BhLACIUTCA Tpu KoHaeHcaruu 100, 200, ..., 900 r BoasiHOTO
napa?
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

23.
24.

B xotmie éMKocThIO 6.0 M’ comepxuTes 25 kr neperpeToro napa. Kakoso nasienue
rapa, eciim ero remreparypa passa 200, 220, ..., 300°C?

KaxoBa cpennsst KBagpaThuuHas CKOPOCTh MOJIEKYJI BoJIopoJia ipu temrepatype 10,
15, ..., 50°C?

Onpenenute BHyTPEHHIOO 3HEpruto 1 r renus npu temneparype 20, 22, ..., 40°C.

B cocyme o6bémom 480 cm® mpm masnenun 2.5-10° H/M* maxoamres ras. Iloa-
CUMTATh KOJMYECTBO MOJIEKYJ ra3a Jyisl 3HaueHuil temmeparypst 10, 11, ..., 20°C.

Cxkounbko TernoTsl norpedyercs s ucnapenus 200 r Boas! npu temneparype 100,
110, ..., 200°C?

KaKOBa CpCaHAA KBaApaTUIHaAA CKOPOCTb MOJICKYJ YITICKHUCIIOIO Ira3a Ipu TEMIICpa-
Type 0, 5, ..., 30°C ?

OnpenenuTs CPeIHIO KBAJPATHUYHYIO CKOPOCTh MOJIEKYd Bogopoaa npu 0, 5,...,
50°C.

B cocyne o6némom 450 cm®  mpu masnenum 2.5-10* H/M® maxomurcs rasz. Iloxa-
CUMTATh KOJMYECTBO MOJIEKYJ Ta3a Juisl 3HaueHuil Temmepatypst 10, 12, ..., 20°C.

Onpenenute BHYTPEHHIOK 3HEpruto 1 r Bogopona npu temneparype 20, 21, ...,
30°C.

OnpenenuTs CpeIHIOI KUHETUYECKYIO SHEPTUIO0 BPAlIaTEIbHOIO ABUKEHUS MOJIE-
KyJI Bogopoaa, conepxamuxcs B 1.0 mons ipu 10, 11, ..., 20°C.

[110THOCTE BO3yXa NPY HOPMAIBHBIX ycnoBusx 1.3 r/1. KakoBa IIIOTHOCTE BO3y-
xa rpu gasiennu 4.0-10° H/m* u Temneparype 50, 60, ..., 100°C?

Onpenenure BHyTPEHHIOIO SHEPTUIO | T yriiekucnoro rasa npu remneparype 10, 15,
..., 50°C.

B konGe conmepxutcs raz mpu HOpMaJbHBIX yCI0BUAX. CKOJBKO MOJIEKYJ raza co-
JEePKUTCS B KoJiOe, ecnu e€ éMkocTh paBHa 0.1, 0.2, ..., 0.5 n?

KakoBa cpennss kBajpatnuHasi CKOPOCTh MOJIEKYJ Bogopoja nipu 0, 2, ..., 20°C ?

KaxoBa cpenHsst KBagpaTH4Hasi CKOPOCTh MOJIEKYJI KUCIopoaa npu temneparype 0,
2,...,10°C?

B cocyne oovémom 400 cM® npu maBnenun 2.5-10° H/M* maxomgures ras. Ioa-
CUUTATh KOJMYECTBO MOJIEKYJI raza Jjis 3HaueHuil remmneparypsl 0, 1, ..., 10°C.

CkoJbko TerioThl motpedyercs aist ucnapenus 150 r Boasl npu temmneparype 100,
105, ..., 150°C?

Onpenenure BHYTPEHHIOO dHEpruto 1 r renus npu temneparype 20, 21, ..., 30°C.

KaKOBa CpCaHAA KBaApaTUIHaAA CKOPOCTh MOJICKYJ YIVICKHUCIIOIO Ira3a Ipu TEMIICpa-
Type 0, 5, ..., 30°C ?
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25. OmnpenenuTe BHYTPEHHIOW AHepruro 1 r kucimopoaa nmpu temneparype 10, 15, ...,

=00 N YA LN

12.
13.

14.
15.
16.

50°C.

KOHTpOﬂ bHbI€ BOMNPOCHLI

Kakue 6a30BbIe aJITOPUTMUYECKHE KOHCTPYKIIMM MOKHO peaju30BaTh CPEACTBAMHU
s3pika Python?

Yto Ha3bpIBaeTC UKIOM?

Yro Takoe TeiI0 MuKia’?

Yrto Takoe mapameTp uKIia?

UYrto Takoe ureparus’?

Yro Takoe 3auKInBaHue?

Kakue Tursbl IUKIIOB CYIIECTBYIOT?

Kakune nHCTpYKIIMKN UCTIOMB3YIOTCS ISl pean3aiiuy MuKkioB Ha Python?

Kaxkast ”HCTpyKIMs UCTIOJIb3YETCS JUIsl pealiu3alliy 1UKJIa ¢ TapaMeTpom?
Mo3KHO JI1 UCTIOJIB30BATh B TEJIE IIUKJIA IEPEMEHHYO, SIBJISIOILYIOCS MapaMeTPOM
IUKJa?

Kaxkast ”HCTpyKIMs UCTIONIb3YETCs JJIsl pealiu3alliy UKJa C IPeayCIoBUEM?

OT 4ero 3aBUCUT KOJIMUECTBO MOBTOPEHUM TeJa IIUKJIA C TIPEAYCIOBUEM?

[uxn o6xoma (LMK C TapaMeTPOM HJIM CO CUCTUYUKOM, apu(METHUCCKUN UK,
LUK <JIIS») — 3TO UK C 3apaHee U3BECTHBIM YHCIIOM MoBTOpeHui? Tak 1 3107
Kakne n3 KOHCTpyKIMI TOBTOPEHUS MOTYT IPUBECTHU K 3aLIUKJIMBAHUIO?

Kaxk paboTaeT Uk co C4eTUMKOM ?

Oynakums range(a, b, h): ocobeHHOCTH pabOTHI, MapaMeTPhI?

Mpumep BbINONHEHUs 3ag4aHUN

3aganme 1. CoctaBuTh NporpamMmy Ta0yaupoBaHusi GyHKIIUNA

1.

L 2.42x* —6.47x+1.03
x—5.8

y=e
Ha oTpeske [-4, 4] ¢ marom 0.2.

Pemenune

MarteMmaTuueckasi MojaeJjb

s=2=C [y

IIpexne Bcero, onpeneauM Yucao NOBTOPEHUM Tela [UKJIA:
APpryMeHTbI: IEPEMEHHAS X BEUIECTBEHHOI'O TUIIA.

Pe3yabTaThl: 3HaUeHHUE 33aHHON (PYHKITUH y (BEIIECTBEHHOTO THIIA).

HpOMe)KYTO‘IHble BEJIMYHHDBI: CUCTUHK 1 OcJ0ro TUIlia.

2.

AJITOPUTM 3. IIporpamma
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X :=-4.0

1 2.42x*-6.47x+1.03
y=e
x—5.8

|

X :=x+0.2

]

Y

import math as m

X = 4.0

for i in range(1, 42):
y = m.exp(x) * (2.42 * m.pow(x, 2) -
6.47 * x +1.03) / (x - 5.8)

print('x = ", x, 'y =", y)
X += 0.2

4. Pe3yabTaT padoThl NpOrpaMMbl

X = -3.6

y = -0.161865
X = -3.4 y = -0.185016
X =-2.2 y = -0.373639
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3apanue II. J{ng x = 0.47 Haiftu cymmy psana

1 X 1.3 X 1-3-5-...-(2n-1) L
T 2.4.6-...2n  2n+l

C TOYHOCTBIO JI0 WiICHA psija, MeHbIero (mo adcomotHor Beauuune) eps = 0.0001, uc-

H0JIb3YSl OIEpaTop LHUKIA ¢ mpenycioBueM. CpaBHUTH NOJYYEHHYIO CYMMY CO 3Hade-

HUEeM (PYHKIHMH 1J11 KOHTPOJIs J = diCeiiie
Pemenune

1. MaremaTnuyeckas moaeab. O603HaunM uepe3 pl nocienoBaTeabHbIe POU3BE-

ACHUSA HCUYCTHBIX YHUCCII. T—Iepe3 p2 — IIOCJICAOBATCIBbHBIC ITPOU3BCACHU S YCTHBIX YU CCII.
AprMeHTI)I: X — IEpEMEHHas BCIIECTBECHHOTO THUIIA, -1 < X < 1.

Pe3yﬂbTaTbIZ summa — CyMMa YICHOB psa BCIICCTBCHHOI'O THUIIA,

y — 3HaY€HUE KOHTPOJIbHOU PYHKIMU (BELIECTBEHHOTO TUIA).

IIpomexyTOUHbIE BETUUMHDI:

eps — KOHCTaHTa, C KOTOPOU CpaBHUBAETCs a0CONIOTHAS BEJIMYMHA TEKYLIETO YieHa psijia:
YJIEHBI psJia IPEACTABIIAIOT CO00M yOBIBAIOUIYIO MOCIEA0BATEILHOCTD, IOATOMY COTJIAcC-
HO YCJIOBHIO BBIUMCJICHHE CYMMBI YJICHOB psijia OyIeT IPOA0IKATHCS 10 TEX MOp MOKa ad-
COJIFOTHOE 3HAYECHHE TEKYLIErO YIEHA PsiJa HE OKaXKETCSl MEHBIIE eps;

pl — MOCJIeI0BATENIbHbIEC MPOU3BECHUS HEUETHBIX YUCEN, BEIIECTBEHHOTO THUIIA;

p2 — MOCJIEIOBATENIbHBIC MPOU3BEICHUS YETHBIX YHCEI, BEIIECTBEHHOTO TUIIA;

p — 4acTHOE, NOJIy4aeMoe IMpH JIeJIEHUU pl Ha p2, BEUIECTBEHHOTO TUIIA;

n — HOMEp 4JIeHa psijia, [eJIOro TUIIA; u — TEKYIIUH WICH psJia, BBIYUCISIEMBIi IO (popMyIie

2n+1
X

2n+1 genr. tuma;
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2.

Aaropurm

3. IIporpamma

Hauaio

o

eps = le-4

BBonx x

n=1

summa = 0

u=x;pl=1;p2=2

=

+

summa = summa + u

p=pl/p2
X2n+1
u=
P+t
n=n+1
|
pl =pl(2n-1)
p2 =2np2
———

y=arcsin x)

BriBog X,
summa, y
Komnern

// BblYUCNEHWE CYMMbl YNEHOB psafa

import math

eps = 0.0001

# onucaHue rnepemeHHbIX, BBOJA X, Ha4dasibHble
# YCTaHOBKM

x = float(input("BBegute 3Ha4deHue x: "))
n=1

summa = @

u= X

pl =1

p2 = 2

#opraHmsauma BblMUCNEHUA CYMMbl YNE€HOB pAfda
while(abs(u) > eps):
summa += u

p = pl/p2

u = p*pow(x, 2*n+1)/(2*n+1)
n+=1

pl = pl1*(2*n-1)

p2 = p2*2*n

# BbldUCNEHUE 3HAYEHUA KOHTPOJIbHOM GYHKLUK

y = math.asin(x)

#BbIBOA pe3ynbTaToB

print(" Cymma gaHHoro psga npu x =",x,", c
TOYHOCTbH ©.0001, S = {0:.4}".format(summa))
print(" 3HayeHWe KOHTPONbHOW QYHKUUMK, Yy =
{0:.4}".format(y))

4.

BBegnTte 3HadeHue X: 0.47
CyMma AaHHOro paga npu X =
0o 0.0001, S = 0.4893
3Ha4yeHne KOHTPOJIbHON QYHKUMM, Y =

Pe3yabTat padoThl IporpaMmbl

0.4700 C TOYHOCTbHN

0.4893

BeiBoa: C tounocthro 110 0.0001 3Hauenue
CyMMBI psiia U 3HAYCHUE KOHTPOJBbHOU (DYHKIIUU
COBIIAJIAl0T, CIIEIOBATEIIbHO, BEIYMCIICHUE CYMMBI 4Jie-
HOB psiJia 3apOrpaMMHUPOBAHO BEPHO.

Cnucok auTeparypbl, peKOMEeHAYeMbIH K NCIOJb30BAHUIO 110 TAHHOM

[1] cTp. 65-79
[4] cTp.410-435

[6] ctp. 67-93

[11]

TeopeTnueckuii Marepual:

TEME

IHukn for (informatics.msk.ru)

https://informatics.msk.ru/mod/book/view.php?1d=4159,

https://informatics.msk.ru/mod/book/view.php?id=4383
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IIpakTnuyeckoe 3ansiTue Ne5
Hcnonb3oBanue pyHKIUi 11 pelieHus MPUKIAAHBIX 3a1a4

HEJIb: 3akpernieHue TeOpeTHYeCKUX 3HAHUM 1 MPUOOpPETEHNE HABBIKOB IIPOIPAMMUPO-

BaHUs QyHKUUNA U PEKYPCUBHBIX (DYHKIIMH.
3HaHusA, yMEHHUS U BJIA/IeHHs, IPpUoOpeTaeMblie 00y4alOIIMMCH B pe3yJibTare 0CBoe-
HMSA TeMBbI, B pAMKaxX (popMHpyeMBbIX KOMIIETEHIHH (OIIK-8): CM. IPUJIOKEHUE 2: BbIPA-
0aTpIBaeTCs HaBbIK pa3padOTKHU MATEMAaTUYECKUX U MH(POPMALIMOHHBIX MOJIEJIEH, a TaKkKe
dopMupyercss crnocoOHOCTb K pa3paboTKe M MPUMEHEHUIO aJITOPUTMUYECKUX U
IPOrpaMMHBIX PELIECHUH (C UCIOIb30BaHUEM (PYHKIMM U PEKYPCUBHBIX alrOpUTMHUYE-
CKUX KOHCTPYKIUI) B 00JIaCTH NPUKIIAJTHOTO IPOrPAMMUPOBAHUSI C YMEHHEM OObSICHUTD
TEOPETHUYECKYIO M MPAKTUYECKYIO YacTh TeMbl ((hOpMUPYETCS YacTh yKa3aHHBIX KOMIIE-
TEHITUH).

Teopernueckas 4acThb
5. Ilopnporpammsi

5.1. [MoHssmue nodnpozpamMmMbli

[Tpu pemiennu 3a1a4 yaCTO BCTPEYAIOTCS Cilydau, KOT/a JUIsl pa3HbIX HA0OpOB UC-
XOJIHBIX JAHHBIX IPUXOJUTCS BBIIIOJIHATH OJHU U T€ XK€ KOMaH/bl. B HEKOTOPBIX CiIydasx
JUIsL OpraHU3allX OBTOPSIFOLINXCS BBIYMCIEHUI MOKHO BOCIIOIb30BaThCSl KOMaHA0M 110-
BTOpeHM:. VHOTIa MMeeT CMBICIT BBIAEIUTD ITOBTOPSIOIINECS MTOCIEA0BATEIBHOCTH KO-
MaH/1 B CAMOCTOSTEIbHBIN OJIOK, BBIHECS €T0 3a MPe/Iesibl OCHOBHOW MPOTrpaMMBbl U B HY K-
HOM MECTE OPTaHHU30BaTh BBI30B ATOT0 OJI0KA, YKa3aB COOTBETCTBYIOLIMI HAOOp mapaMer-
poB. Takoii ONOK, peaM3yIONIMA HEKOTOPHIA BIOJHE 3aKOHUEHHBINM 3Tam 00pabOTKH
uHbOpMAIIMN U JOMYCKAIOUIN OOpalleHrne K HeMy M3 Pa3IMYHBbIX YacTel OCHOBHOMU
IIpOrpaMMbl, Ha3bIBaeTcs moanporpammoi. [loqnporpamma odopmiisiercst B BUIE 3aM-
KHYTOI'0 Y4acTKa IMPOTrpaMMbl, UMEIOIEro YETKO 0003HAaUYE€HHbIN BX0A U BbIXo. [Tpume-
HEHHE MOIIIPOTPaMM YKOHOMHUT OINEPATUBHYIO MAaMSTh, T.K. U1 XPAHECHHS IEPEMEHHBIX,
HCTIONIB3YIOIINXCS TOJIBKO B OAIIPOTPAMME, MAMSATH OTBOJUTCS TOJIBKO HAa BPEMSI BBINOJI-
HEHUS MTOAIIPOrPaMMBlI.

BONBIIMHCTBO S3BIKOB IPOIPaMMHUPOBAHUS COIEPKAT CIECAYIOIINE PA3HOBUIHOCTH
HOJITPOrpamMM:

- BCTPOEHHBIE TIOAIIPOTPAMMBI;
- GUOIMOTEUHBIE TOAIIPOrPAMMBI;
- IOAIIPOTrPaMMBI, CO3aBa€MbI€ IIPOIPAMMUCTOM.

B Python monmporpammel peanusytorces B Bujae Gpyukmnmii. Paznuuaror 6ubmmoreu-
Hbl€ (CTaHJapTHbIE) PYHKIUU U QYHKIUH, CO3/1aBAEMbIE TPOTPAMMUCTOM.

bubauoreynsie (cranaapTHbIC) QYHKINH

Python npenocrasnsger cranaapTHble (GyHKUNUNA, UMEIOUIUE ONpeeIEHHbIE UMEHA
Y BBINOJHSIONIME CTaHAAPTHBIE NEUCTBUS. OTH (PYHKLMH, ONpPENEIEHHBI B S3bIKE U
oObeauHeHbl B Moaysd. YToObl MCTOIB30BaTh OMOIUOTEUHYIO (DYHKITHIO, HEOOXOAMMO
MNOJKIIIOYUTh K MPOrpaMMe€ COOTBETCTBYIOIIMI MOAayidb. YUTOOBI BBI3BATh TaKylo
(GYHKIMIO, TOCTATOYHO B TEJIE OCHOBHOM WJIM MOJIb30BATEILCKOM (DYHKIIMU yKa3aTh €€
UMS U CITUCOK (DaKTHUECKUX MapaMeTpOB.
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DOyHKINH, CO3aBaeMble IPOrPaAMMMCTOM

Python mo3BossieT mporpaMMHUCTy ONIPEACIIUTh CBOKO COOCTBEHHYIO (DYHKITHIO U B
JaJbHEHIIIeM UCTIOIB30BaTh €€ TOYHO TaK ke, Kak 1 ondnuoreynsie pyHkuun. CoOCTBEH-
HYI0 (PYHKIIMIO MOXHO KaK OOBSBUTH U HCIOIb30BaTh B OJHOM (haiijie, Tak U IOMECTUTD B
(aiin (MOAYJb) U UMIIOPTUPOBATH €€ B IPYTUE MPOrpaMMbl (MOIYIIH).

5.2. ®dopmanbHbie u hakmu4yeckue napamempsbl

[Tonmporpamma (B ciiyyae Python — @yHkius) cocrasisiercs popmanbHo. HMcnomnb-
3yeMbIe B Hell IEPEMEHHBIE, HA3bIBAIOTCS (POPMAJILHBIMHU, TaK KaK OHU HE CYIIECTBYIOT B
TOM € Ka4eCTBE, KaK OOBIYHBIC TIEPEMEHHBIC U KOHCTAHTHI.

®opmaJjibHBbIE MApPaMETPhI — 3TO UIACHTH(PHUKATOPHI IEPEMEHHBIX, Uepe3 KOTOPhIS
nepenaercs: nHpopManus U3 OCHOBHOW MporpamMmbl B MOANpPOrpaMMy U oOpartHo. Mx
MMEHa MCTIOIB3YIOTCS B Telle TIOJAIPOrpaMMbl, HO Ha CaMOM Jieie oHa Oyietr oOpadarbi-
BaTh (DaKTHUYECKHE TMapaMeTphl, TEepeJaHHbIE TPHU BBI30BE, KOTOPHIE MOTYT HMETh
COBEpIICHHO Apyrue mMmeHa. [lpu BBI30BE MOAMPOrpaMMbl M3 OCHOBHOW MPOTPAMMBI
(dbopmanbHbBIE TapaMeTPHI 3aMEHSIOTCS (paKTHYeCKUMHU, MEX/ITy HUIMH YCTaHABINBACTCS
B3aMIMHO OJIHO3HAUYHOE COOTBETCTBHUE, YOBIETBOPAIONIECE OAHOMY YCIOBHIO: COOTBET-
CTBYIOLIME APYT APYTy HMapaMeTpsl JODKHBI COBMANaTh MO MOPSAKY CIETOBAHUS H TIO
Tumy. b0k moamnporpaMMel BRITIONHSAETCS A1 (PaKTUYECKOro Habopa mapameTpoB.

dakTHYeCKHe MapaMeTPhbl — 3TO HH(POPMALIKS O TOM, KaK1e 3HAYCHUS HYKHO TIe-
penarh apryMeHTaM MOANPOrpaMMbl U KaKHM MMEHaM TpOTpaMMbI TiepeaTh 3HAYCHUS
pE3yNBTaTOB MOAIPOTPAMMBI.

Onucanue noAmnporpaMMsl 3aj1aeT popManbHy0 cxeMy 00paboTKH HHGOPMAIIH,
B TO BpeMs KakK OIEeparop BbI30Ba MOJIPOrpaMMBbl OCYIIECTBISET HACTPOMKY STOU
(dbopManbHOM CXeMbI Ha KOHKPETHYIO 00pab0oTKy (haKTHUECKUX JTAaHHBIX.

5.3. JlokanbHble u 25106asbHble NepemMeHHbIe

IlepemeHHasi — 3TO IMEHOBaHHAs 00JIACTh AMSTH, B KOTOPOW XPAHSITCS JaHHBIC
OIPEEIICHHOIO TUIA. Y MEPEMEHHON €CTh UM U 3HaueHue. VMs city>kut aiis ooparie-
HUS K 00JlacTM maMmsTH, B KOTOPOM XpaHUTCS 3HaueHue. Bo BpeMs BBINOIHEHHS
MporpaMMbl 3HaYEHUE MEPEMEHHON MOXXHO M3MEHsATh. [lepen ucnosib3oBaHUEM JIr00ast
nepeMeHHast J0JKHa ObITh OMKMCaHa.

Obaactb aeiicTBUs MACHTU(DHUKATOPA — 3TO YaCTh MPOTPaMMbI, B KOTOPOM €ro
MOKHO HCIIOJIb30BaTh AJIA JOCTYIA CBSI3aHHOM ¢ HUM 00jacTu naMatu. B 3aBucumoctu
OT 00J1aCTH IEUCTBUS MEPEMEHHASI MOXKET ObITh JJOKAJIBHOM WK [100aJLHOM.

Ecnu nepemeHHas onpezeneHa BHyTPU NOAIPOrpaMMBbl, OHA HA3bIBAETCS JIOKAJIb-
HOW, 001acTh €€ ACUCTBUS — OT TOYKU OMKMCAHUS 10 KOHIIA TIOJIIPOrPaMMbl, BKIIFOYasi BCE
BJIOKEHHBIE TToanporpammel. Eciiu mepemMennast onpeeneHa BHe JIF000ro 0J10ka, OHa Ha-
3BIBACTCS IV100aJIbHOM 1 00JIaCThIO €€ ICUCTBUS cunuTaeTcs (haifil, B KOTOPOM OHA OIpe-
JieieHa, OT TOUYKU OMUCAHMUS 10 €r0 KOHIIA.

Python no3BosnsieT cBsi3aTh UACHTUGUKATOP BHYTPH HEKOTOPOTO OJIOKA C TIIO0ATh-
HBIM UJEHTU(PUKATOPOM, 3TO MOXKHO CJIeIaTh, YKa3aB B Haualie 0J10Ka Ha HEOOXOUMOCTh
MCIIO0JIB30BaHMS TII00ANILHOTO UAeHTU(UKaTOpa. DTO JenaeTcs ¢ MOMOIIbI0 oneparopa
global:
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global _wpeHTudpukaTop_

[IpeamnoyTuTenbHO HE UCIOJIB30BaTh global, TaK Kak 3TO yXy[ALIAeT NOHUMAaHUE
KoJ1a.

5.4. ®dyHkyuu

[Ton ¢yHKIMeld TMOHUMAETCS COBOKYITHOCTb OIEpPaToOpOB, COBMECTHO BbITOJI-
HSIIOLLIMX HEKOTOpOe JeHCTBYe, MMelolllee Orpeie/ieHHYH0 1ie/b, 0(hOpMJIeHHast B COOT-
BeTCTBUU C TPeOOBaHUSIMH Si3bIKa TIPOTPaMMHUPOBaHUS.

C nonsitueM (yHKIMH B s13bIKe Python cBsizaHo /iBa c/ieyroIMX KOMITIOHEHTA:
— onucanue QPyHKINH;
—  BBI30B (DYHKITUH.

Onucanue (yHKIMM COCTOMT W3 JIByX 4YacTeil: 3arojioBka U Tesa. OnucaHue
(QYHKLMM UMeeT CaeAYHIIYI0 (hOpMYy 3arvcu:
def uma_oyHkuumn ([cnucok_napameTpoB]): #3aronoBoK QyHKLUK
#06bsABNEHMA U onepaTopbl

#Unu, ApyrumMu cnosamu, Teno GyHKLUU
#Teno ¢yHKUMM BblgenaeTcA Tabynauuei

B s13pIkax nporpaMMHpOBaHuUs ¢ IBHOM THNH3AlMell TUIT BO3BPAILIAEMOI0 3Have-
HUs 3a7a€Tcs npu onucaHuu GyHKIUH, HO T.K. Python oGnanaer crporoii HesiBHO# au-
HAMM4eCKOH THIHM3aluei, 3a/1aBaTh TUIl BO3BPAIIAEMOI'0 3HAUEHUS HE HYKHO.

Teno ¢pynkumu npeacrasiser coO0i MOCIEN0BATEILHOCTh OOBSABICHUM U Oonepa-
TOPOB, ONUCHIBAIOIINX ONPEIEICHHbIN anroput™. BaxkHeIM oneparopom Tena pyHKIUU
SIBJISIETCS OTIEpaTOp BO3BpATa B TOUKY BbI30Ba: return [ BbipaxeHue] . Omneparop return
uMeeT JBoitHOe HazHaueHne. OH o0ecreunBaeT HEMEAJIEHHbBIN BO3BPAT B BHI3BIBAIOIIYIO
(GYHKIMIO U MOKET UCIIOJIb30BATHCA AJI NIEPE/laul BEIYMCIEHHOTO 3HaYeHus1 pyHKIuu. B
Tene (PyHKIUU MOXKET OBbITh HECKOJIBKO OIEpaTopoB return, HO MOXET HE ObITh U HU OJ1-
HOro. B mocnenHeM ciryyae BO3Bpar B BBI3bIBAIOLLYIO IPOIPAMMY MPOUCXOIUT MOCIIE BbI-
MOJTHEHMsI TIOCIIEHETO omepaTtopa Tena (QyHKIMH, TPU TOM Takas (yHKIUS CUMTAETCA
(GyHKUMEH, HE BO3BpAIIAIOIIEei 3HAUCHHUE.

Bb130B pyHKIMH MOXET OBITH 0O(DOPMIIEH B BUIE ONlepaTopa, €Ciu y PyHKIUU om-
cymcmeyem BO3BpalllaeMO€ 3HAYCHHE, WA B BUJI€ BBIPAXKEHUS, €CIIU Cyujecmeayen BO3-
BpalaeMoe 3HaueHue.

B nepBom cityuae orneparop uMeeT cieAayommii popmar:

umA_pyHKUMK ([ CNMMCOK_aprymeHToB])
Hanpumep: print(“Hello World!”)

Bo BTOpOM c/iyuae BeIpakeHUe 3alyChIBaeTCsl CeIyIOIMM 00pa3om:

NepemeHHaA = uMsA_QyHKUMU (CNUCOK_apryMeHTOB);

Hampumep: z = max(x, y)
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3HaYeHUE BBIYMCIEHHOIO BBIPAKEHUS SBISAETCA BO3BPAIa€MbIM 3HAYE€HUEM
¢byukuuu. Bo3Bpaiiaemoe 3HaueHHE MEPEIACTCs B MECTO BbI30Ba (PYHKIUU U SBISETCS
PE3YJIBTaTOM €€ padOThI.

Yucno U TUOBl (PAKTUYECKUX MMApaMeTpPoOB (apryMEHTOB) TOJDKHBI COBHAAATh C
YUCIOM U TUNOM (OpPMAJIbHBIX TNapameTpoB (mapameTrpoB) ¢yHkiuu. [Ipu BbI3OBE
byHKIMU pakTHYeCKHE NapaMeTpbl (aApryMeHThI) MOACTABISAIOTCS BMECTO (POpMaIbHBIX
napameTpoB (IapamMeTpoB).

Huxe npuBoautcs npumep QyHKIHUU ¢ BO3BPAIIAEMbIM 3HAYEHHUEM.
IIpumep 1. CocTaBuTh Nporpammy, cojepxaiiyro oopaiieHue K GyHKIIUA BHIYHC-
JICHUS MAaKCUMyMa U3 JIBYX YHCEIL.

Bo3mokHOE penieHrne JaHHOW 3a1aui UMEET BUJL:

//onncanne GyHKUMM max HaxoguTCA B AAHHOM danne Huxe Tena raaBHOW #
OonucaHve NoNb30BaTeNbCKON (YHKLUK
def max(a, b): #3aronoBok ¢QyHKLMM

if a > b: #Teno ¢oyHkUUM
return a #Teno ¢yHkumu
else: #Teno dyHKUMK
return b #Teno ¢éyHKUUK
x = int(input('BBegute x: '))
y = int(input('BBegute y: "))

z = max(x, y) #Bbi30B PyHKLUUK

print('z =', z)

Onucanue GyHKIIMU HAXOAUTCS B OHOM (paiijie ¢ IaBHOM POrpaMMON.

Bb130B dyHKIIMM SIBISIETCS BBIPAXKEHUEM B MPABOM YacTH OlepaTopa MprcBanBa-
HUSA z = max(X,y), OIPHA BBIIOJIHEHUNA KOTOPOIO 3HAYEHUSA APTrYMEHTOB X U y IMMOACTaB-
JSAKOTCS BMECTO NMapaMeTpPoB a M b COOTBETCTBEHHO (Tiepejadya IapamMeTpoB B
byHKIHIO 110 3Ha4YeHUI0). [locie BrimomHeHNs Tena GyHKITMY BO3BpalaeMoe 3HaYeHne
nepeaaeTcsi B MeCTO BbI30Ba PyHKIUM U IPUCBAUBACTCS NEPEMEHHOH z.

B paccmotrpenHol mporpamMMe QyHKIMS UMEET Bo3BpaiaeMoe 3HaueHue. Cyie-
CTBYIOT 3aJ1aud, KOTOpbIe HE TPeOYIOT Mepejaud BO3BpAIlaeMoro 3HaueHus. Takoil mpu-
Mep NPUBEAEH HUXKE.

Ipumep 2. CocTaBUTH IPOrpamMmy, KOTOpas MOJy4aeT MOCIEI0BATEIbHO UMEHA 1
BOo3pacT Tpéx apysei Ilommm, a mMOTOM BBIBOAWT Ha DKpaH 3THU JIaHHBIE B (opmare:
_umAa_papyra_ is _Bo3pacT gpyra_ years old.

def print_age(name, years): #3aronoBok npouenypsl

print(name + ' is ' + str(years) +

years old.") #Teno npoueaypsl

friend = input('Name: ')

age = int(input(' age: "))

print_age(friend, age) #Bbi30B npoueaypol
friend = input('Name: ')

age = int(input(' age: "))

print_age(friend, age) #Bbi30oB npoueaypol
friend = input('Name: ')
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age = int(input(' age: "))
print_age(friend, age) #Bbi30B npoueaypeol

VY QyHKIMM print_age OTCYTCTBYET BO3BpAIlla€MOE 3HAUYE€HHE, I03TOMY oOpaile-
HUE K (YHKIIMU OCYIIECTBISETCS ONeparopoM BbI3oBa (DYHKIMU print_age(friend,
age), TO €CTh HETY dTarna NpUCBauBaHUs, (DYHKIIUS MPOCTO BHITIOTHICTCS.

5.5. Apz2ymeHmbl euda *args u **kwargs

[ToMuMO cTaHAAPTHBIX aPIYMEHTOB, MOKHO HCIOJb30BaTh apryMEHT BUJA *args,
MO3BOJISIIOIINI UCTIOIB30BATh JaIbHEHIINE NepelaBaeMble 00BEKTHI B BUJIE KOPTEkKA. ITO
MO3BOJISIET PEANIM30BBIBATh, HAIPUMEDP, PYHKIIUIO maxX, KOTOpasi MPUHUMAET HEOTPaHU-
YEHHOE KOJINYECTBO YHUCEIL:

def max(*nums):
max_num = nums[0O]
for num in nums:
if num > max_num:
max_num = num
return max_num

Pesynbrar BeI30Ba PyHKIMHN max(4, 6, 3):
6

Tak ke CylecTByeT BO3MOXXHOCTh UCIOJIb30BATh apTYMEHT BUAA **kwargs, OTJIH-
YalOIIMKCI OT *args T€M, 4TO BMECTO KOPTEXa MCIOJIb3yeTcs ciioBapb. [Ipumep, ne-
MOHCTPHPYIOITUI padoTy QYHKITUU C TIOJOOHBIM apTyMEHTOM:

def f(**kwargs):
for key in kwargs.keys():
print(key, kwargs[key])

Pesynbrat pabots! s f(a=4, b=3, c=6):
a4
b3
c 6

MoxHO HCTIONB30BaTh B (YHKIIMK 00a MPEACTABICHHBIX apTyMEHTa, MPU ITOM
*args HOJDKHO CTOATH paHbIIC **kwargs

[TonpoOHee MCIoNb30BaHUE YIIOMSHYTHIX BBIIIE TUIIOB JAHHBIX OIMKMCAHO B CICAY-
FOIUX MPAKTUYECKUX.

5.6. Umepayus u pekypcusi. OCHOBHbIe NOHSIMuUSs

HrepaTuBHBIN NPOLECC MOKHO OIIPEAEIIUTH KaK IPOLIECC BBIYMCIICHHU M, OCHOBAaH-
HBIM HA IOBTOPEHUH ITOCIIEIOBATEIBHOCTH OIIEpaLvi, IPH KOTOPOM Ha KaKJIOM LIare mo-
BTOPEHUSI MCIIOJIB3YETCA pPE3yibTar Npeapayliero mara. [IpumepamMu uTepaTuBHBIX
aJITOPUTMOB MOTYT CITY>KUTh AJITCOPUTMbI BEIYUCIICHUS (paKTOpHaa HATYypaIbHOIO YHCIIA,
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nociueaoBaTelbHOCTH yncesn OuboHayun, BBIYUCIEHUE CYMMBI YJICHOB MOCIEA0BATEb-
HOCTH C 3aIaHHBIM YMCJIOM CJIaraéMbIX U T.J. MiTepaTuBHBIE TPOLIECCHI TPOTPAMMUPYIOT-
cs1 OOBIYHO C TOMOIIBIO IUKIMYECKUX KOHCTPYKLHUH.

IIpumep. Breruucnenne gpakropuana yucia n.

def factor(n):

f=1

for i in range(2, n+1):
f *= i

return f

B T0 %€ BpeMs HOBTOpEHHE MOCIIEN0BATEIBHOCTH AEHCTBUIA MOKHO OCYIIECTBUTD
U JPyTUM METOJOM, OCHOBAHHBIM Ha MPHUHIMIIE BO3MOKHOCTH SIBHOTO BKJIIOUCHUS B
KOHCTPYKIIMU SI3bIKA MPOrPpaMMUPOBAHUSI KOHCTPYKIIMU TOTO K€ BuJa. B wacTtHOCTH, B
s3bIKe TTporpamMmmupoBanus Python Besikas GyHKIMsS MOXKeT BbI3bIBaTh caMa ce0s1. Takoit
BBI30B Ha3bIBaeTCs pekypceueit. DyHKIMs, BEI3bIBaIOIAs caMy ce0sl, HA3bIBACTCS PeKyP-
CHBHOM.

Boo06i11ie anroput™ perieHus 3a1aul Ha3bIBaeTCsl peKypCU8HbIM, €CITU OH BhIpaka-
€TCsl B TEPMHUHAX PEIIeHUs 0ojiee MPOCTON BEPCUH TOM K€ 3aJ1auu U, KPOME TOro, B HEM
MPEeayCMOTPEHO PELICHUE CaMOT0 MPOCTOTO BapUaHTA 3a/1a4H.

[Tpu pexypcuBHOM BbI30Be GyHKIIMN B Python ucnonbs3yercs crekoBasi opraHusa-
M1 XPAHEHHUS JOKAJIbHBIX MapaMETPOB.

Cmexk sBII€TCS MPOCTEUIIEH TUHAMHUYECKON CTPYKTYpOW OpraHU3alliy JaHHBIX.
JloGaBiieHuE IEMEHTOB B CTEK U BHIOOPKA U3 HETO BBIMOJIHAIOTCA U3 OJHOTO KOHIIA, Ha-
3bIBAEMOTO BEPIIMHOMN CcTeKa. ['OBOPAT, UTO CTEK peaiu3yeT MPUHIUIT 0OCITyKUBAHUS
LIFO (last in — first out, mociaeAHUM MpUIIEN — EPBBIM yIIed (00CTYKEH)).

CTekH MIKUPOKO MPUMEHSIOTCS B CHCTEMHOM IIPOIPaMMHOM 00€CTIeUeHHH, KOMITH-
JATOPax, B Pa3IMYHbIX PEKYPCUBHBIX AITOPUTMAX.

Pazauuus Mmexay urepaumneil 1 peKypcuen:

1) ureparuy HEOOXOAUM MUK U BCTIOMOTaTeJIbHBIC BEJTUYHHBI, B TO BpeMsI Kak
peKypcus 00X0auTCst 6€3 BCIIOMOTaTeIbHBIX BEJIMYMH U OOBIYHO TIPOIIE JIIS
MOHUMAaHUs, KOPOUe M HATJIsHEE UTSPAIINH;

2) urepauus TpeOyeT MEHbIIE MeCTa B ONEPATUBHON MaMATH U MEHbBIIHUX
3aTpaT MalIMHHOTO BPEMEHH, YEM PEKYpCHs, KOTOPO HEOOXOIUMBI 3aTpa-
ThI HA YIIPABJIEHUE CTEKOM;

3) npu peanuzanuu peKypCUU BEJIMKA BEPOATHOCTh MEPETNOTHEHHS CTEKA.

[Tosromy mpu BbIOOpE criocoba omucanus (PyHKIMU ClIeyeT BHAYalle PEIINTh,
4yeMmy OTJaTh MpeAnoyTeHue — 3 HEKTUBHOCTH POrPaMMbl UIIM €€ KOMIaKTHOCTH. Of1-
HAKo cJieayeT u30deratb peKypcuil Tam, rjie ecTb 0UYeBHJAHOE UTEPALMOHHOE pellle-
Hue. BmecTe ¢ TeM CcylecTByeT MHOTO XOPOIIIUX MPUMEPOB MPUMEHEHHS peKypcuu (To-
CTpoeHue rpaguiecKkux o0pa3oB pa3HOOOPA3HBIX y30pOB, paboTa ¢ TBOMYHBIMU JIePE-
BbSIMU).
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[Ipu pexypcuBHOM onrucanuy GyHKIIUN TOCTEHSS BCETa JOHKHA COICPKATh, 110
KpallHEeW Mepe, OJIHY AJIbTEPHATUBHYIO HEPEKYPCUBHYIO BETBb AJIITOPUTMA C YCIOBHEM
OKOHYAHMS BBIUUCIICHUI, 3aKaHYMBAIOIIYIOCS OIEPAaTOPOM BO3BpaTa pe3yJibTaTa.

Pa3znuuaror n18e GOpMBI pEKYPCUBHBIX MOAIPOrPAMM:

- NpsAMAas peKypcus;
- KOCBEHHASl peKypCHs.

B nepBom cirydae QyHKIIMS COEPKUT BBI30OB 3TOM K€ PYHKIUU.

KocBennasi pekypcusi BO3HUKAeT B TOM cllydae, Korja JiBe win 6osee QyHKIMMA
BBI3BIBAIOT JIpYT Jpyra. B cimydae nByx ¢yHKuMii: HeKoTopas (QyHKIMs oOpamiaercs K
napyroi (yHKIMH, a Ta B CBOIO OYepe/lb BBI3bIBAET NEPBOHAYAIBHYIO (YyHKIUIO. Jlis
MPEIOTBPAIICHUS 3aIMKIMBAHMS OfHA WK 00€ QYHKIIMU JAOJHKHBI IPOBEPATH yCIOBUE
3aBEPIICHUSI.

IMpumep: CocTaBuTh peKypCUBHYIO (DYHKIIHIO, BRIYUCISIIONTYIO (paKTOpHal dyucia n 1mo
dbopmyie (yuects, uto 0! = 1):

Ln=1;
n!'=

- n-(n—l)!,n>1.

def fact(num):
if num ==
return 1
return num * fact (num - 1)

n = int(input(’BBeauTte yucno ’))
print(fact (n))

To xe camoe MOKHO 3alucaTh KOpO4c:

def fact(n):
return n*fact(n-1) if (n > 1) else 1

IIpumep: Pacrieuatats mocie0BaTEILHOCTD, COCTOSINYIO U3 71 OykB A 1 n OykB B.

def abn(n):
print(“A”)
if n > 1:
abn(n-1)
print(”B”)

5.7. Umepamopbi, umepupyembie 06 beKMbI U 2eHepamopbIi
e si3bike Python

Hrepatopom B Python Ha3pIBatOTCSt 0OBEKTHI, /1711 KOTOPHIX PEATU30BaHBI METO/IBI
__next__, KOTOPbIM BO3BPAILIAET CIAEAYIONINI JIEMEHT UTEPATOPA UITU BHI3bIBAET UCKIIIO-
YEHUE, €CJIM AJIEMEHTOB HE OCTAJIOCh M METOJ __iter_, BO3Bpamaromui urepatop. s
BBI30Ba JJAHHBIX METOJ/IOB UCTIONB3YIOTCA (PYHKITMH next U iter.

UrepaTopsl ncnonb3ytores B ukiax for, Tak kak oH mpeoOpa3yeT MmoJaroiuncs

00BEKT B uTepaTop. JJaHHbIN OOBEKT HAa3bIBACTCS HTEPUPYEMBIM 00bEKTOM, TO €CTh C
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NOMOIIbIO (PYHKIIMH iter U3 HETO MOXKHO MOIXY4YUTh uTeparop. Hanpumep, O0beKT, BO3-
BpalaemMblii QyHKIMEH range, siBIseTCS uTepupyeMbiM. IIpencraBum Ha ero mpumepe
paboTy UTEPaTOPOB:

>>a = iter(range(1, 4))
>a = iter(a)

>>next(a)

1

>>next(a)

2

>>next(a)

3

>>next(a)

Traceback (most recent call last):
File "<pyshell#24>", line 1, in <module>
next(a)
StopIteration

Kax BuHO, KOT/1a 371€MEHTBI 3aKOHYMITUCH, TIPOM30IIUIA OMHOKA MPU UCTIOJIb30Ba-
HUU (QYHKIIUU next. DTOro MOXHO M30eXaTh, 3a/1aB BTOPOMY MapaMeTpy Kakoe-Tru0o
3HAaYEHNE, BO3BPAIAEMOE BMECTO OITHOKH:

>>next(a, 0)

0

['eneparopamu B Python Ha3biBaroTCst hyHKITMHU, B KOTOPHIX UCIOJIB3YETCS KITFOUE-
BO€ CJIOBO yield, M TeHEpaTOPHBIE BEIpAXKEHU BUla (06bekT for nepemeHHaa in utepu-
pyembiii 06bekT). Bce reHepaTophl SBIISIOTCS UTEPATOPAMHM, TO €CTh IS HUX paboTaroT
GbyHKUIMU next U iter.

['TaBHBIM IPEUMYIIICCTBOM T'€HEPATOPOB SBIISACTCSA TOT (PaKT, YTO OHH HE XPaHSAT B
MaMsTH BCE BO3BpaIllaeMble 00BEKTHI U HE TPATAT BpEMs Ha UX HAXOXKJICHHUE TTOKA 3TO HE
notpedyercs. JlonycTum, HaM HY>KHO B MporpamMme MOCJeI0BaTeIbHO HaXOAUTh Ynciia
duboHauuH, TOT/IA JIyUIlle BCEro OyAET UCMOIb30BATh MPEACTABICHHYIO (PYHKIIHIO:

>def fib():

a, b=29,1

while True:
a, b =b, atb
yield a

ITpu BeI30Be AaHHas (YHKIUS BEPHET TeHEPATOP, MTO3BOJISIIONINN HAXOIUTh CIIETY -
foree yrciio @uboHayun Mpu UCIOIb30BaHUM (QYHKITUN next:

>a = fib()

>for i in range(8):

print(next(a))

coOuvVi WN K B
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Bonpocel u 3aganus
3apaHue |

H3yuums nopsidok 00vseieHus u onucanus QYyHKyuil, 8bINOIHUMb 0buyee OISl 8cex

3a0anue:

peann3oBaTh (OTJIAUTh U 3allyCTUTh) MporpaMMbl u3 65oka Teopuu (Ilpumep 1 u
IIpumep 2), obopMuTh B TETPAJIH, 3aITUCAB YCIOBHE, OJIOK-CXEMY M pe3yJIbTaT pa-
OOTHI.

3agaHue i

B coomeemcmeuu c 6APUAHMOM cocmasums U peaiu3zoeanio npoepamvmy, Ucnojb-

3YIOWYI0 NOL30BAMENLCKYIO (DYHKYUIO.

1.

2.

10.
11.

12.

Tpu npsIMOYTOMBHBIX TPEYTONbHUKA 3a7aHbl kKaTeTaMu. OTNpeaenuTh, MI0MaIh Ka-
KOI'O U3 HUX OOJIBIIIE.

Tpu oTpeska 3aganbl KoopaAuHATaM BepinH. ONpeeanTh, €CTh U CPEIU HUX OT-
PE3KU PABHOM JIJTMHBI.

B nopt B cpenHeM mpuxoauT Tpu Kopabis B JeHb. KakoBa BEpOATHOCTH TOTO, YTO B
nopT npuAeT 2 kopabna? 4 xopabinsa? Beraucienne BEpOSTHOCTH MPOU3BOAUTCS TIO
popmymne: P =3 e/ k!,

Haiitn cpeanee apudmeTndyeckoe MEUCTBUTEIBHBIX KOpHEH TPEX KBaJPATHBIX
YpPaBHEHUM.

JlaHbl TpU pa3nUYHBIX OpycKa, UMEIOMMX GopMy KyOOB € 3aJJaHHBIM IIPOU3BOIBHBIM
pedpom. 13 kaxx10ro BEIMWICHA TPaBUJIbHAS YETHIPEXYTOJbHAs TUpamMuaa (OCHOBA-
HUE — rpaHb Ky0a). Berancaute 00beM MaTepuaa, yIIeAnero B OTX0/bI.

JlaHbI IelCTBUTENbHBIC Yncia a U b. Beraucnure,

(x2+y2)
x*+2xy+3y°+4

g(x.y)=
g(129 a)+g(ba a)_g(za' 17 ab), e

3aganbl JUIMHBI PEOEP MPOU3BOJIBHONW TPEYTOJbHOW MUpaMUbl. BEIYUCIUTE MUIO-
aJ1b MOJHOW MOBEPXHOCTH 3TOW MUPAMHUIBI.

Bbrunciauth 00beM «CHETOBHKa», COCTOAIIETO M3 TPEX IIAPOB C MPOU3BOIBHBIMHU
panuycamu.

Kaxxnoe u3 Tpex Koserl 3ajjaH0 BHYTPEHHUM U BHEIIHUM pajauycamu. Uemy paBHa
IUTIONIAb HauOOJIBIIIETO KOJIbIIa?

Brerancnuth 3HaueHue BeipakeHus a! + b! +c! +d!.

Breraucnurts miomaab «CJIKH), COCTOSHHGI\(JI N3 YCTBIPCX TPCYT'OJIBbHUKOB C HM3BCCT-
HBIMH CTOPpOHAMH.

Haiitn MuUHMMaIbHOE 3HAUEHHUE CPEAN KOPHEHN TpeX KBaJApPaTHBIX yYpaBHEHHM (Kax-
7I0€ YpaBHEHUH 3aJ1aHO TPOHUKOUN KOA(D(OUITMEHTOB).
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13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

JlaHBI IEHCTBUTENbHEIC YKCla a M b. BeraucauThb
max(u +17, 3.14),

rie u = max(a, b), v=max(ab, a + b), a max — nognporpamma JJist BBIYUCICHUS MaK-
CUMAaJIbHOTO 3HAYEHUS JUTSI IByX JAHHBIX YUCEN.

Jlanbl paguycel Tpex mapoB. Berunciuts cpeanee apudmetTnyeckoe 00beMOB ITUX
IapOB.

Jlana apudmeTrdeckasi Iporpeccus a,, a;— NePBbIN ee dJIeMEHT, d — pa3HoCcTh. Hait

TH BTOPOM, TPETUH, UETBEPTHIN U CEABMOU JIEMEHTHI U UX CYMMY.
Jlanbl neficTBUTENbHBIC Yncha s U . Beraucnuts f(z, -2s, 1.17) + (2.2, 1, 5 - 1),
f(%,2)=

2x—y—sinz
5+|Z|

Haiitu Hanbombliee U3 MsATH 3aJaHHBIX YUCEI, UCIIONIB3YsI MOAIMPOTrpaMMy HaXO0XKIe-
HUS HaOOJIBIIIETO U3 JIBYX YHMCE.

Breruucnuth 3HaueHue QyHKIIMM:

y=90(3)+9(7.6)-(p(11.2)-0(5))  p(x)=V2x* —4x+e’

, €CJIN

Boruncnuth 3HaueHue PyHKIUN
2 2

X
f(x)=2sinx—-42cosx+e" g(x)= 10/5x
u .

s 3HadeHuu x = 0,1; 0,35; 0,53.
Boruucnuth 3HaueHue QyHKIUA x=2/15)—4f(-1)g(11) + g(32), ecnu

f(X) = 10x + ezx; g(x)le2x+x3 .

N3 xyba co cropoHo#t a BeImummm KyO co cropoit b (a > b). Kakoit mporeHT
Marepuaia yuein B OTX0IbI?

Kaxxnas u3 Tpéx OKpyKHOCTEH 3a/laHa KOOPAUMHATAMU LIEHTPA U KOOPAMHATAMH TOY-
KM Ha OKpYy>KHOCTU. KakoBa HanOobIIast 1TMHA OKPYKHOCTH?

Havitn HanmeHbliee U3 4ETBIPEX 3aJaHHBIX YMCEN, UCIOJIb3YS MOANPOrpamMMy Ha-
XOXKJICHUSI HAMMEHBIIIETO U3 JIBYX YHCEI.

JlaHBI IEUCTBUTENBHEIC YKcia a M b. BeraucanThb
min(2u -1, 4.5),

riae u = min(a, b), v=min(a/b, a - b), a min — noanporpaMmma JJisi BBIYUCICHUS MH-
HUMAJILHOTO 3HAYEHUS JUISI IByX TAHHBIX YUCE.

BbluucauTh  GOJBINME — BEIIECTBEHHBIE  KOPHM  KBQJAPAaTHBIX  yPaBHEHHH
ax’+bx +c¢=0utr’+ px+q=0, eciid OHU CYLIECTBYIOT. B IPOTUBHOM CIly4ae BbIBE-
CTH Ha 9KPaH MOHHMTOPA COOTBETCTBYIOIIEE COOOIIEHHE.

93



3agaHwue lll

B coomeemcmeuu c 6APUAHRMOM, UCNONb3YA NPAMYIO pEKYPCUO, coCmasums U pea-

auzoeams npocpammy. llposepumov npagurvnocms pabomvl nPocpaAMMyvl albmMepPHAMUG-
HulMU Memooamu/cpedcmeamu. CKpuHuiom pe3yiomama npoeepKu 6CMagunb 8 Omyen.

1.

Onucate pexypcuBHyto ¢yHkuuo NOD(A, B) nenoro tumna, HaxoQsulyr Hau-
oonbiunii oo nenuresb (HOJ) aByx 1enbix nosoxKuTeaIbHbIX yucen A u B, uc-
nonb3yst aiaroputm EBkmmpa: HOJ(A, B) =HOJI(B, A mod B), ecniu B # 0;
HOJI(A, 0) = A. C nomompto 3tori ¢ynkuuu Haitu HOJI(A, B), HOL(A, C),
HOJI(A, D), ecnu nansl uucna A, B, C, D.

Host n = 12 naitn uncna dubonavun. Yucna dubonayun: F(0)=1, F(1)=1
F(n)=F(n -2)+F(n -1)
Hanb! nensie yucna m u n, rae 0 < m < n, BBIYUCIUTH, UCTIOIb3YS PEKYPCHIO, YUCTIO

0 _ n __ m __ m m—1
coueranuit C(n, m) o dopmyie: ¢, =G, _1, G =CL+CL mpu 0<m<n.

ar=—=™=" _
" m!(n—m)!

n!

Bocnonp3oBaBmmck hopmyinoit
HOCTh pe3yJIbTarTa.

MOKHO TIPOBEPUTH MPABUIIb-

Onummure peKypcuBHYI (PYHKIMIO, KOTOpasl MO 3aJaHHBbIM BEIIECTBEHHOMY X U
LEJIOMY # BBIYUCIISIET BEIMYUHY X" COTJIAaCHO (popMyIie:

l,ecrun =0,

1
x" = W,n<0,
X

x-(x""),n>0.
(¥7),

3azLaHa MMOCJICAOBATCIIBHOCTD ITOJIOKUTCIIbHBIX YHUCCII, IIPU3HAKOM KOHIIA KOTOPBIX
CIYXKHUT OTPULATCIBbHOC YHMCJIO. HCHOJ’IBS}/H PEKYypCHUIO, ITIOACYUTATE KOJIUYICCTBO
qUCCI U UX CYMMY.

Hanumure pexypcuBHyo QyHkiuio K(7), KoTopas BO3BpaliaeT KOJIM4eCcTBO HUdp
B 33JJaHHOM HaTypaJIbHOM YHCJIE 11, UCTIONB3Ys (popMyIy:

K () 1, ecrun <10,
(n)= K (ndiv10)+1,n>10.

Onpenenum QyHKIHIO S(7), BEIUACIAIONIYI0 CyMMY HUGP 3aJaHHOTO HATYypasib-
HOTO YHCIIa:

n, ecaun<10,

S =
() {S(n div10)+n modl10, ecuu n>10.

Onucarb pexkypcuBHy (yHkiuoo DigitSum(K) uenoro tuma, KOTOpas HaXOAUT
cymmy 1udp uenoro yncia K, He UCHOJb3ys ornepaTop uukia. C moMoIbo 3Toi
(GYHKIIUY HAWTU CyMMBI QP AJIS MSTH JaHHBIX HEJIbIX YUCEIL.
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10.

11.

12.

13.

Jlan BexkTOop X W3 7 BEIIECTBEHHBIX uKcesl. HalTh MUHUMAaIbHBIN 3JIEMEHT BEKTO-
pa, WCIOJIB3ys BCTIIOMOTATEbHYI0 PEKYPCHBHYIO (DYHKIHIO, HAXOSAIIYIO MH-
HHUMYM CPEJIU 3JIEMEHTOB BEKTOpA X, HAYUHASA C 71 -TO.

HanumuTe peKypcruBHYIO QYHKIUIO ISl HAXO0XKICHUS] OMHOMUAIBHBIX KO3 QuIu-
j

C; ):

1, echun=murum=0,

m —
Cn - Cmfl Cm
n—1 + n—-1°

eHTOB (1151 3aJaHHOT0 M > i > j > () BBIUKCIIUTE BCE

Hanumre nporpammy BblUMcleHUsT PYHKIIMM AKKEepMaHa JiJIsi BCEX HEOTpHIla-
TEJIbHBIX LIEJIBIX apTYMEHTOB M U 1.

A(O,n): n+l,
A(m,n): A(m,O)z A(m —1,1),m >0,
A(m,n)= A(m—l,A(m,n—l)),m,n > 0.

I[JIS[ 3aJIaHHBIX I'paHUIl UHTCTPUPOBAHUA a U b BBMMCIINTE 3HAYCHHUE OIIpCacCICH-
HOT'O MHTCTpaJia CJICAYIOWICTO BUA:

[e® cos™ x(acosx+nsinx) n(n-1)
2

— > je‘“ cos"* xdx, n>2,
a“+n a +n

—e™ (sinx + acosx)

ax n
je cos” xdx = B n=1,
a +n
an
—,n=0.
a

I[JIS[ 3aJIaHHBIX I'PaHUIl UHTCTPUPOBAHUA a U b BBIUMCIINTE 3HAYCHUE OIIpCACIICH-
HOT'O MHTCTpalia CJICAYIOWICTO BUA:

cos" xsin x L -1

J‘cos”*2 xdx, n>?2,
n n

jcos" xdx =< £+lsin2x,n =2,
2 4

sinx,n=1.

I[J'I?I 3aJIaHHBIX I'PaHUIl UHTCTPUPOBAHUA a U b BEUMCIIMTE 3HAYCHHUE OIIpCACIICH-
HOI'O MHTETpaJIa CJICAYIOMICTIO BU/a:

s n—l1
sin"" xcosx n—-1¢. ,
- + Ism” 2 xdx, n>2,
n n

Isin” xdx = z—lsin2x,n =2,
2 4

—cosx,n=1.
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14.

15.

16.

17.

18.

19.

I[J'I?I 3alaHHBIX I'PaHUll HHTCTPUPOBAHUA a U b BBIYMCIINTE 3HAYECHHUE OIIPCACIICH-
HOI'O MHTCTpaJIa CJICAYIOMICTIO BU/Ia:

1 COS X n—ZJA dx

,n>2

b

n—1 sin"'x n-17sin"*x

dx X
I ——=qInig—,n=1,
sin” x 2

x,n=0.

I[J'IH 3aJIaHHBIX I'PAaHUL] MHTCTPHUPOBAHUS d U b BeIYMCINTE 3HAUYCHHE OIIpCACIICH-
HOI'0O MHTETpaJia CJICAYIOMICIo BUa:

1 sin x n—2J~ dx

,n>2,

n—1 cos"'x n-17cos"*x

dx (7[ x}
j—: Intg| —+— |,n=1,
cos” x 4 2

x,n=0.

\

I[J'If[ 3aJaHHbIX I'PaHUll MHTCTPUPOBAHUA a U b BEUMCIIMTE 3HAYCHHUE OIIpPCACIICH-
HOI'O MHTCTpaJIa CICAYIOMICTIO BHU/Ia:

x"e™
a
j x"e“dx =

e—z(ax—l),n =1.
a

ne .
- —jx" 'e™dx, n>1,
a

I[J'IS[ 3aJIaHHBIX I'paHUIl UHTCTPUPOBAHUA a U b BEUMCIINTE 3HAYCHHUE OIIpCACIICH-
HOI'0O MHTETpaJia CJICAYIOMICIo BUa:

n __mx
x"a n 1
— J.x" a™dx,n>1,
J. - nlna mlna
x"a™dx =
xamx amx

=,n=1.
mlna m(lna)

I[HSI 3a/IaHHBbIX I'PaHULl HHTCTPUPOBAHUA a U b BeIYMCIINTE 3HAYCHHUE OIIPCACIICH-
HOI'O MHTCTpalia CJICAYIOMICTO BUA:

i xIn" x— n.[ln"_1 xdx, n>1,
Iln xdx =

xInx—x,n=1.

I[J'If[ 3aJaHHbIX I'PaHUll MHTCTPUPOBAHUA a U b BEUMCIIMTE 3HAYCHHUE OIIpPCACIICH-
HOI'O MHTCTpaJIa CICAYIOMICTIO BU/Ia:
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20.

21.

22.

23.

24.

m+1
al In" x— Ix'”ln"lxdx,n>l,
m+1 m+
jxmln”xdx:
ma| Inx 1 B
m+1 (m+1)2 ’

,HJ'I?I 3aJIaHHBIX T'PaHUIl UHTCTPUPOBAHUA a U b BEUMCIIMTE 3HAYCHHUE OIIpCACIICH-
HOI'O MHTCTpaJIa CICAYIOMICIO BU/a:

dx

a7 |
(a2+x2)

| X
()| ()
2 2\
(@ +x*) |,

X
—arctg—,n=1.
La a

_ +(2n—3)j n>1,

I[J'IH 3aJIaHHBIX T'PaHUIl UHTCTPUPOBAHUA a U b BEUMCIIMTE 3HAYCHHUE OIIpCACIICH-
HOI'O MHTCTpaJIa CJICAYIOMICTIO BU/a:

tg”_lx

. Itg”_zxdx, n>2,

Itg”xdx = —1n|cosx ,n=1,

x,n=0.

"

]_—[JI}I 3a/IaHHBIX T'PAHULl UHTCTPUPOBAHUA a U b BEIYHCIIMTE 3HAUCHHUE OIIPCACIICH-
HOT'O MHTCTpaJla CJICAYIOMICTO BUA:

( ¢ n—1
g8 * Jctg”_zxdx, n>2,
n—1

Dnzl)

Ictg”xdx = 1n|sinx

x,n=0.

L

I[J'I?I 3alaHHBIX I'PaHUll HHTCTPUPOBAHUA a U b BEIYMCIIMNTE 3HAYECHHUE OIIPCACIICH-
HOI'O MHTCTpaJIa CJICAYIOMICTIO BU/Ia:

m

x me .
—~—cosax + —Ix’" "cosaxdx, m=>1,

I x" sin axdx = a da

cosax
2 m=o0.
a

I[J'I?I 3a/laHHbIX I'PaHUll MHTCTPUPOBAHUA a U b BBIYKCIIMNTE 3HAYCHHE OIIPCACIICH-
HOI'O MHTCTpaJIa CJICAYIOMICTIO BU/Ia:

m

: ML g .
——smax+—jxm "sinaxdx, m =1,

jx’" cos axdx = a a

sin ax

,m=0.
a
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25. Hamumute peKypcuBHYIO (DYHKIIHIO, TIEPEMHOXKAIOITYIO JIBA IEJBIX YKCIIA, OJTHO
U3 KOTOPBIX HEOTPHUIATENHHO, O€3 UCIIOIH30BAHUS OTIEPAIINHA YMHOKCHHSI.

KoHTponbHble BONpocCkl

Yro Takoe moanporpamma?

Kak nognporpamMmmy MoxkHO peanuszoBarb B Python?

Kakue napametpbl Ha3bIBatoTCs (popManbHbIMH/(PAaKTUYECKUMU?

[TapameTpsl 110 YMOIYAHUIO.

AprymeHTsl Buaa *args u **kwargs.

UYro Takoe nepemMeHHasn?

Uro Takoe okajgbHas nepemeHHas? Uto Takoe rio0aabHas nepeMeHHas?

Uro Takoe obnacTh qeicTBUA uaeHTUdUKaropa?

KakoBa o0macTh jeicTBUs JIOKAJIBHBIX HaeHTH(PuKaTopoB? KakoBa obmacTh jen-

CTBUS T7100aTTbHBIX UIACHTU(HUKATOPOB?

10. KakoBo Ha3HaueHUE KIO4YEBOTO coBa global?

11.  Yro Takoe dpyHKIMS?

12.  Tlepeunciure COCTaBHbIEC YACTH ONMUCAHUS (PYHKIIUH.

13.  Kak onuceiBaeTcst GyHKIUS MOJIb30BATENS B TporpamMme?

14. Yo Takoe Bo3BpaliaemMoe 3HaueHue QyHKIUU?

15. Kak ocymecTBisieTcst BBI30B (PyHKITUN?

16. Kakoii mponecc Ha3bIBa€TCsl UTEPATUBHBIM?

17. Kakum 06pa3om peanu3yroTcs UTEpaTUBHBIE TIPOLECCHI?

18. Kakoii anropuTm Ha3bIBACTCS PEKYPCUBHBIM?

19. Kaxkas ¢yHkIus Ha3bpIBaeTCs NMPSMO peKypcuBHON? KOCBEHHO peKypCUBHOI?

20. Yro Takoe ctek? B kakoii nmocieqoBaTeIbHOCTH MPOUCXOINUT 3AMIOTHEHUE CTEKA U
BBIOOP DJIEMEHTOB U3 CTEKa?

21. Yro momKHO 00s3aTe€IbHO MPUCYTCTBOBaTH B TEJl€ PEKYPCHBHO OMHCAHHOMN
byHKIMHA?

22. llepeuuncnure pa3nuyusi MEX]y UTEPALIUENA U PEKYPCUEH.

23.  Yto nmpou30HIET, €CIU PEKYPCUBHBIN alrOpuT™M OYJET BBI3BIBATH caM ce0s «Oec-
KOHEYHOE» YUCJIO0 pa3?

24.  Kak npenoTBpaTUTh 0€CKOHEYHOE BBIMOJHEHUE PEKYPCUBHOTO aJropuTMa?

25. BepHO nu, 4TO penieHne 3a1a4u, peajn3yeMoe peKypCUBHBIM alTOPUTMOM, MOMKHO
BBIPA3UTh, UCTIOJIb3YSI UTEPALIUIO?

26. HUteparopsl, uTepupyembie 00bEKThI U TEHEPATOPHI B A3bIKe Python

WX B W=

Mpumep BbiNnonHeHus 3agaHus 11

3ananue 11

3aganue. 3agaBas ¢ KJIaBUaTypbl KOOPAMHATHI BEPILIMH TPEYTOJIBHUKA, ONIPEAECIUTD, SB-
JSI€TCA JI1 OH PABHOCTOPOHHUM.
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Pemenune

MarteMmaTu4deckas MoaeJjb

TpeyroanHK ABJISICTCS PaBHOCTOPOHHUM, €CJIN JJIMHBI €0 CTOPOH PAaBHBI. Haxo-
AWM IJIMHBI CTOPOH TPCYTOJIbHUKA, UCITOJIB3Ys IMMOATIPOrpaMMy HAXOXKIACHUSA
pacCTOAHHA MCIKAY ABYMA TOUKAMMU.

AprymenTsl: al, bl, cl, a2, b2, c2 nenoro tumna — KOOPAUHATHI BEPIIUH
TPEyTOJIbHUKA.

Pe3yabTaThl: TEKCTOBOE COOOIIICHHE.

IIpoMexyTOYHBIE BEJIMYHHBI: ab, bC, aC BEIIECTBEHHOT0 TUIIA — JJIMHBI CTOPOH
TPEYTOJbHUKA.

Paccrostnue mexay nyms Toukamu A(x1,yl) u B(x2,y2) naxoaum no gopmyire:
AB = sqrt(sqr(x2 - x1) + sqr(y2 - y1).

AJITOPUTM — OCHOBHAs Mporpamma: — MOJIIIporpamMma:

y
al,az,bl,b2,cl,c2 dlina =sqrt(sqr(x1-x2)
v +sqr(yl-y2)

ab = dlina (al,bl,a2,b2)

A
v C KOHCI] )

bc =dlina (bl,cl, b2,c2)

A

y

ac = dlina (al,cl,a2,c2)

(ab=bc)&&( be=ac)
&&(ab=ac)

A

HEC ABJIACTCA

IIporpamma

import math
def dlina(x1, y1, x2, y2):
return math.sqrt((x1-x2)**2 + (yl-y2)**2)
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al, a2, bl, b2, cl, c2 = map(int, input("3apariTe KoopaMHaTbl Toyek A,
B, C: ").split())

ab = dlina(al, a2, bl, b2)
bc = dlina(bl, b2, c1, c2)
ac = dlina(al, a2, cl, c2)
if ab == bc == ac:

print("TpeyronbHuk siBNAeTCcA paBHOCTOPOHHUM™)
else:

print("TpeyronbHuk He ABNAETCA PaBHOCTOPOHHUM")
4. Pe3yabTat padoThl IPOrpaMmbl

3aganTe KoopauHaTel Toyek A, B, C: © 0 4 0 2 2
TpeyronbHUK He ABAAETCA PaBHOCTOPOHHUM

3ananme 111

3aganme. /{15 3a1aHHBIX TPAHUL] UHTETPUPOBAHUS a U b BBIUUCIUTE 3HAYEHUE OIpEe-
JICHHOTO MHTETpaJIa CIEAYIOIIEro BUa:

n _cx

x"e ne .

——.[x” fe“dx, n>1,
c ¢
jx”ecxdx =

eCX

—2(cx - 1),n =1;

c
Pemienue

1. MartemaTuueckasi MojaeJ1b

APryMeHTbI: TPaHUIbI HHTETPUPOBAHHUS a, b IIEJIOTO TUTIA;
CTETIEHB N [IEJIOTO THIIA.

Pe3yabTarhl: pazHOCTh int b - int_a BEIIECTBEHHOTO THIIA.

IIpome:kyTouHbIe BeJIMUMHBI: 3HAYCHUE MHTETpasa Il HUKHEH TPaHUIIbl HHTETPUPO-
BaHUA int_a; 3HaUYCHWE WHTETpaIa JJI1 BEPXHEH IPaHUIIBl HHTETPUPOBAHUS

int_b (BelecTBEHHOTO THTIA).

2. AJIropuT™m

( In‘[egrateI (n, X) )
v
=

T
v i _
BBoma, b, n

|

v
cX
int_a = Integrate (n, a) o e - (cx—1)
! I =1 —
ey ntegrate rate Sifegrate(n—| , x
Tt Berengwaetn o) g -h‘éteg Ty & ( Rbii Lu ) -
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3. IIporpamma

// BblMUCNEHME 3HAYeHUA onpefeneHHOro WHTerpana
from math import exp

def integrate(n, x):
if n ==
return exp(C * x) / (C * C) * (C * x-1)
return pow(x, n) * exp(C * x) / C - (n / C) * integrate(n-1, x)

a, b = sorted(map(float, input("BeeauTte a u b: ").split()))
n = int(input("BBeauTte cTeneHb n: "))

int_a = integrate(n, a)

int_b = integrate(n, b)

print("3Ha4yeHne onpepenéHHoro uHTerpana npu a =", a, "m b =", b, "paBHo",
integral_value := int_b-int_a)

4. Pe3yabTat padoThl IporpaMmasli

BeBegute a n b: -3 3

BBeagute cteneHb n: 5

3Ha4yeHne onpepenéHHoro MuHTerpana npm a = -3.0 M b = 3.0 paBHO
25568.135436929646
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S. IIpoBepka npaBWIBHOCTH PA0OTHI MPOTPAMMBI

JI1st MpoBEpKU AOTOIHUM MPEAbIIYIINI KO (PparMeHTOM, IPUBEAEHHBIM HHKE.
Bocnonb3yemcss Mmoayinem sympy A padOThl ¢ CHMBOJIBHOM MaTEMaTUKOW, & UMEHHO
byHKUMel sympy.integrate, O3BOJISIONIEN HAXOAUTh HEOTIPEAEIEHHBIE U ONIPEACIIEHHbBIE
WHTETPaJbl:

import sympy as sp
X = sp.Symbol("x")

f = (x**n)*sp.exp(C*x)

print("MpoBepskwee 3HayeHue -", verifying value := sp.integrate(f, (x,
a, b)))
print("Pa3Huua B nony4yeHHbIX 3HavyeHuax -", abs(integral value - verify-

ing _value))

Pe3ynbTaT npoBEpKY 11 3aJaHHBIX BBIIIE 3HAUYCHMIA:

lpoBepsilee 3HayveHne - 25568.1354369296
Pa3HuuUa B Mony4YeHHbIX 3HayeHuax - O

Cnucok auTeparypbl, peKOMEHAYeMbIH K UCIOJIb30BAHUIO 110 TAHHOM
TeMe
o [4] cTp.491-502
e [6]cTp.93-108
e [11] Teopernueckmii marepman: Dynkiuu  (informatics.msk.ru) -
https://informatics.msk.ru/mod/book/view.php?id=4384
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IpakTuueckoe 3ansaTue Neb6
Hcnonb30BaHue YUCJIOBBIX MACCUBOB

HEJIb: ocBoeHue crnoco60B MHUIMATN3ALNN CIHCKA, TPUOOPETEHNE HABBIKOB OPTaHU-
3alluy BBOJIa-BBIBO/IA M OOPAaOOTKU CITHCKA.

3HaHusA, yMEHHUS U BJIA/IeHHs, IPpUoOpeTaeMblie 00y4alOIIMMCH B pe3yJibTare 0CBoe-
HMSA TeMBbI, B pAMKaxX (popMHpyeMBbIX KOMIIETEHIHH (OIIK-8): CM. IPUJIOKEHUE 2: BbIPA-
0aTpIBaeTCsA HaBBIK pa3pabOTKU MaTEMaTHUECKUX, MHPOPMAIIMOHHBIX U UMUTAILIMOHHBIX
MoJiese, a Takxke GOpMHUPYETCs CIIOCOOHOCTH K pa3padOTKe U MPUMEHEHUIO aITOPUTMHU-
YeCKUX U MPOrPaMMHBIX PEIIeHUH B 00JaCTH MPUKIIAJHOTO IPOrPaMMHUPOBAHUS ITPU UC-
MOJIb30BaHUM CTPYKTYPUPOBAHHBIX THUIIOB JAHHBIX C YMEHHUEM OOBSCHUTH TEOpETUYE-
CKYIO M IIPAKTUYECKYIO YaCTh TeMbI ((pOpMHUpYyeTCs YacTh YKa3aHHBIX KOMIIETEHITH).

Teopernyeckas 4yacTb
6. CTpyKTypuUpOBaHHbIE YIIOPSA04Y€HHbIE THIHI JAHHBIX

6.1. lMoHsmue cmpyKmypupoeaHHO20 murna 0aHHbIX

CrHOHMMaMM Ha3BaHUS «0a30BbIN TUID» SBJISIIOTCS HA3BAHUS «CTAHIAPTHBICY, TP/ -
orpezieieHHbIe». Peanu3alys 3THX TUIIOB 3aJI0’KEHA B CTaHAAPTE S3bIKA, U MPOTPAMMUCT HE
BIpaBe M3MEHUTH MpesonpeaeneHHoe. [Ipon3BoaHbIM TUIIOM (OIpEENIieMbIM TPOrPAMMHU -
CTOM) SIBJISICTCSI TAKOM THIL, KOTOPBIH JOJKEH ObITh ONKCAH MOJIb30BaTeNeM 1epes] yrnoTpeoie-
HrueM. K mpou3BOJHBIM THIIAM MOXHO OTHECTH MACCHUBBI, MEPEYUCICHUS, (QYHKIIUH,
CTPYKTYPBI, CCBUIKH, 00bETMHEHHMS 1 Ki1acChl. [10J1€3HO TOMHUTB, YTO TUII TAHHOTO OIIPEIe-
JISIET €T0 pa3MeEIICHUE B TAMATH U HA0OP OIeparuil.

CTpyKTypHpOBaHHBINA THIT MIPEACTABIISIET COO0I HAOOP AIIEMEHTOB — JaHHBIX, OOBEIH-
HEHHBIX POrPaMMUCTOM B €/IMHBIN OJIOK B COOTBETCTBUH C OCOOCHHOCTSIMH PelaeMoit 3aa-
yn. JlaHHble, BXOSIIUE B OJIOK, MOTYT ObITh OJJHOTUITHBIMU WJIM Pa3HOTUITHBIMH, BECh OJIOK
JTAHHBIX UMeeT o011ee MM KaX TbIid 2IEMEHT OTJMYAETCs OT APYTHX JIMOO MOPSIKOBHIM HOME-
POM (MHJIEKCOM) — B MACCHBE, JTMOO CBOMM UMEHEM U, BO3MOKHO, TUTIOM — B CTPYKTYpE, CIIHC-
Ke.

JIr000ii U3 CTPYKTYpPUPOBAHHBIX TUIIOB JJAHHBIX XaPAKTEPU3YETCS MHOKECTBEHHOCTBIO
00pa3yIoMX ATOT TUM 3IeMeHTOB. [lepeMeHHast Wi KOHCTaHTa CTPYKTYPUPOBAHHOIO THIIA
BCET/Ia UMEET HECKOJIbKO KOMITOHEHT. KaXkast U3 3THX KOMITOHEHT, B CBOIO OUEpPE/lb, MOXKET
MIPUHAJIE)KATh CTPYKTYPUPOBAHHOMY THITY, YTO MTO3BOJISIET TOBOPUTH O BO3MOKHOW BIIOKEH-
HOCTH THUIIOB.

B C++ MOXXHO BBIAECTHUTH CIIEAYIOIINE CTPYKTYPUPOBAHHBIC THITbI: MACCHUBBI, CTPYKTY-
PbI, 00BETUHEHNS, KIIaCChI, (Daiiibl.

B Python k cocTaBHBIM THITaM OTHOCSIT: CITMCKH, CTPOKH, MHOKECTBA, CIIOBAPH U T.]I.

6.2. lNMoHssmue muna maccue

[Ipu Mcnob30BaHUM MPOCTHIX MEPEMEHHBIX KaXKI0M 00JaCTH MaMsATH JJI1 XpaHe-
HUs JAHHBIX COOTBETCTBYET CBOE MMsA. ECIM € rpynmoi BEJIMYWH OJWHAKOBOT'O THIIA
TpeOyeTcsl BBINOJIHATh OJHOOOPA3HbIe NEUCTBUS, UM JAIOT OJHO UMS, a Pa3IMyaloT Mo
MOPSAIKOBOMY HOMEPY. DTO NO3BOJISIET KOMIIAKTHO 3alMCBIBATH MHOYKECTBO OIEPALAN C

103



MOMOIIBI0 ITUKJIOB. KOHeUHass MMEHOBaHHAs I10CJIEA0BATEIbHOCTh OJHOTUIIHBLIX BEJIH-
YWH HA3bIBACTCI MACCHUBOM.

Wrak, TpauIIMOHHO MO/ CJIOBOM «MAaCCUB» B MUPE ITPOTPAMMHUPOBAHUS TOHUMA -
€TCsl KOHEYHAasi MMEHOBaHHAas MOCJIeA0BaTEIbHOCTh OJJHOTUIIHBIX BeIMYKMH. HO B s3bIKE
Python 3, x0Tk 1 UMeETCsI BO3MOXKHOCTH UCIIOJIB30BaHUsI MACCUBOB (BCTPOEHHBIN MOTYJIb
array, a TAaK)Ke array U3 MOJIyJisl numpy), 3TO HE SBJISIETCA 4YacTOM nmpakTukon. Yare npu-
HSTO MCIIOJIB30BATh CITUCKH (1ists), KOTOPBIC BBIOTHSIOT IIOYTH TE€ K€ caMble (DYHKITHH.
Coucok — KOHEUYHas TMOCIeIOBaTEIbHOCTh BEIMYMH. Kak BuauTe, mponaiu CJiaoBa
«MMEHOBAHHAs» U «OJHOTHUIIHBIX». DTO FTOBOPUT O TOM, YTO CIUCKHA MOTYT CYIIECTBO-
BaTh 0€3 UMEHU U COJIEPKaTh BEJIMYMHBI JIIOOBIX TUTIOB BMECTE. TakuM 00pa3oM, CIIUCKH
UMEIOT OIPENICIEHHBIE TTPEUMYILECTBA TIEPE] MACCUBAMH, YTO B OUYEPEIHOU pa3 OTCHI-
JaeT Hac K THOKOCTH W MOIIHOCTH HMHCTPYMEHTOB, TPEIOCTABIISIEMBIX S3bIKOM
nporpammupoBanus Python 3.

6.3. OJdHoMepHbIe maccuebl. Cnucku Python

OnHOMEpHBII MACCUB — MACCUB, C OJJHUM NTapaMeTpoM (U3MEPEHHUEM ), XapaKTepH-
3YIOIIMM  KOJIMYECTBO  3JIEMEHTOB  OJHOMEpPHOro  MaccuBa.  Pa3mMepHOCTH
n=1.

Ha pucynke 7.1 mokazaHa CTpyKTypa UEIOYUCICHHOTO OJIHOMEPHOTO
MaccuBa a. Pazmep storo maccuBa — 10 »1eMeHTOB (s1ueek).

-5 2 0 -6 12 56 8 23 4 -3
a[e] a[1] a[2] a[3] a[4] a[5] a[6] a[7] a[8] a[9]
a[-10] a[-9] a[-8] a[-7] a[-6] a[-5] a[-4] a[-3] a[-2] a[-1]

Pucynok 7.1 — OgHOMEpHBI MaccuB

MakcumanbHbIi HHAEKC OJITHOMEPHOTO MAacCHBa a paBeH 9, HO pa3Mep maccuBa 10
SYEEK, TaK KaK HyMepalus siueek MaccuBa Bceria HaunHaercs ¢ 0. MHaekc suyeiku — 3T1o
11€710€ HEOTPHUIIATEIHbHOE YHCIIO, 0 KOTOPOMY MOXKHO OOpamarbes K KaKI0M suehke
MacCHBa 1 BBIITOJIHATH Kakue-THO00 ACHCTBHS HaJ HEH (STUCHKOMN).
int a[1@];//npumep obbaBneHMA maccuBa C++, M306paAXEHHOro Ha pucyHke 7.1,

// roe int - UenoYUCNEeHHbI! TUM JAaHHbIX;
// a - MMA OQHOMEPHOro MaccuBea;
// 10 — pa3mep OAHOMEpPHOro Maccusa a.

//vVHugmann3aunsa:
a={-5, 2, o, -6, 12, 56, 8, 23, 4, -3};

B Python (cniucox ananoruunsiii MaccuBy C++):
a=/[-5 2,0, -6, 12, 56, 8, 23, 4, -3]

Cnucok (list) B Python - ynopsigoueHHast uamMenseMas KoJUIeKIus (KOHTeiiHep) 00bek-
TOB IIPOU3BOJIBHBIX THIOB (ITOYTH KaK MaCCUB, HO TUIIbI MOTYT OTJINYATHCS).

OCHOBHBIE CBOWCTBA CITUCKA:!

- CIIUCOK XPaHUT HECKOJBKO AJIEMEHTOB IO OJJHUM UMEHEM (KaK U MHOKECTBO);

- AJIIEMEHTBI CITUCKA MOT'YT MOBTOPATHCS (B OTIMYHUE OT MHOKECTBA);

104



- AJIEMEHTHI CHHUCKA YHOPSAOYEHBI M IMPOMHICKCHPOBAHBI, JOCTYIHA OIIePAITHs
cpe3a (Kak B CTPOKE);

- AJIEMEHTHI CITUCKA MOXXHO U3MEHSTH (B OTJIMYUE OT CTPOKH);

- AJIEMEHTaMH CITUCKA MOTYT OBITh 3HAYCHHMSI JTFOOOTO THIA: TEbIC U ICHCTBUTEIb-
HBIC YMCJIa, CTPOKU U JaKE JPYTUE CIUCKH.

6.4. OcHo8HbIe delicmeust Ha0 crniuckamu
1. I/IHI/IIIl/IaJII/I3aIII/lS[ CIINCKA. HpI/ICBOCHI/le Ka)KJIOMy 3JIeMeHTy HAYAJIBHOI'O 3HA-

YCHHUA:

a) HHUIUAJIM3AUSA:
a=1[0,5, -7, 100, 15] # a[o]
# a[3]

0, a[l1] = 5, a[2] = -7,
100, a[4] = 15

HHI/IHI/IaJII/IBHHI/Iﬂ CIIMCKA BBIIIOJHACTCA B KBAAPATHBIX CKOOKax IocJie 3HaKa PaBHO,
K&)I(I[I)Iﬁ QJICMCHT CIIMCKa OTACIIACTCA OT IIPCAbIAYIICTO 3amsaToOM.

UT0o0BI IpOrpaMMHO OIPEIASTUTD YUCIIO SJIEMEHTOB B TAKOM CITUCKE, HCIIOJIb3YET-
csa OyHkuus len:

lenMas = len(a) # 4ucno snemeHTOB

Wrak, niis crnrcka MOYKHO BBIITOJIHUTH HAYaJIbHY0 NHULIMAIN3ALMIO 3HAYEHUH €TI0
AJIEMEHTOB, ISl ATOTO HYXHO 3a[aTh CIMCOK MHHUIMAIU3UPYIOMNX 3HaueHur. Hampu-
Mep, B TOJly Bceraa 12 Mecsies, 3HaUeHUE YKMCIIa THEW B KaXKJI0OM MeECsAIE N3BECTHO, 3Ha-
YUT, TaKasi CTPYKTypa MOXET ObITh 3aJlaHa CITUCKOM:

month = [31, 28, 31, 3o, 31, 30, 31, 31, 30, 31, 30, 31]
DKBUBAJICHTOM MHUITMAJIU3ALIMH SBJISIETCS MPOCTOEC MPUCBAMBAHME BU/IA:
month[@] = 31 # fAHBapb

month[11] = 31 # [lekabpb

NMomumo 3Toro, B Python peanu3oBaHa BO3MOXHOCTb O6paleHUA K S/eMeHTYy
CrnMcKka C KOoHua:

month[-12] = 31 # flHBapb

month[-1] = 31 # Jekabpb

Takxe MOXHO 3a4aTb WM3HA4YaNbHO I'IyCTOVI Crnncok:
a =[]

0) BBOJ 3JIEMEHTOB CIIUCKA C KJIABHATYPbI:

N = 10

[e] * N

print(" BBegute maccu: ")

a

for i in range(N):
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print("\t",i, " anemeHT: ")
a[i] = int(input())

B) GopMHUpOBaHME CIMCKA C MOMOIIBIO FEHEPATOPA MCEeBAOCTYYANHBIX YH-

ceJ:
from random import randint # nogknwyeHne moaynsa u B3ATUE OYHKUUM
#reHepauun nceBAoOCAYyHaWHbLIX Yucen
N = 10 # onpegenAemM KO/AUYECTBO 3JIeMEHTOB CNKUcCKa

a = [0]* N # vHMUMaANU3UpYEM CMUCOK HYNAMM
for i in range(n):

a[i] = randint(-10,10) # a[i] € [-10, 10]

r) BbIYUCJIEHHE )JIEMEHTOB CIIMCKA 10 GpopmyJie:

for i in range(n):
a[il] =6 * i - 2;

2. HNuannuaau3anusa MaccuBa: HCNOJIb30BaHue reLepaTopa CimCkoB:

B Python peann3oBaHa KOHCTPYKIMS Fr€HEPATOP CIUCKOB, UMEIOIIAs BUJL

[o6bekT for nepemeHHas in uTepupyembii 06beKT]

W IMO3BOJIAOIIAA YIIPOCTHUTD HAIIMCAHUC U YTCHUEC KO/J1A. Huxe npcaACTaBJICHBI IIPU-
MCPBI U3 NPCABbIAYIICTO ITYHKTA, PCAJIN30BaAHHBLIC C ITIOMOIIbBIO I[ElHHOfI KOHCTPYKIHUUN:

a) BBO/I 3JICMEHTOB CIIUCKA ¢ KJIaBUATYPbI (aHas0r 10):
N = 10

a

[int(input) for i in range(N)]

0) GopmMupoBaHMe CINCKA C IOMOIIbIO T€HEPATOPA NMCEBAOCTYYANHBIX YHCe
(anaJor 1B):

from random import randint # nogknw4eHue moayna u B3ATHUE

# OYHKUMM reHepauumu NCeBAOCAYHAUHBIX YUcen

=
Il

10
[randint(-10, 10) for i in range(N)]

[«)]
]

r) BIYHMCJIEHHE 3JIEMEHTOB CIIUCKA 1o popmyJie (anasor 1r):

a=1[6*1-2for i in range(n)]
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Ecnu IIpH CO3AaHUU CIIMCKA HYKHO YYHUTbIBATb KaKue-1100 YCJIOBUS, TO MOKHO
HCIIO0JIB30BaTh CJIICAYIOINNC KOHCTPYKIIUN:

[o6bekT for nepemeHHas in uTepupyembii_obbekT if ycnosue]

[o6bekTl if ycnoBue else obbekT2 for nepemeHHas in uTepupyembiii_06beKT ]

3. BbiBoa ciucka Ha IKPaH:
a=[1, 2, 3, 4, 5]
print(" MaccuB A: ")
print(a) # BbiBOg cnucka
[1, 2, 3, 4, 5]
print(*a) # BblBOA dN1eMeHTOB CNuckKa
12345

OOpaTtuTe BHUMaHUE Ha UCIOJIb30BaHKE *a B PyHKIMU print. Eciu Mbl iepegaém
KaK apryMEHT BBIPAKEHUE BUC *UTepupyemblii_obbekT, TO TaHHBII 00BEKT pacma-
KOBBIBACTCH, MEPEAABast KAXKIAbIN €0 AJIEMEHT KAaK OTJICJIbHBIA [TapaMeTp.

4. Oo0padorka cnucka

Jl51s paboThI CO CIMCKaMH pealn30BaHO MHOXKECTBO MeTO10B. OCHOBHBIE U3 HUX
MpeCTaBICHbl HUXeE, Oosiee MOAPOOHYI0 HMHGPOPMAIMIO MOXKHO Y3HATh, HCIOJB3YS
¢bynkuuto help.

list.append(x) — 100aBJISET PJIEMEHT B KOHEII CITHCKA.
list.pop(i=-1) — ymamnsieT i-bli JIEMEHT CIHCKa, BO3BpaIlasi €ro 3HauYeHue.
list.extend(L) — 100aBIsSECT B CIIUCOK BCE DJIEMECHTHI 00OBekTa L.

list.insert(i, x) — g00OaBIsAET X B CIIUCOK ITOJ HHICKCOM X.

[Tpu paboTe co CIUCKaMH MOXKHO HCIOJb30BATh KJIIOYEBBIE CJIOBA U Pa3IMYHbIC
OTIepaTOPHI:

object in list — Bo3Bpamaet True, eciiu 0OBEKT €CTh B cIMCKe, HHave False

listl + list2 — BO3BpamacT CIIMCOK, 3JIEMEHTAaMU KOTOPOI'O SIBISIOTCS CHavyaJia
saeMeHTHI list], motom list2

list * N— BO3BpalllacT pe3yabTaT CIOKEHUSA N CIIUCKOB.
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MoxxHo oOpamaTrsCs cpa3y K HECKOJIbKMM DJJIEMEHTAaM CIHCKa, HCIONb3Ys
KOHCTPYKIIMIO cpe3 list[start:end:step]. Bo3Bpaiaer 3nemMeHThI ¢ HHAEKCAaMU, MPHU-
HaJUIeKalUM MOJTYyOoTpe3Ky [start, end) ¢ marom step. [Ipu npucBanBanuu 3HaueHui cpe-
3y MEHSIOTCS 3HAYECHHUS B CAMOM CIIHCKE.

Ecnu He 3agaBaTth start u end, To OyayT 3a/1eiCTBOBaHbBI BCE AJIEMEHTHI /10 TPAHUIL
CIIUCKa, €CJIM HE 3a]]aBaTh 3HaUEHUeE step, TO OHO OyeT npuHsATo 3a 1. J{ns 3amanus start,
end u step MOKHO UCIIOJIb30BaTh OTPUIATEIHHBIC 3HAUCHHUS.

[Tpumep paboTHI CO cpe3amu AJisd criucka a = [1, 2, 3, 4, 5, 6]:

a[2:4] # [3, 4]

a[:5] # [1, 2, 3, 4, 5]
#[3:] # [4, 5, 6]

al::2] # [1, 3, 5]
a[4:1:-1] # [5, 4, 3]

al[::-1] # [6, 5, 4, 3, 2, 1]

6.5. Kopmexu

[Tomumo cniuckoB B Python peann3oBan Takoii THN JaHHBIX, KaK KOPTEX. Ero riias-
HBIM OTJINYMEM OT CIMCKA SIBJSIETCS €r0 HEU3MEHAEMOCTh, TO €CTh HEJIb35 U3MEHUTD 3HA-
YeHHE KaKOTro-JIM00 3JIeMeHTa Uil J00aBUTh/yOpaTh Kakol-1100 3neMent. [ naunua-
JU3aLUN KOPTEXKEN UCTIONB3YIOTCA CUMBOJIBI ( M ), HO B HEKOTOPBIX CIIydasX UX MOKHO HE
UCII0JIb30BATh:

a=(1, 2,3, 4, 5)

a

1, 2, 3, 4, 5 # [JaHHaA 3anucCb aHaJIornM4yHa 3anucu Bblle

JInst MHUIManu3alMd KOpTeXed HeT KOHCTPYKLMH, aHAJTIOTUYHON TeHepaTropy
cnuckoB. [Ipu ucnoap30BaHNK CUMBOJIOB ( M ) B TEHEpATOPE CIUCKOB BMECTO [ U ] OyeT
co3iaH OOBEKT TUIa generator.

6.6. Cmpoku e Python

Ctpoxku B Python paGoTaroT npakTu4ecku HACHTUYHO KopTexkaMm. OCHOBHBIMU OT-
JUYUSIMHU SIBJISIFOTCSL pE€aTM30BaHHBIC /111 HUX METOJIbI, BUJI IIPU BBIBOJIC U TOT (DAKT, YTO
AJIEMEHTaMH CTPOKU MOTYT OBITh TOJIbKO CUMBOJIbI. OHU SIBJISIFOTCS HEU3MEHSIEMBIMU,
orepaTopbl paboTalOT ¢ HUMH aHANOTU4HO. /{151 Gonbiuedt nHGopMaluy O peaanu30BaH-
HBIX CIIEIIMAIIBHO VISl CTPOK METOJ0B MOKHO OOPATUTHCS K JOKYMEHTAIIMH TN BOCIIOJIb-
30BaThCs (PyHKIIMEH help.

JIist “”HULIMaIA3alui CTPOKH MOXKHO HMCTIOIb30BaTh (DYHKIIUIO Str UM HAOOp CUM-
BOJIOB, 3aKJIFOYEHHBIN B OJUHAPHBIE WM IBOVHBIE KABBIYKH.
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Crout Takxe OTMETUTh, yTOo B Python He cymiecTByeT OTIen,HOTO THITA JaHHBIX
JUIsl CUMBOJIOB. /{151 paboThl ¢ OJMHOYHBIMM CHMBOJIAMH HEOOXOJIUMO HCIOIb30BaTh
CTPOKH JIJTUHBI 1.

6.7. MHo2oMepHbIe Maccuebl U ocobeHHocmu ux peanu3ayuu e Python

MHOroMepHbIM MAaCCUBOM SIBJISIETCSI MAacCCUB, JJIEMEHTBI KOTOPOI'O SABJISIOTCS
MacCHMBaMH. AHaJIOrOM MHOTOMEPHBIX MacCUBOB B Python sBISIOTCS CIHUCKU CIIMCKOB.
Hanpumep:

a=[
[1, 2, 3],
[4, 5, 6],
[7, 8, 9]

3anuceio a[i] MbI 0OpaTUMCS K CIIUCKY C MHIEKCOM i U3 a, COOTBETCTBEHHO, 3a-
nuch a[i][j] anamorunyHa 3amucu (a[i])[j], TO e€cTh MBI oOpalaeMcs K JIEMEHTY ¢
MHJIEKCOM j U3 crucKa a[i]. [IpyuMeHuM HaHHbIE HUXKE OINEPALUH:

a[1] = [1e, 11, 12]
a[2][e] = 123

B urtore a Oyzer UMeTh BU/L:
[

[1, 2, 3],

[10, 11, 12],

[123, 8, 9]

]

DJIEMEHTOM CIHCKA MOXKET OBITh 10001 00beKT Python, B ToM unciie u hyHKINH,
IIPU 3TOM pa3Mep WX OrpaHUYEH TOJHKO MaMsThIO Balllero ycTpoicTBa. Bee mpencras-
JICHHBIC HIKE 3aIMCH KOPPEKTHBI:

a = [1, "23", [23, 54], [412, [34, 34]]]
b [min, max, sum, sorted]

print(b[0](1, 2)) # BoiBepgeT 1

YuursiBaiite, uto list.copy HE CTOUT NPUMEHSTh Ha CIIMCKAX, COAEPKAIINX APYTHE
M3MEHSEMBIE DIIEMEHTBI, TAK KaK B ’TOM CIIy4ae UX U3MEHECHHE B KONIMU NPUBEAET K U3MeE-
HEHUIO B OpUTHHAJIE U HA000pOT. lJi1 KOMMPOBAHUS B 3TOM CIIy4ae ClIeyeT IPUMEHSTh
¢bynkuuo deepcopy U3 MoayIIsl COpy. AHAJIOTMYHO C UHBIMU TUIIAMHU JIaHHBIX, KOTOPBIE
MOTYT XpPaHUTh KaKHe-TU00 OOBEKTHI.

109



Bonpocel u 3aganus
3apaHue |

Buinonnumo obwee o5 6cex 3a0anue, uzyuus nopsi0OK ONUCAHUSL, 8800A-8b1800A U
00paboOmMKU MACCUBOB:

1. HaOpatp 1 0T1aguTh NpOrpaMMy HaXOXJIE€HUS CYMMBI 3JIEMEHTOB MacCcHUBa, CTOS -
IIMX B HEYETHBIX NMO3uLUAX. OPOpMHUTH B TETPAIU, 3alIUCaB YCIOBUE, KOJI, OJIOK-
CXEMY U pe3yJIbTaT paboThl, OObSICHUTH Ha3HaueHue oneparopos 0-4.

from random import randint # OnepaTtop ©
n = int(input("BBeanTe KONMYECTBO 31E€MEHTOB MaccuBa: "))
L = [randint(-10,10) for i in range(n)] # OnepaTtop 1
print(L) # OnepaTtop 2
S =20 # Onepatop 3
for i in range(9, n, 2):

S += L[i] # OnepaTtop 4

print('S = ',S)

2. HabGpatph 1 oT1aguTh MPOrpaMMy HaXOXKJIECHUS CYMMBI 3JIEMEHTOB MacCHUBa, Kpat-
HbIX 3. OPOpMHUTH B TETPaAIH, 3aIIUCAB YCIOBHE, KO, OJIOK-CXEMY U PE3yJbTaT pa-
00Thl, O0BSICHUTH Ha3HauUeHue oneparopos 0-3.

from random import randint
n = int(input("BBeanTe KONM4YECTBO 3/IeMEHTOB MaccuBa: "))
L [0]*n # OnepaTtop ©
for i in range(n):
L[i] = randint(-10,10) # OnepaTop 1

print(L)
S =20
for i in range(9, n): # OnepaTtop 2
if L[i]%3==0:
S += L[1i] # Onepatop 3

print('sS = ',S)
3apaHue i

B coomeemcmeuu c 6APUAHMOM cOCmMasuntb U peaiu3oeantb npocpammy .

1. JlaHbl Ba MaccHuBa pa3HbIX pasMepoB. ONpenennuTh, KAKUE 3JIEMEHTHI MEPBOTO
MAacCHUBa U CKOJIBKO pa3 BCTPEUYAOTCS BO BTOPOM MAaCCHBE.

2. Maccus coaepkut 2n uncen. I3 cyMMbI IEPBBIX 7 €0 3JIEMEHTOB BBIYECTh CYMMY
IIOCJEAHUX 1 DJIEMEHTOB.

3. TpancnonupoBaTh Maccus, T.€. 1O di, aa,..., A, CGOPMUPOBATH Ay, A1, ..., d1. B TIO-
JIy4YEHHOM MAaCCHBE HANTU MHJIEKC MUHUMAJIBHOT'O DJIEMEHTA.

4, 3 3aJIaHHOT'O HECJIOYHCICHHOIO MaCCruBa yAAJINTh BCC IOBTOPAIOINIUECA IJICMCH -
TbI, OCTAaBHUB TOJIbKO UX IICPBBIC BXOKACHUS, T.C. U3 3aJaHHOI'O MaCCHBa ITOJIYYUTDb
HOBBIM MacCCHB, COCTOSIHII/If/'I N3 PA3JINYHBIX OCJIBIX YHUCCII.
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10.

11.

12.

13.

14.
15.

16.

17.

18.

19.

3aMEHHUTH OTPUIIATEIIHHBIC YKCIIA B MACCUBE MX KBaJIpaTaMH, OCTAaBUB OCTAJIHHBIC
0€e3 U3MEHEHUS.

B 3amaHHOM MaccuBe HaWTU cpeliHee apu(pMETHUUECKOE MOJIOKUTEIbHBIX YUCe,
cpeaHee apuMETHIECKOE OTPULIATEIIFHBIX YUCEIT U YUCIIO HYJICH.

B MaccuBe W3 2n yucen HaWTHM CyMMYy KBaJIpaTOB D3JIEMEHTOB C YETHBIMU
MHJIEKCAaMH U CyMMY KyOOB 3JIEMEHTOB C HEUETHBIMHU UHIEKCaMHU.

N3 uncen a, az,..., Ay BI)I6paTB TC, KOTOPEIC OoJIBIIIE 1O MOAYJIIO 3aJaHHOT'O YHCJIa
C, u O6p330BaTB 13 HUX HOBBIN MAaCCHUB, COXpaHUB IIOPAAOK CICAOBAHHA 3JICMCH-
TOB.

N3 maccuBa 1enbIX YUCEN COCTAaBUTh TPU APYTHUX, B IIEPBBIN U3 KOTOPBIX 3aMKCATh
YUCJla, KpaTHbIE 5, BO BTOPOM - YMCJIA, KPATHBIE 7, @ B TPETHUM - OCTAJILHBIE YUCIIA.

3anan maccuB u3 100 menbIx cirydyalHbBIX YHCEII, MPUHAIIEKAIUX IPOMEKYTKY [0,
100]. Haittu cymmy Tex 3JIeMEHTOB MacCUBa, KOTOphIE Ooibiie 15, HO MeHbIIe 45,
a TaK)K€ BBIYHUCIUTH KOJUYECTBO ATUX DJIEMEHTOB.

B nuHeWHOM MaccuBe 3aMEHHTH BCE JJIEMEHTBHI Ha 4YHCIO m (m — HHJIEKC
MaKCHMAaJbHOTO DJICMEHTA).

]_—[aH MacCCuB, COCTOSIHII/Iﬁ KaK U3 ITOJIOKUTCIIbHBIX, TaAK U OTPHLATCIIbHBIX YUCCII.
Hy)KHO CHa4daJia 3aI1iuCaThb IOJIOKHUTCIIbHBIC YHUCJId, 4 3aTCM OTPHUIATCIIBHBIC B TOM
JKC IIOPAJKE, KaK OHU OBLIH PpacCIIoJI0KCHbI B HCXOAHOM MAaCCHBCE. Ecau ecthb HYJIH,
3aIIMCaThb UX B IMOCICAHIOI0 OYCPC/b.

Haittu cymmy n1€MEHTOB JaHHOTO MaccuBa. Pa3ieinTs KaXaplil SJIEMEHT UCXO -
HOT'O MACCHBA HA IOJy4YEHHOE 3HAYCHHUE.

BeruncauTh cyMMy U pa3HOCTh MAaCCHBOB OJIHOTO pa3mepa.

Haiitu CpCOaHECC apI/I(l)MCTH‘IeCKOC 3HAa4YCHHUC 3JICMCHTOB 3aJaHHOI'O MaCCHBaA. Hpe-
O6p330BaTB HCXOI[HBIﬁ MACCHUB, BbIUHTAA U3 KaXJO0I'0 3JICMCHTA CPCAHCC 3HAYC-
HHUC.

]_—[aHBI ABa MaCCHBa OJWHAKOBOI'O pasMcpa. PaCCManI/IBa}I HNX Kak apI/Iq)MeTI/I‘IC-
CKHC BCKTOPBLI, HaWUTU JJIMHBI 3TUX BCKTOPOB U UX CKAJIIPHOC ITPOU3BCIACHUC.

3agaHbl JIBa MacCUBa pa3HbIX pazMepoB. OObEAUHUTD UX B OJMH MAaCCHUB, BKIIIOUUB
BTOPOMl MaccuB MeXay k-bIM U (k + 1)-bIM 251eMeHTaMu TIEpBOTO (kK BBOJIUTCS C
KJIaBUATYPBHI).

BbryecTs M3 MOJIOKUTENBHBIX 3JEMEHTOB JIAaHHOI'O MacCHBa 3JIEMEHT C HOMEPOM
ki a K OTpULATENbHBIM 3J€MEHTaM NPUOABUTH 3JIEMEHT C HOMEpPOM k. HyrneBbie
aJIeMeHThI 3aMeHNTh 1. Homepa ki u k; BBozATCS C KiaBUaTypBhl.

K 4eTHBIM 3j1€MEHTaM OCJI0YMCIICHHOI'O MaCCHBa HpI/I6aBI/ITB JaHHOC 4YuCJIO a, a U3
9JICMCHTOB C YCTHBIMU HOMEpPAMH BbIYCCTb AAHHOC YU CJIIO b.
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20.

21.
22.

23.

24.

25.

10.

JlaH mepBbIf YiieH TeOMETPUIECKON Mporpeccuu u ee 3HameHaTesnb. ChopMupo-
BAaTh OJJHOMEPHBI MaCCHUB, JJIEMEHTAMU KOTOPOTO CITy>KaT NEPBBIE 71 YIEHOB 3TOU
MIPOTPECCHH.

CdopmupoBaTh MaccHuB U3 nepBbIX 30 4JICHOB MOCIEAOBATEILHOCTH PHUOOHAYYH.

BcraButh OJIHO M TO K€ YMUCJIO, BBEACHHOC C KIIaBUATYPHI, IICPCA KAXKIbIM OTpUIlA
TCJIBHBIM 3JICMCHTOM 3aJaHHOT'O IICJIIOYHNCIICHHOI'O MaCCHUBa.

JlaH maccuB yeTHOro pasmepa. [lomeHsaTs MecTaMu €ro mOJOBUHBI CIIEAYHOLIUM
o0pa3oM: MePBbIN ATIEMEHT - C IOCIETHUM, BTOPOH - C IPEMOCIICTHAM JIEMEHTOM
U T.[.

]_—[aHLI ABa OCJIIOYHCIICHHBIX MACCHUBA OAMHAKOBOI'O pa3Mcepa. HOJ'IyIII/ITB TpeTI/II‘/’I en
COOTBCTCTBYIOIIHMX 3JICMCHTOB JJdHHBIX MAaCCHBOB.

3aJjaH MAaCCUB W3 7 LENbIX CIy4YaWHBIX YHUCEN, NPUHAJIEKAIINX MPOMEXKYTKY
[-25, 25]. Haiitu mpou3BeeHUE TE€X PJIEMEHTOB MacCHBa, KOTOpbIe Oosblie 1, HO
MEHbIIIE 15, a TakKe BBIYUCIUTH KOJIMYECTBO YETHBIX 3JIEMEHTOB MaCCHBA.

3agaHwue il

B coomeemcmeuu c 6APUAHMOM COCMAaBsUNtb U peaiu3zoeantb npocpammy .

Jlana Mmarpuiia pazMepa n*n, Hailnutre cymmy e€ ¢ e€ TpaHCIIOHUPOBAHHOW MaT-
puLei.

Peanusyiite (yHKIUIO HAaXOXACHHUS MaKCHUMAaJbHOTO 3JIEMEHTa MAaTpullbl, IO-
JYYEHHOH B pe3yJIbTaTe YMHOXEHHUSI BBOJUMON MaTpuLibl A Ha BBOJUMYIO MaTpu-
ny B

C noMoibto 3J1IeMEHTapHbIe IPE0OPa30BaHU MTOJIyUYUTE U3 MAaTPULIbI pazMepa n*n
COOTBETCTBYIOILYIO €/ BEPXHIOI TPEYTOJIbHYIO MaTpPHILY.

C momol11bIo 3JIeMEHTapHbIe TPe00pa30BaAHMIA MOTYYUTE U3 MATPUIIBI pa3Mepa n*n
COOTBETCTBYIOLLYIO €11 HUKHIOIO TPEYTOJIbHYIO MaTPHUILY.

C nmomouIbl0 3JIEMEHTapHbIX NMPeoOpa3oBaHUM MONYYUTh U3 MaTpPUIBl pa3Mepa
n*m COOTBETCTBYIOIIYIO €M CTYNIEHYATYyI0 MaTpULLy.

Peanu3zyiiTe Bo3BeIeHHE MAaTPUIIBI pa3Mepa m*m B CTENEHb N.

Peanusyiite neneHue mMaTpullbl HA CyMMY MaKCHUMAJIbHBIX YHCEN U3 KaXa0h €&
CTPOKH

[Toxa BO3MOXHO ISl MaTpULIBI pa3Mepa n*n, MEHANUTe 1 CTPOKY CO CTPOKOil i+1,
€CJIM 2JIEMEHT MaTPULbl C UHJAEKCOM 1, 1 00JbIIe 351IeMeHTa ¢ uHjekcoM 1+1, i+1,
II0CJIE 3TOTO MOBTOPUTE aHAJIOTUYHO, HO MEHSITE MECTaMU CTOJIOLBI, a SJIEMEHT C
WHJEKCOM 1, 1 JODKEH OBITH MEHBIIIE JIeMEHTa ¢ MHASKCOM 1+1, 1+1.

B Mmatpune pazmepa n*n 17151 Bcex BO3MOXKHBIX 1 pa3iesIuTe CTPOKY 1 M CTOJIOEI] 1 Ha
9JIEMEHT C HHIEKCOM 1, 1.

Ha ocHoBe matpuiisl pazmepa n*m cocTaBbTe€ COOTBETCTBYIOIIYIO €if OMHApHYIO
MaTpUILy, KOTOpasi yKa3bIBA€T Ha 3JIEMEHTHI, SBIISIOIIMECS OAHOBPEMEHHO MakK-
CUMaJIbHBIMH B CBOMX CTPOKE U CTOJIOLE.
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11. Peanuzyiite urpy «KpecTUKu-HOJIMKWA» JIJI1 OJTHOTO UTPOKA, B KOTOPOU JEHCTBUS
BTOPOT'O UTPOKA JIOJKHBI OBITH PEaTM30BaHbI Ballleld MPOrpaMMOM, TaKkKe MOKHO
peanu3oBaTh J0OYI0 APYTYI0 UTPY HA OCHOBE «KpecTHKOB-HOJIMKOB», HO B 3TOM
cllydae OHa JIOJI’KHA ObITh CIIOXKHEE.

12.  Jlist nBOMYHOM MaTpHIlbl pa3Mepa n*n, €Civ 3TOM BO3MOXKHO, CO3/IaiTe MaTPUILY
pasmepa n*n, B KOTOPOM 3JIEMEHT C UHACKCOM 1, ] 00JIbIIIE COCETHUX MO BEPTUKATH
Y TOPU3OHTAIIBHBIX AJIEMEHTOB, €CJIU 2JIEMEHT JIBOMYHON MATPHUIIBI C HHIEKCOM 1,
paBeH 1. Ecim 3T0 HEBO3MOXKHO, TO BBIBEAUTE HH(DOPMAIIHIO 00 STOM.

13. PeanuzyiiTe QyHKIMIO MOJYYEHUSI U3 MATPUIIBI pa3Mepa n*m aHaJIOrMYHOM MaT-
pulel, HO nepeBEpHyTOi Ha 90 rpamycoB, pazMep MOJYyYEHHOW MaTpULbl OyleT
m*n.

14. B nBonuHO# MaTpuile pa3Mepa m*n HalUTE caMmyIo JJIMHHYIO BEPTUKAIBHYIO WU
TOPU30HTAIBHYIO MTOCIEA0BATENBHOCTD U3 €IMHULL.

15. Jlana marpuiia pasmepa m*n, ajeMeHTaMU KOTOPOU sBJsitoTes “#” u “.”. BmecTo
“.” MOKET ITOCTaBJICHO JIF000¢e urcio oT 0 70 n, Iie N-KOJIMYSCTBO COCEIHUX “# 110

BEPTUKAIU U TOPU30HTAIIM BO3JIE JaHHOM “.”. HaliinuTe KOJIn4ecTBO MaTpull, KOTO-

pOE MOKHO COCTaBUTh B UTOTE.

KoHTponbHbIe BONpoOCHI

Jaiite onpeaeneHne NpOU3BOAHOIO TUIA IAHHBIX, CTPYKTYPUPOBAHHOI'O THUIIA.
[laiiTe onpeaeneHne MacCHuBa.

Nwmst, pazmep u pa3MEpHOCTh MacCUBa.

KakuMm MokeT ObITh THII DJIEMEHTOB CITHCKA?

IIpaBuna MHUIMAIA3ALMY CIIUCKA.

Kak ocylecTBisieTcst JOCTYI K 3JIEMEHTAaM CIHUCKA?

Kak ocymiecTBisieTcst BBOJ CIIUCKA C KJIaBUATYPhI?

Kakwne cnocoObI BBOJ1a/CO3/1aHUS CITMCKA BBI 3HaeTe?

BriBOoJ1 crimicka.

Kakue ocHOBHBIE CBOMCTBA CIIMCKA BaM M3BECTHBI?

Kaxkwne cnocoObl 100aBiIeHUS DJ1€EMEHTA B CIIUCOK BaM U3BECTHBI?

Kaxkue crmoco0Os! yaaeHus 3JIEMEHTOB U3 CITUCKA BaM U3BECTHBI?

UTo BaM M3BECTHO MPO CPe3bl CIIUCKOB?

Kak ocymiecTBisiercs nepedop 3J1eMEHTOB CIUCKa?

Kakue meToapl CIIMCKOB BaM U3BECTHHI?

Yro npencraBisieT u3 ce0s MaTpulla MpU NpOrpaMMHON peanu3aluy ¢ UCIOJIb30-
BaHHUEM CITMCKOB?

XA B WD =

p—t e e ek e e \O
AN R

NMpumep BbinonHeHnsa 3apgaHusa ll

3aganme. MaccuB D conepxut 24 3HaueHust aTMOC(EPHOTO TABJIECHUS 3a KaXK/IbIH Yac B
TedyeHue cyTok. OnpenenuTp, Kakoe 3HaueHNue aTMOC(HEPHOro AaBJIECHUS ObLIO
HauOOJIBIIIUM U B KAKO€ BpeMsl OHO ObLIO 3a(pUKCUPOBAHO.

Pemenne
1. MarteMmaTu4ueckast MojaeJjab

113



3HadyeHneM aTMOC(hEpPHOTO JTaBIICHUS SBIIIOTCS 3JIEMEHTHI MaccuBa D[24], 3Haue-
HUEM BPEMEHU — UHJIEKCHI AJIEMEHTOB. PellieHne 3a1aun CBOJIUTCS K MOUCKY MaKCUMAaJIb-
HOT'O 3JIEMEHTA B MACCHBE U OINPEACIICHUIO €r0 UHACKCA.

AprymenTsbl: D[24] — maccuB 1esoro Tumna.

Pe3yabTaThl: imax 11€JI0T0 TUMA — UHJIEKC MAKCUMAJIbHOTO JIEMEHTA;
D[imax] 1ieioro Tuna — 3Hay€Hue MaKCUMaJIbHOTO AJIEMEHTA.

HpOMe)KyTO‘IHaH BeJIMYHNHA: Max OcJ0ro TuIa — MakCuMaJIbHOC 3HAYCHUC DJICMCHTA

MacCcCuBa.
2. Auaroputm 3. IIporpamma
Hayallo
- def InputM(mass):
for i in range(24):
Y mass[i] = int(input())
BBon
MaccuBa
I def PrintM(mass):
Bmggﬂ for i in range(24):
print(mass[i],end = " ")
MaccuBa .
I print()
Y
max = D[0] D = [0]*24
print(" BBeauTe maccuB: ")
I InputM(D)
Y print(" MaccuB 3Ha4veHwit Aasne-
PrintM(D)
[ max = D[©
Y [e]

imax =1
—_— ﬂ for i in range(24):
if (D[i]>max):

imax = i+1

Ja HET max = D[1i]
print(" MakcuMMmanbHoe 3Ha4yeHue
Y faBne-
imax =i Hus :",D[imax-1],"B",imax, "4.")
\I( 4. Pesyabrart padoThI
max = D[i] MpOrpaMmabl:
MaccuB 3HavYeHuw AaBieHna:

| 748 743 756 748 741 760 748
743 757 748 756 756 751 760 754
¢ 756 752 758 758 757 750 747

/ imax, D[imaxV 759 759
' MakcuManbHOe 3Ha4YeHue paBneHunAa 760
< KOHeIl > B 6 Y.
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Cnucok IuTeparypbl, peKOMEeHAYeMbIH K HCIOJb30BAHUIO 110 TAHHOM
TEeMe

[1] cTp. 123 - 127

[4] cTp 219-279, 302-309

[6] cTp. 48 — 52, 112 - 132

[11] https://informatics.msk.ru/course/view.php?id=156#section-9,

https://informatics.msk.ru/course/view.php?id=156#section-10,

https://informatics.msk.ru/course/view.php?id=156#section-13,

https://informatics.msk.ru/course/view.php?id=156#section-14.
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IIpakTuueckoe 3ansaTue Ne7
MHuoxkecTBa M CJI0BAPHU

HEJIb: ocBoeHue cnocoOoB pabOThl C MHOXKECTBAMHU U CIOBAPSAMH.

3HaHuA, yMeHNS U BJIa/IeHNs], IPpUodpeTaeMble 00y4alOIMMCH B pe3yJibTare 0CBoe-
HHS TeMbI, B paMKax (p)OpMHUPYeMbIX KOMIEeTeHIMH (OIK-8): CM. IPUIIOKEHUE 2: BbIpa-
OaThIBAETCS HABBIK pa3pabOTKU MAaTEMATHUYECCKUX, HHPOPMAITMOHHBIX U UMHTAIIMOHHBIX
MoJieJIel, a TaKke (PopMUpPyeTcs CHOCOOHOCTD K pa3padOTKe U IPUMEHEHHUIO AITOPUTMU-
YECKHUX U MPOTPAMMHBIX PEIICHUM B 00JaCTH MPUKIATHOTO MPOTPAMMUPOBAHUS C YMeE-
HUEM OOBSICHUTh TEOPETHUYECKYIO U MPAKTUUECKYIO0 4acTh TeMbl ((OpMUPYETCS 4acTh
YKa3aHHBIX KOMIIETCHITUH ).

TeopeTnuyeckasi 4acThb
7. MHuoxkecTBa U CJI0BaApHU

7.1 MHoOXecmea

Mmuoxxectsa B Python nipeacTaBisitor co00i HeyopsI0YEHHBINA UTEPUPYEMBIH THIT JIaH-
HBIX, XPaHSALIUI HEMTOBTOPSIOIIMECS U HEU3MEHSIEMbIE OOBEKTBL. MHOXECTBA HE MPEAOoCTaB-
JISFOT BO3MOYKHOCTH 00palaThesl K KAKOMY-IM00 X JIEMEHTY TI0 MHJIEKCY, OJTHAKO IIPOBEPKa
Ha HAJIMYKE DJIEMEHTA BBIIIOJIHACTCS B CPEAHEM 3a KOHCTAaHTHOE BPEMs, PEJIN30BaHbI Iepece-
yeHue, OOBbEIUHEHHUE M Pa3HULIA MHOXKECTB 3a JIMHEHHOe Bpems. [l MHuIMamM3anuu
MHOKECTB HCIIONB3YIOTCA { U }, a Takke QYHKIUS set, MOXKHO HMCIOJIB30BaTh I'€HEPATOP
MHOJKECTB, ITOXOKU HAa TEHEPATOP CITUCKOB:

a = set() # MycToe MHOXeCTBO

a = set((1, 2, 3)) # MHoxecTBO umpp 1, 2, 3.
a ={1, 2, 3} # AHaAnNOrM4yHO 3anucu Bble.
a = {i**2 for i in range(1, 5)} # {1, 4, 9, 16}

J1J1s1 MHUIAIM3AI[MH CITICKA HEJTh3s HCITOJIb30BaTh 3alliCh BUa a = {}, TaK KaK B TOM
cirydae Oy/IeH CO3/1aH CJIOBapb.
B MHOXECTBA MOYKHO JI0OABJISITh SIIEMEHTBI M YAAIATH U3 HAX 3JICMEHTHI:

set.add(x) — 700OaBJIIET X B MHOXKECTBO

set.discard(x) / set.remove(x) — yJaJIIe€T X U3 MHOYKECTBA, S€t.remMOVe BbI3bIBAET
OIITMOKY, €CJTH AJIEMEHT OTCYTCTBYET B MHOYKECTBE.

set.pop () — yIaIsieT CIIy4alHbId SJIEMEHT CIIMCKA, BO3BPAIACT €r0 3HAYCHHE.

J171s1 MHOKECTB pEATM30BaHO UCTIONB30BAHUE PA3IMYHBIX ONIEPATOPOB.

setl | set2 — 00ObCAMHEHNE MHOKECTB

setl & set2 —nepeceycHre MHOXKCECTB

setl - set2 — pa3HOCTh MHOKCCTB

setl * set2 - UCKIIFOYAIOLIEE NI MHOKECTB

setl <= set2 — MpPOBEpPKa, ABJACTCA JIM Set] MOAMHOKECTBOM set2.
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Y MHOXECTB €CTh METO/IbI, pabOTaroIINe aHAIOTUYHO IPEJICTABICHHBIM BBIIIIC OIIepa-
TOpaM, HEKOTOpbIE MOTYT MPUHUMATh Cpa3y HECKOJIBKO MHOXECTB (ApPryMEHT MMEET BUJL
*sets). OnuMcaHHbIE HIDKE METOJIbI HE U3MEHSIOT UCXOAHBINA MACCHB:

setl.issubset(set2) / setl.issuperset(set2) - setl <= set2 / setl >= set2
set.union(*sets) - set | sets

set.intersection(*sets) - set & sets

set.difference(*sets) - set - sets

setl.symmetric_difference(set2) - set ~ sets

Ecnmu Heo0XonMMo M3MEHHUTh MCXOAHOE MHOXKECTBO, TO HY)KHO K TPEACTaBICHHBIM
BBIIIIE METO/IaM JIOOABUTh B KOHIIC Ha3BaHUs (DyHKIMU “_update”. VICKITIOUEHHEM SIBIISCTCS
o0beMHeHne, OHO OyzeT nMeTh BrJ set.update(sets).

CyllieCTBYET TaK:K€ HEU3MEHSIEMbI aHAJIOr MHOXKECTBA - frozenset.

7.2 Cnoeapu

CnoBaps B Python — Tun qaHHbIX, XpaHAIIMI HEYTIOPSAOUYEHHBIE Aaphl U3 KIT04Ya U 3Ha-
yenust. Kimrouu B cioBape He MOBTOPSIFOTCS M MOTYT OBITh NPE/ICTABIIEHBI TOJIBKO HEM3MEHS -
€MBIMH TUIIAMH JaHHBIX. JIOCTYTI K 3HAUEHUSIM CJI0Bapsi OCYLIECTBIISIETCS 110 KITFOUY aHAJIOTUY-
HO JIOCTYIIy IO MHAEKCY y cMcKa. [ HHUIManu3aiyy CIIMcKa MOYKHO UCTIOb30BaTh CUMBO-
7b1 { ¥ }, pyHKUIMIO dict ¥ TeHepaTop CIoBapeil:

dict() # MycTon cnoBapb, aHanorndHo a = {}
{'a': 1, 'b': 2, 'c': 3}

dict(a=1, b=2, c=3) # aHaNoOruMyHo 2-ol CTpoke
dict((('a', 1), ('b', 2), ('c', 3))) # aHaNoOrmyHo 2-oM cTpoke
{i: i**2 for i in range(1, 4)} #{1: 1, 2: 4, 3: 9)

[SD I <D I <D I <D R oD}
1

J106aBuTH B CJIOBaph HOBYIO Mapy WM U3MEHUTDH CYILIECTBYIOULYIO MOYKHO HCIIOJB3Ys
KOHCTPYKLHIO BUAa dict[key] = value.

Jlnst cnoBapel peai30BaHbl METO/IbI, BO3BPAIAIOIINE OOBEKTHI, XPAHSIIIHIE KITFOUH,
3HAYEHMS U MTapbl DJIEMEHTOB:

dict.keys() — BO3BpalaeT OOBEKT, XpaHANMNA KIFOYA W PabOTAIOIMIKN TMOA00HO
MHOKECTBAM.

dict.values() —BO3BpaIlaeT 0ObEKT, XPAHSIIUNA BCE 3HAUCHUS U paOOTAOIIMI TTO00-
HO KOpTEeKaM 0e3 BO3MOXKHOCTH OOPAICHHS TT0 MHIIEKCY.

dict.items() — BO3BpaIIaeT OOBEKT, XPAHSIIMI BCE TIAPHI JIEMEHTOB U PaOOTAIOIITHIA
M0I00HO MHOYKECTBAM.

Taroke 1151 cioBapei pean30BaHbl METO/IbI, TTOJIOOHBIE PEATM3YEMbIM TSI MHOXKECTB:

dict.pop(key) — ymaiser U3 CioBapsi JJIEMEHT 110 KIIFOYY, BO3BpAIllacT 3HAYCHUE.

dict.popitem() — ynaiseT CIlydailHbII 3JIEMEHT CJIOBapsi U BO3BpAILAeT mnapy (KIkou,
3HAYCHUE)

dict.update(*dicts) — mo0OaBiIsIeT B TaHHBIM CJIOBAPb 3JIEMEHTHI CIIOBAPEM, T10/1aBA-
€MbIX B KAYE€CTBE apryMEHTA, €CJIA KITFOYM COBIAJAIOT, TO B PUOPUTETE 3HAUCHUS CIIOBApPEH,
PacroNOKEHHBIX IIPABEE.
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7.3 0O6mbexkm defaultdict u aHOHUMHbIe ¢hyHKYUU

Monys collections cogepskut B cebe kimace defaultdict, KOTOpBIN TO3BOJISET IOAATH B
KauecTBe aprymMeHTa (yHKIIUIO, KOTOpast TPy 00pallieHuH 0e3 apryMEeHTOB BO3BpaIlaeT KaKOi-
b0 00beKT. B nmanmbHeiieM, ecimi Mbl OyzieM oOpalarhcs K K04y, Y KOTOPOTro paHee He
ObLII0 33/1aHO 3HAYCHHE, eMy OyZeT CIiepBa 3a1aH 00BEKT, BO3BpaIiaeMblii pyHkiwel. [Tpumep
paboThl defaultdict (int() Bo3Bpamaer 0):

a = defaultdict(int)
a[2] += 3
print(a[2])# 3

B kadecTBO aprymeHTa MOXKET ObITh YAOOHO MOAaBaTh aHOHWMHbIE (PyHKIMHU. OHU
AMEIOT BUJ lambda napamempei: 6036pawaemoe 3HayeHue, M UCTIOJIL3YETCS, KOIJIa B KAYECTBE
apryMeHTa HEOOXO0IMMO To1aTh (PYHKITHIO, KOTOpast HATIE OOJIbIIE He UCTofb3yeTcs. [Ipumep
HUCHOIB30BaHUs lambda COBMECTHO C defaultdict:

a = defaultdict(lambda: 3)
a[2] += 3
print(a[2]) # 6

Mo:kHO 33/1aTh TIEPEMEHHOM AHOHUMHYIO (DYHKIIMIO U UCTIOJIb30BATh KaK CTAaHAPTHYIO
(GYHKIMIO B TATGHEHUITIEM, HO 3TO CYMTAETCS IJIOXO0H MPAKTUKON U He PEKOMEHI0BAHO K
HCI0JIb30BAHUIO NIPU HAITUCAHUM KO/A:

f = lambda x, y: (x*x + y*y)**0.5
print(f(3, 4)) #5.0

Bonpocs! u 3axanus

3apaHue |

Ocsoumv meopemuyeckuil MamepuaJ, 8bINOAHUMb 0Ouee 015 8cex 3a0anue.

1. OtnampTe MPENCTABICHHYIO HIDKE MPOTpamMMy, B KOTOPOM PEaM30BaH amroputm
Jletikcrpel. B pesynbrare paboTsl mporpaMma J0JHKHA BEIBOAUTS ITMHY MUHUMAIIBHOTO Iy TH OT
1 1o 7 BepIIMHBI IPEACTABIEHHOTO rpada:

from math import inf
from collections import defaultdict

graph = {
1: {2: 4, 3: 3},
2: {1: 4, 4: 6, 6: 2},
3: {1: 3, 5: 2, 6: 8},
4: {2: 6, 6: 1, 7: 3},
5: {3: 2, 6: 4, 7: 2},
6: {2: 2, 3: 8, 4: 1, 5: 4},
7: {4: 3, 5: 2}
¥

path_len = defaultdict(lambda: inf)
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visited = set()
node =1

value = 0
final _node = 7

path_len[node] = value
while node != final node:
for next_node in (graph[node].keys() | visited):
new_value = value + graph[node][next_node]

if new_value < path_len[next_node]:
path_len[next_node] = new_value
visited.add(node)
path_len.pop(node)
node, value = max(path_len.items(), key=lambda x: x[1])

print(path_len[final_node])

2. OOBSICHUTE, YTO BBIMOJIHSIOT MPE/ICTABIICHHBIC HIDKE CTPOKU M TTOYEMY UIMEHHO OHU
HCIIOJIH30BAJIMCH B IIporpamme?

path_len = defaultdict(lambda: inf)

path_len.pop(node)

3. B o1H0i1 113 UCTIONB3yeMbIX B KOjie (PYHKIIMI ObLT UCTIONH30BaH apryMEHT
key=lambda x: x[1].[lapamerp key Takxe UCIIONIB3YETCS U B HEKOTOPBIX JPYTHX (DyHKIIU-
X, Harpumep, sorted. M3yunte NpUHIUIIBI €10 PA0OThI U OTUIIMTE CBOMMHU CJIOBAMMU.

3agaHue |l
B coomseemcmauu ¢ eapuanmom cocmasums u peaiu3o8ams nPpocpammy, UCHONb-
3y51 MHOJICecmea. J{ns pewienus 6) u 8) HeOONnyCMUMO UCHOIL308AMb YUKTIbL U TI02UHECKUe
onepamopwi (hyukyuu len, sum, max, min u m. 0. HeOOXO0OUMO UCNONL308AMb 0N peule-
Hus 8)). Eciu nocuueckoe gvipasicenue 6 ciogecholl ghopme modxcem Obimsd 0CNPUHSIINO
08051K0, MO 10O0e coomeemcmaeyiouee emy peuierue 0yoem epHbiM.

Bapuanr 1

JlaHbl 3 MHOKECTBA LIEJBIX YHCET], [IEPBOE COCTOUT M3 YUCEN KPATHBIX 3, BTOPOE U3 YH-
CeJl KpaTHBIX 9, TpeThe U3 OTPULIATENBHBIX yKcen. [Iporpamma qomKHA BBITOJIHATH JAHHBIC
HIDKE 3a7a4H:

a) BBoz uncen ¢ coxpaHeHHMEM HX B COOTBETCTBYIOILIMX MHOKECTBAX U BBIBOJ JJAHHBIX
MHOYKECTB.

0) HaxoxieHrie MHOKECTBA MONI0KUTEIBHBIX YHUCENT, HE KPATHBIX 9, HO KPaTHBIX 3.
JlaHHOE MHOKECTBO HE JOJDKHO XPAaHUTBCS B KAKOW-TTOO MEPEMEHHOM.

B) Haxo’keHne HauMeHBbILEero Yyicia, XpaHUMOIO B MUHUMYM JIBYX U3 3THX
MHOKeCTB. Ecii Takoro 4yncina HeT, TO BbiBecTH (.
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Bapuanr 2

JlaHbl 3 MHOKECTBA LIEJIBIX YHCEJL, IEPBOE COCTOUT U3 YETHBIX YUCEN, BTOPOE U3 UH-
CeJl, HE KPAaTHBIX 3, TPEThE U3 MOJIOKUTENBHBIX yrcen. [Iporpamma qomKHa BBIOIHATE JaH-
HBIE HIDKE 3aa4K:

a) BBoJ1 uncen ¢ coxpaHeHreM UX B COOTBETCTBYIOIIMX MHOKECTBAX 1 BHIBOJT IAHHBIX
MHOYECTB.

0) HaxoxxieHre MHO>KECTBA TTOJIOKHUTETBHBIX HEUETHBIX YHCeNT He KpaTHBIX 3. JlaHHOe
MHOKECTBO HE JOJDKHO XPAaHUTBCS B KAKOW-TTOO MePEMEHHOM.

B) Haxox1eHre HaMEeHbIIIETO TAKOTO YUCIIa, YTO OHO PUHAIIICIKUT TOJIBKO 1 13
MPEACTaBICHHBIX MHOX€ECTB. Ecii Takoro HeT, To BoiBeAuTE 0.

Bapuanr 3

JlaHbl 3 MHOKECTBA LIEJIBIX YMCET], IEPBOE COCTOUT U3 YUCEIN, KPaTHBIX 3, BTOPOE U3
YHCE, KPaTHBIX S, TpeThe U3 umncell, KpaTHbix 10. [IporpamMma noimkHa BEITOMHAT JAHHBIE
HWKE 3a/1a4H:

a) BBoz uncen ¢ coxpaHEeHHMEM HX B COOTBETCTBYIOILIMX MHOKECTBAX U BBIBOJ JAHHBIX
MHOYKECTB.

0) HaxoxxieHnrie MHOKeCTBa YHCe, KpaTHBIX 15, HO He KpaTHbIX 2. [laHHOE MHOXeE-
CTBO HE JIOJDKHO XPAHUTKCS B KAKOW-JTIMOO TepeMEeHHOM.

B) HaxoxieHre HanOoJIbIIero yucia, KpaTHoro 3 u He KpaTHOro S wim kpatHoro 10.

Bapuanr 4

JlaHbl 3 MHOKECTBA LIEJBIX YHCEIL, IEPBOE COCTOUT U3 YUCENL, KOTOPBIE JIENATCS Ha 3 C
OCTAaTKOM 2, BTOPOE U3 YUCEJl, KOTOPBIE IEJIATCS HA 3 C OCTATKOM 2, TPETHE U3 YMCEI, Kpat-
HbIX 2. [Iporpamma noyKHA BBITOTHSTH TaHHBIE HUKE 3a/1a4H:

a) BBoJ1 uncen ¢ coxpaHeHHeM UX B COOTBETCTBYIOIIMX MHOKECTBAX U BHIBOJT IAHHBIX
MHOYKECTB.

0) HaxoxkieHre MHOXKeCTBa HEUETHBIX YMCENT, KOTOPBIE IENIATCS HAa 6 OCTaTKOM 5.
JlaHHOE MHO>KECTBO HE JOJDKHO XPAaHUTBCS B KAKOW-TTMOO MEPEMEHHOM.

B) HaxoxieHre HanOoJIb1Iero yucia, KOTOpoe JIETUTCS Ha 6 WK ¢ OCTaTKOM 2, UJIH C
octatkoM 4, wim 0e3 octaTka. Ecim Takoro umncia Het, TO BeiBeuTe (.

Bapuanrt 5

Jlanbl 3 MHOKECTBA LIEJIBIX YMCEI, IEPBOE COCTOUT U3 YUCEIN, KOTOpbIE OoJblIe 25,
BTOPOE U3 YETHBIX YUCEI, TPETHE YUCEN, MOYJIb KOTOPBIX SIBJIIETCS JBY3HAYHBIM YHCIIOM.
IIporpamma J10/5KHa BBITTOJHATH JAHHBIE HUKE 330a4M:

a) BBoz uncen ¢ cOXpaHEHHEM HX B COOTBETCTBYIOILIMX MHOKECTBAX U BBIBOJ| JAHHBIX
MHOKECTB.

0) HaxoxieHrie MHOKECTBA HEUETHBIX YHCE C IBY3HAUHBIM MOJTYJIEM MEHbILE 26.
JlaHHOE MHO>KECTBO HE JOJDKHO XPAHUTHCS B KAKOW-TTMOO MEPEMEHHOM.

B) Haxox/1eHre HauMeHbILEro Mo MO0 YETHOTO YMCIIa, KOTOPbIE HE SIBIISIETCS JBY -
3HAYHBLIM Wi Oosnbire 25. Ecam takoro urcia Her, To BeiBeaute (.
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Bapuanr 6

JlaHbl 3 MHOKECTBA BEILIECTBEHHBIX YHCEIL, IEPBOE COCTOUT U3 YUCENl, KOTOPhIE
OKPYTJISIIOTCS JI0 LIEBIX B OOJIBIIYIO CTOPOHY, BTOPOE M3 YHCEN, KOTOPBIE OKPYTJISIOTCS JI0
JIECATKOB B MEHBIIYIO CTOPOHY, TPETHE U3 YHCEI, LIENAst YacTh KOTOPBIX 4€THas. [ Iporpamma
JIOJKHA BBITIOJIHATD IAHHBIE HIDKE 3a1a4K:

a) BBoJ1 uncen ¢ coxpaHeHreM UX B COOTBETCTBYIOIIMX MHOKECTBAX Y BHIBOJT IAHHBIX
MHO>KECTB.

0) HaxoxieHrie MHOKeCTBa YHCEN ¢ YETHOM LIENION YacThIO, KOTOPbIE OKPYTIISFOTCS JI0
LEJIBIX B Ty K€ CTOPOHY, UTO U JI0 AECATHIX. J[aHHOE MHOYKECTBO HE JIOJKHO XPAHHUTHCS B Ka-
KON-1TM00 TIEpEeMEHHOM.

B) HaxoxxneHne cymMbl unces ¢ HeYETHOM 1IEN0M YacThiO, KOTOPBIE WU TOJIBKO
OKPYTJISIFOTCS IO JECATKOB B MEHBLIYIO CTOPOHY, WJIA TOJIBKO OKPYIJISIFOTCS JI0 LIENBIX B
OOJTBIITYIO CTOPOHY.

Bapuaur 7

JlaHbl 3 MHOYKECTBA BEIECTBEHHBIX YHCEIL, [IEPBOE COCTOUT U3 YUCEI, PA3PSAIbI €11~
HUII ¥ IECATBHIX KOTOPBIX COBITA/IAIOT, BTOPOE M3 YHCEIT, LIENIAs YacTh KOTOPBIX paBHO 0, Tpe-
ThE W3 YKCeJ, KBaJ[paT KOTOPhIX OoJbiie 5. [IporpamMmMa 10/KHA BBITIOIHSTE TAHHBIE HUKE
3a7a4u:

a) BBoJ1 uncen ¢ coxpaHeHHeM MX B COOTBETCTBYIOIIMX MHOKECTBAX 1 BHIBOJT IAHHBIX
MHOYKECTB.

0) HaxoxneHrie MHOYKECTBA YHCEN, IECSThIE KOTOPBIX HE paBHBI 0, pa3ps/ibl IECATHIX U
LIEJIBIX COBMAJAIOT, KBAIpaT MEHbIIE 5. /[[aHHOE MHOKECTBO HE JOJDKHO XPAHUTHCS B KAKOM-
100 TTePEMEHHOM.

B) HaxoxieHre cyMMbI ucest, KBapaT KOTOPBIX OOJIbIIE 5 WITH Pa3psiyl LIENbIX HEe
COBITQJIAET C Pa3psIOM JIECITHIX U paBeH 0.

Bapuanrt 8

JlaHbl 3 MHOYKECTBA BELIECTBEHHBIX YMCEJL, IEPBOE COCTOUT U3 YKCEN, KBaJpaT KOTO-
PBIX MEHBILIE KBaJPaTHOIO KOPHSI, BTOPOE U3 Urcen Ooubliie 3, TpeTbe u3 uncen Menbiie 0.5.
ITporpamma J10/1KHa BBITIOIHSTH JAHHBIE HWKE 33]Ia4H:

a) BBoJ1 uncen ¢ coxpaHeHHeM MX B COOTBETCTBYIOIIMX MHOXKECTBAX Y BHIBOJT IAHHBIX
MHOYKECTB.

0) Haxoxxnenrie MHOKecTBa uncel, MeHblIie 0.5 uim 6osnblie 3, HO He BXOASIIHX B
npoMexyToK [-1, 1]. JlaHHOE MHOXKECTBO HE JIOJDKHO XPAHUTHCS B KAKOU-JTMOO TIEPEMEHHOM.

B) HaxoxneHue cpeanero apupMeTHueckoro 4rces, KOTOphIE WK TOJIBKO OoJbIIe 3,
WX TOJILKO MeHblLe 0.5, uim ToJIbKO B IpoMexyTke [-1, 1].

Bapuaurt 9

JlaHb! 3 MHOYKECTBA CTPOK, IIEPBOE COCTOUT U3 CTPOK, KOTOPHIE HAUMHAIOTCS Ha
«a», BTOPOE COCTOUT U3 CTPOK, OKAHYHUBAIOITUXCS HA «Z», B TPETHEM CTPOKH JJTMHOM OOJIbIIIe
5. IlporpamMmma 1OKHA BBITOJIHATH JAHHBIC HUKE 33/1a4M:

a) BBoJ1 CTpOK ¢ cOXpaHEeHHEM UX B COOTBETCTBYIOIIMX MHOYKECTBAX U BBIBOJI JIAHHBIX
MHO>KECTB.
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0) Haxoxxmenrie MHOMKECTBA CTPOK KOpOUe 6 CUMBOJIOB, KOTOPhIC HAUMHAKOTCS HA «ay
Y 3aKaHYMBAIOTCS HA «Z». JIaHHOE€ MHOKECTBO HE JIOJDKHO XPAHUTHCS B KAKOH-TOO Tie-
PEMEHHOM.

B) BbIBOJI Takoii CTPOKHU, YTO €€ CUMBOJIBI CTOSIT B 0OPATHOM MOPSIIIKE CTPOKH JTFOO0T0
U3 MHOXKECTB, HAUMHACTCS Ha «Z» WM 3aKaHYMBACTCS HA «a» U JUTMHHEE 5 CUMBOJIOB.

Bapuant 10

JlaHbl 3 MHOKECTBA CTPOK, IIEPBOE COCTOUT U3 CTPOK, KOTOPBIE HAUMHAIOTCS Ha «CID»,
BTOPOE COCTOUT U3 CTPOK, OKAHYMBAIOLMXCS HA «OH», B TPETHEM CTPOKH JUTMHOW MEHBIIIE /.
IIporpamma 10JKHa BBITTOJHATH JAHHBIE HUKE 3a0a4M:

a) BBoJ1 cTpOK ¢ coxpaHEeHHEM HX B COOTBETCTBYIOLIMX MHOKECTBAX M BBIBOJI JAHHBIX
MHOYKECTB.

0) HaxoxxaeHrie MHOKECTBa CTPOK OOJIBILE 6 CUMBOJIOB, KOTOPbIE HAUMHAIOTCS Ha
«CID» M HE 3aKaHYMBAIOTCS HA «OH». J[aHHOE MHOYKECTBO HE TOJDKHO XPAHUTBCS B KAKOW-
100 IEPEMEHHOM.

B) HaxoxieHue camoil JUTMHHOM CTPOKH, KOTOPasi HAUMHAETCS HA «CIDY, 3aKaHYMBAETCS
Ha «OH» ¥ KOpo4e 7 CUMBOJIOB.

Bapmuanr 11

JlaHbl 3 MHOYKECTBA CTPOK, TIEPBOE COCTOUT U3 CTPOK, KOTOPBIE COACPKAT MOJACTPOKY
«J1a», BTOPOE COCTOUT U3 CTPOK, NIEPBBII 1 MOCJIETHUI CUMBOJIBI KOTOPBIX COBIAIAIOT, B TPE-
THEM CTPOKH YETHOM JUTMHBIL. [Iporpamma qomKHA BRINOIHATE IAHHBIC HYDKE 3a1a4H:

a) BBoj CTpOK ¢ cCOXpaHeHHEM MX B COOTBETCTBYIOIIMX MHOXKECTBAX M BBIBOJT TAHHBIX
MHO>KECTB.

0) Haxoxxmenrie MHOYKECTBA CTPOK YETHOMN JTUHBI, COACPIKAIIUX TTOJICTPOKY «J1a», HO
HE COJIEPIKAIX OAMHAKOBBIC TIEPBBIA Y MOCIEIHU CUMBOJIBL. JJaHHOE MHOXKECTBO HE T0JIK-
HO XPaHHUTKCS B KAKOW-INOO TIEPEMEHHOI.

B) HaxoxieHue camoil KOpOoTKOM CTPOKH, KOTOpasi HAUMHAETCS 1 3aKaHYMBAETCS HA
OJIMHAKOBBIE CUMBOJIbI WJTM YETHOM, HO HE COAEPKUT MOACTPOKY «J1a».

Bapuanr 12

JlaHbl 3 MHOYKECTBA CTPOK, TIEPBOE COCTOUT U3 CTPOK, KOTOPHIE HE COACPKAT OJTMHAKO-
BBbIX CUMBOJIOB, BTOPOE COCTOUT U3 CTPOK, COACPAKAIIUX | CUMBOII « », B TPETHEM CTPOKHU
JUTMHBI MeHbI1Ie 8. [Iporpamma JomKHA BRITOHATE IaHHBIC HIDKE 3a0a4K:

a) BBoz CTpOK ¢ coXpaHeHHEM MX B COOTBETCTBYIOIIMX MHOXKECTBAX M BHIBOJT TAHHBIX
MHOYKECTB.

0) Haxoxxmenrie MHOYKECTBA CTPOK, HE COEPIKAIINX OUHAKOBBIE CUMBOJIBI U CO-
nepskammx 1 CMMBOJT « », HO JyiiHHEe 7. JITaHHOE MHOXKECTBO HE JIOJDKHO XPAHUTHCS B KAKOM-
100 IEPEMEHHOM.

B) BeiBos1 Kakoro cumBoda (He Oosee 1 pasza) CTpoKH, TMHA KOTOPOI MEHbIIIE &,
KOTOpasi COIEP>KUT MOBTOPSIFOIIIMECS] CHMBOJIBI M COJCPYKUT HE 1 CUMBOI « ».
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Bapuant 13

JlaHbl 3 MHOKECTBA CTPOK, IEPBOE COCTOUT U3 MAIMHIPOMOB, BTOPOE COCTOUT U3
CTPOK JUTMHOM 4, TPEThE COCTOUT U3 CTPOK JUTMHOM 6. [ [porpamma omKHA BBIOIHATH 1aH-
HBIC HIKE 3a/Ia4M:

a) BBoJ1 uncen ¢ coxpaHeHreM UX B COOTBETCTBYIOIIMX MHOKECTBAX 1 BHIBOJT IAHHBIX
MHOYKECTB.

0) HaxoxxieHre MHOYKECTBA CTPOK, SIBIISTFOLTUXCS MAMHAPOMAaMHU, HO HE JUTUHBI 4 WiIn
6. JlaHHOE MHOKECTBO HE JIOJKHO XPaHUTHCS B KAKOW-TTOO MEPEMEHHOM.

B) HaxoxieHne KonmiecTBa CTpoK, JUTMHA KOTOPBIX 4 WK 6, HO HE SIBJISFOIIMXCS Ta-
JIMHAPOMaMHU.

Bapuanr 14

JlaHbl 3 MHOXKECTBA CTPOK, TIEPBOE COCTOUT U3 CTPOK TOJILKO U3 3arJIaBHBIX
AHTTTMIACKUX OyKB, BTOPOE COCTOUT M3 CTPOK, HaunHaronwxcs Ha « ABCy, TpeTbe cocTouT u3
CTpOK AnMHOM 6. [Iporpamma normKHa BBIONHATE JAHHBIE HIDKE 331a4u:

a) BBoJ1 uncen ¢ coxpaHeHreM UX B COOTBETCTBYIOIIMX MHOKECTBAX Y BHIBOJT IAHHBIX
MHOJKECTB.

0) HaxoxxieHre MHOXKeCTBa CTPOK, COCTOSIIIIMX HE TOJIBKO U3 3arflaBHbIX aHTJIMHACKUX
OykB, HaunHaromxcs Ha «ABCy» u aymuHoit 6. JlaHHOE MHOKECTBO HE JIOJDKHO XPaHUTKCS B
KaKON-T100 TIepeMEHHOM.

B) HaxorxneHue camoii IJTMHHOM CTPOKU, COCTOSIIEH TOBKO U3 3arjlaBHBIX
aHMIMHCKUX OyKB, HE HaunHarorencst Ha « ABCy 1 He JyiHbI 6.

Bapuanr 15

JlaHbl 3 MHOKECTBA CTPOK, IEPBOE COCTOUT U3 CTPOK TOJIBKO U3 CTPOYHBIX
AHTTIMHACKUX OYKB, BTOPOE COCTOMT U3 CTPOK, 3aKaHYUBAIOIINXCS HA «XyZ», TPETbE COCTOUT
13 CTPOK HOM 4. [Iporpamma 10ImKHA BBIITOHATD JAHHBIC HIDKE 3aa4M:

a) BBoz uncen ¢ coxpaHeHHMEM HX B COOTBETCTBYIOILIMX MHOKECTBAX U BHIBOJ JAHHBIX
MHOYKECTB.

0) HaxoxieHrie MHOKeCTBa CTPOK, COCTOSIILIMX HE TOJIBKO U3 CTPOUHBIX aHIJIMCKUX
OyKB, 3aKaHYMBAIOIIUXCS HA «XyZ» U ITTMHOM 4. J[aHHOE MHOXKECTBO HE JIOJDKHO XPAHUTHCS B
KaKOH-T100 TIepeMEHHOM.

B) HaxoxneHue caMmoii KOpOTKOM CTPOKH, COCTOSIIIICH TOIBKO M3 CTPOYHBIX
AHTTIMICKUX OYKB, HE 3aKaHUYMBAIOIIMXCS HA «XyZ» U HE JUTUHBI 4.

3aaaHwue lll

B coomeemcmesuu ¢ sapuanmom cocmasums u peanuzosamo npocpammy. Ilpeoy-
cmompemsb 06pabomky 0aunnvix ¢ ucnoavzosaruem MEHIO, cooepaicawum nynkmo:
8600 OAHHBIX, NPOCMOMP 8CeX OAHHBIX, 8bI800 OAHHBIX NO KAIOYY, YOaneHUe OaAHHbIX NO
Koyy, nouck 1, nouck 2 (ecau ykasaw 6 3aoanuu), 8vixo0. Eciu knou cogenadaem c Ka-
KUMU-TUOO XPAHUMBIMU OAHHBIMU, MO OONYCKACMCsl He XPAHUMb €20 08aH#CObl, HO Gbl-
800 dMUX OAHHBIX BCE eUé DONHCEH OCYUWECMBIISIMbCAL.

Bapuanr 1

1. Onucats crnoBapsb student, rje B kauecTBe Kiroueit ucnonb3yrorcs @HO, a B kauecTse
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3HAYEHUH coBapH co cieayrmmmu qanabiMu: @O, HoMep TpyIbl, yCIeBaeMOCTb
(MaccuB U3 MATH 3JIEMEHTOB).

Hanucate nporpammy, BBITOJHSIOUIYIO CIETYIOUIUE TEUCTBUS:

* BBOJI JaHHBIX C COXPAaHEHUEM B CJIOBAPE;

* MIOMCK 3alKCceil, B KOTOPBIX CpeHuid 6an cryaeHTa Oounblie 4,0;

* [IOMCK 3alKceil, B KOTOPBHIX COBNAAAIOT HOMEPA IPYIII CTYIECHTOB.

Bapuanr 2

Omnucats cnoBaps aeroflot, rie B kauecTBe KItoUel UCIIOJIb3YIOTCS HOMEpa PEIcoB, a B
KaueCTBE 3HAYECHUI CII0OBapH CO CIICIYIOIINMHU JaHHBIMU: HA3BAHUE ITyHKTA Ha3HA4e-
HUS perica, HOMep peiica, BMECTUMOCTD, THUIT CaMOJIETa.
Hanmcars nporpamMmy, BBITIOJHSIOMIYIO CIEAYIOMINE ACHCTBUA:
* BBO/I JJaHHBIX C COXPAHEHUEM B CIIOBAPE;
* TOMCK 3alMCEeN, B KOTOPBIX MYHKT HA3HAYEHHUSI COBIIAAET C BBEJICHHBIM C KJIABHA-
TYpBL;
* IIOWCK 3alMCEH, B KOTOPBIX BMECTUMOCTD CAMOJIETa HE MEHEE BBEJACHHOM C KJIABH-
aTypBhl.
Bapuanr 3

Omnucarsb cioBapsh train, TJie B KaueCTBE KIIIOYEH UCIIONIB3YIOTCS HOMEpa MOe3/10B, a B
KaueCTBE 3HAYEHUN CJIOBApU CO CICAYIOIIMMHU JTAHHBIMHU: HOMEp I0e3/1a, Ha3BaHUE
IyHKTAa HA3HAYEHHUS peiica, BpeMs OTIIPABIICHHUSI, BPEMS B ITYTH.

HamnrcaTte nporpaMmy, BBITTOJTHSONIYIO CIEIYIOIINE IEUCTBUA:

* BBOJ JIAHHBIX C COXPAHEHUEM B CIIOBAPE;

* TIOWCK MOE3J0B, OTIPABIISIIOUIMXCS TIOCIIE BPEMEHU, BBEJICHHOTO C KJIaBUATyphl B

TEYCHUU OJMKANTINX JBYX YaCOB;
* TIOWCK IOE3/I0B, OTIPABIISIIOIIMXCS B MyHKT HA3HAUYECHUS, BBEJCHHBIN C K1aBUATY-

pBL.
Bapuanr 4

Omnwucate cinoBapsb tourist, I1e B KaUe€CTBE KIIFOUEH HCIOIb3YIOTCS HOMEpa MapLIpyTOB,

a B KauecTBE 3HAYEHMI CJIOBApU CO CIEAYIOIIMMH JaHHBIMH: HOMEP MapuIpyTa,

HAaMMEHOBAaHHWE HAYaJIbHOTO MYHKTa MaplIpyTa, HAaMMEHOBAaHUE KOHEYHOI'O MyHKTa

MapIuipyTa, BpeMsl B MyTH.

Hanncates mporpammy, BBITOJIHSIOLIYO CJIETYIOLIUE TEUCTBUS:

* BBOJI JJAHHBIX C COXPAHEHUEM B CIIOBAPE;

* IIOMCK MapuUIpyTOB, HAUMHAOIINUXCS B IIyHKTE, HAMMEHOBAaHNE KOTOPOI'O BBEIEHO C
KJIABUATYPBL;

* TIOHMCK MaplLIpyTOB, 00IIee BpeMs MPOXOXKJIEHUS KOTOPHIX HE MPEBBIIIAET BpeMe-
HU, BBEJICHHOT'O C KJIaBUATYPHI.

Bapuanr 5

Omnwucars cia0Bape note, riae B Ka4eCcTBE KIIOUYEH HCTIONB3YIOTCS HOMEpa TenedoHa, a B
KaueCTBE 3HAYCHUH CIIOBAPH CO CIICAYIONMMHU TaHHBIMU: (haMUJIUs, UMSI, HOMEp TeJie-
¢oHa.

Hamnucate mporpamMmy, BBITTOTHSIFOITYO CJICTYIOITUE TCHCTBUS:

* BBOJI JaHHBIX C COXPAHCHUEM B CJIOBApE;

* TIOHMCK BCEX 3alKCeid, y KOTOPBIX HadajJo HOMEpa COOTBETCTBYET BBEACHHOMY Ha-
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0Opy CUMBOJIOB;
* IIOMCK BCEX HOMEPOB, KOTOPbIC IPHHAJICKAT JIIOASIM C BBEACHHOM (paMUIIHEH.

Bapuanr 6

Onucate cioBaps znak, r7ie B KauecTBe Kirodeil ucnonb3ytorcas OUO, a B kayecTBe
3HAYEHUH CJIOBApH cO cienyromumu JanHbiMA: MO, nata pokaeHus, 3HaK 30/1MaKa.
HamnmcaTte nporpaMmy, BBITOJTHSIONLYIO CIEIYIOIIME TEVUCTBUA:

* BBOJ JJAHHBIX C COXPAHEHUEM B CIIOBAPE;

* IIOWUCK MH(OPMALMHU O JIFOJAX, POJUBIIMXCS CETOAHS;

* TOWUCK MH(OpMALMHU O JIFOJSAX, POJUBILIMXCS 101 BEJICHHBIM 3HAKOM 30/1MaKa.

Bapuant 7

Omnwucats cia0Baps price, re B Ka4eCcTBE KIII0UYEH HCIONb3yIOTCSI HAMMEHOBAaHUS TOBa-

POB, a B KAUECTBE 3HAYEHUI CJIIOBAPU CO CIAEAYIOIIMMHU JIaHHBIMU: HAUMEHOBAaHUE TO-

Bapa, Ha3BaHME Mara3nHa, B KOTOPBIA TOBAp OTIPY>EH, CTOUMOCTb TOBapa.

Hanucate nmporpammy, BBITOJHSIOUIYIO CIETYIOUIUE TEUCTBUS:

* BBOJI JaHHBIX C COXPAaHEHUEM B CJIOBAPE;

* MOMCK MH(OpMalUU O Mara3uHax, B KOTOpPbIE OTTPYKEH TOBap, HA3BaHHUE KOTO-
pOro BBEJEHO C KIIaBUATYPBHI;

* MOMCK MH(OpPMAIMU O TOBApaX, CTOMMOCTh KOTOPBIX HE MPEBBIIIAET CTOUMOCTD,
BBEJICHHYIO C KJIaBUATYPHI.

Bapuanr 8

Omnucarb cinoBaps order, r71e B KauecTBe Kitoueit ucnons3yrorcs MHH, a B kauecte

3HAQYCHUH CIIOBapd CO CICAYIOIIMMH JaHHBIMH: (QaMuaus ¢ HWHUIUAIBI

Hajoromarenasiuka, MTHH Hamoromnarensika, cyMma Hajaoroo0JI0KEHHS.

Hanmcars nporpamMmy, BBITIOJHSIOMIYIO CIEAYIOMINE AEHCTBUSA:

* BBOJ JAHHBIX C COXPAHEHHUEM B CJIOBApE;

* IIOWCK MH(OpMAIMK O HAJIOTOILIATEIbIINKAX ¢ BBEIEHHONW (paMuInei;

* MOUCK MH(OpPMALIMKU O HAJIOTOIIATEIIBIIUKAX, YeH CyMMapHBI HAJIOT IPEBHIIIAET
CyMMY, BBE€JICHHYIO C KJIABUATYPHI.

Bapuant 9

Omnwucate cioBaphb car, Iie B Ka4eCTBE KJIIOYEH HCIMOJIb3YIOTCS PETHCTPALMOHHBIC

HOMEpPA, a B KAUECTBE 3HAUYCHUH CJIOBAPHU CO CICIYIONIMMHU TAHHBIMU: MapKa aBTOMO-

OWJIsA, TOCYAapCTBEHHBINA PErUCTPALMOHHBINA HOMED, (PamMuIIus BiIa1eIbla, HHUIMAIIBI

BJIa/IeJblia, TPOOEr MOKBAPTAIbHO (MAaCCUB U3 YETHIPEX DJIEMEHTOB).

HamnrcaTte mporpaMmy, BBITTOTHSIONIYIO CIEIYIOIINE IEUCTBUA:

* BBO/I JJaHHBIX C COXPAHEHUEM B CIIOBAPE;

* TOHMCK MH(OpMAIUK O BlIaJebIlaX aBTOMOOMIICH, Mapka KOTOPOTO BBEICHA C KJla-
BHUATYPHI;

* moHUCK nH(popManuu 00 aBTOMOOWIISX, Y KOTOPBIX CyMMapHbIN mpoder 3a 2 u 3
KBapTaJIbl HE MPEBBIIACT 3HAYCHUE, BBEJICHHOE C KJIABUATYPHI.

Bapuant 10

Omnwucats cioBapsp student, rae B KauecTBe KIKOYEH HCIOJIB3YIOTCA CEPUM U HOMEpa
MacrnopToB, a B KAUECTBE 3HAYECHUI CIOBapH CO CIAEAYIOMIMMH JTAHHBIMU: (aMuius,
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MMsl, OTYECTBO, CEPHSI U HOMEP MaCIIOpTa, JaTa BbIIAYH.

Hanucars nporpammy, BBIOJHSIOMIYEO CHEAYIOMINE AEHCTBUSA:

* BBO/I JIAaHHBIX C COXPAHEHUEM B CIIOBAPE;

* TOMCK 3aIUCEN, B KOTOPBIX COBIIAJAET UMSI CTYACHTA;

* TIOMCK 3aMHUCEN, B KOTOPBIX COBIIAIAET MECSI BbIIA4YH MACIOPTA.

Bapuant 11

Onucatk cnoBaps aeroflot, rie B kauecTBe KIt0Uel UCIOJIb3YIOTCS HOMEpa PEiicoB, a B

KAueCTBE 3HAYECHHUI CIIOBAPU CO CIEAYIOIIMMHU JaHHBIMU: HOMEp peiica, Bpems

OTHPABJIEHUS, BPEMSI HAUaJIa pErUCTpalvy, TUIl CAMOJIETA.

HamnrcaTte mporpaMmy, BBITOJTHSIONIYIO CIEIYIOIIHNE IEUCTBUSA:

* BBOJ JIaHHBIX C COXPAHEHUEM B CIIOBAPE;

* [IOWCK PEICOB, pErUCTPalMs HA KOTOPBIE YKE€ HAayaaach MO OTHOLIEHHUIO KO BpeMe-
HU, BBEJICHHOMY C KJIaBUATyphl, HO €II€ HE 3aKOHYMWJIACh (BPEMEHEM OKOHYAHUS
pErucTpaluy CYUTACTCA BpeMsi OTIpaBieHus MUHYC 20 MUHYT).

Bapuanr 12

Omnucate cnoBapb worker, T7ie B KaueCTBe KJII0YE HCIOIB3YIOTCS (paMUINU U HHULIH
aJibl, a B KAYECTBE 3HAUEHU CJI0BapH CO CIEAYIOIKUMH JaHHBIMU: (DAMUIIAA U UHULIM-
asbl pabOTHHKA, JaTa POXKIAECHUS, FOJ1 HaYaja Tpy10BOM AeSTENbHOCTH, IO/ IOCTYILIe-
HUS Ha padoTy.

Hanucars nporpamMmy, BBIOJHSOILYIO CIE€IYIOIINE JEHUCTBUS:

* BBOJ JJaHHBIX C COXPaHEHHEM B CJIOBAPE;

* TIOHUCK COTPYAHMKOB, YeH TPYJOBOM CTak HE MEHEE BBEIEHHOTO C KJIaBUATYPhI;

* IIOMCK COTPYAHHUKOB, POJUBIIMXCS B TEUEHHE MECSLA, BBEAECHHOTO C KJIIABUATYpHI.

Bapuant 13

OmnucaTh cl0Baphb train, T/ie B KA4eCTBE KIFOUEH HUCIIONB3YIOTCS HOMEpa Moe3/0B, a B
KauecTBE 3HAYCHUI CJIOBApU CO CIACAYIOIMIMMH JaHHBIMUA: HOMEpP IMOe3/1a, Ha3BaHUE
MyHKTa Ha3HAYCHUS peiica, KOMMYECTBO CIMAbHBIX, KyMCHHBIX U IUIAIKAPTHBIX MECT

(CTIFICOK M3 TPEX JIEMEHTOB), KOJIMYECTBO CBOOOIHBIX CIATBHBIX, KyNEHHBIX U TUTAIl-

KapTHBIX MECT (CITUCOK U3 TPEX JIEMEHTOR).

Hamnucate mporpamMmy, BBITTOTHSIFOITYO CJICTYIOITUE TCHCTBUS:

* BBOJI JaHHBIX C COXPAHCHUEM B CJIOBApE;

* TIOWCK TI0€3]I0B, OTIIPABJISIOIINUXCS B MMyHKT HA3HAYCHUS, BBEICHHBIN C KIaBHATY -
PBI 1 UMEIONINX KOJIUYECTBO CBOOOHBIX IUIAIKAPTHBIX MECT, 3aJJaHHBIX MOJI30-
BaTEJICM.

* Ilouck moe3na ¢ HAaMOONBIIUM OTHOIIIEHHEM CBOOOIHBIX MECT K OOIIEeMY KOJIUYe-
CTBY ISl BBEIEHHOTO TUTIA MECTA.

Bapuanr 14

OnwucaTe cioBapp note, rje B Ka4eCTBE KIKOYEH MCHOJIB3YIOTCS 1aThl, 3 B KA4€CTBE
3HAYEHUH CJIOBApH CO CIEAYIOIIMMHU JaHHBIMU: (haMUJIusl, UMs, JaTa BCTPEUH, MECTO
BCTPEUMU.

HamnmcaTte nporpaMmy, BBITOJTHSIOIIYIO CIEIYIOIINE TEUCTBUA:

* BBOJ JJAHHBIX C COXPAHEHUEM B CIIOBAPE;

* MOMCK MH(OpPMALMU O BCTpEYaX, C YEJIOBEKOM C (haMUIMel U MMEHEM, BBEICH-
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11.

12.
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HBIMH C KJIABUATYPBHI;
MOVCK WH(POPMAIIUK O BCTPEUax, HA3HAYCHHBIX B MECTE, BBEJICHHOM C KJIaBUATY-

pBI.
Bapuanr 15

OnucaTte cioBapb price, IZle B Ka4eCTBE KIIOUEH HCIONb3YIOTCA KOPTEXKH BUIA
(HauMeHOBaHWE Mara3uHa, HAMMEHOBaHUE TOBapa), a B KAU€CTBE 3HAYEHUH CIIOBapH
CO CIEAYIOIIMMH JAaHHBIMUA: HAMMEHOBaHUE Mara3uHa, HAMMEHOBAaHUE TOBapa, KOJIU-
4YeCTBO TOBapa Ha CKJajie, CTOMMOCTh TOBapa.

Hanucates nmporpammy, BBITTOJHSIIONIYIO CJIETYIONIUE TEUCTBUS:

BBO/I JIAHHBIX C COXPAHEHHUEM B CIIOBAPE;

MOUCK MH(OpPMAIIUU O Mara3uHax, B KOTOPBIX €CTh TOBAp, HA3BaHUE KOTOPOTO BE-
JIEHO C KJIAaBHATYpPBhI, CO CTOUMOCTbBIO, HE MPEBBIIIAIOIICH 3HAUEHUE, BBEJICHHOE C
KJIaBUATYPBI.

KoHTponbHbIe BONpoOCHI

B kakux ciiyyasix MOKHO MCIOJIb30BaTh MHOKECTBA?

Kakue nerictBus HaJ MHOKECTBAMU MOYKHO COBEPIIATH?

Kak M0>XHO IPONTHCH MO BCEM 3JIEMEHTAM MHOKECTBA?

MoXxeT 11 MHOKECTBO HECKOJIBKO OJJMHAKOBBIX 3JIEMEHTOB?

MoxeT 11 MHOKECTBO COAEPKaTh 3JIEMEHTHI pa3HbIX TUIIOB? Bce nu Tumbl JaH-
HBIX MOYET COJEpKaTh MHOXKECTBO?

B kakux cityyasix MOHO MCIOJIb30BaTh CJIOBApU?

UTo siBAsIeTCA KIOYOM CII0Bapsi, a uto 3HaueHueM? Kakas pazHuna Mexxay HUMH ?
Kak MOXHO IPOUTHCH IO BCEM BJIEMEHTAM CJIOBaps?

Kakue neficTBus Haj ClI0BapsSIMU MOXKHO COBEpIIATh?

Mosxet mu GyHKIHSA OBITh apryMeHTOM Japyroi pyHkiuu? Eciu na, To mpuBeauTe
MIPUMEDPBIL.

B uém oTimmumnTenpHas ocobenHocTh defaultdict u koraa ero mydre uCmoab30BaTh
BMECTO CTAHAAPTHOTO CJIOBaps?

B kakux ciydasix UCIOJIb3YIOTCSI aHOHUMHbIE (DYHKIIUN?

[ToyeMy B HEKOTOPBIX CUTYaIMSIX Jy4llle UCIIOJIb30BaTh AHOHUMHBIE (DYHKIIUH, a
HE CTaHJapTHbIC?

NMpumep BbinonHeHua 3agaHus |

3aganue

1. Omnwmcarb coBaph university, rje B KaueCTBE KIIIOUEH UCIIONb3YIOTCS Ha3BaHUSI HHCTH
TYTOB, @ B KAYECTBE 3HAYCHUH CJI0BAPb, KIIFOUaMU KOTOPOTO SBJISIFOTCS KOJbI TPYIIIL, a
B KQUE€CTBE 3HAYECHMH CIIOBAPH CO CIEAYIOIINMHU JAaHHBIMU: HA3BAHUE UHCTUTYTA, KOJI
rpymmnbl, MHOKeCTBO @PUO cTyIeHTOB rpyniibl, CI0Baph C KJIOUYaMH B BUJIC HA3BaHUM
MPEIMETOB, a 3HAYCHUSIMUA B BUJIE CPEAHETO apu(METUUECKOTO HUTOTOBBIX OIEHOK
CTYJICHTOB.

2. Hanucars mporpamMmmy, BBINOJHSIONIYIO CIEAYIOIINE AEHCTBUSA:

® BBOJ JAaHHBIX C COXPAaHCHUCM B CJIOBApPE;
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e [louck rpymibl ¢ HAKOONBIIAM CPETHUM APUPMETHICCKAM XPAHUMBIX JTAHHBIX
00 OILIEHKAaX /ISl KaX/I0ro HHCTHTYTA.
e [Tlouck npenMera ¢ HaUBBICIIEH cpeiHEN apuPMETHIECKOM OLIEHOK CPEAH BCEX
TPy
1. Pemenne

Jlnia XxpaHeHus JaHHBIX BOCTOdb3yeMcs ThroM AaHHbix defaultdict ¢ aprymenTom
dict, Tak KaK 3TO MO3BOJIMT HAM B OJTHOM CTPOKE 33aBaTh KJIIOYH C HA3BAaHUEM HHCTUTYTA
¥ KOJIOM TPYIIIIBI H3-32 OTCYTCTBUSA HEOOXOIMMOCTH 33/1aBaTh KaXXJI0My HOBOMY KITIOUY,
0003HAYAOIIEMYy HHCTUTYT, CIIOBAPh B KAU€CTBE 3HAYCHHUSI.

Jlns BBOJA NaHHBIX onuiieM (QyHKUOUIO input grades, MpeICTaBIsIONIYI0 HH-
Tepdeiic BBOJa U BO3BPAILIAIOIIYIO0 KOPTEX M3 Ha3BAHUS MHCTUTYTA, KOJA IPYIIIbI U CIIO-
Bapsi ¢ uHpopmanuenr o rpynne. s Oosblield YUTAa€MOCTH KOJa ONMIIEM B HEH
noadyHkuu input  grades u input_students, npeacrasistomue nHTepdeiic BBOJA U BO3-
BpalllalolUe CIOBaph OL[EHOK U CIIUCOK CTYAECHTOB.

Jlst BeIBO/Ia ommiieM (GyHKIIMU output group, output institute u output univer-
sity. [lepBble aBEe BBIBOJAT HH(MOPMAITUIO O MTOJAHHBIX B KAYECTBE apTyMEHTOB CIIOBapei
¢ nH(popmarmen o rpymIe u UHCTUTYTE. TPeThs MpeACTaBisieT nHTepdeic s BpIOOpa
BBIBOJMMBIX JaHHBIX, TO3BOJISS BBIBECTH WH(OPMAIMIO O BCEX HHCTUTYT, OJHOM
BBEIOPAHHOM U O BRIOPAHHOW W3 MHCTUTYTA TPYTITIHL.

Jl1is mpenoTBpamieHns ommO0K U OMeUaTOK MPHU BBOJE BOCHONB3yeMCs (PyHKIINN
get_close_matches moayns difflib. Jlannas pyHkius npuHuMaeT B KauecTBE apryMEHTOB
CTPOKY U OOBEKT, XpaHSIIHA CTPOKH, a BO3BPAIAET CIIUCOK CTPOK, B KOTOPOM DJIEMEHTHI
YIOPSAIOYEHBI 110 YOBIBAHUIO CXOKECTU € MOJaHHOM cTpokoi ([ns 6onbiieit nudopma-
IIUY O TAaHHOW (hyHKIIMH MO>KHO BOCTIOJIb30BaThes hyHKIMeH help).

[epBriii mouck 3aganus OyAeT BHIONHATHCS PyHKIMeH searchl. Ona Oyaet npea-
CTaBJIATH COOOM reHepaTop, KOTOPBIM MOocpeACTBOM Iepedopa Jlsl KakJ0ro HHCTUTYTa
HAXOJIUT TIOIXOISAIILYIO TPYIITY ¥ BO3BpalIaeT UHPOpMaIrio o HEel.

Bropoii mouck 3amaHusi OyneT BHIMOMHATHCS ¢yHKIuen search2. Cosmamum
oowekt Tuna defaultdict c aprymentom lambda: [0, 0]. ITociie aToro mepedepém Bce npe-
METHBI U KaKIOW TPYMINbl M COOTBETCTBYIOLIEMY 3HAUEHUIO MO KIIIOUY, SBIISIOIIUMCS
Ha3BaHUEM JUCIHILTUHBI, OyJieM 100aBiATh K 0-My 2JIEMEHTY OIEHKY, K 1-My eTuHUILY.
JIJ1s MoMcKa Hy>KHOTO ITpeIMeTa BOCIIONb3yeMcs (DyHKIIMEH max, B Ka4YeCTBE apIyMEHTOB
oM Ha3BaHUsSl MPEIMETOB M aHOHUMHYIO (YHKIIMIO, HAXOSIIYIO MO Ha3BaHUIO
npeaMeTa CPEAHIOI0 OIICHKY M0 HEMY.

2. IIporpamma

import os

from collections import defaultdict
from difflib import get_close_matches

def input_new_group():
def input_students():
os.system("cls")
print ("BeBoaute OMO CTyAEHTOB MOCTPOYHO. [NA OKOHYaHWA BBeAUTE MyCTYHW
cTpoky™)
students = list()
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while student := input().title():
students.append(student)
return students

def input_grades():
os.system("cls")
print("BBoauTte npeameT W CpPeaHN OLEHKY MO HeMy MOCTPOYHO. [NA OKOHYa-
HWA BBOAA BBeaMTe NYyCTyl CTpoky")
grades = dict()
while subject with_grade := input().split():
subject, grade = " ".join(subject_with_grade[:-1]), int(subjec-
t with_grade[-1])
grades[subject.capitalize()] = float(grade)
return grades

os.system("cls")
institute = input("BBegute uHcTUTYT: ").capitalize()
grout _code = input("BBegute kog rpynnbi: ").upper()
group = dict(

students=input_students(),

grades=input_grades()

)

return institute, grout_code, group

def output_group(group, group code):
print (f"CtyaeHTbl rpynnbl ¢ kogom {group code}:")
for student in group["students"]:
print("\t" + student)
print(f"CpegHve oueHkM CTyaeHTOB No npeameTam:™)
for subject, grade in group["grades"].items():
print(f"\t{subject}: {grade}")

def output_institute(institute, institute name):
print(f"WHPopmauma o rpynnax {institute_name}", end="\n"*2)

for group _code, group in institute.items():
output_group(group, group_code)
print()

def output_university(university):
os.system("cls")
institute _name = input("BBeguTe Ha3BaHMe MHCTUTYTa WIM HaxmuTe Enter:
").title()
if institute name and institute_name not in university:
matches = get close_matches(institute_name, university.keys())
if len(matches) == 0:
print ("\n[aHHbli UHCTUTYT He HaingeH")
input ("\nHaxmmute Enter [Ana npoponxeHua™)
return None
else:
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institute_name = matches[Q]

if institute name:
institute = university[institute_name]
group_code = input("BBeauTe Kog rpynnbl uauM Haxmute Enter: ")
print()
if group_code and group_code not in institute:
matches = get_close_matches(group_code, institute.keys())
if len(matches) ==
print("\n[aHHaa rpynna He HaWgeHa")
input ("\nHaxmuTte Enter [Ona npogomkxeHus™)
return None
else:
group_code = matches[Q]
if group_code:
group = institute[group code]
output_group(group, group_code)
else:
output_institute(institute, institute_name)

else:
print ("MHpopmauma obo Bcex MHCTUTYyTax:", end="\n")
for institute _name, institute in university.items():
output_institute(institute, institute_name)
print(end="\n\n")

input ("Haxmute Enter Lna npogmonxenHua™)

def delete_ from(university):
os.system("cls")
institute_name = input("BBeauTe Ha3BaHWe WMHCTUTYTA Wan HaxmuTe Enter ana
ypaneHns Bcex AaHHbix: ").title()
if institute name and institute name not in university:
matches = get _close_matches(institute_name, university.keys(),
cutoff=0.8)
if len(matches) == 0:
print ("\n[aHHbli UHCTUTYT He HangeH")
input ("\nHaxmmute Enter [Ana npogonxeHua™)
return None
else:
institute_name = matches[0]

if institute_name:
institute = university[institute name]
group _code = input("BBeauTe kog rpynnbl uam HaxmuTe Enter ana ynanexus
MHCTUTYTa: ")
print()
if group_code and group_code not in institute:
matches = get_close matches(group_code, institute.keys(),
cutoff=0.8)
if len(matches) ==
print ("\n[aHHas rpynna He HaWgeHa")
input ("\nHaxmuTte Enter [Ona npogomxeHusa™)
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return None
else:
group_code = matches[9]
if group_code:
institute.pop(group code)
else:
university.pop(institute name)

else:
university.clear()
print ("YpaneHve 3aBepweHo")
input ("Haxmute Enter [ns npogonxeHus")

def get choice():
os.system("cls")

print(
"1l - JobaBuTb HOBYW rpynny",

2 - YpanuTtb OaHHble",

3 - MNpocmoTpeTb MHPopmMaumw o rpynne'”,

"4 - TpocmoTpeTb MHPOpMaUM O Ayywux rpynnax”,

5 - HaiTu npeameT C Haunydwen OUEHKOW cpeau Bcex rpynn”,

6 - MNpekpaTuTb BbINOJAHEHME Nporpammbl”,

sep="\n", end="\n"*2

)
try:

choice = int(input("BBeauTte HoMep KoMaHgbl - "))
except ValueError:

choice = ©

return choice

def searchl(university):
for institute in university.values():
best_grade, best _group = @, (None, None)
for group_code, group in institute.items():
grades = group["grades"].values()
if mean_grade := sum(grades)/len(grades) > best_grade:
best_grade = mean_grade
best_group = group_code, group
yield best_group

def search2(university):
subjects = defaultdict(lambda: [0, ©])
for institute in university.values():
for group in institute.values():
for subject, grade in group["grades"].items():

subjects[subject][@] += grade
subjects[subject][1] += 1

return max(subjects.keys(), key=lambda x: subjects[x][@]/subjects[x][1])
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university = defaultdict(dict)
finish = False
while not finish:

choice = get_choice()

if choice == 1:
institute name, group code, group = input_new_group()
if matches := get close _matches(institute_name, university.keys(), cut-
0ff=0.85):

institute_name = matches[0]
if matches := get_close matches(group_code, university[institute -
name].keys(), cutoff=0.95):
group_code = matches[0]
university[institute name][group code] = group
elif choice == 2:
delete_from(university)
elif choice == 3:
output_university(university)
elif choice == 4:
os.system("cls")
print ("/lyqwme rpynnbl Kaxgoro vHcTMUTyTa:", end="\n"*2)
for group_code, group in searchl(university):
output_group(group, group_code)
input ("\nHaxmuTte Enter [Ona npogomkxeHus")
elif choice == 5:
os.system("cls")
print("MpeameTom C HauBbicwelh oueHkon apnsetca”, search2(university))
input ("\nHaxmuTte Enter [Ona npogonmxeHus")
elif choice ==
finish = True
else:
os.system("cls")
input ("BBeneHa HeBepHas KomaHAa. Haxmute Enter ana npoponxeHua™)

Cnucok JiuTeparypbl, peKOMEH1yeMbIid K UCI0JIb30BAHUIO 10 TAHHOM
TEME

[1] cTp. 128 - 135

[4] cTp 195-203, 279-300, 585-591

[6] cTp. 53 — 59

[11] https://informatics.msk.ru/course/view.php?id=156#section-16
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IpakTuueckoe 3ansaTue Ne§
DaiJibl

HEJIb: nzyuenue QpyHKIuu open v 6a30BbIX CIIOCOO0B padOTHI ¢ paiiiamu, MepeMeHHbIX
sys.stdin, sys.stdout, sys.stderr

3HaHMs1, YMEeHHUS U BJIA/IeHUs1, IpUodpeTaeMbie 00y4aOUIMMCs B pe3yJbTare 0CBoe-
HMS TeMbl, B paMKax (popMHupyeMbIX KOMIEeTEHIH i (OIK-8): CM. IPUIIOKEHHE 2: BbIpa-
0aThIBAETCSl HaBBIK pa3pabOTKU MAaTEMATHUYECKUX, HHPOPMAIITMOHHBIX U UMUTAIIMOHHBIX
MojieTieH, a Takxke GopMupyercs CocoOHOCTh K pa3padOTKe U MPUMEHEHHIO aJlTOPUTMU-
YECKUX U IPOTPAMMHBIX PEIIeHUH (C HCTIOIB30BaHUEM (DAiisIOB) B 00J1ACTH MPUKIIATHOTO
MPOTPAMMHUPOBAHKS C YMEHHEM OOBSICHUTH TEOPETUUYECKYI0 M TPAKTUYECKYIO 4YacThb
TeMbI (POPMUPYETCSI YaCTh YKA3aHHBIX KOMIIETEHITUN).

Teopernueckas 4acThb
8. Maiiabl

8.1 3Hakomcmeo c ¢hatinamu

Pa6ora c ¢aitnamu B Python opranuzoBana yepes moToku, HO, B OTIIHYUE OT
C++, 3TOro HE BUHO CTOJIb OTYETIMBO — BCE CIPATAHO 32 KJIACCAMU, 32 HACIEAOBAHHUEM.
YTo HYKHO MPOrpaMMUCTY, YTOObI OTKPBITH (pails, Tak 310 (pyHKUMS open. [lepBbiii
napaMmerp — nyTh K (paiiay. ITo MOXKET BBIIISACTD TaK:

file = open(“input.txt”)

B nanHom cimyuae Mbl OTKpbIBaeM (aiii input.txt, HaxomsdmiemMycs B TOH ke
JUPEKTOPUH, UTO U Hallla IpOrpaMma. YKa3blBaTh pacUIMpeHre 00s13aTesIbHO!
[TpousBosnbHBIN (Dailyl OTKpHIBAETCS TaK:

file = open(“C:/Users/User/Desktop/input.txt”)

Ham npuxomutcst yka3biBaTh moinHoe uMs (aiina. [Ipo paciupenue He 3a0bIBaeM.
Taxxe ciemyer oOparuTh BHUMaHWE HA TO, YTO KOcCasl 4epTa B MOJHOM MMeHHU (aiina
HAKJIOHEHA BIIPaBO, a HE BJIEBO, KaK yKa3biBaeTcsa B Windows.

Bropoii mapameTp — pexxuM, B KOTOPOM MBI OTKpbIBaeM (aitsi. MoKHO yKazaTh 3TOT
napameTp Kak 0e3 UMEHH, TaKk U ¢ UMEHEM mode, TOCKOJIbKY OH MMEHOBAHHBIN.

Pexxum Pacmudposka
r UreHue
3anuck (uMeBIIeecs B daidie COIePKUMOE CTUPAETCSI)
Co3pnanue HOBOTO (haitia U OTKPHITHE HA 3aIHCh
3anuck (HaurHasi ¢ KOHIIA UMEIOIIETOCs COAEPIKMMOTO)
JIBOMYHBIN PEXKUM
TeKCTOBBIN PEKUM

F C|lo | X | =
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€ 9% ¢¢ 9% ¢¢ 9 €¢_9

PexxuMbl MOJKHO KOMOMHHUPOBATH, TIPU 3TOM “r”’, “w”, “x” unu “a” uaeT paHbpliie, 4em
“p” mnam “t”. 3HaueHWe MAHHOTO MapameTpa MO yMOMYaHUIO — “rt”, TO ecTh (aiin
OTKPBIBAETCS HA YTEHUE B TEKCTOBOM pexume. [Ipeanonoxum, 4To Mbl XOTUM CAENaTh
COBCEM JIPYTO€ — OTKPHITH (haiisl HE Ha YTEHHUE, a Ha 3aMKCh, U MUCATh HE TEKCT, a OAlTHI:

file = open(“output.txt”, “wb”)

3abexuM Brepén — ¢aitn Hy>)KHO 3aKpbITh. OTKPBITHIN (Daill — MOTEHIIUATBHBIN
HCTOYHUK MPOOJIEM U IPOCTO MApa3uT, KOTOPBIA TPATUT pecypchl KommbioTepa. [lepBbiii
croco0 3To cenarh — GyHKIHS close. BBITISAETh 3TO MOXKET TaK:

file = open(“input.txt”, mode=“rb”’)
# TaMHCTBEHHAA MaruAa NpuUMeHAeTCA K coAepxumomy ¢aina
# two hours later..

file.close()

Korma mporpamMmuct HarmedaraeT 3HAYUTEIbHYIO YacTh TEKCTa MPOTPaMMBbl, OH
3a0yner nub0 TO, 4To (haili HY)XHO 3aKphITh, JMOO WM mepeMeHHol. Ecth Ooinee
yIO0OHBIH CTIOCO0 3aKPBITH (DA, © HAUMHAETCS OH C TOTO, 4TO (Paily OTKpHIBACTCS NHAUE.
JIJIs 5TOTO MCTIONB3yeM MEHEKEP KOHTEKCTa with:

with open(“input.txt”) as file:
# Kkop

[Tocne koueBOro Ca0Ba as MbI MUIIEM BCETO JUIIb UMS IEPEMEHHOM, IICEBIOHNM,
1o KoTopomy OyziemM oOpaiarhesi K 00beKTY, co3nanHomy dyHkiuen open(). Menemkep
KOHTEKCTa aBTOMATUYECKH 3aKpoeT (aily, Korja 3aBEpIIUTCS COOTBETCTBYIOMIUN OJIOK
KOJIa.

Kak roBopmiioch panee, OTKPBIThIN (aiiil — MOTSHITUATBHBIA HICTOYHHUK OITUOOK HITH,
MHaye, UCKIIIOUeHHH (exceptions). Bb1o Obl HETIOXO ATH UCKIIIOYEHUS ‘‘ToMMaTh”’, HE
JaTh UM OCTaHOBUTH PabOTy NporpaMMbl. ITO MOXKHO CJI€NIaTh TaK:

try:
with open(“input.txt”) as file:
# kopn
except:
# KO4 B Cnyyae MCKAKYeHuA

B 650K try Hy»HO TOMECTUTh MUHMUMYM KOZa, IPUTOM TaM JOJHKEH OBbITh UMEHHO
TaKoW KOJI, KOTOPBIM C HAaMOOJbIIIEeH BEPOSATHOCTHIO MPUBEIET K MCKItOUeHUI0. [1noxoi
ujieell ABIAETCS BCIO 3a/lady PElINTh BHYTPH try W, B 4aCTHOCTH, BHyTpu with! BmecTo
ATOro B with MbI UG TTpoYnTaeM (Qaiii, T. €. 3arpy3UM €r0 B OTIEPATUBHYIO MaMATh, a
MIOTOM 3aKpOeM H OyzieM paboTarh ¢ KOMHEH JaHHBIX B onepaTuBHOM naMsath. C 3amuchio
B (ailm To e caMoe: MBIl CHavajlia CO3[aJuM TEKCT WJIM TMOCJIEI0BaTEIHbHOCTh OAailT,
KOTOPYIO XOTHM 3aIMCaTh, U JIUIITh 3aTeM OTKpPOoeM (pailyr Ha 3ammch.
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8.2 YmeHue u3 ¢hauna

[TepBblii croco0 mMpounTaTh JaHHBIC U3 ¢aiiiaa — QyHKIUS read.

with open("test.txt", 'rt') as file:
text = file.read()
print(text)

Yuraem u3 Qaiina Bech TeKcT QpyHkuen read(), coxpaHseM NOIYyYEHHYIO CTPOKY B
nepeMeHHoM text, 3akpbpiBaeM (haiis, U BBIBOJUM, YTO MPOYUTAIU. A TPOUYUTAIH MBI
KPOKO3SI0pbI:

PePsC£PeP®

CIPsP+P°PeP®

PIP°CFClL PiPuC,Cll PIP°PSCI
>>>

VY  ¢ynkuuum open() ecTh HMMEHOBaHHBIM MapameTp encoding, B KOTOpPOM
YKa3bpIBaeTCs KOAUPOBKA. VcripaBuM NpeabIIy i KOI:

with open("test.txt", 'rt', encoding="utf-8") as file:
text = file.read()
print(text)

Teneps mporpamma paboTaeT NpaBUILHO:

KolwkKa
cobaka

Baca netsa BaHA
>>>

Oynkuusa read() Bo3BpamlaeT OJHY CTPOKY, BKJIIOYAIOLIYI0 CHUMBOJIBI MEpPEHOCA
cTpoku \n. JlomycTum, HaM HY)XHO coAepkuMoe (aiiia mOoJy4yuTh HE B BUIEC OAHOMN
OOJBIION CTPOKH, a B BUJE cnucka cTpok. [lepBoe, yTo mpuXoguT Ha yM — (QYHKUUS

split().
with open("test.txt", 'rt', encoding="utf-8") as file:
lines = file.read().split("\n")
print(lines)

Kon moutn He u3aMeHMIICs, a yKe HaMHOTO yjoOHee ctano. dynkuus split() emé u
yOpaJia CHMBOJTBI TIEPEHOCA CTPOKH:

[ "'kowka', 'cobaka', 'BacAa neTAa BaHA']
>>>

MoxHo ObLTO cpa3y urepuponarts file, HO Torma Ko MOTyqIHIICs ObI JITMHHEE:

with open("test.txt", 'rt', encoding="utf-8") as file:
lines = 1list()
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for line in file:
lines.append(line)
print(lines)

CuMBOJIBI IEpeHOCa CTPOKMW HHKYIAd HC HMCHUC3JIH. HY)KHBI OHHM BaM HJIM HET —
3aBUCHUT OT 3aJa4H.

[ "kowka\n', 'cobaka\n', 'BacAa neTa BaHA']
>>>

Bropoii cnoco6 untark naHHble U3 Qaitna — QyHkuus readline. OHa cCUMTHIBAET
OIHY CTpOYKy (haiiya, T. €. BECh TEKCT 10 MEPBOro nepeHoca cTpoku. Ilpu crnemyromem
BBI30BE C ATHM XK€ (PaillioM OHa MPOYUTAET BTOPYIO CTPOUKY, IOTOM — TPEThIO, U TaK
nanee. C 3To# GyHKITUEH MOXKET TOTYyUNUTHCS TaKOH KOJI:

with open("test.txt", 'rt', encoding="utf-8") as file:
lines = 1list()
line = file.readline()
while line:
lines.append(line)
line = file.readline()
print(lines)

CuMBOJIBI IEpEHOCA CTPOKH MO-TIPEKHEMY 31€ECH.

[ 'kowka\n', 'cobaka\n', 'BacAa neTAa BaHA']
>>>

Ho Bcé »T0 Bpems mMbl n3o0petanu Benocuren. Eciu daitn Hy)KHO MpoYuTaTh 1O
CTPOKaM, CaMbIM ITPOCTBIM CIIOCOOOM OyZIeT TPETHil — C TOMOIIBI0 PYHKINH readlines.
OT0 He Ta ke camas (yHKIHUsA, B KOHIIE MosBHIach OykBa s! KopoTko u 31erantHo:

with open("test.txt", 'rt', encoding="utf-8") as file:
lines = file.readlines()
print(lines)

CuMBOJIBI IIepeHOCa CTPOKHU OCTAIOTCA:

[ 'kowka\n', 'cobaka\n', 'BacAa neTa BaHA']

[Ipu pabore ¢ (aiinaMu yauTbIBaiiTe, 4TO MOCTPOUHOE CUUTHIBAHUE MOXKET TPATUTD
MEHbIIIE MaMATH, YeM CUUThIBaHHE Bcero (ailyna, U mo3BojsieT paborarh ¢ (aitnamu
OTPOMHBIX Pa3MEpOB.

8.3 3anucb e ¢paun

Kak xe 3anuceiBath B daiin? TyT Toxke He BcE€ Tak ogHO3HaYHO. [lepBbIil criocob —
byHKIMS write.

with open("test.txt", 'wt', encoding="utf-8") as file:
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file.write("kowka\ncobaka\nBaca neTts BaHA")

[lepeHoC CTPOKM HYXHO yKa3bIBaTh SIBHO IMPH BCEX CHoco0ax 3amucu B (haid.
Bropoii crioco6 — dynkius writelines. OHa TPUHUMAET CTICOK CTPOK, "
3anuchiBaeT ux B (aiin nonapsi. Eciu B cTpoke He yka3aH SBHO CUMBOJI IEPEHOCA CTPOKH,
TO OHA CTAHET YaCThIO MPEbLIYIICH.

with open("test.txt", 'wt', encoding="utf-8") as file:
file.writelines(["kowka\n", "cobaka\n", "Bacs netAa BaHa"])

HakoHel, MOXXHO HCITOIb30BaTh MMEHOBAHHBIN IMapaMmeTp file QyHKIHH print.
Yoenutech, uTo ¢aiin ene He 3aKphIT!

with open("test.txt", 'wt', encoding="utf-8") as test:
print("kowka\ncobaka\nBacs nets BaHa", end="", file=test)

He 3a0ynpTe po end="", nHa4e B KOHIIE (haiisia MOSBUTCS ITyCTast CTPOKA.

8.4 stdin, stdout, stderr

BcerpoenHblii MOyb SyS COAEPKUT B ceOe pa3iIuyHble TIEPEMEHHBIE U (DYHKITUH,
KOTOpbIE TaK WM WHA4Ye CBS3aHBI C pabOTOW WHTeprperatopa. B maHHBII MOMEHT
HapOoJiee HWHTEPECHBIMM JUISI HAc SBISAIOTCA sys input.stdin, sys.stdout,
sys.stderr, KOTOpPbIC MO3BOJISIOT Pa0OTAaTh C BBOJIOM, BEIBOJIOM M BBIBOJIOM OIITHOOK Tak
xKe, Kak ¢ ¢anaamu.

Hanpumep, MBI MOXET HCHONB30BaTh Sys.stdin.readline BmecTO input u
sys.stdout.write BMECTO print.

Tax ke 5To O3BOJISIET HaM 3aMEHATh CTaHAAPTHBIE BBOJI, BEIBOJT M BEIBOJT OIITUOOK, C
KOTOPBIMU pabOTaloOT input, print v T.11. Ha Apyrue (ailbl, HapUMep:

sys.stdin = open("input.txt", "r")

OOparuTe BHUMaHUE, YTO 3TO OyaeT paboTarh TOJIBKO €CIU Mbl UMIIOPTUPYEM
MMEHHO SYsS, a HE €0 COAEPIKUMOE.

Bonpocs! u 3a1aHus

3agaHue |

1. Coznars B biiokHOTE clieyIoiuii TeKCTOBBIN (haili:

Y MeHA cnpocunu: cKkonbko byaeT X Onep y ?
A A He 3Haw! A n Onep k ? Toxe!

MomoruTe!

Hanpuwmep:

Y MeHs cnpocunu: ckKonbko bypeTt 7 * 2 ?
A A He 3Haw! A9 / 4 ? Toxe!
MomoruTe!

2. Bam u3BecTHa cTpykTypa (aitna. Beiectu conepxxkumoe (aiisia Ha SKpaH, a B Bbl-
XOJTHOM (paiiyn 3amucaTh pe3yJbTaThl:
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X Onep y = Pe3l
n Onep k = Pe32
Hanpuwmep:
7 %2 =14
9/ 4 =2.25
3. Hcxonnbie nanHbie OepyTcs U3 TaOIUIIBI COTJIACHO BAPUAHTY:

Bap x Ome y n Ome k [Bap x Ome y n Ome Kk
1 15 + 4 7 * 8 9 23 + 37 13 * 5
2 18 - 19 18 / 4 | 10 7 - 42 37 / 6
3 9 * 6 56 - 371 11 34 * 3 14 - 53
4 23 / 5 31 + 29| 12 21 / 5 11 + 77
5 7 + 23 14 / 4 | 13 12 + 25 20 / 6
6 34 - 67 11 * 3| 14 15 - 72 54 * 2
7 21 * 2 20 + 11| 15 18 * 4 7 + 55
8§ 12 / S 54 - 32116 9 / 18 18 - 81

3apaHue i

Oyenuganue 0anH020 3a0anus 3agucum om 3¢hheKmusHoCmu UCNOIbL308AHUL NAMAMU.
s cozoanus 6xo0uwix haiinos u npoeepku peuienusi UCNOab3Yime OAHHbIU UCNOIHA-
emulil paiin.

1. lansr daiinsl input0.txt u inputl.txt. Co3ngaiite daiin output.txt, B KOTOpHIH 10-
CTPOYHO 3aMUIINTE HAUOOJIbIIIEe YHCIIO U3 KAKI0W TPONKHM Yrcel cHavdana u3 input(.txt,
a motom u3 inputl.txt.

2. Jlanbl paitnsl input(.txt u inputl.txt. Cozgaiite daitn output.txt, B KOTOpHIii Mo-
CTPOYHO 3aMUIINTE HAUMEHBIIIEE YUCIIO0 U3 KaXKI0M MATEPKU Yncel cCHavana u3 input0.txt,
a motom u3 inputl.txt.

3. Jlansl daiinsl input(.txt u inputl.txt. Co3gaiite daitn output.txt, B KOTOpHIil mo-
CTPOYHO 3alUIIUTE CYMMY YHCEJ KaXI0W CTPOKHU CHauaja u3 input(.txt, a moTom u3 in-
putl.txt.

4. lansr ¢aiunel input0.txt u inputl.txt. Cozmaiite daitn output.txt, B KOTOpHIH T0-
CTPOYHO 3alMIIMNTE OTCOPTHUPOBAHHBIE CTPOKH YKCell CHavaia u3 input(.txt, a morom u3
input].txt.

5. Hanst daitner input(.txt u inputl.txt. Coznmaiite daiin output.txt, B KOTOPHIH MO-
CTPOYHO 3aNlHIINTE CpeAHee apuMeTnyecKoe KakIoW CTPOKHM YHMCEN CHayaia u3 in-
put0.txt, a morom u3 inputl.txt.

6. lanw1 daitner input(.txt, inputl.txt, ..., input499.txt. Coznaiite daiin output.txt,
B KOTOPBIN 3aMUILIUTE MOCTPOUHO MAKCUMAJIBHOE YUCIIO B KaXA0M U3 (ailiios.

7. Haubl ¢aiinsl inputl00.txt, inputl01.txt, ..., input399.txt. Co3naiite daiin out-
put.txt, B KOTOpbIH 3aMUIINTE TOCTPOYHO MUHUMAJILHOE YHUCIIO B KaXIOM U3 (haiiiioB.

8. Manwr daitner input(.txt, inputl.txt, ..., input499.txt. Coznaiite daiin output.txt,
B KOTOPBIN 3aMUIIUTE MOCTPOYHO CYMMY YHUCEN KaKIO0T0o U3 (paiiios.
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9. ansr daitnel input(.txt, inputl.txt, ..., input499.txt. Co3znaiite daitn output.txt,
B KOTOPBII 3aIUIINTE MOCTPOYHO MOIYJb PA3HUIIBI KOJIMUYECTBA YETHBIX U HEUETHBIX Y-
CeJI KaXKJ10ro U3 (pailyios.

10. Jans! daiinsl input(.txt, inputl.txt, ..., input499.txt. Coznaiite daitn output.txt,
B KOTOPBIH 3aMMUIINTE HANOOJBITIEE TI0O MOYJITIO YUCIIO KKI0TO U3 (DAMITOB.

11. Jans! ¢aiinel input0.txt u inputl.txt ¢ o1MHAKOBBIM KONIHYECTBOM CTPOK. Co-
3naiTe ¢ait output.txt, B KaxJa01 €ro CTPOKe 3aMUIINTe MAaKCUMAIbHOE 3HAYEHUE U3 Y-
CEJI COOTBETCTBYIOIINX CTPOoK input(.txt u inputl.txt.

12. [Jans1 ¢aiinel input0.txt u inputl.txt ¢ oIMHAKOBBIM KONIHYECTBOM CTPOK. Co-
3naite ¢ain output.txt, B KaXK0i €ro CTpoKe 3aluiIuTe MUHUMAIbHOE 3HAUEHHUE U3 YH-
CEJI COOTBETCTBYIOIIUX cTpoK input(.txt u inputl.txt.

13. Jans1 ¢aiinel input0.txt u inputl.txt ¢ o1MHAKOBBIM KONIHYECTBOM CTPOK. Co-
3naite ¢aiin output.txt, B KaXK10H €ro CTpoKe 3alUIINTE OTCOPTUPOBAHHBIE B MOPSJIKE
BO3paCTaHUs YUCIIa U3 COOTBETCTBYIOMUX CTPOK input(.txt u inputl.txt.

14. [lansr ¢aiiner input(.txt u inputl.txt ¢ omMHAKOBBIM KOMHYECTBOM CTPOK. Co-
3naite ¢aiin output.txt, B KaXKJI0H €ro CTpoKe 3alUIINTE OTCOPTUPOBAHHBIE B MOPSJIKE
yOBIBaHUS YKCIIA U3 COOTBETCTBYIOMMX CTPOK input(.txt u inputl.txt.

15. Jauwr ¢aiinsr input0.txt u inputl.txt ¢ omMHAKOBBIM KOMHYECTBOM CTPOK. Co-
3naiite Qaiin output.txt, B kaxxao# ero crpoke 3anumute HOJI uncen U3 cOOTBETCTBY -
fo1ux cTpok input0.txt u inputl.txt.

3aaaHwue lll

JloGaBbTe B Ballly mporpammy i 3 3aaHus 7 TPaKTUIECKOTO 3aHSATHS BO3MOXK -
HOCTh COXPaHSATh JIaHHBIE B (pailyl M 3arpy’KaTh JaHHbIE U3 ¢aiiia ¢ MOMOIIbI COOTBET -
CTBYIOIIUX ITYHKTOB MEHIO.

KoHTponbHble BONpocCkl

Kaxk nauars paborats ¢ (aitnamu B Python?

OnummTe OCHOBHBIE MapaMeTpbl PYHKIIMU Open

3. Kakwue aprymeHThl UCHOJB3YIOTCS A napaMmerpa mode QyHKIMU Open U UTO
OHM O3HAYaroT?

4. Onumwure KOHCTPYKUUIO With ... as ... :, pacCKakUTe, YeM OHA JTy4Ille OTKPHITUS
daiina ¢ MOMOIIbIO CTAaHAAPTHOTO TPUCBAUBAHUS.

5.  Kak MoxHO cuuTaTh AaHHBIC U3 (aitna?

B kakux ciyyasix HEKOTOpbIe CIIOCOOBI CUMTBHIBAHUS JaHHBIX U3 (ailna ayurie

octanbHbIX? [IpuBenuTe mpumep.

Kax MoxHO 3ammcarh 1aHHbie B haiin?

B uém oTnmume oTkpeiTHs (aiina Ha 3aMKCh U J03aITUCH?

JUJ1s1 4ero Ucnonb3yeTcsi MOJLyJIb SYS?

Urto npencraBisitor U3 ceds nepeMenHblie sys.stdin, sys.stdout. sys.stderr

Kak M0>HO ucnonb3oBaTh GyHKLIHIO print AJis 3aMKCH TaHHBIX B (Qaiin?

N —

a

— = O 00
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NMpumep BbINnonHeHUA 3apaHus lll

3aganue

JlomonHuTe TporpamMmy, 100aBUB BO3MOXHOCTH COXpaHeHus (HaiioB B
pOrpaMMmy U 3arpy3Ky AaHHBIX U3 (DailoB.
1. Pemenue

Bbyaem xpaHuTh HHQOpPMALIMIO O KOJUYECTBE MOE3/I0B B MEPBOM CTpoKe ¢aiina, a
Jabliie s Kaxaoro (aiyia mocTpoyHo aHHYI0 UHGOpMAIMIO: HOMEp Moe3/a, Ha3Ba-
HUE IYHKTa OTIPABIEHUS pelca, KOJIUYECTBO MECT, KOJIUYECTBO CBOOOJHBIX MECT.
3arpy3ky Oy/ieM OCYLIECTBIISATh aHAJIOTMYHO CTaHJApPTHOMY BBOJY, HO B3ITUEM JaHHBIX
u3 (¢aios.

2. IIporpamma
import os

DEPARTURE = "MyHKT oTnpaBneHua"
PLACES = "Konu4yectBo mecT"
FREE_PLACES = "Konu4ecTBO CBOb6OAHbLIX mMecT"

PATH = r"D:\Y4yéba\Anroputmusauma v nporpammmpoBaHune\3aganma\trains.txt"

def safe_trains(trains, path=PATH):
def safe_train(num, train_info, file):

file.write(
f"{num}\n"
f"{train_info[DEPARTURE]}\n"
f"{'" '.join(map(str, train_info[PLACES]))}\n"
£f'{" '".join(map(str, train_info[PLACES]))}\n"

)

with open(path, "w") as file:
file.write(f"{len(trains)}\n")
for num, train_info in trains.items():
safe_train(num, train_info, file)

def load_trains(path=PATH):
def load_train(file):
num = file.readline().strip()
train_info = {
DEPARTURE: file.readline().strip().title(),
PLACES: list(map(int, file.readline().split())),
FREE_PLACES: list(map(int, file.readline().split()))

}

return num, train_info

with open(path, "r") as file:
trains = dict()
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n = int(file.readline())

for _ in range(n):
num, train_info = load_train(file)
trains[num] = train_info

return trains

def get_train_info():
num = input("BBeaute Homep noe3ga - ").strip()
train_info = {
DEPARTURE: input("BBeguTe NyHKT oTnpaBneHua - ").strip().title(),
PLACES: list(map(int, input("BBeauTe KONMYECTBO CMajibHbIX MecT, B
nnauykapte n B kyne: ").split())),
FREE_PLACES: list(map(int, input("BBeauTe KoNIM4eCTBO CBOOOAHBIX
CcnanbHbIX MecT, B nnaukapte u B kyne: ").split()))

}

return num, train_info

def print_train_info(num, train_info):
print(f"WHdopmaums o noesge ¢ Homepom {num}")
print (f"MyHkT oTnpaBnenua: {train_info[DEPARTURE]}")
print(f"KonnyecTtBo MecT cnanbHbiX, B nMAaukapte wu B Kyne:",
*train_info[PLACES])
print(f"KonnyecTBo cBOGOAHbIX MECT CManbHbIX, B NaaukapTe M B kyne:",
*train_info[FREE_PLACES])

def find_with_departure(trains, departure):
print(f"MNoe3pga c nyHKToM oTnpaBneHus {departure}:\n")
for train in filter(lambda x: trains[x][DEPARTURE] == departure,
trains.keys()):
print_train_info(train, trains[train])
print()

def find_best_train(trains):
print("Moe3a ¢ Hauny4Ywum COOTHOWeHUEeM CBOBOAHbIX MecT Ko Bcem:\n")
print_train_info(train := max(trains.keys(), key=lambda x:
sum(trains[x][FREE_PLACES]) / sum(trains[x][PLACES])),
trains[train])

def get_choice():
os.system("cls")

print(
"1 - Jo6aBuTb HOBbLIKN noe3n",
"2 YpanuTb AaHHble",
"3 - MpocmoTpeTb WHPoOpMauuw o noesge”,
"4 - NMocmoTpeTb MHPopmauuw o BCex noesgax”,
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"5 - MocmoTpeTb MHPOpMALMI O noe3gax M3 MYyHKTA Ha3HayveHua",
"6 - HavWTuM noesn C Hawayywum OTHOWEHMEM CBOOOAHBIX MECT KO BCeM

mecTam",
"7 - CoxpaHuTb uHbOpMmauuw o noespgax”,
"8 - 3arpy3uTb uHbopmauuw o noesgax”,
"9 - lpekpaTuTb BbINOJIHEHWE NPOrpammbl™,
sep="\n", end="\n" * 2
)
try:

choice = int(input("BBeauTe HOMep KomaHmabl - "))
except ValueError:

choice = ©
return choice

choice = 0
try:

trains = load_trains(PATH)
except ValueError:

trains = dict()

while choice != 9:
choice = get_choice()
os.system("cls")
if choice ==
num, train_info = get_train_info()
trains[num] = train_info
elif choice ==
num = input("BBeauTte HoMep noe3aa Ans yganenus - ").strip()
try:
trains.pop(num)
except KeyError:
print("[JaHHbil noe3n He cywecTByeT")
else:
print("Moe3n ycnewHo ypanéH")
elif choice ==
num = input("BBeante Homep noe3pa - ").strip()
try:
train_info = trains[num]
except KeyError:
print("[aHHbin noesn He cyuwecTByeT")
else:
print_train_info(num, train_info)
elif choice ==
for num, train_info in trains.items():
print_train_info(num, train_info)
print()
elif choice ==
departure = input("BBeauTe nyHKT oTnpaBnenna - ").strip().title()
find_with_departure(trains, departure)
elif choice ==
find_best_train(trains)
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elif choice ==
safe_trains(trains)
elif choice ==
trains = load_trains()
elif choice ==
pass
else:
print("BBeaéH HenpaBW/bHbIA HOMEp KOMaHAbl")
input("\nHaxmmnTte Enter pgna npoponxeHua")

Cnncok JJUTEepaTyphbl, peKOMEH1yeMblii K HCI0JIb30BAHUIO 10 JAHHOM
TEME
e [4] cTp. 309-322;
e https://informatics.msk.ru/course/view.php?id=156#section-15.
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IIpakTHueckoe 3ansitue Ne 9
3amaum COPTHPOBKU M NMOMCKA

HEJIb: 3akpeniieHne TEOpeTUYECKUX 3HAHUM U MPUOOpETEHNE MPAKTUIECKUX HABBIKOB
10 COCTAaBJICHUIO AJITOPUTMOB M MPOrPaMM Pa3IMYHBIX METOJOB
COpPTUPOBKH.
3HaHMs1, YMEeHHUS U BJIA/IeHUs1, IpUodpeTaeMbie 00y4aOUIMMCs B pe3yJbTare 0CBoe-
HHS Te€MbI, B paMKax ()OpMHUPYeMbIX KOMIETEHIMH (OIK-8): CM. IPUIIOKEHHUE 2: BbIpa-
0aThIBAETCSl HaBBIK pa3pabOTKU MAaTEMATHUYECKUX, HHPOPMAIITMOHHBIX U UMUTAIIMOHHBIX
MojieTieH, a Takxke GopMupyercs CocoOHOCTh K pa3padOTKe U MPUMEHEHHIO aJlTOPUTMU-
YECKUX W MPOTPAMMHBIX peleHU B 00JaCTH MPUKIATHOTO TPOTPAMMHUPOBAHUSI C YMeE-
HUEM OOBSICHUTH TEOPETHUUECKYIO U MPAKTUYECKYIO 4acTb TeMbl ((pOpMUpPYETCS 4YacTb
yKa3aHHBIX KOMIIETEHIIUN).

Teopernyeckasi 4acTb
9. ANropuT™MBI pelieHUs 32124 BHYTPEeHHEel COPTHPOBKH H
AJITOPUTMBbI MOUCKA UHPOPMALUHN

9.1. CrnoxHocmb asriecopummos

Teopml CJOKHOCTH OOecreunBaeT MCTOOOJJOTHI0 aHaJIn3a BLIYHCJIUTEIbHOM
CJIOKHOCTH PA3JINYHBIX KpI/IHTOFpa(bI/I‘ICCKI/IX MCTOJZ OB U aJITOPUTMOB.

AaroputM — 310 GOpMaIbHO ONMCAHHAS BBIUYMCIUTENbHAS MPOIEAYpa, MOJY-
Yaroas UCXOJHBIE IAHHBIE, HA3bIBAEMBIC TAK)KE BXOJIOM aJrOPUTMA WU €r0 apryMEH-
TOM, U BBIAAIOLIAS PE3YJIbTAT BHIYMCICHUN HA BBIXO/L.

Yamie Bcero, roBOpsi O CJI0KHOCTH, UMCIOT B BUJTY BPEMEHHYIO CLOHCHOCHb AN20-
pumma: T. BpemeHeM pabOThl aJrOpUTMa HA3bIBAETCA YMCIIO AJIEMEHTApPHBIX IIIarosB,
KOTOpPBIEC OH BBINOJIHACT. [10/1 a1eMeHTapHbIMY IIIaraMu MMOHUMAIOT TaKue Oa3UCHBIE OTIe-
palyu, Kak CJI0KeHHE, YMHOKCHHE, 3aMCHBI, OC3YCJIOBHBIC TIEPEAaUH YIIPABICHHS U BbI-
30BBI OANporpamMM. 7' OOBIYHO MPEACTABIACTCS B BUIAE (QYHKIHH OT 7, TJIE 1 — 3TO
pa3Mep BXOJIHBIX JaHHBIX. Dyukyus epemenu gviyucienuti — 1, (n).

OOBIYHO BBIYUCIHUTEIbHAS CIOKHOCTD aJITOPUTMA BBIPAXKACTCSI C TOMOIIBIO HOTa-
1y "O 60JpIOro", T.€. OMUCHIBAETCS MOPSIKOM BEIUYHHBI BBIYMCIUTEIBHON CIOKHO-
CTH. DTO MPOCTO YJIEH PA3NOKEHUSI (PYHKLIHUU CIOKHOCTH, OBICTPEE BCETO PaCTYyIIHM €
POCTOM 7, BCE YJIEHBl HU3LIETO MOpsAJIKAa UTHOpUpYIOTCA. Hanmpumep, ecnu BpeMeHHas
CII03KHOCTh JaHHOTO aJrOPUTMa paBHa 4n°+7n+2, TO BEIMHUCIUTENLHAS CIOKHOCTD I10-
panka n’, 3amuceiBacMas kak O(n?) [4].

Ota HOTAaIMs O3BOJISIET YBUJIETh, KaK 00bEM BXOJ/HBIX JIAHHBIX BIMSIET HA TPeOO-
BaHUs K BpeMeHU 1 00bemy namsitu. Hampumep, ecniu 7= O(n), TO yIBO€HHE BXOAHBIX
JTAHHBIX YIBOUT U BpeMs BbITIOIHEHUS ainroputma. Eciu 7= O(2"), To no6aBieHue oaHo-
ro OuTa K BXOJIHBIM JJAHHBIM YJABOHT BPEMsI BHIIOJTHEHUS aJITOPUTMA.

OOBIYHO AITOPUTMBI KJIACCUPUIUPYIOTCS B COOTBETCTBUU C MX BPEMEHHON WU
IIPOCTPAHCTBEHHON CIIOKHOCTBIO. AJITOPUTM HA3bIBAIOT MOCTOSTHHBIM, €CIIU €T0 CIIOXK-
HOCTb He 3aBUCUT OT n: O(1). Anroputm siBisieTcs JHMHEHHBIM, €CJIM €r0 BpeMEHHas
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CIIOXKHOCTH O(71). AITOPUTMBI MOTYT OBITh KBQAPATUYHBIMH, KyOU4YecKMMH U T.1. Bece
ATHU AJITOPUTMBI — MOJMHOMHAJIbHBIE, UX CIIOXHOCTh O(n™), T€ m — KOHCTaHTa. AJro-
PUTMBI C TOJUHOMHUAILHOW BPEMEHHOM CIIOKHOCTBIO HA3bIBAIOTCS QJITOPUTMAMU C
NOJIMHOMHAJILHBIM BPEeMeHeM.

AJIrOpUTMEIL, CIIOKHOCTH KOTOPBIX paBHa O(F"), rae ¢ — KoHcTaHTa, GOoNbIas, YeM
1, a f(n) — HEKOTOpas MONMHOMHUANIbHASA (DYHKLHMS OT #, HA3bIBAIOTCS IKCIOHEHIUAIb-
HbIMH. [T0OIMHOXECTBO SKCIIOHEHITMATBHBIX aJTOPUTMOB, CIIOKHOCTh KOTOPBIX paBHA
O(c’™), rie rue ¢ — KOHCTaHTa, a f{n) BO3pacTaeT ObICTPEE, YeM ITOCTOSHHAS, HO ME UICH-
Hee, 4YeM JIMHEiHas (YHKIUS, HA3bIBACTCS CYNepPHOJMHOMMAJIBHBIM. AJTOPUTMBI,
CJI0)KHOCTB KOTOPBIX paBHa O (n!), Ha3bIBAIOTCS aITOPUTMAMHU ¢ (aKTOpUATbHON CII0XK-
HOCTBI0. TakuM 00pa3oMm, CIIpaBeIIUuBO CIEAYIOLIEe COOTHOIICHHUE:

O (logn) <O (1)< O (n logn) <O (W) <0 (1) <O (2") <O (n)).

B Hacrosiiee BpeMsi aITOPUTM CUUTAETCS MPAKTUYECKH MOJIE3HBIM TOJIBKO B TOM
ciIydae, eCi €ro BpeMeHHast (DYHKIIHS pacTeT MOJIMHOMHAIBHO OTHOCUTEIHHO Pa3MEpOB
BXOJHBIX JaHHBIX, TPUYEM OrpPaHUYEHHON cTeneHU. [IpakTUYHBIMU SIBIISIOTCA alro-
putMmel cioxaocta O (n), O (n*). He IpakTUYHEI SKCIOHEHIIMAIBHBIE U (PAKTOPUATLHBIE
aNropuTMBbI. VX CII0KHOCTBH MIPEBOCXOAUT JIFOOYIO TOJIMHOMHUATBHYIO OIIEHKY.

9.2. lNocmaHoeka 3adayu rNMoucka.
lMocnedoeamenbHbIl U 6UHaPHbIU MOUCK

B npakTtryeckoii 1eaTeIbHOCTH IPUXOAUTCS peliaTh TAKUE IPUKIIATHBIC 33/1a49H, B
KOTOPBIX HEOOXOIMMO JIOKAJLHO MJIH aBTOHOMHO MTPOM3BECTH ITOUCK HYKHBIX OOBEKTOB.
PaccmoTpum 3aady moucka 3JieMeHTa B MaCcCHBE.

[TycTh 3a71aH MacCuB, COCTOSIIUN U3 OJHOTO UM HECKOJIBKUX 3JIEMEHTOB JHO00TO
TUIA, OTIWYHOTO OT (haiimoBoro. [Ipenmnonoxum, 9To B HEKOTOPOM MACCHUBE XPaHUTCS
MHOECTBO U3 7 (1 X m) 3JIEMEHTOB U HEOOXOIMMO OMPEACIUTh MOJI0KEHUE HEKOTOPOTO
AJIEMEHTa B 9TOM MaccuBe. KaxK pIii 2IeMEHT MacCHBa UMEET MHACKC (MHICKCHI ), TpUIeM
WHJICKCHI Pa3JIMYHbI ¥ OJHO3HAYHO UIACHTU(DUIIUPYIOT JIEMEHTH MaCCHUBA.

3ajaua moucKa B OTOM CJIIVYae COCTOUT B OTBICKAHWY HHIEKCA (MHIEKCOB) DJIEMEH-
Ta 110 3aJaHHOMY CBOUMCTBY DJIEMEHTA.

Cyl1ecTBYIOT ABa BO3MOKHBIX PE3yJIbTaTa MOUCKA:
® [IOMCK OKa3aJcCs yJauyHbIM, T.€. [I03BOJIUJI OIIPEIEIIUTH IIOJIOKEHUE AJIEMEHTA B MaCCH
BE;
® JIOMCK OKAa3aJICsl HEYIAYHbIM, T.€. JOCTUTHYT KOHELl MaCCUBA, HO BJIEMEHT C 3aJaHHBIM
CBOMCTBOM OTCYTCTBYET.

IMocaenoBarebHbIN (JIMHEHHBIH) MONCK

HpOCTCfIHIHM MCTOJOM ITOHUCKA ABJIACTCA HOCJ'IGI[OB&TGHI)HLIﬁ IMPOCMOTP Ta6JII/IHI>I,
OJHOMCPHOI'O MacCCHBa HWJIHM CTPOKH OO0 HAXOXKIACHUA OJJICMCHTA C Tp66yeMI)IMI/I
CBOMCTBAMM WJIH YCTAHOBJICHHUA (1)aKTa, YTO TAKOI'0 3JICMCHTA HCT. HJIH MacCCHBa, JaHHBIC
B KOTOPOM HC YIIOPAAOYCHBLI COpTHpOBKOﬁ, eI[I/IHCTBeHHHﬁ IIYTh ITOMCKa 3aJdaHHOI'0
9JICMCHTA COCTOUT B CPABHCHHUU KAXKIOT'O 3JICMCHTA MAaCCHUBa C 3aJaHHBIM. HpI/I COBIIAJAC-
HHUH HCKOTOPOI'O 3JICMCHTA MACCHUBA C 3alaHHbIM, €TI0 ITO3UI A B MAaCCHUBC (bI/IKCI/IpyeTCH.
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OTOT aJIrOPUTM HA3BIBAETCS MOCJIEI0BATENbHBIM, WIH JUHEHHBIM, IOUCKOM. Snpom
TaKOI'0 aJrOpUTMA SIBISAETCS LUK 110 UHAEKCY MaccuBa. Tak, eCiau B MOCIEA0BATEIbHO -
CTH @ HY’>KHO HalTH X, 0 KOTOPOM HUKAKOW JOMOJTHUTEIbHON HH(POPMALIMH HET, TO COOT-
BETCTBYIOILNI [IUKJI MOXHO 3aIllMCaTh CIEAYIOIUM 00pa3oM:

for i, item in enumerate(a):
if item == x:
index = i

DTOT crocob pelreHus 00aagaeT ABYMS CYIIECTBEHHBIMU HEJIOCTATKAMU:
® ¢cCIIM 3HAYEHHWE X BCTPEUYACTCS B MACCHBE HECKOJBKO pa3, TO OyaeT HalJeHO TOo-
ClIeJTHEee U3 HUX;
® TI0CTIE TOTO, KaK HY)KHOE 3HaU€HHUE YK€ HalJACHO, MAaCCHB IPOCMATPUBACTCS O KOH-
11a, TO €CTh BCET/Ia BHITIOIHACTCS N CPAaBHEHUIA.
JIJiss yCTpaHeHHsI STUX HEIOCTATKOB HEOOXOIUMO TMpepBaTh MPOCMOTP MacCHBa
cpasy mocie oOHapyKeHHsI 3aJaHHOTO YKcia. Tak Kak B 9TOM CIIydae YHCII0 TOBTOPEHUIA
HE M3BECTHO, HEOOXOMMO UCIIOIB30BATh IIUKJI C MTPEIyCIOBUEM:

while (i < n) and (a[i] !'= x):
i+=1

buHapHBIH MOUCK

HaunbGomnee a3ppexkTuBHBIM U paCIpPOCTPAHEHHBIM METOIOM HEIMOCIIEI0BATEIHLHOTO
MOMCKA B OJHOMEPHBIX YNOPSAO0OUEHHbIX MACCUBAX SIBIISICTCS] OUHAPHBINA TONCK, KOTOPBIN
HA3BIBAIOT TAK)KE METOJIOM 1OJI0BUHHO20 O€JleHUs], METOJIOM OUXOMOMUU, METOJIOM J102a-
pugmuyecko2o TOUCKA WM METOJIOM OenieHus nonojam. OCHOBHas ujesi OMHAPHOTO
IIOMCKA COCTOUT B TOM, UYTO CHaydajia UCKOMBIM DJIEMEHT X CPAaBHHUBAETCS CO CPEIHUM
AJIEMEHTOM MaccHuBa a. Pe3yibpTar cpaBHEHUS TUOO0 MPUBOJUT K PEIICHUIO 3a7a4H, JIMOO
MO3BOJISIET ONPENECINTh, B KAKOW YaCTH MAacCHUBa — JIEBOW WJIA IPABOW — MPOJOJIKATH
nouck. [locne ka0l Takoil urepanuu 00JacTh MOMCKa COKpAIaeTcsl BIBOE U He Ooiiee
yeM yepe3 [log2n] CpaBHEHHM Mbl 3aKOHUUM MOUCK, TO €CTh JIMOO MOMaJeM Ha SJIEMEHT
X, TM0O0 MOKaXeM, YTO X HE MPUHAIIICKUT MaccuBy a[n]. Hanpumep, npu n = 1000 Ou-
HapHblid ouck B 100 pa3 OpicTpee mociaeaoBaTesIbHOIO, a IpU n = 1000000 — B 50000
pa3. Pazymeercs, ecin MacCuUB HEYNOPSAOYEHHBIN, TO TPUMEHUTh K HEMY OWHApHBIM
MOUCK HeNb3s. Takum 00pa3oM, (akT yrnopsI04eHHOCTH AJIEMEHTOB B MaCCUBE MTPacT
KJIFOUEBYIO POJIb IIPU OMHAPHOM TIOHCKE.

9.3. lMocmaHoeka 3ada4yu copmupo8KU OaHHbIX

OT nopsiika pacroiiokeHus: JaHHbIX B naMsitu DBM, BO MHOTOM 3aBUCUT CKO-
POCTh ¥ MPOCTOTA BBIMOJTHEHUS aJTOPUTMOB, TIPEIHA3HAYECHHBIX IS 00paOOTKH ITHX
naHHbIX. [103TOMY B pOrpaMMHpOBaHUM YaCTO BO3ZHUKAET 33]1a4a NEPErpyIMPOBKY JIaH-
HBIX B HEBO3PACTAIONIEM WM HEyObIBaloleM, opsike. Takas 3ajjaya Ha3bIBA€TCS yMo-
PAIOYEHUEM UJIM COPTUPOBKOM SIIEMEHTOB JAHHOU CTPYKTYPHhI, B IPOCTEUILIEM CIyYae —
AJIEMEHTOB OJHOMEPHOI'0 MaCCHBA.
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3ajaya COPTUPOBKH CBS3aHA CO MHOTMMH Ba)KHBIMH MPUIOKEHUSIMU, KPOME TOTO,
CITy>KaT XOPOIIEN WLTKOCTPALMEN aHAIN3a CJI0KHOCTH AJITOPUTMOB U TEM CAMBIM ITO3BO-
JISIIOT pa3yMHO BBIOMPATH JIYUIIIHE CPEIH, Ka3aJoCh Obl, PABHOLICHHBIX METOA0B. Kaxbit
U3 AJITOPUTMOB COPTUPOBKU UMEET CBOU JIOCTOMHCTBA U HEJIOCTATKH, U BHIOMPATH aJIr0-
PUTMBI HY’KHO, UCXO/I U3 KOHKPETHOM MOCTAaHOBKH 3a71aui. BeiOOp anropurMa cCOpTUpPOB-
KU CYIIECTBEHHO 3aBUCHUT OT CTPYKTYpPbl 00pabaThIBAEMBbIX JAHHBIX, TOITOMY BCE METObI
COPTUPOBKH TOPA3JISISIFOT Ha JBa KJlacca: BHYTPEHHUH (COPTUPOBKA MACCUBOB) U BHEIII-
HUM (COPTUPOBKA MOCIEN0BATENbHBIX (DaiiyoB). Paznuune: npu BHYTpEHHEN COPTUPOBKE
BCE€ JIAHHBIC XPaHATCS B onepaTUBHOM mamsitu DBM, a npu BHEUIHEN - BO BHEIIHEN
namsiTi. [Ipu BHyTpeHHEH COpTHUPOBKE MUMEIOTCS OoJjiee TMOKHME BO3MOXKHOCTH JIJISL T10-
CTPOCHUS aJITOPUTMOB, TaK KaK BCE JaHHBIE BBHICTPOCHBI B BUJE MAacCHBa M Kak ObI
JIeKAT IMepe MOJIb30BATENIEM, OH BUIUT KaX bl JIEMEHT U UMEET K HEMY MPSMOU TOCTYII.
IIpu BHELIHENW COPTUPOBKE JOCTYI K TAHHBIM OTPAHHYEH, IIOCKOJIBKY OHU M3-3a CBOETO
pasmepa B ONEPaTUBHOM MAMSTH HE MOMEIIAFOTCHL.

YTOouHUM MaTeMaTHUYECKYIO TOCTAHOBKY 3a7[aui COPTUPOBKH JaHHBIX [7].

[IycTb Ha10 yHOPSAOUYUTD 1 DIEMEHTOB M1, M, . .., My, KOTOPHIE HA30BEM 3aIIHCSIMH.
Kaxxnoii 3anucu m; moCTaBUM B COOTBETCTBHE CBOM KIIIOU &j, KOTOPBIA U OyA€T yNpaBisaTh
MPOLIECCOM COPTUPOBKU. [ToMUMO KITOUa 3aIIMCh MOKET COJIEPKATh U JOMOJIHUTEIbHYIO
uH(pOopMaIHIo, KOTOpas HE BIMSIET HAa COPTUPOBKY, HO BCEI'/la OCTAETCS B 3TOM 3alKCH. 3a-

o m m m ~
Jada 3aKJII0YaCTCS 8 HAXOMHCOCHUU MAKOU NePeCMAanO8KU 71, P, ..., P, 3anuceli m,
My, ..., My, NOCIE KOMOPOU Kao4Uu 6y0ym pacnonazamvcsi 8 Heyovisarouwem (Hego3pac-
maroujem) nopsioke:
k k k, k k k
plS PZS. S Pn(Pl2 PzZ Z Pn)

CopTupoBKa Ha3bIBACTCS yCTOMYHMBOM, €CIIM OHA YJIOBJIETBOPSIET IOMOJIHUTEIBHOMY
YCJIOBHIO: 3aIMCH C OJMHAKOBBIMU KIIFOUaMH OCTAIOTCS B MPEXKHEM IOPAAKE, T.€. p; < pj,

eciiu Ky =k, ui <j.

Tax Kak KaxapIii KIH049 UACHTU(DUITUPYET COOTBETCTBYIONTYIO 3aITUCh, TO 3TH 3aITUCH
MO>KHO U HE OTIPEEIIATh IPU COPTUPOBKE, pACCMATPUBAs JTUIIh UX KJIFOUH (B MPOCTEUILIEM
Clydae, KOT/Ia 3alliCh COCTOUT JUIIb U3 COPTUPYEMBIX 3JIEMEHTOB, MOHATUS 3alUCU U
KJIFOY COBMA/IAI0T).

[Ipu BHyTpeHHEW COPTUPOBKE BBIOPAHHBIM METOJ JOJKEH 3KOHOMHO HCIOJIb30-
BaTh BpeMsi pabOThI MPOIIECCOpa U MaMATh. XOPOIIIKE aIrOPUTMbI 3aTPAuUBaIOT HA COPTH-
POBKY 7 3amucei Bpems nmopsizika n log n, a mepoit 3 PEeKTUBHOCTH MOXKET CITYKUTh YUC-
JI0 HEOOXOIUMBIX CPAaBHEHUH KITFOUEH M YUCIIO TIEPECTAaHOBOK 3aMMCE. DTH YKCIIa SIBIISIOT-
cs1 QYHKIIUSAMHU OT 71 — YUCJIa COPTUPYEMBIX 3aITUCeH.

[Ipu copTrpOBKE MACCUBOB OYIeM IpeIoaraTh, YTo NEPeCTaHOBKH, IEPEBOISIINE
AJIEMEHTBI MAaCCHUBA B HYKHBIH TOPSIOK, TIOJKHBI BHITTOHATHCS HA MOM dce Mecme, T.€. 0e3
WCIIOJIb30BaHUs IPOMEKYTOYHOIO MacCcuBa. MeTOIbI, B KOTOPBIX JIEMEHTHI U3 MacCUBa
A nepenaroTcs B pe3yJbTUPYIOLIUN MacCUB B, MPeACTABIISIIOT 3HAYUTEILHO MEHBIINI
WHTEpEC.
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9.4. [IpsiMbie u 6biIcMpbie MemoOblI BHYyMpPeHHel COpMuUpPOo8KU

Bce MeTtonsl BHYTpEHHEW COPTHPOBKHU NIENATCS Ha MPSMbIE W OBICTpHIC (WA
yay4iineHHsie) [7].

JIs IPAMBIX METOMOB COPTHPOBKH TPEOyeTCs MOPSAKA 7° CPABHEHMH KIIOUEH,
OHM 00JIee MMPOCTHI M YIOOHBI IJIsT 0OBSICHEHUS XapaKTePHBIX Y€PT OCHOBHBIX TTPUHIIN -
OB OOJIBIIMHCTBA COPTHUPOBOK. [IporpaMMbI 3TUX METOJIOB JIETKO TOHUMATh U OHHU KO-
pode mporpamMM OBICTPBIX aJTOPUTMOB.

Y y4iieHHbIe METOIbI COPTUPOBKH TPEOYIOT HEOOIBIIIOTO YKCIIa ONepanuid, HO
3TH OMepanuu OOBIYHO caMH 00Jiee CIOXKHBI, U TIO3TOMY JIJISl IOCTATOYHO MAJIBIX 7
IPSIMBIE METOJIbI OKa3bIBAIOTCS OBICTPEE, XOTS MPHU OOJBITUX 3HAYCHUSAX /1 UX UCIIOJb-
30BaTh HE CIEIYET.

Metoasl BHYTpEHHEH COPTUPOBKM MOKHO pa3OUTh B COOTBETCTBUU C OIpEie-
JAOMUMH UX IPUHLIKWIIAMY Ha TPHU KJ1acca:

l. CopTHpOBKAa BCTABKAMH: 3JIEMEHTHI IPOCMATPUBAIOTCS 110 OJHOMY, U KaXKIbIi
HOBBIM 3JIEMEHT BCTABJISETCS HA MOIXOISIIYIO MTO3UIMIO CPEAH PaHE YHOPSIAOUYECHHBIX
AJIEMEHTOB.

2. CopTupoBKa ¢ NOMOIIBIO BbIOOPA: CHavaia BBIACIACTCS HAUMEHbIIUN (MU
HauOOIBIINI) 3JIEMEHT U KaKUM-JIM0O0 00pa3oM OTIENAETCS OT OCTaJbHbIX, 3aTEM BbI-
Oupaercs HaMMEHbIUN (HAaNOOJIBIITNIA) U3 OCTABIINXCS DJIEMEHTOB U T.]I.

3. CopTHpoOBKa ¢ NTOMOLIBIO 00MEHA: MOCIEA0BATEIBHO IPOCMATPUBAOTCS MAPbI
COCEIHUX DJIEMEHTOB; €CJIU 3JIEMEHTHI B I1ape 00pa3yoT HHBEPCHIO (T.€. HEYIOps10Ye-
HbI), TO OHU MEHSIOTCSI MECTaMH.

Bce npsmbie MeTOBI COPTUPOBKH (DAKTUUECKHU MEPEABUTAIOT KAXKIBIA JJIEMEHT
MacCHBa Ha KaIOM DJIEMEHTAPHOM IlIAre Ha OAHY Ho3uiuio. [lostomy Tpebyror O(n?)
TaKuX 1MaroB. B 0CHOBY JIFOOBIX yJIYUIIIEHHBIX METOJIOB MOJIOKEH MPUHITUTI TIEpeMeIe-
HUA 3JIEMEHTOB Ha KaXKJ0M Iare COpPTUPOBKHU Ha OOJbIINE pacCTOSHUS. Takoil moaxon
MO3BOJISIET CYLIECTBEHHO YMEHBIIUTh BPEMSI COPTHPOBKHU, HO YCIOXHUTbH aJrOPUTMBbI
BBITIOJIHCHUS.

Vayumennslid MmeToa oomena — lllelikepHas copTupoBKa, MeTo Xoapa (caMblid
OBICTPBIN U3 U3BECTHBIX HA CETOHSIIHUN IEHh METOJIOB BHYTPEHHEH COPTUPOBKH ),
YCOBEPUIEHCTBOBAHUE COPTUPOBKH MPsIMOTo BKItOUeHUs1 — meto [lenna,
psIMOT0 BIOOpA — COPTHPOBKA C MOMOIIBI0 OMHAPHOTO JE€PEBA.

9.5. Copmupoeka ecmaekamu

PaccMoTpum mpoliecc COPTUPOBKM METOJIOM BCTaBKU (MPSIMOTO BKIIIOUYEHHUS)
MaccuBa all], a[2], ..., a[n]. BHa4aie B KICXOAHOM MaCCHBE BBIJEIACTCS YKE OTCOPTUPO-
BaHHAas, HAIlpUMeEp Mo HEyObIBaHMIO, YyacTh a[ 1] < a[2] <...< a[i-1] u HE oTCOpPTHUPOBAH-
Hasg a[i], a[i+1],..., a[n]. 3arem ¢ marom 1, HauuHas ¢ i = 2 yepeaysi CpPaBHEHUS U TIepeMe-
IICHUS DJIEMEHTA a[1], B OTCOPTUPOBAHHON YaCTH MACCHBA OMPEICISIETCS TAKOW WHIEKC
(xmrou) j (1 <£j<1-1), uToOsI BeIMOTHSIUCH HepaBeHCTBA a[j-1] < a[i] < a[j]. Ecau Takoi
MHJIEKC HaWJIeH, TO JIEMEHT a[1] BCTABJISAETCS HA COOTBETCTBYIOIIEE MecTo. [[s1 aTOro
BBITIOJIHSETCS CABUT HA OJHY MO3UIIUIO BIPABO JIEMEHTOB OTCOPTUPOBAHHOM YacCTH:
afj], ..., a[i-1]. Ilocne aTOro ocymiecTBasieTcs MEPexo] K CICAYIONEMY 3HaUeHHUIO 1. B
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MIPOTUBHOM CITydae MPOCTO MPOHUCXOJNUT MEepexo K ciaeayromemMy 3HadeHuro 1. C Kax-
JIIM [1arOM OTCOPTUPOBAHHAs YaCTh MAaCCHBA YBEIUYUBAECTCA HA OJUH 3yeMeHT. Oye-
BUJIHO, YTO JJIsSl BBITIOJIHEHUS IOJTHOM COPTUPOBKHU NMOTpedyeTcs n -1 mar, rje n - Yucio
3JIEMEHTOB MCXOJIHOTO MacCHBa.

[TokaxeM mpolecc COPTUPOBKM BCTAaBKAMU Ha MPUMEPE IEJIOUYUCICHHOTO
MaccuBa a[ 1..12], cocTosmero u3 uncen 22, -14, 13, 28, 6, 41, -5, 18, 0, 35, 6,-15 (3nau-
KOM * 0003Ha4Y€HbI BCTABJICHHBIC JIEMEHTHI, BBIJACICHBI JIEMEHTHI OTCOPTUPOBAHHOM

4acTH)
WUcxonnenii maccuB: 22 -14 13 28 6 41 -5 18 0 35 6 -15
1-ii mar -14° 22 13 28 6 41 -5 18 0 35 6 -15
2-1 miar: -14 13" 22 28 6 41 -5 18 0 35 6 -15
3-1f mar: -14 13 22 28 6 41 -5 18 0 35 6 -15
4-1 miar: -14 6 13 22 28 41 -5 18 0 35 6 -15
5-1 mar: -14 6 13 22 28 41" -5 18 0 35 6 -15
6-11 miar: -14 -5 6 13 22 28 41 18 0 35 6 -15
7-¥ miar: -14 -5 6 13 18 22 28 41 O 35 6 -15
8- miar: -14 -5 0° 6 13 18 22 28 41 35 6 -15
9-11 miar: -14 -5 0 6 13 18 22 28 35 41 6 -15
10-3i mar: -14 -5 0 6 6 13 18 22 28 35 41 -15

11-# mar: 15 -14 5 0 6 6 13 18 22 28 35 41
Kak BuaHO M3 mpuMmepa, B MpoIECCe COPTUPOBKM HA MEPBOM IlIare MEpBBIN

AJIEMEHT HCXOAHOTO MacCHBa CUYUTAETCS OTCOPTUPOBAHHBIM, a CIEAYIOUIUMN 3a HUM
AJIEMEHT CPaBHUBAETCA C HUM. ECITM 3TOT 371eMeHT OOJIbIIe, OH OCTAeTCsl Ha CBOEM MECTe,
B IPOTHUBHOM CJIy4ae MEePBBI 3JIEMEHT CABUTAETCSA HA BTOPYIO MMO3UIMIO, a BTOPOU MTOMe-
11aeTcs Ha MEPBYIO (Kak B HalleM rnpumMepe). Jlanee Bce BoIOMpaeMble 3JIEMEHThI U3 HEOT-
COPTUPOBAHHOM YacCTHM MaccuBa IMOCJIEAOBATEILHO CPAaBHUBAIOTCA C BJEMEHTAMHU OT-
COPTUPOBAHHOM YacCTH, HAYMHAS C MEPBOro, O TEX IMOP, MOKa HE BCTPETUTCS OOJIBIINI
WU PaBHBIA eMy. DTOT SJIEMEHT U BCE MOCIEAYIONIUE BJIEMEHThl OTCOPTUPOBAHHOM
YaCcTH MEPEMENIaloTCs Ha OJTHY MO3UIIMIO BIIPaBO (MJIM BHU3, €CJIM MAaCCUB PACIIOIOKEH B
CTOJIOUK), OCBOOO 1ast MECTO JIJIsl HOBOTO JIEMEHTA. DTOT MPOIECC 3aKOHYUTCS TIPU BbI-
MOJIHEHUH OJHOTO U3 JABYX YCIIOBUIA:

® HaliJieH TIEPBBIN clieBa AIeMeHT a[j] > a[i], 4To rOBOPUT O HEOOXOTUMOCTH BCTaB

ku a[i] mexmy afj] u a[j-1], B vacTHOCTH, ecnu j=1, TO a[i] momMenaeTcs B MepBYIO TO-

3UIMIO, YTO BJIEYET 3a COOOM HEOOXOIMMOCTh yBEIWYEHHUS Juara3oHa HHJIEKCa

MacCHBa Ha €UHUILY;

® JJOCTUTHYT IpaBblii KOHEI] OTCOPTUPOBAHHON YacTU MaccuBa (MpaBblid Oapbep),

CJIeIOBaTEIbHO, DJIEMEHT a[1] Hy’)KHO OCTaBUTh Ha IIPEKHEM MECTE.

3aMeTuM, YTO CpaBHEHHE M TEepeMeleHue dJIeMeHTa a[i] B OTCOPTHPOBAHHOMN

JaCTH MacCHBa MOKHO TIPOBOJHTH M CIIpaBa HalleBO, HaunHas ¢ (i-1)-ro sjaemeHTa.

9.6. Copmupoeka ¢ noMouw,bro nNpsiMo20 ebibopa

CopTupoBKa MaccuBa pa3MeEPOM n B HEYOBIBaIOIIEeM (HEBO3PACTAIOIIEM) MOPSJIKE
METOJIOM IPSIMOTO BBIOOPA BBIMTOJIHSAETCS IO CIICIYIONIEMY aJITOPUTMY.

l. BriOupaercst a1eMeHT JaHHOTO MacCHBa ¢ MUHUMAIbHBIM (MaKCUMaIbHBbIM) 3HA-
YeHUEM (MJTU KITFOUOM).
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2. Bb1OpaHHbIi 2JIEMEHT U TIEPBBIi 3JIEMEHT MEHSIOTCSI MECTaMHU.

3. DTOT IpoIecC MOBTOPSETCA C OCTABUIMMHUCA n - 1 3jaeMeHTaMH, 3aTeM C n - 2
AJIEMEHTaMH U T.J. JIO TEX TOp, MOKa HE OCTAHETCS OJWH, CaMblid OOJBIIION/MEHBIINN
AJIEMEHT.

Bcero notpeOyercs n - 1 pa3 BBIOJIHUTH YKa3aHHYIO MOCJIE€I0BATEIBHOCTD JICH-
cTBuil. B mponecce COpTUPOBKM OYyAET YBEIMYHMBATHCS OTCOPTUPOBAHHAS YacTh
MAacCHuBa, a HEOTCOPTUPOBAHHAA COOTBETCTBEHHO YMEHBILATHCH.

B ominune oT COPTUPOBKM BCTABKAMU, KOTJla a KaXKJIOM IlIare paccMaTpUBAETCS
TOJILKO OJIMH OYEPETHOM JIEMEHT UCXOJHOTO MacCUBa U BCE AJIEMEHThI OTCOPTUPOBAH-
HOM YacTH, CpeJId KOTOPBIX HUIETCS MECTO JJIsl BCTABKH, ITPH IIPSMOM BBIOOPE 17151 TTOMC-
Ka OJIHOTO JIEMEHTa ¢ HAaUMEHBIIUM (HAauOOJBIINM) KIFOUOM MPOCMATPHUBAIOTCS BCE
AJIEMEHTBI UCXOJHOI0 MACCHBA U HAWICHHBIN 3JIEMEHT IIOMEIAETCS KaK OYEPEIHOU B OT-
COPTUPOBAaHHYIO YaCTh MAacCUBA.

HanomHuM, 4TO BO BCEX paccMaTpUBAEMbIX METOJAaX COPTUPOBKU MbI HE HC-
MIOJIb3yEM MTPOMEKYTOUYHBIX MACCUBOB.

CxeMy COPTUPOBKH METOJIOM MPSMOTO BbIOOpA MPOMWLIIOCTPUPYEM Ha IPUMEPE
MAaCCHBa, PACCMOTPEHHOI'O B MPEABIAYIIEM MYHKTE. DJIEMEHThI, KOTOPbIE MEHSIOTCS
MECTaMH Ha OYEpEIHOM Illare, BbIJCICHBI MOTYKUPHBI MIPUPTOM, a MUHUMAIIbHbBIC
3JIEMEHTHI HEOTCOPTUPOBAHHOM YACTH, KPOME TOT0, OTMEUYEHBI 3B€3109K0i. OTCOPTH-
pOBaHHAs YaCTh MOJYEPKHYTA.

Ucxonublii maccuB: 22 -14 13 28 6 41 -5 18 0 35 6 -15
1-# mar -15 -14" 13 28 6 41 -5 18 0 35 6 22
2-# 1iar: -15 -14 13 28 6 41 -5 18 0 35 6 22
3-1i miar: -15 -14 -5 28 6 41 13 18 0 35 6 22
4-1 miar: -15 -14 -5 0 6 41 13 18 28 35 6 22
5-1 mar: -15 -14 -5 0 6 41 13 18 28 35 6 22
6-11 mar: -15 -14 -5 0 6 6 13" 18 28 35 41 22
7-# miar: -15 -14 -5 0 6 6 13 18 28 35 41 22
8-1 miar: -15 -14 -5 0 6 6 13 18 28 35 41 22°
9-ii miar: -15 -14 -5 0 6 6 13 18 22 35 41 28
10-31 mar: -15 -14 -5 0 6 6 13 18 22 28 41 35
11-# mar: -15 -14 -5 0 6 6 13 18 22 28 35 41

9.7. Copmupogka c MoMouWw,br NPsIMo20 obmMeHa

AJITOPUTM TAaHHOTO METOJ[a COPTHUPOBKH 3aKJII0UAETCS B MTOCIEA0BATEIbHBIX MPO-
CMOTpax MaccHBa OT Hayaja K KOHILy 1 0OMEHE MECTaMH COCeOHUX SJIEMEHTOB, €CJIU OHU
00pasyroT ungepcuro. OnuileM ajJirOpUuTM COPTUPOBKHU O HEYOBIBAHMIO T10JIpOOHEE.

IlycTh 3aman MaccuB a pazMepoM n. HaumHaeMm npocMOTp MaccuBa ¢ IEPBOM Mapbl
anemeHToB a[ 1] u a[2]. Eciu niepBblii 3J1eMEHT 3TOM naphl 00JIbIIIE BTOPOTO, TO MEHSIEM UX
MEeCTaMH, MHAue OCTaBJIsieM UX 0€3 U3BMEHEHHUS U CPaBHUBAEM BTOPYIO Mapy JIEMEHTOB
a[2] u a[3]. Ecnu a|2] > a[3], To MmeHsem ux Mmectamu U T.1. Ha mepBom mmare OyayT mnpo-
CMOTpPEHBI BCE Maphl AJIeMEHTOB MaccuBa: a[i] u a[i+1] gnsg 1ot 1 1o n -1. B pesynbsrare
TaKoOro MpOCMOTpa U HEOOXOIUMBIX OOMEHOB MAKCUMAIbHBIL IIEMEHT MEPEMECTUTCS B
KOHEIl MaccuBa M OYJeT SIBJISATHCS OTCOPTUPOBAHHOM wyacThio. Ha BTOpoM 1mare
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aHAJIOTMYHAs MTPOLeypa MPOBOAUTCS C MepBoro 1o (n - 1)-ro anemenrta. TeM campiM
BTOPOM 10 BEJIMYMHE 3JIEMEHT MacCHBa NEPEMECTUTCS Ha npeanociensee Mecrto. Ot-
COpPTUPOBaHHAas YacTh OyIE€T COAEPKATH JIBA AIIEMEHTA. DTH JEHCTBUS IPOJOJIKAIOTCS 10
T€X MOp, NOKa KOJIUYECTBO 3JIEMEHTOB B HEOTCOPTUPOBAHHON YAaCTH MAacCCUBA HE YMEHb-
muTcs A0 AByX. Ha mocienHem miare BBITONHSETCS YHOPSJOYEHHUE OCTaBIIMXCS JIBYX
anemeHToB. [locne (n - 1) maroB MaccuB OKa)XeTcsi OTCOPTUPOBAHHBIM 110 HEYObIBAHMIO.
JUis WiUTIoCTpalilui OTCOPTUPYEM MACCUB MO HEYObIBAHHIO METOAOM MPOCTOTO OOMEHa.
OTtcopTupoBaHHas 4acTh BbIJI€JI€HA MOTYKUPHBIM MIPUGTOM.

Mexomteit 7 14 13 28 6 41 -5 18 0 35 6 -I5
MacCCHB.

1-it mar 14 13 22 6 28 -5 18 0 35 6 51 a1
2-if war: 14 13 6 22 -5 18 0 28 6 -15 35 41
3-if war: 14 6 13 5 18 0 22 6 -15 28 35 41
4-if ar: 14 6 -5 13 0 18 6 -15 22 28 35 41
5-ii war: 14 5 6 0 13 6 -15 18 22 28 35 41
6-it wrar: 14 5 0 6 6 51 13 18 22 28 35 41
7-i wrar: 14 5 0 6 -15 6 13 18 22 28 35 41
8-ii war: 14 5 0 -15 6 6 13 18 22 28 35 41
9-if war: 14 5 <15 0 6 6 13 18 22 28 35 41
10fmar:  -14 -15 -5 0 6 6 13 18 22 28 35 41
Hbimar:  -15 -14 -5 0 6 6 13 18 22 28 35 41

CopTUPOBKY METOJIOM MPSIMOTO 0OMEHA Ha3bIBAIOT €111€ METOA0M "Mmy3bIpbKa'. ITO
Ha3BaHUE MPOUCXOTUT OT 0Opa3HOI MHTEPIPETAIMH, IPU KOTOPOM 3JIEMEHTHI JTAHHOTO
MacCHBa PACMOJI0KEHbl BEPTUKAIBHO U B MPoOIecce BHIMOJHEHUS COPTUPOBKU HA KaX-
JIOM T1are 6oJjee JIErKue 3JIEMEHTHI, KaK My3bIPhKH B BAHHE C BOJIOH, MOAHUMAIOTCS 10
YPOBHSI, COOTBETCTBYIOIIETO UX BECY.

9.8. ®yHKyuu u MemoOsbl 06 Lekmoe Python, pewarowue 3adaqyu noucka
U copmupoeKu

Tak xak Python oGmamaer m10BOIHHO OOJBITMM KOJUIECTBOM BCTPOSHHBIX MOITY-
neit 1 GyHKIUNA, MHOTHE aJITOPUTMBI B HEM YKe pealn30BaHbI U, Yallle BCeTo, OyayT pa-
60TaTh 3¢ (peKTUBHEE HAITMCAHHBIX CAMOCTOSTENBHO.

Jl71st 00BbEKTOB THIIA str, 1ist, tuple peain30BaH METO index, MO3BOISIONINM Ha-
XOJIUTh UHJIEKC MEPBOTO CJIeBa BXOXKJEHHUE dJIEMEHTA B JaHHBIN 00BbeKT. [Ipu aTOM mis
CTPOK BO3MOYKEH KaK IIOMCK OTIEJIbHOTO CUMBOJIA, TaK U MOJACTPOKU. [IoMrUMO HCKOMOTO
3HAUEHUS 3TU METOJbI TaKKe MOTYT MPUHUMATh apTyMEHTHI, 0003HAYAIOIINE B KaKOM
MMPOMEKYTKE MbI IPOU3BOJIMM ITOUCK. B ciiydae oTCyTCTBHS 31eMeHTa MPOU30UAET Val-
ueError.

OyHKIMS sorted IPUHUMAET UTEPUPYEMBIN OOBEKT U BO3BPAIIIAET CIIMCOK U3 €TI0
AJIEMEHTOB, OTCOPTUPOBAHHBIX B MOpsiAKe Bo3pacTtanus. [lapameTp key MpuHHUMAET Kak
apryMeHT (DyHKIMIO, KOTOpas OMPeJIEesieT «CTOUMOCThY KaXK10r0 AJIEMEHTA, 10 yMOoJI4a-
HUIO None. [TapameTp reversed mpuHUMAET Kak apryMeHT OyJI€BO 3HaUY€HHE, €CJIH True,
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TO COPTUPOBKA OyJEeT MO yOBIBaHHIO, IO YMOIYaHUIO False. [[ns oObekToB list cye-
CTBYET METOJ SOrt, KOTOPbIM COPTHUPYET CaM CIIUCOK, @ HE CO3JAaET HOBBIN. /[aHHBIE
copTUpOBKH paboTaroT 3a O(n*log(n)) u ABIAIOTCSA YCTONYUBBIMU.

JIBOMYHBIN MOKMCK pealiu30BaH B MoJyJe bisect, mojgpoOHee ¢ HUM Bbl MOXKETE
O3HAKOMUTBCS UCTIONB3YSl BCTPOCHHYIO IOKYMEHTAIIUIO.
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Bonpocel u 3aganus
3apaHue |

PeanusyiiTe mMoOMCK HMHJIEKCa JJIEMEHTa B CHUCKe M B Marpuue (i, j) IByms
crioco0amMu: UCTOJIb3YsI BCTPOSHHBIEC (DYHKIIMH U METO/IbI, IIpeACcTaBieHHbIC B 9.8., a Tak-
K€ HE UCIIOIb3YS UX.

3agaHwue i

PeanuzyiiTe COPTUPOBKY MATPHULBI IO CIETYIOIIUM YCIOBHSIM COOTBETCTBEHHO Ba-
PHAHTY, KaK UCHOJIb3Ysl (PYHKIMU U METOJIbI, IPEACTaBICHHBIE B 9.8. (MOXXHO MCITIONIB30-
BaTh NUMpY), TaK U HE UCIOJIb3YSl HX:

1. CopTupoBKa BceX 3JIEMEHTOB CJIE€Ba-HANIPABO CBEPXY-BHU3 B MOPSIAKE BO3pACTaHUSI.

2. CoptupoBKa BCeX CTPOK M0 HAaUOOJbIIEMY 3HAYEHHUIO B HEHM B MOpPsAKE BO3pacTa-
HUS1, COPTUPOBKA B KXKJIOM CTPOKE B MOPSAKE yObIBAHMUS.

3. CoptupoBKa BceX CTPOK 0 HAUMEHbIIIEMY 3HaYEHHUIO B HEM B MOPSAKE BO3pacTa-
HUS, COPTUPOBKA B KAXKJIOM CTPOKE B MOPSIAKE BO3pACTaHUSI.

4. COpTHpOBKa CTOJI6]_IOB 10 CYMMC 3JICMCHTOB B HHUX B ITOPAJIKC BO3pAaCTAHUA.

5. COpTHpOBKa CTPOK B IIOPAAKC BO3pAaCTaHHA 110 UX JJICMCHTAM, KOTOPBIC ABJIAIOTCA
YJICHAMH TJIaBHOM AuaroHaliu. HOCJ’IG,Z[YIOIHEUI dHaJIOrn4HasA COPTUPOBKA I10 CTOJ'I6]_IaM.

6. CoprupoBKa BceX CTpPOK IO MX HOPME B MOPAJIKE BO3pacTaHus (HOpMa 3ajiaHa
CTaHJAPTHBIM CKAISIPHBIM MPOU3BEJCHUEM )

7. Ilycts fib-3HaueHneM HEKOTOPOI CTPOKM HA3bIBAETCS YUCIIO, IOTYIaEMOE CIIOXKE-
HUEM MPOU3BEACHMM i-T'O YKCIIa CTPOKU Ha i-€ yrciio @uboHauuu 175 BCEX YHCEI CTPOKU
(Ou 1 snementsl uncen ®ubonauyu pasHbl 1 u 1). CopTUpOBKa CTPOK MATPHUIIBI 11O UX
fib-3HaueHuIO B MOpsIKE BO3PACTAHMUS.

3agaHue lll

PeanusyiiTe urpy no yraJaplBaHHIO YUCIIa, 3araJJaHHOTO MOJIb30BATENIEM Ha
npomexyTtke [-1024; 1024]. [Iporpamma foJKHA y3HABATh Y MOJIH30BATENIS, OOJIBIIIE
WJIM MEHbIIIE 3araJIaHHOE UM YHCII0, YeM JaHHOE MPOTpaMMOM, HIIA OBLIO JIK YUCIIO yTra-
naHo. [Iporpamma omkHa CIpaBiIsAThCS € 3aa4eil MEHbIIIe, YeM 3a 15 3ampocoB.

KoHTponbHbIe BONpoOCHI

[—

[TonsiTue CIOXKHOCTH AITOPUTMOB.

Ha xakue kiacchl AeNATCS aIrOPUTMBI B COOTBETCTBUU C MX BPEMEHHOM HIIN TIPO-
CTPaHCTBEHHOU CJI0KHOCTBIO?

[TocTanoBKa 3a/1a4 COPTUPOBKH TaHHBIX.

[Ipsimble 1 OBICTPBIE METOIbI BHYTPEHHEH COPTUPOBKH.

AJTOPUTM COPTHUPOBKH MAaCCHUBA METOJIOM BCTABKH.

AJTOPUTM COPTHUPOBKH MAaCCHBA METOJIOM IMIPSIMOTO BBHIOOpA.

ANTOPUTM COPTHUPOBKH MAaCCHUBA METOJIOM IMPSIMOTO OOMEHa.

»

Nk W
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10.
11.
12.
13.
14.

[ToHnsiTne nHBEpCHUM.

[TocTaHOBKA 3a/1auu MOKCKA HJIEMEHTA B MAaCCHUBE.

AJITOPUTM TOCIIEIOBATEIIBHOTO (JINHEHHOTO) TOUCKA.
AJTOpUTM OMHAPHOTO MOUCKA.

PeanuzoBaHHbIE METOIbI 1J11 HAXOKACHUS UHJIEKCA DJIEMEHTA
®yukius sorted u €€ mapameTpbl

Mopynb bisect u ero pyHKIIHUH.

Cnucok auTeparypbl, peKOMEHAYeMbIH K HCIOJb30BAHUIO 110 TAHHOU
TEME
o [4] cTp.275-2764
e [5]cTp. 58-128;
e https://informatics.msk.ru/course/view.php?id=156#section-12.
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IIpuioxenue 1

IHopsinok BbINOJTHEHHUS PadOT B X0/4€ MPAKTHYECKUX 3aHATHI

O3HaKOMHTBCSL C TEOPETUUECKUM MaTEpPUATIOM, COOTBETCTBYIOIIUM TeME Ipak-
TUYECKOTO 3aHATHS, U MOATOTOBUTH OTBETHI HA MPEIJIOKEHHBIE KOHTPOJbHbBIC
BOIIPOCHL.
N3 cnucka 3agad BeIOpaTh COOTBETCTBYIOIIME CBOEMY BapuaHTy. JlJis Kaxmaou
3a/1a4M pa3padoTaTh MaTEeMaTHYECKYIO MOJIEIb, aJITOPUTM U TIPOrpaMMy peliie-
HUSL.
PeannzoBats nporpammy Ha O9BM.
JInst moJlydeHHsl OLIEHKH 0 UTOTaM MPAKTUYECKOrO 3aHATHUSL 3HATh OTBETHI HA
KOHTPOJIBHBIE BOIIPOCHI U MTPEIOCTABUTHh MUCbMEHHBIN OTUET, CONEPIKALINM:
a) TeMy IIPAKTUYECKOTO 3aHSTHS;
0) HOMep BapuaHTa;
B) 11CJIb;
I') pelIeHe KaXI01 3a/1auu, BKII0Uarolee B ceos:
- YCIIOBHE 3a/1a4H;
- MaTeMaTU4YECKYH MOJEINb;
- QITOpHUTM;
- JINCTHHT MPOrpaMMbl C OTMETKOM MPENMOAABATENS O €€ BBINOJIHECHUU,
- HCXOJIHbIM HaOOp NaHHBIX U COOTBETCTBYIOUINI €My pe3yibTarT;

- AHAJIN3 pe3yJIbTaTOB pa0OThI IPOTrPAMMBI.
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Ta6auua 11 — [IlepeyeHp mIaHUPYEMBIX PE3YJIbTATOB

IIpuioxenue 2
IlepeyeHb MIIAHMPYEMBIX Pe3yJIbTATOB 00y4YeHHsI MO0 JUCHMUIIJIMHE, COOTHECEHHBIX
¢ IVIAHUPYEMBIMHU Pe3yJIbTATAMH OCBOCHHSI 00Pa30BaTeIbLHOM MPOrpaMMbl

Kona, popmynuposka KoMIie-
TEHLINU

Kona, popmynuposka HUHAUKATOPA

[Inanupyemsie pe3ynbTaThl
00y4eHHs 10 TUCLUIUTNHE
(MoITyITI0), XapaKTepu3yIoIIne
9Tansl GOPMUPOBAHUS KOMIIE-
TEHUWH, UHAUKATOPOB

OIIK-8 Cnoco0en noHumMarhb
NPUHIHUIBI PA00ThI COBPEMEH-
HBIX HH(GOPMALIMOHHBIX TEXHO-
JIOTHH ¥ UCNOJIB30BATh MX JJIsl
pelieHus 3aaa4 npodgeccuo-
HAJILHOM AesITeJbHOCTH

M -1onk-s
TIPUHIIAITBI
MH(GOPMALIMOHHBIX TEXHOJOTUI

Cnocoben
paboThI

IIOHUMATh
COBPEMEHHBIX

JleMOHCTpHpYeT 3HaHHe
MPUHIUIBI paOOTHI COBPEMEH-
HBIX UH()OPMAIIMOHHBIX TEX-
HOJIOTUM ¥ YMEHHE UCIIO0JIb30-
BaTh COBPEMEHHBIEX
UH(POPMALMOHHBIE TEXHO-
JIOTHH JUTS PEIICHHs NPUKIa-
HBIX 3a/1a4

N-20nks
CriocoGeH Hcnonb30BaTh CO-BPEMEH-
HbIE WH(QOPMAIMOHHBIE TEXHOJIOTHU
IS pelleHus 3aa4d npodeccrHoHab-
HOH JIeSITeTbHOCTH

JTAHHBIX

VYmeer pazpabaTbiBaTh
IIPOrpaMMHO€E U HH(pOpMaLU-
OHHOE 00ecrieyeHre KOMIbIO-
TEPHBIX CUCTEM, BBIYUCIIU-
TEJIbHBIX KOMIUIEKCOB, 0a3

Ta6auua [12 — Onucanue noKa3zarejed 1 KpUTepueB OLEHUBAHUSA

npeamMeTra AUCHUILIN-

‘YMeHue npuMeHsTh

JOB U aHAJIUTUYCCKHUX

YpoBuu chopmu- JeckpunTtopsl
p OBaHHOCTHu MuHuManbHbIA
KoMmeTeHI(ki), YPOBEHD MuHuManbHbIN N .
unauKaTopa (oB) HE TOCTHIHYT YPOBCHD Cpennuii ypoBeHb Bricokuit ypoBeHb
(HeynoBnerBoputens- | (yZOBIETBOPUTEIHHO) (xoporno) (oTmaaE0)
4 Gamma 5 GamtoB
HO) 3 bama
2 Gaita

Komnemenyus.: OIIK-8
PesynbraTs! He JIeMOHCTpUpyeT | Bnanenue mioxo Ilonnoe, HO He pe- | PacmmpeHHslit o
00y4eHUs 10 IUC- | CHOCOOHOCTH TOHMMA- | CTPYKTYypHPOBAH- TaJIbHOE BJIAJICHUE | CPaBHEHHIO C paboueit
LUIUIMHE: HUSL TIPUHIMIIOB pa- | HBIMH JEKJIapaThB- 3HAHMSAMHM MaTeMaTH- | IPOrpaMMoil  Juamna-
Hnouxamop: 0OTBI  COBPEMEHHBIX | HBIMH 3HAHUSIMH, YECKUX M €CTECTBEH- | 30H BIIQJICHUS 3HAHH-
N 1-1onks Crioco- | uH(MOPMAIIMOHHBIX YaCTMYHOE PAcIlo3Ha- | HBIX HAyK - CTPOTO B | IMH  BCEX pasZesoB
6eH IIOHUMATh TEXHOJIOT UM BAaHUC OTACIBbHbIX paMKax pa60qel71 JAUCHUITIINHBI BKIJIIO-
MIPUHIUIIBI pa- CymecTBeHHbIe TIpO- | OJOKOB 3HAHHUSA U CO- MpOorpaMMBl. yas MHPOPMALMIO U3
0OTHI COBpEMEH- Oempl  BO  BIIAZICHWHU | OTHECEHHE UX MeXay | OOmee  MOHMMAaHWE | JTOTIOJHUTEIHHBIX
HBIX HHpOpManK- | 3HAHUSMH  PA3JENoB | COOOM. MaTeprasa B COOTBET- | HCTOYHHKOB.
OHHBIX TEXHO- mucnuiinHel.  3HaHus | [loHmMaHnue Kimode- ctBuM ¢ paboueil | [mybokoe monnmanne
JoTuit (parmMeHTapHbIE, BBIX aCIIEKTOB IpeJi- IIPOrpaMMOi Jc- | MpeaMeTa TUCLUILIH-

HECTPYKTypHUpPOBaH- MeTa B paMKax pabo- | LUIIIMHBL HBL.

HbIE, IeKJIapaTUBHbIE. | 4el MporpaMmbl JUc- | YMEHHE TNpHUMEHATh | YMeHue 3(QPeKTHBHO

Crnaboe  NOHMMaHHWE | LMIUIMHBI. IIOJIHBIM CIEKTP METO- | IPUMEHSTH COBPEMEH-

HBIC MCTOJbI M aHa-

Hbl. [IpuMepHoe mnpea- | orpaHU4YEeHHBIN NpuéMOB,  JIONyCKas | JIMTUUYECKUE TPUEMBI
CTaBlIeHHE O CyIle- | CIEeKTp CTAaHTAPTHBIX | HECYIIECTBEHHEIC HarpaBJICHHBIE Ha
CTBYIOIIMX  METOHaX | METOJOB M aHAJIHUTH- OIINOKH TPH PEIICHUH | pelIeHne 3a1ad ¢ HUc-
npuémax PEIICHNs | YeCKHUX MPUEMOB, TO- | 337a4 C HCIIONB30Ba- | MMOIB30BAHUEM SI3BIKA
MPUKIAIHBIX 3aJa4 C | [IyCcKasl CyLIECTBEH- HUEM SI3bIKa | IPOrpaMMHUPOBAHUS
HCIOJIb30BaHUEM HBIC OIIMOKH JIJIst MIPOTPAMMUPOBAHHUS ITuron.
sI3bIKA  IIPOrpaMMUpPO- | PELICHU 3a1a4 C Uc- IIutoH. OTiMYyHBIE aHAJUTH-
M0JIb30BAHUEM sI3bIKa | YMEHHE  NIPOBOJMTH | YECKHE CIOCOOHOCTH
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BaHus [Iuron. Hauans- | mporpaMMupoBaHus CIOXHBIH aHalIu3 U | U BCECTOPOHHAA
HBIIi ypoBeHb camo- | IIuroH. JEMOHCTPUPOBATH yOenuTenbHas
CTOSITENIbHOCTH  MBIIII- YBEPEHHYIO JlOKa3aTenbHas
JIEHHUS, yMeHHe JI0Ka3aTEeNbHYIO0 apryMeHTanusl.
YaCTHYHO WJIM C OIINO- apryMeHTalulo,
KaMU BOCIIPOU3BOAUTH ¢dopMynpoBaTh  HC-
CTPYKTYPY HUMEIOLIETO- CJIeZIOBaTENbCKUIM
Cs1 3BHaHUA. BoOIIpoC, HaXOoJUuThb
pemieHne, JOMycKas
OTJEIIbHBIE HETOYHO-
CTH, OLICHUBATb
KPUTHYECKH  anbTep-
HATHBHBIE TOAXOIBI K
pelIeHHIo 3a1a4 ¢ UC-
MOJIb30BAHUEM fA3bIKA
MIPOrpaMMUPOBAHUS
IIuToH.
PesynbraTs! He cmocoben ncnoib- | YIOBIETBOPUTENbHO | XOpOWIO TpUMEHSeT | Bricoxwmii YPOBEHb
00ydJeHUs 10 IMC- | 30BaTh COBPEMCHHBIC | MPHUMEHSET MH(OpMa- | HHPOPMAIIMOHHBIE CaMOCTOSITEILHOCTH
LUIUINHE: nH(pOpMannOHHbIE IUOHHBIC TEXHOJIOTUU | TEXHOJOTUU M CPENbl | MBIILICHHS.
Hnouxamop: TEXHOJIOTUH JUI pelle- | U Cpelbl IPOrpaMMHU- | MIPOrpaMMHUPOBAHUS Ymenue dopmymnupo-
N-20nk-s HUS 337124 Tpoeccho- | poBaHUS JUIsl pelie- JUIs perieHust mpogec- | BaTh aKTyaJbHBIH HC-
CnocobeH uc- HaJbHOI  JIeATeNbHO- | HUS MpOo(eccHOHaNb- | CHOHANBHBIX 3a7ad C | CIeAO0BAaTEIbCKHH
IMOJIb30BaTh CTH HBIX 3a7a4 C UCIIOJIb- HUCIIOJIB30BAHUECM BOIIpOC, HaXOJHUThb
COBPEMCHHBIC 30BAaHHUECM A3bIKA A3bIKa IMpOorpaMmMmupo- ONNTUMAJIBHOC  pEHIC-
MH(POPMAINOHHBIE MIPOrPaMMHUPOBaHHS BaHus [Iuton HHE W KPHUTHUYECKU
TEXHOJIOTUH VIS IInTon OLICHUBATh CYIIECTBY-
penieHus 3a1a4 IOIUE  aAIbTEPHATHB-

podecCHOoHaNb-
HOH JIeATEeNbHOCTH

HBIC MOAXOABI K pe1ie-
HUIO MaTCMaTUYCCKHUX
3aJa4d C HCII0JIb30Ba-

HUEM SI3BIKA
MPOrPaMMHUPOBAHUS
ITuton.
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MUWHUCTEPCTBO HAYKU 1 BBICIHEI'O OBPA3OBAHUA PO
OEJJEPAJIBHOE I'OCY JAPCTBEHHOE ABTOHOMHOE OBPA30OBATEJIbHOE
YYPEXIAEHUE BBICIIIET'O ObPA3OBAHUMA
«CEBEPO-KABKA3CKHI ®EJIEPAJIBHBI YHUBEPCUTET»

MeToanyeckue yka3aHus
M0 OpraHU3alliy U MPOBEICHUI0 CAMOCTOSATEIHHON pabOThI
10 JTUCIUIINHE
GAJIN'OPUTMMU3BALUSA U ITPOTPAMMUPOBAHUE»
AJId CTYACHTOB HAIIPABJICHUA ITOATOTOBKU
43.03.01 CepBuc
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O01HMe moJI0KeHus

CamocrosTenbHas paboTa - IaHupyemMasi yueOHasi, yueOHO-UCCIIeJ0BATENIbCKasl, HAYyYHO-
UCClIeIoBaTeNbCKas paboTa CTyIeHTOB, BBIIIOJIHAEMas BO BHEAY IUTOPHOE (ayTUTOPHOE) BPEMsI 110
3aJJaHUIO U TIPU METOJIMYECKOM PYKOBOJICTBE MPENOAaBaTes, HO 6€3 ero HermocpeACTBEHHOIO y4acTus
(Tpu 4aCTUYHOM HEMOCPEICTBEHHOM Y4YacTUU MPEenoAaBaTesis, OCTaBJISIOLUIEM BeAYIIYIO POJb 3a
paboToii CTYyICHTOB).
CamocrositenpHas padota ctynenToB (CPC) B BY3e siBnsercst BaXKHBIM BHJIOM y4eOHOM M HAYYHOM
JeSITebHOCTH CTyZeHTa. CaMocTosiTeNbHas paboTa CTYACHTOB UIPACT 3HAYUTEIbHYIO POJIb B
PEHUTHHTOBOM TEXHOJIOTHH O0yYCHHSI.
K 0CHOBHBIM BHJIaM CaMOCTOSITEIbHOI pabOThI CTYIEHTOB OTHOCSTCS:
— ¢popMHpOBaHUE U YCBOEHHE COJEPKAHUS KOHCIIEKTa JIEKLIMI Ha 6a3e peKOMEHI0BaHHOH JIEKTOPOM
y4eOHOI JTUTepaTyphl, BKItoYask HHPOPMAIIMOHHbBIE 00pa30BaTEIbHbBIE PECypPCHI (AIIEKTPOHHbBIE
Y4eOHHKH, dJIEKTPOHHBIE OUOIMOTEKH H Jp.);
— HamnKMCcaHue JOKIIAJ0B;
— MOATOTOBKA K CEMHHapaM, MPaKTHUYECKUM U JIA0OPAaTOPHBIM padoTaM, UX opopMIICHHUE;
— COCTaBJICHHE aHHOTHPOBAHHOTO CITUCKA CTaTei U3 COOTBETCTBYIOIIMX KYPHAJIOB IO OTPACIAM
3HaHUH (Me1aroruueckux, MCUX0JIOTHYECKUX, METOJIMYECKUX U JIp.);
— BBINOJIHEHHUE y4eOHO-UCCIIEeI0BATENCKUX Pa0d0T, MPOEKTHAS AEATEIbHOCT;
— MOJITOTOBKA MPAKTHYECKUX Pa3pabOTOK M PEKOMEHALNI TIO PEIICHUIO TPOOIIEMHOM CUTYaIINH;
— BBIMIOJTHEHHE JIOMAITHUX 33aHUH B BHJIE PEIICHUS OTAEIbHBIX 3aa4, IPOBEIACHUS THIIOBBIX
pacyeToB, pacueTHO-KOMITBIOTEPHBIX M MHIUBUIYAJIbHBIX pa0dOT MO OTAEIBHBIM pa3jenam
coZiep KaHus TUCIUILINH U T.11.;
— KOMITBIOTEPHBIA TEKYIHI CAMOKOHTPOJIb M KOHTPOJIb YCIIEBAEMOCTH Ha 0a3e 3JIeKTPOHHBIX
00y4YaroIuX U aTTECTYIOIIUX TECTOB;
— BBIMIOJTHEHHUE KypPCOBBIX Pa0OT (MIPOEKTOB) B PAMKaX TUCIMILIHH;
— BBITIOJTHEHHE BBITYCKHON KBATM(UKAITMOHHON PaOOTHI U JIp.
MeToarka opraHu3aiyl CaMOCTOATEIBHOM pabOoThl CTYICHTOB 3aBUCHT OT CTPYKTYPBI, XapakTepa
0COOCHHOCTEHN M3y4aeMoM TUCIUILIMHBI, 00heMa YacoB Ha €€ N3yueHHue, BUa 3aJJaHui IS
CaMOCTOSITENIbHON pabOThI CTYACHTOB, MHANBUIYAIbHBIX KAUE€CTB CTYIEHTOB U YCIOBUH yueOHOM
JIeSITEIIbHOCTH.
[Tporecc opranu3aii CaMOCTOATEIBHOM PabOThl CTYJCHTOB BKJIIOUAET B C€0s CIIEIYIOIIHE ITAlbI:

® [IOATOTOBHUTEJBHBIN (OmperencHue Iemei, COCTaBJIEHHE TMPOTPaMMBbl, TOATOTOBKA
METOJIMYECKOT0 0OecreyeH s, MOAr0TOBKa 000PYI0BaHHUS);

® OCHOBHOW (peamu3anusi MPOTpaMMbl, HCIOIB30BaHHWE MPHEMOB IOUCKa WH(pOpMAIUH,
YCBOGHHUS, TIepepadOTKH, MpPUMEHEHHUs, INepeJauyd 3HaHWi, (QUKCUpOBaHUWE PE3yJbTATOB,
caMOOpraHu3alys mporecca padoThl);

® 3AKITIOYMTENBHBIN (OI[eHKa 3HAYMMOCTH U aHAJIU3 PE3yJIbTaTOB, UX CUCTEMAaTH3allMs, OLlEHKa
3¢ (HEeKTUBHOCTH MPOTPaMMbl U IIPUEMOB padOThI, BHIBOJBI O HANPABIECHUSIX ONTHUMH3AINH TPY/IA).

CamocrosTenbHas padoTa 1Mo TUCIHUILINHE «AJITOPUTMH3ANMA U IPOrPaMMHUPOBAHUE»
HampaBlieHa Ha (OpMHUpPOBAHUE CIEAYIONIUX KOMIETEeH Mi:

OIIK-8 CnocoGeH NOHMMAaTh NPUHIHIIBI PA0OTHI COBPeMEHHbIX HH()OPMAIIMOHHBIX TeX-
HOJIOTHI M MC-TI0JIb30BATH UX /ISl pelleHus 32124 NPpo(ecCHOHAILHOM 1eATeJIbHOCTH

1. Heap u 3aqa4n caMOCTOSITEJILHOM PadOTHI

Benymas nens opranuzanuu u ocyiectsienus CPC coBmanaeT ¢ ueiabio o0yueHus CTyJeHTa —
(dhopMUpOBaHHE COOTBETCTBYIOIIETO HAOOpa KOMITETEHITH Oyaymiero 0akanaBpa 1o HarmpaBICHUIO
MOJrOTOBKH «MaTeMaThuka U KOMIIbIOTEPHBIC HAYKUY.

[Tpu opranuzanuu CPC BakHBIM 1 HEOOXOAMMBIM yYCIIOBHEM CTAHOBSTCS (HOPMUPOBAHHE YMEHUS
CaMOCTOSITEIILHON paOOThI ISl PUOOPETCHHS 3HAHU, HABBIKOB 1 BO3MOKHOCTH OpraHH3aIuu
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y4eOHOI 1 Hay4dHOI esiTenbHOCTH. L{enbio caMoCTOATeIbHOM PabOThI CTYICHTOB SIBIISCTCS
OBJIaIeHUE (PyHAaMEHTAIbHBIMU 3HAHUSAMU, IPO(ECCUOHATIbHBIMU YMEHUSMHU U HaBbIKaMU
JESITeILHOCTH 10 IPO(UIIIO, OIIBITOM TBOPUYECKOH, NCCIIEA0BATEILCKOM eI TEIbHOCTH.
CamocrosTenbHas paboTa CTyJIEHTOB CIIOCOOCTBYET Pa3BUTHIO CAMOCTOSITEIbHOCTH, OTBETCTBEHHOCTH
¥ OpPraHU30BaHHOCTH, TBOPUYECKOT'0O MOAX0/Ia K PEIICHUIO MPobsieM yuyeOHOro u npodeccuoHanbHOTO
YPOBHS.
3agauamu CPC sBagroTcs:

e cHCTEMaTH3auus M 3aKpEIUICHHUE IIOJYyYEHHBIX TEOPETUYECKMX 3HAHUNM M IPAKTUYECKUX
YMEHHM CTYIEHTOB;

e yrayOJieHHe U pacIlIipeHne TEOPEeTHUECKUX 3HAHUIH;

e (QopMHpOBaHHME YMEHHH HCIOJB30BaTb HOPMATHBHYIO, IPaBOBYIO, CIIPAaBOYHYIO
JIOKYMEHTALMIO U CIELMAIIBHYIO JINTEPATYPY;

® pa3BUTHE [I03HABATEJbHBIX CIOCOOHOCTEH M AaKTMBHOCTU CTYAEHTOB: TBOPYECKOU
MHULMATUBBI, CAMOCTOSTEIbHOCTH, OTBETCTBEHHOCTH U OPTaHU30BAHHOCTH;

e (OpMHpPOBAHHE CaMOCTOSITEIBHOCTH MBILIUIEHHS, CIHOCOOHOCTEM K CaMOpa3BUTHIO,
CaMOCOBEPILIEHCTBOBAHUIO U CaMOpEATIN3aLINHY;

® DPa3BUTHE UCCIIEIOBATEIbCKUX YMEHUM;

® HCIOJb30BAHME MaTepHasa, COOPaHHOIO U MOJIyYEHHOI'O B X0JI€ CAMOCTOSITEIbHBIX 3aHATHIH
Ha CEMHMHAapax, Ha MPAaKTUYECKUX U JaOOPATOPHBIX 3aHATUAX, IPU HAITMCAHUU KYPCOBBIX U BBIITYCKHOMN
KBaJM(PUKALIMOHHOHN paboT, A5 3P PEeKTUBHOM MOJTOTOBKHM K HTOTOBBIM 3a4€TaM U 3K3aMEHaM.

2. HOpH}]OK BBINOJTHEHUS CAMOCTOSATEIbLHOM paﬁoTI)I CTYAECHTOM

2.1. Memoouueckue pexomenoayuu no pabome ¢ y4eOHOU 1umepamypou

[Tpu paboTe ¢ KHUTON HEOOXOMMO TTOA00paTh JUTEPATYPY, HAYUUTHCS TPABUIBHO €€ YNTaTh, BECTH
3anucH. s monOopa muTeparypsl B OMOIMOTEKE UCTIONB3YIOTCS alpaBUTHBIN U CHCTEMAaTHIYECKUI
KaTaJIOTH.

BaxHO MOMHUTB, YTO PAIIMOHAIBHEIC HABBIKA PA0OTHI C KHUTOH - 3TO BCeT/1a OOJIbIIast SKOHOMUSI
BPEMCHU U CHIL

[TpaBWIBbHEIH TOAOOP YIEOHUKOB pEKOMEHIYETCS TPEIo1aBaTesieM, YUTAOIIUM JICKITMOHHBIN KypC.
HeoOxonumas mutepatrypa MOXeET ObITh TAKXKE YKa3aHa B METOJUUECKUX Pa3padOTKaxX Mo JaHHOMY
Kypcy.

W3yuas marepuali o y4eOHHKY, CIeIyeT NEPEXOAUTh K CIEAYIONIEMY BOIPOCY TOJIBKO MOCIIE Tpa-
BUJILHOTO YSICHCHHMSI PEABIAYIIETO, ONMUCHIBAast HA OyMare BCE BBIKIIAJKU M BBIYMCICHUS (B TOM YHCIC
T€, KOTOPbIE B YYCOHHMKE OIMYIICHBI WIIH Ha JICKIIUH JJAHBI ISl CAMOCTOSITEIIBHOTO BBIBOJIA).

[Tpu u3y4yeHnu 000 JUCIMILTAHBI OOJBIIYIO U BAXKHYIO POJIb UTPACT CAMOCTOSATEIbHAS WHIUBUTY -
anpHas pabdoTa.

Ocoboe BHIMaHUE CiIeyeT 00paTUTh Ha ONpeeNIeHHe OCHOBHBIX MOHATHI Kypca. CTyIeHT JOJDKeH
oJJPOOHO pa3doupaTh MPUMEPHI, KOTOPHIC MOSICHIIOT TAKUE OTPEICICHUS, 1 YMETh CTPOUThH aHAJIOTHY-
HBIC TPUMEPBI CAMOCTOATEIBHO. Hy>KHO TOOMBATHCS TOYHOTO MPEACTABICHHUS O TOM, YTO H3y4Yaelllb.
[Tone3Ho cocTaByIATH OMOPHBIE KOHCIIEKTHI. [Ipy M3y4eHnn Marepuaia 1o yueOHUKY MOJIC3HO B TET-
paau (Ha crienranbHO OTBEICHHBIX TIOJISX) AOMOJHATh KOHCTICKT JISKIUA. TaMm ke clieyeT oTMevaTh
BOIIPOCHI, BBIJICIICHHBIC CTYICHTOM JIJISl KOHCYJIbTAIIUU C MIPETIOIaBaATEIIEM.

BBIBOJIBI, TOJTYYCHHBIE B PE3YJIBTATE U3YUCHUS, PEKOMEHYETCSl B KOHCIICKTE BBICIIATh, YTOOBI OHU
[IPY TIEPEYUTHIBAHUY 3aIUCEH JTydllle 3aTIOMUHAITUCH.

OnbIT TOKA3bIBACT, YTO MHOTUM CTYACHTAM ITIOMOTAeT COCTABIICHUE JINCTA OMOPHBIX CUTHAJIOB, CO-
JIepKAIIEero BAKHEHIINE U HanOOoJIee 4acTo yroTpedsieMbie GOpMyIIbl U OHATH. Takon JIMCT
MIOMOTaeT 3aIIOMHUTH (POPMYJIbI, OCHOBHBIC ITOJIOKCHHS JICKIINH, & TAKIKE MOXKET CITy>KUTh TIOCTOSH-
HBIM CIIPAaBOYHHKOM JIJISl CTY/ICHTA.

UreHre HayYHOTO TEKCTa SBJISIETCS YaCThIO MTO3HABATEIILHOM IeATeIbHOCTH. Ee 1elib — u3BjIeueHue u3
TekcTa HeoOxoaumoi nHpopmanuu. OT TOTO Ha CKOJIBKO OCO3HAHHA YUTAIOIIUM COOCTBEHHAS! BHYT-
PEHHSIS YCTAaHOBKA MPU 0OpaIleHUH K IEYaTHOMY CJIOBY (HAWTH HY)KHBIC CBEJICHHS, YCBOHUTH
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MH(POPMALIMIO TOTHOCTHIO UM YACTUYHO, KPUTHUYECKH MTPOAHATM3UPOBATh MaTepUall U T.I1.) BO
MHOT'OM 3aBUCHUT 3()PEKTUBHOCTH OCYIIECTBIIIEMOTO JIEHCTBUSI.
Bo1aenstor uemoipe 0cHoéHble yCHMAHOEKU 6 UMEHUU HAYYHO20 MEKCMA:
HH(OPMAITMOHHO-TIOMCKOBBIHN (3a71a4a — HAWTH, BBICIIUTh HCKOMYIO HH(POPMAIIHIO)
yCBauBaromasd (YCI/IHI/ISI quTaTeIsd HallpaBJICHBI HA TO, I-ITO6I>I KaK MOKHO ITIOJIHEC OCO3HATh U 3a-
MIOMHUTDb KaK CAaMH CBEJICHUS M3J1araeMble aBTOPOM, TaK U BCIO JIOTHKY €T0 PacCyXIACHUIA)
AHAJINTUKO-KPUTUYECKAs (UUTATENIb CTPEMUTCS KPUTHUECKH OCMBICIIMTD MaTepUall, IPOAHaIN3UPOBaB
€ro, OIPEeJIeINB CBOE OTHOILIEHUE K HEMY)
TBOPYCCKaAsA (CO3,Z[8.CT Y 9UTaTCIIsl TOTOBHOCTH B TOM MJIM MHOM BHUJIC — KaK OTHpaBHOI\/'I IMYHKT IJId
CBOMX PAacCy>XJIeHUH, Kak o0pa3 ajs AeWCTBUA [0 aHAJIOTUH U T.II. — UCIOJIb30BaTh CYK/IECHUS aBTOPa,
XOJ €r0 MBICIIEH, pe3yIbTaT HaOII01eH s, pa3padOTaHHY0 METOIUKY, TOMOTHUTD UX, TIOABEPrHYTh
HOBOU IIPOBEPKE).
OchosHble 8U0bl CUCEMAMUUPOBAHHOU 3ANUCU NPOYUMAHHOZO.!
AHHOTHPOBaHHE — NMPEACIbHO KPAaTKOE CBA3HOE OMKCAHUE MPOCMOTPEHHOMN WM MPOYUTAHHON KHUTH
(craTbm), ee colepKaHusl, HCTOYHUKOB, XapaKTepa U Ha3HAYCHUS;
[InanupoBaHue — KpaTKasi JIOTHYeCcKasi OpraHu3alys TEKCTa, PaCKphIBAIOLIas COAepKaHUe U CTPYKTY-
py M3y4aeMoro Marepuaa;
Te3upoBaHue — TaKOHMYHOE BOCIIPOM3BEICHNE OCHOBHBIX YTBEPKICHUN aBTOpa 0€3 MpUBJIeUeHUs
(bakTUYeCKOro MaTepuara;
[{uTupoBaHue — JOCIOBHOE BBINMKUCHIBAHUE U3 TEKCTA BBIACPKEK, U3BJICUEHUH, HanOoJIee CyILIECTBEHHO
OTpaXKarolKuX Ty WM HHYIO MBICIIb aBTOPA;
KoncnektupoBanue — KpaTKoe U MOCIIE0BATEIbHOE N3I0KEHUE COJEPKAHUS IPOUYUTAHHOTO.
Koncnexr — cioxHbIi CHOC06 H3JIOKCHUA COLCPKAHUA KHUTH WA CTaThbU B JIOTHYECKOU II0CJIE10-
BaTebHOCTH. KOHCIIEKT akKyMyIHUpyeT B cede MpeabLAyIe BUIbI 3aHCH, TI03BOJIIET BCECTOPOHHE
OXBAaTUTbh COACPIKAHUC KHUTH, CTATHU. HOBTOMy YMCHHUC COCTABJIATDH IJIaH, TC3UCHI, ACJIATh BBIIIUCKU U
JIpyTHE 3aliCU ONpeeisieT U TEXHOJIOTUIO COCTABIICHUS! KOHCIIEKTA.
Memoouueckue pekomeHoayuu no cOCMAasLeHulo KOHCNeKMa:

1. BHUMaTEIpHO MPOYUTANTE TEKCT. Y TOUHUTE B CIIPABOYHOM JINTEPATYPE HEMOHATHBIE CIIOBA.
HpI/I 3aIliiucCu HE 33.6YI[I>T€ BBIHCCTH CIIPABOYHBIC JAHHLIC HA ITOJISI KOHCIICKTA,

2. Brelmenute rimaBHOE, COCTaBbTE INUIAH,

3. Kpatko chopmynupyiiTe OCHOBHBIE MOJTOXKEHHS TEKCTa, OTMETHTE apTyMEHTAIUIO aBTOPa;

4. 3aKOHCHEKTUPYWUTE MaTepuall, YETKO CJIenysl MyHKTaM IuiaHa. [Ipy KOHCIEKTUPOBAHUU CTa-
paﬁTGCB BbIPA3UTH MBICJIb CBOMMHU CJIOBAMMU. 3amnucu CJICAYCT BECTU YCTKO, SICHO.

5. I'paMoTHO 3anuckIBaiiTe UTATHL. L{UTHPYS, yUUTHIBAWTE TAKOHUYHOCTh, 3HAUMMOCThH MBICIIH.
B TexcTe KOHCIEKTa KellaTeIbHO NPUBOAUTH HC TOJIBKO TC3UCHBIC MMOJIOKCHHA, HO U UX
nokazatenbeTBa. [Ipu odopmiieHrH KOHCIIEKTa HEOOXOAMMO CTPEMUTHCS K EMKOCTH Ka)KJ10TO Mpe/-
JI03keHus. Mbiciin ABTOpa KHUT'U CIICAYCT HU3JiIaraTb KpaTkKo, 336OTHCL 0 CTHUJIC U BBIPASUTCIILHOCTHU
HAIMCaHHOTO. YUCIIO TONOTHUTENBHBIX 3JIEMEHTOB KOHCIIEKTA JJOJHKHO OBITh JIOTHYECKH 00OCHOBAH-
HBIM, 3alIMCH OOJIKHBI PACTIPCACIIATLECA B OHpe,Z[CJIeHHOﬁ oCJIICA0BAaTCIIbHOCTH, OTBe‘{aIOHlefl JIOTHN4YEC-
CKOM CTpyKType npousBeaeHus. ljis yTOUHEHUS U AOMOJIHEHUS! HEOOXOAUMO OCTaBIISATh MOJIS.
OsgunazieHre HaBBIKAMU KOHCIIEKTUPOBAHUS TPEOYET OT CTYACHTA LIeJIeyCTPEMIIEHHOCTH, TTOBCE-
JTHEBHOW CaMOCTOSITEIbHOU PaOOTHI.

2.2. Memoouueckue pexomenoayuu no no020moeKe K NpaKmuyeckum u 1ad0opamopHbimM 3aHAMUIM

st Toro uToObI MpakTUYecKue U Jab0paTOpHbIe 3aHATHS IPUHOCUIN MAKCUMAIIbHYIO TI0JIb3Yy, HE00-
XOJIMMO TOMHUTb, UTO YIPAXKHEHUE U PEILICHUE 3a/1a4 IPOBOJATCS 110 BEIYUTAHHOMY Ha JIEKLHUAX
MaTepuaiy U CBSA3aHbl, KaK IPaBUJIO, C A€TaIbHBIM Pa300pPOM OTEIbHBIX BOIIPOCOB JIEKIIMOHHOTO
Kypca. CinenyeTr Nogu4epKHyTh, YTO TOJIBKO IOCJIE YCBOCHMS JIEKLIMOHHOIO MaTepuaia ¢ OnpeaesIeHHON
TOUYKH 3peHUs (2 UMEHHO C TOM, C KOTOPOW OH M3JIaraeTcs Ha JIEKIHSIX) OH OyJeT 3aKperIsThCs Ha
MPAKTUYECKUX 3aHATUSX KaK B pe3yJbTaTe 00CYKICHHUS U aHaln3a JICKIIMOHHOTO MaTepHualia, TaK u ¢
MOMOUIBIO peLIeHUs MPOOJIEMHBIX CUTYyaIUi, 3a1au. [Ipy 3TuX yCclIOBUSAX CTYAEHT HE TOJIBKO XOPOIIIO
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YCBOUT MaTepual, HO ¥ HAyYUTCs IPUMEHATH €r0 Ha MPAKTHUKE, a TAKXKE MOJIyUUT JOTOJIHUTEIbHBIN
CTUMYJI (M 3TO OYE€Hb BaXXHO) JJISI aKTUBHON IPOPAOOTKH JICKITUH.

[Tpu caMOCTOSATETFHOM PELICHUH 33/1a4 HY>KHO 000CHOBBIBATh KAXKIbIN 3TAIl PEIICHUS, UCXOAS U3
TEOPETUUECKHUX MOJIOKEHUH Kypca. Eciu cTyJeHT BUIUT HECKOJIBKO MyTeH penieHust npooiemsl (3a1a-
Y1), TO HY>KHO CPaBHUTH MX M BBIOpaTh camblil parioHanbHbId. [1os1e3H0 10 Havana BEIYMCIICHUH
COCTAaBUTH KPATKHM IUIaH pelIeHus mpoosieMsl (3a1aun). Pemenne mpoOaeMHbIX 3a/1a49 WU IPUMEPOB
CIIEAyeT U3JaraTh MoApoOHO, BHIYUCICHUS paclojaraTb B CTPOroM MOPSAKE, OTJEIsAs BCIOMOTraTelb-
HbIE€ BBIYMCIICHUS OT OCHOBHBIX. Perienust mpu HeoOX0JMMOCTH HY>KHO COIPOBOXKIaTh KOMMEHTapH-
SIMU, CXeMaMH, YEPTEKaMU U PUCYHKAMH.

CrnenyeT IOMHUTB, YTO PELIEHUE KaX /10l y4eOHOIl 3a1a4u TOJKHO TOBOJUTHCS 10 OKOHYATEILHOTO
JIOTHYECKOTO OTBETA, KOTOPOT'O TPEOYET yCIOBHE, U 110 BO3MOKHOCTH € BBIBOJIOM. [lommydeHHbIi OTBET
CclIelyeT IPOBEPUTH CIIOCO0aMU, BHITEKAIOIIMMU U3 CyLIECTBa JaHHOM 3anayn. [lone3no Takxe (eciu
BO3MOYKHO) peIlaTh HECKOJIBKUMU CIIOCOOAMHU M CPABHUTH MOJTYUYECHHBIE pe3ysbTaThl. Pemenne 3agau
JTAHHOTO TUIIA HYXHO MPOJO0JKATh IO MPUOOPETEHNUS TBEP/IbIX HABBIKOB B UX PELICHUH.

2.3. Memoouueckue pexomenoayuu no camonposepke 3HaHull

[Tocne n3ydeHus onpeeneHHON TeMbI 110 3alIUCSIM B KOHCIIEKTE ¥ y4eOHMKY, a TaKXKe PeLIeHHs JoCTa-
TOYHOI'O KOJINYECTBA COOTBETCTBYIOLIUX 3a1a4 HA IIPAKTUYECKUX 3AHATUAX U CAMOCTOSTEIBHO CTY-
JIEHTY PEKOMEHIYETCs, IPOBECTH CAMOIIPOBEPKY YCBOCHHBIX 3HAHWUM, OTBETHB Ha KOHTPOJIBHBIE
BOIIPOCHI 10 U3yYEHHOU TEME.

B ciydae HEOOXOJMMOCTH HYKHO €Ilie pa3 BHUMATEIbHO pa300paThecsi B MaTepUae.

MHorna HeIOCTaTOYHOCTh YCBOECHHUSI TOI'O UM MHOT'O BOIIPOCA BBIACHAETCS TOJIBKO IIPU U3yUYECHUH
JAJIBHEHINETO MaTepuasa. B 3ToM city4ae Hafo BEpHYThCSA Ha3aJ U IOBTOPUTH IUIOXO YCBOCHHBIN
Marepuai. BaxxHblli KpUTEpUN yCBOCHUS TEOPETUYECKOIO MaTepuaa - yMEHUE PellaTh 3a1a4u UiIn
IIPOMTHU TECTUPOBAHUE IO MPOUJEHHOMY MaTepuairy. OIHAKO ClIeyeT IOMHHTD, YTO MPABUIIbHOE
pelIeHHe 3a7]aui MOXKET MOJIYYUTHCS B pe3yJIbTaTe MPUMEHEHUSI MEXaHUUYECKH 3ay4eHHBIX (popmMyI1
0€3 MOHUMaHMsI CYIIHOCTH TEOPETHUECKUX MOJIOKEHUH.

2.4. Memoouueckue pexomeHoayuu no HANUCAHUIO HAYYHbIX MEKCMOo8 (00K1a008, pehepamos, scce,
HAyuHvlX cmameti u m.o.)

[Tepen Tem, Kak IPUCTYNHUTH K HAITMCAHUIO HAYYHOTO TEKCTa, BAXKHO Pa300paThcs, KAKOBA UCTUHHAS
IeJTb BAIlIEr0 HAYYHOTO TEKCTA - 3TO MOMOXKET BaM Pa3yMHO PACIIPEICIUTh CBOU CHIIBI M BPEMS.
Bo-niepBbIX, cHavana Hy»KHO OMPEACTUTHLCS C UJeeH HAyIHOTO TEKCTa, a AJIs ATOr0 He0OX0IMMO Ha-
YYUTHCS THOO0 OTHOCHUTBHCS K Pa3HBIM SIBICHHSM U (PaKTaM HECKOJIBKO KPUTHUYECKH (CBOSI UAES — KaK
WHAs TOYKA 3PSHMsI ), THO0 HAYYUTHCS YBICKATHCSI KAKUMHU-TO U3BECTHBIMH UESIMU, KOTOPHIE HYXK-
JAFOTCS B I0PAa0OTKE (Mesl — KaK ONTUMHCTUYECKast TIO3HIIMS ¥ HAIIPABJICHHOCTh Ha JallbHEeHIee
COBEpIIICHCTBOBAHUE YK€ U3BECTHOTO0). BO-BTOPBIX, HAYYUTHCS OPTraHU30BBIBATH CBOE BPEMs, BE/Ib,
KaK U3BECTHO, CBOOOHOE (OT BCAKUX TIIYTIOCTEH) BpeMsi — BaKHEHIIIee YCIIOBUE HACTOSIIETO TBOPYE-
CTBa, JUUIsl HETO HAKOHEI[-TO MOsBIsIETCS BpeMsi. IHOTJa IMEHHO Ha OpTraHU3aIUI0 TAaKOTO BPEeMEHHU
YXOJIUT HEMaJIasi 9acTh CHJI U TAJIAHTOB.

[TucaTh cneayeT SICHO U TOHATHO, CTAapasich OCHOBHBIE MOJIO0XKEHUS (OPMYITUPOBATH YETKO U HEJIBY-
CMBICJICHHO (4TOOBI 1 CAaMOMY TIOHATHO OBLIO), & TAKXKE CTPEMSICh CTPYKTYpUPOBATh CBOM TeKCeT. Kaxk-
JIBIA pa3 HAJIO MPEACTABIATh, YTO BAIll TEKCT OYAET KTO-TO YUTATh U €My 3aX04YeTCSI COPUEHTUPOBATHCS
B HEM, OBICTPO HAXOJUTh OTBETHI HA MHTEPECYIOIINE BOIIPOCHI (320JHO TPEACTaBbTE ce0sl HA MeCcTe
Takoro 4enoBeka). [IoHATHO, 4To paboTa, HaMKMCaHHAs «CIUIONIHBIM TEKCTOM» (6€3 3ar0JI0BKOB, 0e3
BBIJICJICHUS] KPYITHBIM MIpU(TOM HanOoJiee BaKHBIM MECT H T, I1.), Y KyJIbTYpPHOTO YHTATEIs TOJDKHA
BBI3BIBaTh OPE3TIIMBOCTD U JAXKE KAIOCTh K aBTOPY (MCKIIFOUEHHUSI COCTABIISIOT HEKOTOPBIC APEBHUE
TEKCTHI, KOT/Ia ¥ JKaHp ObUT MHOM M K TEKCTaM OTHOCHJIMCh MHAUe, Ja U CAMHUX TEKCTOB OBLJIO TOPa3o
MEHBIIIE — HE TO, YTO B ATMOXY «HH(POPMAIIMOHHOTO B3PBIBa» U COOTBETCTBYIOLIETO «UH(OPMAIIMOH-
HOTO MYyCOpa»).
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OO0beM TeKkcTa U pa3andHble 0(OPMUTENBCKUE TPEOOBAHNS BO MHOTOM 3aBHCAT OT MIPUHSTHIX B KOH-
KPETHOM y4ueOHOM 3aBEJIEHUU MOPSIKOB.

Pedepart (noknam) - 3T0 caMOCTOSATEILHOE HCCIEIOBAHNE CTYIEHTOM OIPEAeIIEHHON MPOOIEMBI,
KOMIUIEKCa B3aUMOCBSI3aHHBIX BOIPOCOB.

Pedepar He nomwKHa cocTaBIAThCA U3 (parMEeHTOB cTaTel, MoHorpaduii, mocodbuit. Kpome mpocroro
u3noxkeHus GakToB U LIUTAT, B pedepaTe JOKHO MPOSBISATHCS aBTOPCKOE BUICHUE IPOOJIEMBI U €€
pereHus.

PaccMoTpuM OCHOBHBIE ATanbl HOJATOTOBKU pedepaTta CTyACHTOM.

Brinonnenue pedepara HaunHaeTCsl C BHIOOPA TEMBI.

3areM CTYJIeHT NPUXOJUT Ha NEPBYIO KOHCYJIbTAUIO K PYKOBOJUTEIIO, KOTOpasi MpeayCMaTpUBAET:

- 00Cy>KIeHUE 1IEeH U 337a4 paboThl, OCHOBHBIX MOMEHTOB U30paHHOM TEMBI;

- KOHCYJIbTUPOBAHUE MO BOIIPOCaM Moa00pa JTUTepaTyphl;

- COCTaBJICHUE MPEIBAPUTEIBHOTO IJIaHA.

Crnenyrouium stanom sBiiseTcst padora ¢ nureparypoil. Heooxoaumas nurepatypa nogoupaercs cry-
JICHTOM CaMOCTOSTENbHO.

[Tocne moxbopa uTepaTypsl 1IeIeco00pa3Ho clenaTh pabounii BapraHT IiaHa paboTel. B HeM HYKHO
BBIICTTUTH OCHOBHBIE BOTIPOCHI TEMBI U Maparpadbl, pacCKpbIBAIOIINE UX COICPIKAHNUE.

CocTaBIIeHHBIH CIIUCOK JINTEPATYPHI U NPEABAPUTEIbHBIN BAPUAHT IUIaHA YTOUYHSIOTCS, COTIACYIOTCS
Ha OYepeHON KOHCYJIbTAIlMU C PYKOBOJUTEIIEM.

3areM HAaUMHAETCS CIEIYIOMINNA ATan paboThl - U3yUeHue JIUTepaTrypbl. TOIbKO BHUMATEIbHO YUTAs U
KOHCIIEKTUPYS JIUTEPATYPY, MOKHO Pa300paThCsi B OCHOBHBIX BOIIPOCAX TEMBI M IMOATOTOBUTHCS K
CaMOCTOSTEIILHOMY (aBTOPCKOMY) M3JI0’KEHUIO cojiepkanus pedepara. KOHCIIEKTUPYS TEpBOUCTOY-
HUKH, HEOOXO0AUMO OTPa3UTh OCHOBHYIO UJICIO aBTOPA M €0 MO3UIHIO 110 HCCIeyeMOMY BOIIPOCY,
BBISIBUTH MPOOJIEMBI 1 HAMETHUTD 3a/1a4M JUIsl TadbHEHIero n3y4eHus JaHHbIX IPOOJIEM.
CucteMaTu3alys U aHaJIU3 U3YYCHHOM JIUTEpaTyphl IO MPoOIeMe UCCIeA0BAHMS TO3BOJISIOT CTYICHTY
Hamucartb padory.

Pabounii BapuaHT TeKcTa pedepaTa nmpeJoCTaBIsIeTcsl pyKOBOAUTEINO Ha poBepKy. Ha ocHoBe pabo-
Yero BapuaHTa TeKCTa PYKOBOJHUTENIb BMECTE CO CTYAEHTOM OOCY’KIaeT BOSMOXKHOCTH 10pa0OTKH TEK-
cra, ero opopmiuenue. [locne nopabotku pedepar crnaercs Ha Kadenpy Al ero OleHUBaHHUS PYKO-
BOJIUTEJIEM.

Tpebosanus k Hanucanuio pepepama

Harmmucanwme 1 pedepara sBisieTcst o0s3aTeIbHBIM yC10BHEeM BhinoiaHeHus m1aHa CPC mo mo6oi auc-
LUITUHE TPO(PECCHOHATBFHOTO IUKIIA.

Tema pedepaTta MOKeT OBITH BBIOpaHa CTYJICHTOM M3 IIPEJIOKCHHBIX B pabodeil mporpaMme win
(oH/Ie OIICHOUHBIX CPE/ICTB AUCIHUILINHEI, TU00 ONpeieieHa CAaMOCTOSTENIbHO, HCXO/Is1 U3 HHTEPECOB
CTyJIeHTa (B paMKax U3y4aeMoOu TUCIUILIAHEI). BIOpaHHyI0 TeMy HEOOXOIMMO COTIacOBAThCS C
MPEeroIaBaTeNeM.

Pedepar nomken ObITh HaNMMCAaH HAYYHBIM SI3BIKOM.

O6beM pedepata nomkeH coctaBisaTh 20-25 cp.

Cmpyxkmypa peghepama:

e Bgenenue (ue 6omnee 3-4 crpanuir). Bo BBegeHNN HE0O0X0AMMO 000CHOBAThH BEIOOP TEMBI, €€
aKTyaJIbHOCTb, OYEPTHUTH 00JIaCTh HCCIEIOBAHNUS, OOBEKT UCCIIEIOBAaHHS, OCHOBHBIC LIEJIH U 33/1a4H UC-
CJICJIOBAHMUS.

e OcHOBHasl 4aCTh COCTOMT U3 2-3 pa3nenoB. B HuX packpsiBaeTcs CyTh HCCIEAyeMOil Mpo-
OJ1eMBbl, IPOBOJIUTCS 0030p MUPOBOM JIUTEPATYPhl U HCTOYHUKOB VIHTEpHET MO MpeIMeTy MCCienoBa-
HUS1, B KOTOPOM JA€TCs XapaKTePUCTUKA CTENIEHHU pa3pab0TaHHOCTH MPOOIEMbI U aBTOPCKas aHAIUTHYC-
CKasi OLIEHKAa OCHOBHBIX TEOPETUYECKUX MOJIXOJI0B K €€ pelieHuI0. V3noxeHne Marepuana He T0JKHO
OTPaHUYUBATHCS JTUIIH OMMMCATETHHBIM IMOAXO0A0M K PACKPBITUIO BEIOPAHHOH TeMbl. OHO TaKXe JOHKHO
coJiepKaTh COOCTBEHHOE BUJICHUE pPacCMAaTPUBAEMOI POOIEMBbI M U3JI0’KEHUE COOCTBEHHOM TOUKH 3pe-
HUS Ha BO3MOXHBIC ITyTH €€ PEIICHUS.

e 3axmoueHue (1-2 crpanunsl). B 3akaroueHnN KpaTKO U3J1aratoTcsl JOCTUTHYTBIE ITPU U3y4e-
HUU TPOOIEMBI LIEJIH, TIEPCIIEKTUBBI PA3BUTHS HCCIEAYEMOro BOIIpoca
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e CHHMCOK UCIOJIb30BAaHHOM TUTEepaTyphl (He MeHbIe 10 HCTOYHUKOB), B al1()aBUTHOM TOPSIJIKE,
0(OPMIICHHBII B COOTBETCTBUU C MIPUHATHIMU MPABUIIAMH. B CITUCOK HCITOJIB30BAHHOM JINTEPATYPHI pe-
KOMEHIYEeTCs BKJIIOUATh pabOThl OTEYECTBEHHBIX U 3apyOeKHBIX aBTOPOB, B TOM UHKCJIE CTaThH, Oy OIH-
KOBAaHHBIC B HAYYHBIX )KypHajaxX B TEUECHUE MOCJIEIHUX 3-X JIET U CCHUIKU Ha pecypchl ceTu HTepHeT.

e [Ipunoxxenue (Mpu HEOOXOAUMOCTH).

Tpebosanus k oghopmnenuio:

® TEKCT C OJHOU CTOPOHBI JIUCTA;

mpudT Times New Roman;

Keryb mpudra 14;

MEXCTpOUHOE paccTosinue 1,5;

noJIst: CBEpXy 2,5 cM, CHU3Y — 2,5 cM, ciieBa - 3 cMm, cripasa 1,5 cm;

pedepar noHKeH OBITh IPEICTABICH B COPOIIIOPOBAHHOM BHJIE.

Topsook 3awumel pepepama:

3amuTa pedepara MPOBOAUTCS HAa MPAKTUUECKUX 3aHATHUAX, TOCIIE OKOHYaHUsI pabOThI CTYIEHTa HaJl
HUM U UCIIpaBJIEHUS BCEX HEAOUYETOB, BHISIBJICHHBIX MIPEMNO/IaBaTesieM B X0/1€ KOHCyIbTanui. Ha 3ammu-
Ty pedepara OTBOIUTCS 5-7 MUHYT BpEMEHH, B X0J1€ KOTOPOT'O CTYJIEHT JI0JKEH MOKa3aTh CBOOOIHOE
BIIQJICHUE MaTepUajoM Mo 3asiBiIeHHOH Teme. [Ipu 3amuTe pedepara mpUBETCTBYETCS UCTIOIB30BAHUE
MYJIbTUMENA-IIPE3EHTAIIH.

Oyenxa pepepama

Pedepart onenuBaeTcs 1o cieayomuM KpUTepusm:

* coOmoieHne TpedoBaHui K ero 0pOpMIICHHIO;

* He0OXOIMMOCTb U AOCTATOYHOCTD JJIs PACKPBITHS TEMbI IPUBEJCHHON B TeKcTe pedepara nnpopma-
uuy;

* YMEHHE CTy/IeHTa CBOOOIHO U3J1araTh OCHOBHbBIE UJIEH, OTPaKEHHbIE B pedepare;

* CIIOCOOHOCTH CTYJICHTA MOHATH CYTh 33J]aBAEMbIX MPEINO/IaBaTeIeM U COKYPCHUKAMHU BOTIPOCOB U
c(hopMyJIMPOBATH TOYHBIE OTBETHI HA HUX.

Kpumepuu oyenxu:

Oyenka «omauyHo» BBHICTABIISIETCS CTYJIEHTY, €CJIH B JOKJIaJIE CTYACHT UCUYEPIIbIBAIOIIE, TOCIE0-
BaTEIbHO, YETKO U JIOTUYECKU CTPOMHO M3JIaraeT MaTepualr; CBOOOIHO CIIPABIISETCS C 3aa4aMH,
BOIPOCaMH U JPYTMMH BUJIAMU IIPUMEHEHUS 3HaHUH; UCIOJIb3YeT JUIsl HallMCaHUs JI0KJIa/1a COBPEMEH-
HBIC HAyYHbIC MAaTEePHUAIIbI;, aHATH3UPYET MOTYUCHHYIO0 HH()OPMAIINIO; IPOSIBIISIET CAMOCTOSTEIILHOCTh
IIPU HAIMlMCAHUM JTOKJIa/1a.

Oyenka «xopouio» BbICTABIISECTCA CTYACHTY, €CIM KAYECTBO BBIMOJIHEHUS JOKIAa1a JOCTATOYHO BBICO-
koe. CTyJIeHT TBepA0 3HaeT MaTepual, 'PaMOTHO U 110 CYLIECTBY M3JIaraeT ero, He JOIycKas cylie-
CTBEHHBIX HETOYHOCTEH B OTBETE HA BOIIPOCHI IO TEME JI0KJIaJa.

Oyenka «y0081emeoépumenbHo» BbICTABIAETCS CTYJEHTY, €CIIM MaTepua JTOKIala u3jaaraercs
YaCTUYHO, HO MPOOEIBI HE HOCIT CYIIECTBEHHOTO XapaKTepa, CTYJACHT JOIMyCKaeT HETOYHOCTH U
OIIMOKY IpHU 3alUTe TOKIaa, 1aeT HeIOCTaTOYHO NpaBUIIbHbIE (DOPMYIHPOBKHU, HAOIIOJAIOTCS HAPY-
LIEHUS JIOTHYECKOM MOCIEJ0BATENIbHOCTH B U3JI0KEHUU MaTepHuaa.

Oyenka «Hey0081emeopumenbHo» BbICTABISETCS CTYACHTY, €CJIM OH He MOATOTOBUII IOKJIa1 WIH J10-
MyCTUJ CyllecTBeHHbIe omuOku. CTyACHT HEYBEPEHHO M3JIaraeT MaTepual JI0KIaaa, He OTBEYaeT Ha
BOIPOCHI IIpenogaBaTels.

Onucanue wkanbl OYeHUsaHus

MakcumanbHO BO3MOKHBIN OaJIJT 32 BECh TEKYIIIUA KOHTPOJIb YCTaHABIUBAETCS paBHBIM 55. Tekytee
KOHTPOJIbHOE MEPOIIPUATUE CUUTAETCS CAAHHBIM, €CJIU CTYJICHT MOJIy4YuII 3a Hero He meHee 60% ot
YCTAHOBJICHHOTO JIJIsl ’TOTO KOHTPOJISI MAaKCUMAJIbHOTO Oaiuia. PEUTUHTOBBIN 0asui, BRICTABIIIEMbIN
CTYICHTY 3a TeKyIllee KOHTPOJIbLHOE MEPOTIPUSTUE, CTAHHOE CTYJICHTOM B YCTAHOBJICHHBIE TPAPUKOM
KOHTPOJIBHBIX MEPOIIPHUATHI CPOKH, ONPEIEINIIETCS CIEIYOIHUM 00pa3oMm:
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