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1 Brorauciaenuns B KOJIbII€ BbIYE€TOB

Kak u3BecTHO, OOBIYHBIE YMCIA — 3TO TaKas JIMHEEYKA C
nestenusivi. B OOBIYHBIX YHCIAX €CTh MEPBUYHAS OTEPAIUsT
«ILTIOC OWH», WJIA «HA OJHO [€JIEHWE BIIPABO», U BTOPUY-
HbIE — CJIOYKEeHWe, YMHOYKEeHIe U BO3BeJeHNe B CTeleHb. Bro-
PUYHDBIE OHU TIOTOMY, 9TO CJIOKEHHNE ITO MHOTOKPATHOE «ILITIOC
OJIVH», YMHOXKEHUE — MHOTOKPATHOE CJIOXKEHUE, U BO3BEICHNE
B CTEIeHb — MHOTOKPATHOE yMHOXKEHUE.

OOBIYHBIE YHCIA — 9TO OYEHB TPOCTO, U TIOITOMY LTSl HY 7K ]I,
kpunrorpadun n300pen «HEeHOPMAaJbHBIE YHUCIa», B KOTO-
PBIX BCE CJIOXKHO.

Henopmasbable unciaa — 3TO Takoi «IudepOaaTiKy, T.e.
JINHEEYKA, 3arHyTasi B KOJIBIIO.

ITpumep 1. Ha oOBIKHOBEHHBIX FYacax CO CTpeNKoit 12 meme-
HU, TakuM oOpa3om mosy4daercsa 12 uwncesn. HenopmanbHbie
kpunrorpadsl Hymepyior ux tak: 0, 1, 2, ..., 11. (A me 1,
2, ..., 12, KaKk BCe HOPMAJIBHBIE JIIOJH).

Oror «iudepbIATHK HA3BIBAETCA KOJBIO BBIYETOB ¢ 12
YUCTIAMU WU Z12. Pa3mepsr «nudepbaaTukas MOTYT OBITH
Pa3HBIMHU, T.€. CYIIECTBYET MHOTO PA3HBIX CHCTEM HEHOPMAJIh-
HBIX YHUCEI.

1.1 CroxeHue u yMHOX€EHUE

Apudmernyeckue omepanun ¢ HEHOPMAJILHBIMU UYHACIAMHU B
NPUHIINATIE TAKKe ¥Ke, HO MePBUYHAS ONEpPalis «ILIIOC OLWH»
z3anukanBaercs, T.e. 11 «mrroc oguas Oyaer 0. Omeparun cio-
JKeHHs, YMHOXKEHUSA W BO3BEICHHUS B CTEIEHb ONPEIE/IAI0TCS
AHAJIOTMYHO OOBIYHBIM YHCJIAM.

Ilpumep 2. 10 + S5=naTh pa3 «IJIIOC OIWH» TOCJE IECITH.
Cuuraem mansaukom 1o nudepbdbmaruky: 11, 0, 1, 2, 3. TTomy-
qaercsa 10 + 5 = 3 B HEHOPMAJBHBIX IHUCIAX L12.

ITpumep 3. 10% 3o 10 - 10 - 10. B cBoio ouepens 10 - 10 sTo
10+10+10+10+10+ 10+ 10+ 10 + 10 4+ 10. 11 B cBoOIO
ouepenapb 10 + 10 sro (cuuraem nasbuukom) 11, 0, 1, 2, 3, 4,
5,6,7,8. Te. 10 + 10 = 8. IIpomomkasa cauTaTh TAJTBIAKOM,
KoTla-Hnby b Haitmem 107

OTH Ke JeWCTBUS MOXKHO CAETATh C TIOMOIIBIO KATBKYIATO-
pa. IIpencraBum cebe OOBIKHOBEHHBIE UHC/IA B BHIE BEPEBOU-
KU C y3enkamu, a nudepbaar B Buge OpeBHa ¢ oboxBaToMm «12
y3enKkoB». Termepb BEIYUCISATH MOYKHO TaK: CHAYAJIa, OTCUUTHI-
BaeM y3€eJIKU Ha BEPEBKE, 3aTeM HAMATHIBAEM €€ Ha OPEBHO U
CMOTPHUM, KAKO# XBOCTUK OCTAJICS.

ITpumep 4. 10° MOKHO COCUHTATH HA KAJBKYIATOPE, TOJY-
gurca 1000 (T.e BepeBOYKa, HA KOTOPOH THICAYA Y3EIKOB).
HamarsiBaem: 1000 momennts Ha 12 (MOXKHO Ha KaJbKY/Is-
Tope) Oyzer 83 ¢ Mesoubio, T.e. 83 HOJHBIX 06OPOTA U XBO-
cruk. 83 mosHbIX obopora mo 12 yzenkos Oyaer 996, T.e. Ha
XBOCTHK ocTaercst 4 y3eaka. Bor mbr u cocunrann, 10° =4 B
HEHOPMAJIbHBIX TUCTAX £12.

KcraTtu, 10, 9T0 MBI TOJBKO YTO IPOAETATN, HA3BIBACTCS
nesienue ¢ octatkoM. (cM. paszzmen 2.1 (crp. 5)). B pasencrse
1000=12-83+4 uucao 1000 — neaumoe, 12 — nenurenn, 83 —
qacTHOe U 4 — ocTatok. Ecian moab30BaThCst 0003HAYEHUSIME
13 MOIYJIAPHLIX A3BIKOB Iporpammuposannsd, To 1000%12=4.

1.2 Brruumranue

HamomuamM, 9T0 BRIYUTAHIE — 3TO OIEPAIlHs, OOpATHAA K CJIO-
JKEHUIO, T.e. & — b = ¢ 3TO TO XKe camoe, 9TO U @ = ¢ + b.

Hewmuorue 3HaioT, 9T0 «49€PTOYKA> B MATEMATHKE 0DO3HA-
JaeT TPU PA3HBIX BEIIN:

1. Beruuranwue, T.€ omepanysi, OOpaTHAs K CIOKEHUIO.

2. Yacrn unciaa. OOBIYHBIX YHCEJI WHOTIA HE XBATAET, W JIIO-
JIV TIPUIYMAJIU PACITHPEHe — OTPUIATE/IbHbIe anciia. K
coXKaJeHno, 6eIHbIe Ha (PAHTA3UI0 MATEMATHKA 0003HAa-
YalT MX IOCPEICTBOM IPUPHCOBLIBAHUS YEPTOYKH IIe-
PEeI IUCIIOM.

3. Omepamnuio B3sTHs MPOTUBOMOJIOKHOTO YHCIA. Hamom-
HIM, 9TO JIBA UNCJIA HA3BIBAIOTCI NPOMUSONONOHCHHMU,
ecu ux cymma pasua 0. Kak ussectno, 3 + (—3) =0, u
3TO 3HAYUT, YTO 3 MPOTUBOIOJIOKHO —3 U —3 MPOTUBO-
TTOJIOZKHO 3.

IIpucmorpeBmnch K KaIbKYIATOPY C KHOITOYKAMU, MOYKHO
OOHAPYXKHUTH TaM TPU «MHUHYCa»: OJUH CIPABa B CEPEIUHE,
BTOPOit OOBIYHO BHU3Y CJIEBA, ¥ TPETHl MOSIBJISETCS HA WHIU-
KATOpE MPU MOSIBJIEHUH TaM OTPUIATEILHOTO THCJIA.

B memopMaIbHBIX 9IHCIaX BCE HEMHOTO HeE Tak. [[poTuBoIO-
JIOXKHBIE YUCJIA TAM YK€ eCTh U3HAYATIBHO, TAK 9TO ITPUPHUCO-
BBIBATH YE€PTOUKY K UHCIYy HEe Hy:KHO: 7T+ 5=0B Z13 T.e. 7T —
YHCJIO TPOTUBOTIONIOKHOE K 5, & & — YUCJIO MPOTHBOIOJIOKHOE
K 7.



IIpucmorpesimuch K 1mudepOoIaTHKY, MOKHO 3aMETHTh, ITO
MIPOTUBOIOJIOKHBIE YHCJIa, HAXOIATCS HA TPOTHBOIIOIOXKHBIX
(oTHOCHTEIHLHO BepTUKAIN) CTOpOHAX. Hamporus 2 HaxomuT-
ca 10, u meficteurensio, 24+ 10=0 (B Z12).

Omneparust BbIYMTAHUS KAK Obl JIMIIHSAS, MOTOMY UTO €€
MOXKHO 3aMEHHUTb Ha MPUOABJIEHUE MPOTUBOMOJJIOXKHOIO, JIJIs
JIEMOHCTPAIMH 9€ro U IPUBEIEH

IIpumep 5. B HOpMATHHBIX YHCIAX —3 MPOTHBOMOJIOXKHO 3,
7 9TO 3HAYHUT, YTO BBIYUTAHHE I — 3 MOXKHO 3aMEHUTb Ha
cioxerre ¢ + (—3). AHAJIOTMYHO B HEHOPMAJIbHBIX UHCIIAX:
Tak Kak 7 + 5 =0 (B Zi2), BbIUNTAHHE MOYKHO 3aMEHWUTH
Ha ciaoxennme: 3 — 7 = 3 + 5 = 8. Ilposepsem croxenn-
eM: 8+ 7=15=12+3=3.

Ynpaostcnenue 1. Permurh ypaBuenne x + 3 =2 B Zs.

1.3 enenune

Ilemrenne — 310 omneparins, odOpaTHas K yMHOXKeHH0. [IocKob-
Ky B Z12 BepHO paBeHcrBo 4-5=38, ro 8/5=4. Jleaurpb uncia
TaK, KAK MbI PAHBINE YMHOXKAJJIN U CKJIABIBAJIN, T.€. <«IOJIe-
JIUTH Ha BEPEBOUYKE M HAMOTAThY, (Kak B mpumepe 4 (cTp. 1)),
K COXKAaJIEeHWIO, HEBO3MOXKHO. 8/5 =1.6 u Ha 4 coBepuIeHHO HE
TOXOXKE.

Tak e Kak W B CIydae C «9ePTOUYKO», y MATEMATHKOB
€CTh TPHU BUIA <«IOIETUTH»

1. ObGbruHOe JesieHHe, HA KAJbKYJSITOPE 3TO KHOMOUYKA
crpasa.

2. Haxoxnenne obparaoro. Oboszmagaerca =~ 1. Ha Kamb-
KyasTope obozHavaercs 1/x wmm z7 1.

3. «Bangrasy Ha WHIUKATOPE KAIBKYIATOPA, UYTO, KaK BbI,
HaBepHOe, TTOMHUTE, O3HAYAET HECKOJIHLKO pa3 MOJE/IUTH
Ha 10.

HamomunM Ha BCAKMIT CITy9ail, 9TO OJHO INUCIIO HA3BIBAETCS
OOpaTHBIM K IPYTOMY, €M WX TIPOU3BeIeHne paBHo 1, 1 BMe-
CTO JeJIeHus MOXKHO HCIOJIb30BAaTh YMHOXKEHUE Ha 00paTHOE
HHCJIO.

Ilpumep 6. B obbranbix ynciax 2 - 0.5 =1, te. 2 obparHo
kK 0.5 u 0.5 obparuo k 2. U Ttemepb MOXKHO [EATH YMHOXKE-
HueM: a/2=a-05una/0.5=a-2.

HpI/IMepHO TaK MBI " 6yﬂeM JEJINTh B KOJIBIIE BHIYETOB.

Ilpumep 7. Tlponssenenne 3-4=12=11+1T1e. 3:4=18 Z1;.
CrenoBareIbHO, MBI BHE3AIMHO HAYYUINCH JEJIUTh HA 3 U Ha 4
BZ11:2/3=2-4=8,2/4=2-3=6,5/3=5-4=20=9 u 1.1

C 0OpaTHBIMHI YUCJIAMU B KOJIBIIAX BHIUYETOB BCE HE TTPOCTO.

IIpumep 8. llposenem wuccaemoBanme B Zg, JJIS ITOTO Tie-
DPEMHOXKNM BCEBO3MOXKHBIe uncia (kpome 1 m 0): 2.2 =4,
2:3=6=0, 2-4=8=6+2=2,2-5=10=6+4=4, 3-3=9=6+3=3,
3-4=12=6-240=0,3-5=15=6-2+3=3,4-4=16=6-2+4=4,
4-5=20=6-3+2=2,5-5=25=6-4+1=1.

Kak Buzpure, He y Becex uucest ecrb obparuoe (5 obparHo 5,
HO Y JPYTUX YUCEe] OOPATHOTO HET), a U Yy TEeX, Y KOTOPLIX
€CTh, COBEPITIEHHO He $ICHO, KaK 3TO caMoe O0paTHOe HaXo-
JIATh.

[MousTHO, YTO HAXOAWTH OOpPATHOE TYIBIM MEPEOOPOM
MOXHO B MAJIEHBKUX KOJIBIIAX BBIYETOB, HO HEJIb3s B
6ompinx. B momymspHOM B KPHNTOrPapUIECKHX KPyrax
ZcTo3HATHOE THCIo, 1epebop BeeX BApUAaHTOB (KaK [MOKA3aHO
B pazgene 3.2 (cTp. 7)) BoOOIIe HUKOIA He He 3aKOHIUTCS.
Ceituac BBI y3HaeTe JOCTATOYHO OBICTPHIH

1.3.1 AJroputr™M HaXO0XJeHHsS OOpPATHOrO B KOJIbIlE

BbIYETOB

Ou ocHOBaH Ha cooTHOIIEHUH Be3y, mpo KOTOpoe MOXKHO (U
HY?KHO) TIOYATaTh B paszene 2.2 (cTp. 5).

IIpenmono:KuM, HEKTO 3acTaBigeT Hac Haiitn A~! B KomD-
e BbIYETOB Z . 3acTaBUM KOro-HUOY/b (KTO yiKe IIPOYUTAI
paznen 2.2 (crp. 5)) HANTH [ HAC YUCTA ¥ U U B COOTHOIIIE-
unm Besy

A-u+ N -v=HOJ(A,N).
Ham Hy>KHO TO COOTHOIIIEHHE, B KOTOPOM YHCJO U TOJOKU-
TeNbHOEe W ¥ OTpHIATEeNbHOe (CM. yTBepXKiaeHue 6 (crp. 6)).
Ecin HOJI monyuwmicst #e 1, TO 3TO XOPOIO, 0OOPATHOTO HE
cymectByer. Tak sromy HekTy u roBOpUM, U HIEM OT/IBIXATh.

Ecmu HO/I pases 1, T0O 9T0 MJI0X0, MPUIETCS CAUTATE JATb-
mre. [Ipeobpasyem aTo coorHomenne be3y

A-u+N-v=1

B PaBEHCTBO
A-u=N-(-v)+1.

OTYeTIMBO BUIHO, UTO CJI€BA YMHOMKEHUE IBYX YHCE, a CIIpa-
Ba (bopMmyITa JIenteHust ¢ ocTaTkoM. BoT MbI n Hamm o6paTHoe,
9TO OyIeT u.

ITpumep 9. Haitnem 371 8 7. Ham mpurecyT 3-4+11-(—1)=
=1. Jlenaem BuIBoM: 31 = 4. JlemaeM mpoBepKy: 3 -4 =12 =
=11+1.

Ax nma, ecm TOT camblit KTO-HUOYIb MPUHEC HAM COOTHO-
nierre Besy co cauikom Gosbliumu duciaamu, (Hampumep
3-15+11-(—4) =1), To mpuaercs 310 0OPATHOE «HAMOTATH
Ha OpeBHO» (15=114+4=4 B Z;1), 9TOGHI OHO TIOMEIIAIOCH
B KOJIBIIO BBIUETOB.

Ynpastcnenue 2. Permuth ypasuenue 33 - ¢ + 25 =0 B KobIle
BLIYETOB 4.

1.4 Bo3BegeHnue B CTeneHb

Bo3zBenenne B cTeneHb — 3TO MHOMOKPATHOE YMHOYXKEHUE, KaK
BCe 3HAIOT. Takzke BCe 3HAIOT, YTO BO3BOIUTH B OOJIBIIYIO CTE-
MeHb HET CMBICJIA, MOIYYaeTCs OYEHBb DOJIBINOE YHCIIO, KOTO-
pPOe HHU B KaKO# KOMIILIOTED HE IIOMeCTUTCHA. Ho B KOJIbIIE BbI-
4eTOB CJIMIIKOM OOJbIINX 4duces He ObiBaer. 160 nazke cro-
3HAYHOE YKMCJIO B CTO3HAYHON CTEIMEHW B CTO3HAYHOM KOJIBIIE
BBIYETOB — BCErO JIMIMH CTO3HAYHOE YKMCJIO, W OHO TOYTH B
J1I060M KOMTIbIOTEpe ToMerraercs. Ilpobaema B TOM, 9TO po-
JleJ1aTh CTO3HAYHOE YUCJI0 yMHOXKeHuil HeBo3moxkHO. (IIpo ro
HamucaHo B paszene 3.2 (crp. 7)). Oka3siBaercs, ectb Hosee

1.4.1 DBpICTpHIii AJITOPUTM BO3BeJIEHHUA B CTEIEHDb

[IponamoCTpUpyeM ero uaeo Ha opuMepe: 28 =z-z-z-z-2-2,
T.e. AT ymHOoxkenwit. Ho ecam cxmrputh: z8 = (23)2 =
= (((z?) - z)?), To MOHamOOGUTCA TOMBKO TPH YMHOMKEHHS.
MosKeT TOKa3aThCsA, 9T0 TPH He HAMHOTO JIyHIie TeM MATh,
HO IIpH GOJBIINX CTENeHAX PA3HHIA CTAHOBHTCH BIEYATIIAIO-
meit, 2'°%* MoxHO cocunrars 3a 1023 yMHOMXKEHHUS, a MOMKHO
BCIOMHHTE, uTo 1024 = 2'0, u cocuntars 3a mecaTh Bo3Bee-
HUIl B KBQJIpPaT.

[Moryrams B Bukumeann! , MOKHO y3HATh, 9TO KOJTHIECTBO
YMHOKeHH{I IPH 9TOM GBICTPOM BO3BEJEHHH B CTelleHb He 6o-
Jee UeM B JBa pasa 6OIIbIIe, deM THHA, JBOMTHOM 3AIIICH CTe-

nenn. CTo3HAYHOE HecATHYIHOE 9uCI0 — 3T0 He bosee vem 400

L Anropurmer BBICTPOrO BO3BEICHUST B CTeneHb
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3HAYHOE JBOMYHOE W, CJIeOBATEIbHO, /IJisi BO3BEIEHNS B CTO-
3HAYHYIO CTEIeHb HYKHO caesatb He 6osee 800 yMHOKEHM.
[Tourn 11060if KOMIBIOTED C ITUM JIETKO CIIPABUTCS.

1.5 N3BaedyeHme KOpHHA

B 06BIMHBIX YMCIAX KOPEHb M3BJIEKAIOT METOIOM TOJOBWH-
HOTO mesenns’. IIOCKOIBKY B KOJbIE BHITETOB CJIOBA, OIHO
YUCJIO TIPABEE APYroro» He MMEFOT CMBICTA, TO W METOJ, MO-
JIOBUHHOTO nenenust He paboraer. Ects mm apyrme merombr
u3BJIeUeHUs KOPHs (KpOMe Tynoro nepebopa, KOHeIHO)?

OTO CJIOXKHBINH BOIPOC, OTBET HA, KOTOPBIH TMOKa HE HalIeH.
Ho B HEKOTOPBIX CHENMATBLHBIX CIyYasX TAKOH aJITOPUTM Cy-
IIECTBYET, ¥ PO HErO BbI CEHYAC MPOUIUTAECTE.

HamoMHuM, 9TO 9HCI0 HASBIBAETCS NPOCMBILM, ECTTA OHO HA
Ha uro He jenurca (kpome 1 m camoro cebs). Tak Bor, ec-
JIL B KOJIbIIE BBIYETOB KOJIUIECTBO YUCET MPOCTOE Iucio (Za,
Z3, Zs, Zz, ...), TO y TAKOTO KOJIbI[A BBIYETOB IMOSABJISIIOT-
Csl HEKOTOPBIE IPAATHBIE CBOicTBA. HampuMep, y Bcex aucesn
(xkpome 0) ects obparHoe (cMm. pazgen 1.3.1 (crp. 2)), ecin
npousBenenue AByx uuces pasuo 0, To oxuao u3 mux 0 (HO
B Zg, KaK TIOKA3aHO B IpuMepe 8 (CTp. 2), 9TO He Tak), U eIe
koe uro. Ho mac Gyzner uHTepecoBaTh

Vreepxkaenue 1 (Majas teopema ®@epma). Ecau p npo-
cmoe wucao, mo 6 Z,, 0af écex wucea T u3 Z, (kxpome 0),
BbLNOAHEHO PABEHCMB0

Pt =1

IIpumep 10. B Z3 pomommserca: 12 =1,22 =4=3+1=1.
B Zs semommserca: 11=1,21=16=15+1=1, 3* =(32)2 =
21 4 = (22 =12 =1,
Ho B Z4 ne Bemonnsiercs: 22 =8=0,33=9.3=1.3=3.

Bnarogaps stomy camomy ®epma, y HAC €CTh
1.5.1 AuropurMm wnsBJjiedeHUs KOPHS B B Z,, €CJH
p mIpocToe

Owu paboraer B 1Ba LIara: IPEALIOIOKIM, HEKTO Al HAM 3a-
Janue HalitH §/a =1 B Zp.

1. Haitnem obparnoe K crenenn (T.e. K @) B Zp_; (BHUMA-
HEE, TaM HAIUCAHO Ha eAuHuIly Menbiie). Eciu obpar-
HOT'O HET, TO 9TO 3HAYUT, YTO ITOT AJTOPUTM MPUMEHSThH
Henb3si. Tak aromy HekTy u TOBOPUM ¥ MIIEM OTIBIXATH.
Ho ecu obparHoe BCE-TaKu €CTh, MPUIETCA MEPEXOIUTD
K IIary JBa.

2. Uraxk, mer namutu obparnoe T.e. f-a=18 Z, ;. Teneps,
BMECTO M3BJIEYEHUs] KOPHS CTEIEeHU (¥, MbI Oy/IeM BO3BO-
IUTh @ B crenedsb 3. (BHuManue, BHIYUCICHAS TIPOBO/IST-
Cs OIATDH B MCXOIHOM KOJIbIIE BBIUETOB Z,). Ciemyoree
MPEJIOKEHNE BEChMa BAYKHO, U MOITOMY MbI TOMECTHM
€ro B PaMOYKYy:

OxasbiBaercs, a’ =z B Z,,.

Hanomunaem, uto y mac ectb (cM. paszen 1.4) ObicTpbrit
AJITOPATM BO3BEIEHUS B CTENEHb, €r0 W CJICILYeT TTpuMe-
HATD.

ITpumep 11. Haitnem V4 B 7.

I TN mnnm
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2TIoryrmiuTre, 9T06 y3HATD.

1. Haiinem 371 B Z;g Tak, Kak 310 cieiaHo B pasiene 1.3
(ctp. 2). Ecim Bbl BCE chesiaere NpaBHILHO, TO Y Bac
nomyuntcs 37! =7. [IposepuM Ha BCAKMIA cirydaii: 3-7=
=21=10-2+1.

2. Bozsommm 4 B ceapMyto cTenenb B Z11: 47 = (42.4)2 . 4=
=(16-4)2-4=(5-4)2.4=202-4=9%.4=81-4=4.4=16=5

Uraxk, orBer J4=5 B 7.

Crenaem mpoBepky: 5° =5-5-5=25-5=3-5=15=4.

Pazobnagenue dokyca: HaM Hy>KHO, 9TOObL % = a B Z).
Y nac f-a=18 Z, 1, Ha OOBITHOM $I3BIKE ITO O3HATAET,
9TO OCTATOK OT JIeJIEHUsI PABEH 1, T.e. BHINOJHEHNE PABEHCTBA,
B-a=(p—1)-t+ 1. Urak: z® = (a®)* =a?® = aP~DtH! =
=(aP=)t.q!. 1, mo mazoit reopeme @epma (yTe. 1 (cTp. 3)),
al?~1) =18 Z,, n Bcé mokazamo.
Vnpasicnenue 3. Ybenurech, 9TO B Zio ITOT AJTOPUTM HE
paboraer (1 He mOJIKeH, 12 He POCTOe YUCIIO).

Kcraru, u3 Teopemnt 1 (cTp. 3) caemyer

Vreepxaenue 2 (IIpo Bossenenue B crenenb u p—1). Ecau
dsa wucaa (a u b) omaunaromes dpye om dpyza nap—1 (m.e.
a=b+a-(p—1)), mo e Z, (p — npocmoe wucao) so3sederue
6 cmenens a u 8o3eedenue 6 cmenenb b 9mo 0dno u Mo drce.

JleficTBUTEIBHO, TaK KaK P~ ! = 1, BBIMOJHSAETCA paBeH-
ctBO: o = bt (Pl = gb . (g1 = gb . 1o = gb,
Vnpaocnenue 4. Haiimure 022222222222222222222222 o 7
MO>KHO JI 3TO BBIYHCIUTEH 0€3 KAJBKYISITOPA U TEPEPHIBOB

Ha COH U ey’

1.6 Kwuraiickag Teopema 00 ocTaTKax W U3-
BJIeY€eHIEe KOPpHA

Kpome HOpMaIbHBIX unces (B BUIE JIUHEEUKU C JEICHUSMHU )
U HEHOPMAJBHBIX KOJIEI, BHIYETOB (B Buze nudepbiaTuka),
cymiecTByer ere 60Jiee XUTPOe BBIYUCIUTETBHOE YCTPOKCTBO
B BHJIE «BEIOCHIEIIKA» ",

IIpencraBbre cebe 1aBe 3BE3MOYUKH, COEIUHEHHBIE IEMBIO
MPUMEPHO KakK y Bejocunena. VX BpallleHne CUHXPOHU3UPO-
BAHO TaK, YTO MOBOPOT HA OAWH 3yOUHK OTHON 3BE3NOUKH
MPUBOJIUT K MOBOPOTY HA OJUH 3yDUUK JAPYro¥ 3BE3IOUKH.
Ha 3y6riax 3Be3109€K HAMMCAHBI YUCTA COBCEM KAK Y KOJIb-
112 BBIYETOB. 3BE3J[0YKHU HA 3aBOJE YCTAHOBJEHBI B IOJIOKE-
aue (0,0), T.e. meBasa 3Be370uka B mojoxkenun ) U TpaBas
ToKe B mosioykeHun ().

Onepalus «IUTIoC OJUH» B 3TOM «BEJIOCUIIEIUKE» — ITO MO~
BOPOT 00enx 3Be3104eK Ha oanH 3y0unK. Ecam genars «mioc
OJIMH» HECKOJIBKO Pa3, TO MOJIOXKEHHE 3BE3/I0YeK OyIer Me-
aarsea: (1,1), (2,2), ... Jdaabiie BCE 3aBUCHT OT Pa3MepOB
3BE3/I0YEK, CJIM OHU OJUHAKOBOTO Pa3Mepa, TO HUYEro WHTE-
PECHOTO MPOUCXOIUTH HE OYIET, TOJIYINUTCS OOBITHOE KOJIBIIO
BBIYETOB B JIBYX 3K3eMIuIgpax. Ho eciim ux paszmepbl pasHble,
TO MOJIYYUTCS TPUMEPHO TaK:

ITpumep 12. Ilyctb, ams mpuMepa, HA JIEBOH 3BE3I0YKE TPH
3y0ra, a Ha MpaBoii derbipe. Torma MONIOXKEHWS 3BE3I0YEK
6yayr mensrbesa rak: 0—(0,0), 1 —(1,1), 2—(2,2), 3—(0,3),
4—(1,0),5—(2,1),6—1(0,2),7—(1,3),8—(2,0),9—(0,1),
10 — (1,2), 11 — (2, 3). U norom omsts (0,0), (1,1),

[TpucMOTpeBMKUCH, MOXKHO 3aMETHTh, YTO 3BE3I0YKH PO~
XOISAT Yepe3 BCe BO3MOYKHBIE KOMOUHAIINY B CTPAHHOM TTOPSI/I-
Ke ¥ TIOTOM BO3BDAIIAIOTCS B MCXOAHOe rosioxKenwne. OKazbl-
BAETCsT BEPHO

3He myraiiTecs, Mo-HAyIHOMY 3TO HA3BIBACTCA NPAMOE NPOUIEEIEHUE
KoNeY, 6bLUEmOs



VrBepxkaenune 3 (Kuraiickas reopema 06 ocrarkax B ober-
4yenunoit gopmysauposke). FEcau na aesoli 36esdouke A 3y0-
wuko8, na npacot B u smu wucaa esaummo npocmo (m.e.
HOII(A, B)=1), mo onepayus <natoc oduns nepesedem 36e3-
douKU “epe3 BCEBOIMONCHBIE KOMOUHAUUU, U KOMOUHAUUT
smux 6ydem A - B wmyx.

Bonee toro, Bepro

Vrepxkaenne 4 (IIponomxenue Kuraiickoii reopembr). Ec-
AU NPOHYMEPOSAMD MU KOMOUHAUUL NAP “UCEA 6 MOM NO-
padke, 6 KOMOPOM OHU NOABAAINMCA, MO IMOM 6EAOCUNEOUK
bydem pabomamov max cice, KaK U 00BIKHOBEHHOE KOALUO Gbl-
wemos* Zau.5.

IIpo «bymer paboTaTh Tak »Ke» CIEIYeT TMOSICHUTh: BOT
OpPEJICTaBbTe, YTO y HAC HA CTEKJISHHON CTeHe KapTOYKW, Y
KOTOPBIX C OJHOH CTOPOHBI HAMCAHBI NAPBI IACENT OT «BEJIO-
CHIIEIMKA», & C APYTOil MX HOMED, T.€. YUCIA M3 OOJBIIOTO
KOJIbLA BbrueToB (mocmorpure Ha npumep 12). Eciau renepn
MPOU3BOJUTE BCAKHE TaM apudMeTundecKue JeHCTBUS C IHC-
JIaM¥ 13 GOJIBIIOrO KOJIbIA BHIUETOB, TO JIOAW C JIPYTroil CTO-
POHBI CTEKJISTHHOH CTEHBI OyJyT JAyMATh, YTO 3TH JEHCTBUS
MIPOU3BOIATCSA C MAPAMHA YUCE IOKOOPIMHATHOY.

IIpumep 13. Boramcaum 2 + 3 B Zj2 W BBIYHCIUM TTOKOOD-
quHATHO (2,2) + (0,3) B Benmocunennke (cm. npumep 12). Ha
OJIHOI CTOPOHE CTEKISAHHON cTeHbl Oyaer 2+ 3 =15, Ha apyroi
(2,2)4+(0,3)=(2+0,2+3)=(2,1). Ho y kaprouku ¢ napoit
qucen (2,1) Ha Apyroif CTOpOHE Kak pa3 U HAIHUCAHO 5.

IIpumep 14. Boraucanm 32 B Z12 U BEIMHCTAM TOKOODIXHAT-
Ho (0,3) - (0,3) B Benocunenuke (u otk cM. npumep 12). Ha
0/HOI cTopoHe Jocku Oyner 3-3=9, ua apyroii (0,3)-(0,3)=
=(0-0,3-3)=(0,1). Ho y xaprouku c mapoii aucen (0, 1) una
JPYTO# CTOPOHE KaK Pa3 M HAITUCAHO 9.

Brarogapst sroMy BOT HAOIIOIEHUTO, ATOPATM H3BJIETECHHAS
KopHs u3 paszgena 1.5 (crp. 3) MOXKHO IPUMEHATH B KOJIBIAX
BBIYETOB Zj.q, TAe p 1 g TpocThie uucia. U ceituac Bul y3naeTe

1.6.1 Kak usBjekaTb KOPHU B 7.,

1. MbicsieHHO cTpOUM TaOJIHILy COOTBETCTBHH MEXKIY Zy.q U
«BEJIOCHUTIEINKOM » CO 3Be3JI0UKaMu Z;, U Zg.

2. Umewm B 370it TabnIe Tapy, COOTBETCTBYIONIYIO HAIEMY
YUCITY.

3. BumecTo n3BIeUeHnst KOPHA W3 9UCIA B GOIBITIOM KOJIBIE
BBIYETOR, OyIeM IBa pa3a N3BJIEKATh KOPEHb U3 JBYX 9H-
Cell B JIByX MAJEHBKHUX KOJBIAX BLIYETOB. DTO MOXKHO H
HY?KHO JIeJIaTh 10 ajiropurmy u3 paszena 1.5.1 (crp. 3)
TaK KaK p U ¢ IPOCTHIE YUCIIA.

4. Tlorom oOmATH TOCMOTPUM B TAOJHILy W HAMIEM UHUCIIO,
COOTBETCTBYIOIIEE MAPEe ITUX CAMBIX KOPHEl. ITO 1 Oymer
OTBeT.

IIpumep 15. Yucaa 11 u 5 npocreie. Bospmure Hbombmmoit-mipe-
GOIBITION JIMCT OyMaru u 3aMuInmnuTe Ha Hero Tabaniy ¢ 11-5=
= 55 uncmamu. Y BaC JOJKHO TOJMYINTHCA Kak-TO Tak: 0 —
- (070)7 1- (171)7 2 - (272)7 cee D= (570)7 6 — (671)7
11-1(0,1), 12— (1,2), ... 54 — (10,4).

Yucso 3 B3anmuo npocto ¢ 10=11—-1wu 4=5—1, Tak 4T0
M3BJIEYH KOPEHb 3 CTENeHN y HaC mojyInTcsi. Bo3bMeM mepBoe

4TIo HayYHOMY 3TO HA3BIBAETCH <USOMOPPHUIMS.

oTIaBIieecs 4ucyio, Hanpumep, 53. Ilocmorpes B Gosbimyo
TabJIuily, YBUAMM, 4TO 4uciay 53 coorsercryer napa (9,3).

Temepb Gymem IBa pa3a M3BJIEKATH KOPEHb, TaK, KAK 3TO
caenano B mpumepe 11 (crp. 3). Eciu BBl BCe chenaere mpa-
BUJILHO, TO Y BAC MOJIyIUTCA: V9=4 8 Z uV3=2 8 Zs.
(B 3TOM MecTe yKeTaTenbHO cuenaTh mposepky: 43 = 16 -4 =
=5-4=20=98B Z11 n 23:8:3B Z5)

1 ousrs mocmorpes B Tabsuiy, yBuaum, 9ro nape (4,2)
coorBeTcTByeT umncao 37. Ha Bcakmit ciydait caemaem mpo-
Bepky (cMm. ymp. 6 (cTp. 5)): cocuMTaB Ha KaJIbKYJISITODE
(37 - 37 - 37 — 53)/55, oOHAPY>KUM, YTO TOJIYUIUIOCEH IIEJI0e
9UC/I0. 3HAMHAT, BCE TIPABUIBHO.

BepositHo, BaM HE MOHPABUIOCH PUCOBAHHE TUTAHTCKUX
TaOJIUIT, U cefgac BbI y3HAETe,

1.6.2 Kak oboiiTuch 6e3 Tabmirb

Urax, y HAC €CTh «BEJIOCUNIENKY U3 4 4 U Z . 3aMETHM, 9TO
BBIMTUCHIBAHUE AP YHCEN 10 TMOPSIIKY eCTh He YTO WHOEe, KaK
HaMaTbIBAHUE [IBYX BepeBOUeK Ha JaBa OpepHa. Tak 9To mapa
(a,b), coorsercrByiomasa GombimoMy guciay D, ecTb mpocTo
OCTaTKW OT [IEJICHMUSI.
a =
=

U neiicreurensro, 53%11=9 n 53%5=3. B o6paTHyI0 CTOpOHY
HECKOJIBKO CIIOXKHEE.

Ipeanonoxum, y Hac ecth mapa uuces (a,b) B «Bemocure-
JUKey u3 LA U Zp, U HAM HYKHO HAHTH 9UCIIO T U3 OOJIBIIIO-
'O KOJIbIIA BBIYETOB, KOTOPOE COOTBETCTBYET JTOH mape, T.e.
HY?KHO PEIIUTb CUCTEMY ypPaBHEHUI

a %A
b

x2%B.
BCTIOMHIIM, 9TO TaKOe OCTATOK OT IeIeHMS

{72

U IpUpaBHdAEM IIpaBble YaCTU ypPaBHEHH

D%A
D%B.

A-a+a
B-g+b

A-a+a=B-§+b.

fcHo, uro ecnu Mbl HadigzeM o unu 3, To Haiinem u . Ilepe-
HECEM HEW3BECTHBIE BJIEBO W W3BECTHHIE BITPABO

A-a+B-(-f)=b—a.
Oii, 310 )e nouru 4yro coorHomenue Besy! (cm. pasmen 2.2

(ctp. 5)). Hy Tenepb ypaBHEHUE JIEMKO PEIUTD.

IIpumep 16. IlycTh y HAITEr0 BETOCUTEINKA 3BE30UYKHN ¢ 11
u 5 3y0unKaMu, U HaM HaJI0 HaiiTu coorBercTue mape (9, 3).
Cucrema ypaBHeHnii Oyner Takast

9 = z%11
3 = z%5,
TTOTOM TaKas
z = 11-a+9 (1)
zr = 5-f4+3

" YpaBHEHUE TTOJIYYIUTCA TaKOe
1l-a+5-(—f)=3-9=—6.
Haiinem coornomenue Besy (cm. pasnen 2.4 (crp. 6))

11-(1)+5-(-2)=1.



Ecsnu ero ymaoxurs na —6
11+ (1 (=6)) + 5+ (~2- (=6)) = 1- (—6),
TO IIOJIyYUTCs KaK Pa3 paBeHcTso (2)
11-(=6)+5-(12) = —6.

Vrc. He moy4daercs. a u f TOJYYUINCH OTPULIATETHHBIMHA.
[Tnoxo. Yto ke menarn?

Mpunyman! Hyxuo nompobosarh apyroe coornomnierue be-
3y, ¢ gpyrumu 3nakamu. (Kak ero naiitu, Hanucano B yrsep-
x)uennu 6 (ctp. 6)).

11-(-4)+5-(9)=1.
YwMuoxkaem na —6
11-(24) +5-(—54) = —6.

u cpaBaUBaeM ¢ ¢popmysoit 2. Bor mbr u Hanun, a =24, f =
= 54. lloacrasus o = 24 B Bepxuee ypasuenue (1), Haiigzem
x=11-2449=273. IloncraBus f=>54 B uuxnee ypasuenue (1),
maiimem ¢ =5 - 54 + 3 = 273. Cosmazaer, 3o xopoio. Boee
toro, 273 =155-4 4+ 53 =53 B Z55, coBceMm Kak B mpumepe 15
(cTp. 4).

Vnpaotcnenue 5. Yoeaurech, He 3arJIAABIBAs B TAOJIHILY, 9TO
B npuMepe 15 nape (4,2) neficTBUTENBHO COOTBETCTBYET YHC-

J0 37.

1.7 RSA, Dap—Tammans u MUJIJIUOHEP, HO
COITAAJIUCT

[Moryrnus sty abpakamadpy, BbI MOCPY3UTECH B 3araIOTHbBIH
MUDP COBPEMEHHON Kpunrorpaduu, u ¢ yIuBIeHreM OOHADY-
JKUTE, YTO BAM TOYTH BCE TOHATHO!

Cekpernbiii kimod B RSA — 310 JBa mpOCTBIX YHCIIA
(mocraTouHO GOJBINUX, CTO3BHAYHBIX HAIIPUMED), MyOIUIHbIH
KJIF0Y — 39TO WX NPOM3BEJEHHue, Mu@pPOBAHNE — 3TO BO3Be-
JIeHWe COOOIIEHNsT B CTeneHb (OOBIYHO B TPEThIO) B KOJIBIIE
BBIUETORB, & IemudpoBaHUe — ITO U3BJICUYCHUE KOPHS, MPO
KOTOPO€e BBI TOJIBKO UTO MPOYUTAIN B paszesne 1.6.

1 naxxe 3aranognsre «Cxema Dap—Tamana» n 3ama9a Mu-
JHOHEpa—COMHUATACTA® TOKAKYTCA He TAKIME YK U HeHOHST-
HBIMU TOC/Ie drenus padzena 1.3.1 (cTp. 2) mpo obparHbie
qucya u 1.4.1 (cTp. 2) mpo ObICTPoe BO3BEJEHUE B CTEIEHD.

2 Teopus aucen

W3 3101 TTaBBI BB y3HAETE KOE-UTO MPO Teble uncia. Hamom-
HUM, 9TO TeJIbI€ 9UCJIa 3T0 ..., —3,—2,—1,0,1,2,3,4,..., u
X MOXKHO MPEJCTABIATH cebe KaK OYeHb OYeHb [JINHHYIO JIU-
Heedky c nmesenusmu. Ha 3Tux 9ymciax ecrb mepBUYHAS Olle-
pamus «IJTIOC OJWHY WJIM «HA OJHO JIeJIEHWE BIPABO», U BTO-
pUYHBIE — CJIOYKEHWe, YMHOXKEHWE W BO3BEJEHUE B CTEMEHbD.
Bropuunble oHM TIOTOMY, UTO CJIOYKEHWE 3TO MHOTOKDPATHOE
«ILTIOC OJTMHY», yMHOYKEHIe — MHOTOKPATHOE CJIO2KEHUE, i BO3-
BeJIeHWE B CTEIIeHh — MHOTOKPATHOE yMHOXKeHue. Kpome 3to-
T'0, y BBIIIENEPEUNCIEHHBIX OepaInii eCTh OOPATHBIE: BBHIUHU-
TaHue, JeJeHNe W MU3BJICUEHNE KOPHS, BIIPOUYEM, BCE 3TO BHI,
BEPOSATHO, MTPOXOIUIIN B TITKOJIE.

5«Socialist  millionaires», ®Ha  pycckmii  =3BIK 9Ty  CTa-
THIO B BI/IKI/IHQI[I/I IIOKa HHUKTO HE COM3BOJINAJI epeBecTu.
DN I D IR VIR R TR L

goo.gl/lalOhg

2.1 leneHume Cc OCTaTKOM

Jlemenne ¢ OCTATKOM TTPOXOAAT B ITkoje. HamoMuamm, 9To pa-
BEHCTBO BHJA

A=B-C+R

Ha3bIBaeTCd JeseHneM gucia A Ha ancao B ¢ octarkoM. Tou-
nee, A — nemumoe, B — nenurens, C' — gacraoe u R — ocra-
Tok. Ocrarok (T.e. R) J0O/KeH OBITH MEHBIIE YacTHOrO (T.€.
B), wHaue HeIuTOBRO.

OTO paBEHCTBO MOYKHO MPECTABIATH ceDe KaK HAMATHIBA~
HU€e BepeBOYKH JJuHOM A Ha OpepHO ¢ obxsaroMm B. Iloiy-
qurcst C' TOMHBIX 060POTOB U «XBOCTHK» R.

IIpumep 17. Ecau BepeBOUKY JJINHOM 7 HAMATHIBATH HA OpeB-
HO ¢ 0OXBATOM 3, TO MOJIYYUTCS JIBA MOJHBIX 000POTA U «XBO-
CTUK» JIAHBI 1. 9T0 MOXKHO 3anucars dpopmyioin 7=3-2+1,
WJIW CKa3aTh, YTO OCTATOK OT JeJieHus 7 Ha 3 paBeH 1.

B pmanbmeiimeM, HaM OCOOEHHO 9aCTO MPUIETCS HAXOIUTH
OCTATOK OT JIeJIeHUs, W MOITOMY MBI OYIEM MOJIb30BATHCS
0003HAYEHNEM W3 MOMYJISPHOrO SI3bIKA MPOrPAMMUPOBAHUS:
A%B = R.

[Mpu HaxOXKAEHUH OCTATKA OT JEIeHUs HA OOBIKHOBEHHOM
KAJIbKYJISITOPE MPUXOUTCS 3AMUCHIBATD [ETYI0 9aCTh 9aCTHO-
ro Ha OYMAaskKKy M ITOTOM BBOJUTH OOPATHO B KAIbKysasaTop. 1
570 Heymo0H0. HO 3aT0 MpOBEpKY MOYKHO Je/IaTh HE OTPHIBAS
PYK OT KaJbKyJIATOPA:

Vnpaorcnenue 6. Jlokaxkure, 9TO /i MPOBEPKH PABEHCTBA
A%B = R nocrarousno Bbranciantsh (A — R)/B. Ecan nonyua-
eTCsT TIeJIoe YNCII0, TO BCE B MOPSIIKE, €CIM HE MEJI0e, TO He B
MTOPSIJIKE.

Vnpaocnenue 7. Omnpemenure, Kakoe W3 PABEHCTB BEPHO,

HUYEro He 3amuchiBasg Ha Oymaxkky: 1234%567 = 100 win
1234%567 = 1017

2.2 Hawuboabinuii oOIuii JeJuTejib 1 COOT-
HotreHue Besy

Bynem roBopuTh, YTO OIHO YMCIO deaumcs Ha APYroe, ecin
OHO JIEJTUTCS HAIENo, T.e. 6e3 ocrarka. Hampumep, 12 gerurcs
Ha 4 (12/4 = 3) u ue gemurcs va 5 (12/5 = 2.4). To uucno,
HA KOTOPOE JIEJTUTCS JPYroe YUCIIO, HAZBIBACTCS 0eAUMEAEM.
Hanpumep, 4 geaurens 12, Ho 5 He meauTenab 12.

Hauboavwuti obwuti deaumens (HOI) — 910 HanbosbIiee
qucso, apisonieecs obummM genurenem (Kamuran Ogesui-
HOCTh 0Z00PSieT 3TO OIPEIEJIEHUE).

Ilpumep 18. Yucmo 12 menurcsa uHa 1, 2, 3, 4, 6 u 12. Yucno
8 nmemurcs Ha 1, 2, 4 u 8. Takum ob6pazom, HO/I(12,8) = 4.

Ecim HOJI nByx uuncen paseH 1, TO TOBOPST, 9TO OHU 63a-
UMHO NPOCTDL.

IMouck HOJL TymbiM mepeGOpoM BO3MOXKEH Y MaIeHbKHUX
qucesl U HeBo3MoxkeH y Gouibiiux. (IIpo aro manucano B pas-
nese 3.2 (crp. 7)). Bosee Toro, mockosbKy HIpH HAXOXKIe-
unn HOJI Hy>XHO uCKaTh «CaMoe OOJIbITIOE U3 BO3MOMKHBIX »,
TO BOBHUKAET «MPOOJEMa MJIOXOTr0 HAYAJIbHUKA», (PO HEro
Hamucano B padzene 3.1 (crp. 7)), KOTOPYIO, B JAHHOM CJIy-
49ae, MOXKHO PEINTh C TIOMOIIBIO COOTHOIIEHNs Besy, u ceifaac
BBl y3HAETE, KAK ITO CIAEIaTh.

VYreepxaenue 5. Oxasweaemcea, ecau HOI(A, B)=N, mo
MOJHCHO HATMU NAPY UEABLT HUCEA U, U (00HO U3 HUT OMPU-
UAMEALHOE) MAKUT, UMO

A-u+B-v=N.

Imo paseHCcmB0 u Ha3bleaemcsa COOTHOIIECHNUE B63y.



Ilpumep 19. Bor rtunwmyanoe coornorenne Besy: 12 - 1 +
+8-(-1)=4.

ITomp3a ot 3TOro camoro coorHomenus be3y caemxyrormast:
MPEANOTIOKIM, IJIOXOW HAYATHLHUK 3aCTABISIET BAC HAWTH
HanOOJILINNM 00t nesmres uncesna 1234567 u 89101112, Bur
npunocute emy 1. «Hy Xopormos, roBOpUT HAYANBHUK, «ITH
YUCIA JeHCTBUTEIHLHO JEISATCA HA 1, HO KaKue BaIlll JT0Ka3a-
TEIbCTBA, YTO OHU OOJIbINIE HU HA 9TO He AeasarTcsas? A eciu
BbI IIPUHECETE eMy

1234567 - 76257319 + 89101112 - (—1056606) = 1,

TO C/e/IaB [IBA YMHOXKEHUsI U OJHO BbIYUTAHWE, HAYAITHHUK
yOeXK1aeTcsi, 9TO PABEHCTBO BEPHO, W ABTOMATHYECKU TIOJTY-
JaeT J0Ka3aTeIbCTBO TOTO, UYTO

HOJI(1234567,89101112) = 1.

W60 ecom OBI 3TH YHUCIA JETUIUCH HA APYTOE YUCTIO, HA ITO
JIPyToe YUCJI0 AeNMUI0Ch Obr 1 unco 1234567-76257319, unciio
89101112 - (—1056606) u Tuco

1234567 - 76257319 + 89101112 - (—1056606),

a OHO paBHO 1 W Ha Jpyrue Yucia He JEeTUTCH.

Ha Bcakwmit caygait 3amomunTe: cooTHOIeHne be3dy Haxo-
JUTCS HEOMHO3HAYHO. T.€. ecin HAYaJIbHUK JTACT OJMHAKOBBIE
YUCIIA PA3HBIM JIFOISIM, TO OHW MOTYT HAUTH Pa3HbIE, HO MPa-
BUJIbHBIE COOTHOIIeHUsT Be3y.

IIpumep 20. Bor mBa pa3HBIX HO MTPABUILHBIX COOTHOIIEHUS
Besy:3-(-1)+4-(1)=1u3-(3)+4-(-2)=1.

Ilepeiitu ot omHOTO cooTHOMEHnsT Besy K Apyromy MOKHO
C TIOMOIIIBIO CJIEIYIONIEero Npuéma:

Vreepxaenne 6. Ecau A-(u)+B-(v)=N mo A (u—
—-B)+B-(v+A)=NuA-(u+B)+B-(v—A)=N.

15 TOKA3aTeIhCTBA, JOCTATOYHO PACKPHITH CKOOKH.

ITpumep 21. Bepewm Bor Takoe 3-(—1)+4-(1)=1 coorHomrenne
Besy, npubasnsgem u serauraem: 3+ (—1+4) +4-(1-3) =1,
u mony4daeM 3 - (3) +4 - (—2) =1.

KcraTn, Takum MeTOIOM MOYKHO TI€PECTABATH MUHYC B CO-
ornourennu Besy, unorna (B nupumepe 16 (crp. 4)) 310 BaKHO.
Nrak, y Bac OCTaIUCh IBa BOIPOCA:

1. Kak uckars HO/JI GbicTpee uem meromom mepebopa?

2. Kak naxomurn 4mcia B paBeHcrse besy?

2.3 Agropurm EBKkamma ajiga HaXO0XKIEHU
HanbOoJIbIIEero obIIero e/ InTeas

3aMeTuM, 9TO ec/U HEeKHe YHCIa JENITCd Ha X, TO UX CyM-
MBI, PA3HOCTH U MPOU3BEIEHUS TOXKE OyIyT MEJUTHCS HA T.
Hampuwmep, 12, 9 u 15 menarca wa 3. Jlerko mpoBepuTh Ha,
KaJabKyagaTope, uto 124+ 9, 12 — 9, 1512 + 9 Toxke genarcs
ma 3, I maxe 12-7wu 15-5—9 nensarca wva 3, xorsa 7 u 5 Ha 3
HE JeIATCH.

OCHOBBIBasICh H3, 3TOM HAOIIOJEHUU, MPOIETIAEM CIIEIYIO-
Iee CTpaHHOe JefCTBUE: MOMETUM OIHO UHUCIO HA JIPYToe C
ocratkom: A=B-C + R (A — nenmumoe, C' — nenurens R —
ocrarok). CienoBaresibHo, neauresaun R u B OynyT nenuresis-
Mu A. DTO Ke paBEHCTBO MOXKHO 3alUCATH Yepe3 PA3HOCTh:
R=A—- B-(C. U, cnenosarenbuo, gemurenua A u B OymyT
gequrensvu R. Takum 006pa30oM, MbI HEUASTHHO JOKA3AJIH

Vreepxkaenune 7 (Teopema Eskiuna o HOM). Ecau A%B=
=R, mo HO/I(A, B) = HO/I(B, R).

Koropoe mo3Bomsier cBectu ciaoxkuyio 3anady moucka HOJIL
it 6obmux yncen A u B K 4yTh MeHee CJIOXKHON 3ajade
noncka HOJI mjia ayrh Menbmux uncen B u R (HamomuumM,
uro R = A%B). TloToM, aHAJIOTMYHO, CBECTU 3Ty 4yTh MEHEe
CIOXKHYIO 33/1a49y K ellé MeHee CJIOXKHOM, U TaK JaJee.

[MpakTudecku 3TO O3HAYAET, YTO €CJIU HAYAIHHUK BAC 3a-
crasisier uckarb HOJI(A, B), Hy»KHO IOIEJUTH C OCTAT-
KOM, MO/I03BATh MOMMHHEHHOTO W JaTh €My 3aJaHne Haii-
1 HOJI(B, R). IlonunHeHHBIH clIeTaer To XKe caMoe, T.e. TaCT
aHaJIOTMYHOE 33/JaHNe CBOEMY MoIMnHeHHoMy. [ ie-To Tam, Ha
JIHE MEePAPXUH TOAIMHEHHBIX, OYePETHON MOIINHEHHBIN MOJTy-
9UT 3aaHUE C MaJeHbKUMU dnciaMu u cmoxker Haditu HOJ
nepebopoM. (B mporpaMMUpPOBAHUM 3TO HA3BIBAETCS PEKYP-
CUBHAA PYHKUUR).

Kcraru, 370T momunHEeHHBIN U3 TIIyOUH WepapXun MOYKET U
caM npubekaTh K BalleMy HAYAJIbHUKY U MPUHECTH TOTOBBIN

orser®.

Ipumep 22. Haiimem HOJ(29,12). Haxomum ocTaToOK:
29%12 = 5. [Jaem 3amanue mogauHEHHOMY: <A Hy Ka Gparerr,
waiinu mue HOJ(12,5)». IlomuuHeHHBI HAXOAUT OCTATOK
12%5 = 2 u maer 3amanme MOAIOTYMHEHHOMY: «A Hy Ka Opa-
re, vaiiau Mue HOJI(5,2)». Yucaa 5 u 2 10CTATOYHO MaJI€Hb-
kue, yrobnt Hatitu HOJI. Ou pasen 1. Uroro: HOJI(29,12)=1.

2.4 AgropurMm EBkamma ajid HaX0XKIEHUS
paBeHcTBa Be3y

OcHoBaH Ha, TAKOM K€ PEKYPCUU KAK U AJTOPUTM HAXOWKIE-
HUsl HAUGOJIBIIEro 00LIero nejuTes. .
IIpennonoxkum, HavabLHUK AaJ1 HaMm A, B u BeJsies HaliTu u,

U B PaBEHCTBE
A-(u)+ B-(v)=HO/(A, B).

Brruncisiem ocrarok A = B - C + R u jaeM 3aJaHue CBOEMY
TTIOTYMHEHHOMY TIOUTH W HANTH YNCJIa B PABEHCTBE

B - (’U,l) +R- (1)1) = HO,Z[(B,R)

Korna nogaunenustit npunecer nam HOJl u cBow uq, vy, BBI-
paxkaem
R=A-B-C,

MTO/ICTABJISIEM B TIPEIBIAYINEEe PABEHCTBO
B (u)+(A—B-C)-(v1) = HOZ(B, R)
u mpeodpasyem B

A'(U1)+B'(U1—C"U1):H0ﬂ. (3)

Takum obpa3om, HaIIe ¢ paBHO Vi HAIIEro MOIYMHEHHOTO
u Hate v =u; — C - vy.

Kak ke momunHeHHbI HaXOAUT CBOM U1 1 v1¢ Jla MOHSTHO
KaK, OH IIOJ3LIBAET CBOEro INOJYMHEHHOrO U JaéT eMy aHa-
JIOTMYHOE 3aJanue. Ha aHe mepapxuu HOJYMHEHHBIX HEeKH
COBCEM Yy Ke HU3KOIMOCTABJIEHHBIN TOIINHEHHBIN MTOJIYIUT CO-
BceM masienbkue A, B u maiiner HOI, u u v mpocro mnepebo-
poM.

6B nporpaMMHpOBaHNE 3TO HA3HLIBAETCS LEOCMO6AA PEKYPCUSA
"Ecnu BBL eIlle He YHTATH pasfes 2.3, TO ceiffuac CaMOe BpeMs 3TO
Clle1aTh.



B mporpamvupoBanuu, 3Ta 1MENOYKa MOAINHEHHBIX HA3bI-
BAETCST CMeK 6bL308a HYHKUUL.

BeposTHo, y Bac Ha KOHTPOJBLHON HE OyIeT Mo/ PyKOil moI-
YUHEHHOTO, W MO3TOMY BaM CAMOMY TMPHUIETCS OBITH CBOUM
MOYMHEHHBIM, TABATH 33JaHUST CAMOMY cebe, a CTEK BBI30Ba
MUCAaTh HA OyMaXkKe B CTOJIOUK.

IIpumep 23. Haiimem umcaa B paBercTBe besy mna 29 n 12.
[Ipoussons nesnenus c ocrarkom (29=12-2+45,12=5-2+2),
IIOCTPOUM CTEK:

29- (
12 (
5-(

)+12-( )
)+5-( )
)+2-( )

Yuca 5 v 2 10CTATOYHO MaJIeHbKUE, ¥ MOHATHO, 9To uX HO/I
paBen 1, n coorHommenne Be3y momyunTca Takoe:

5-(=1)+2-(3)=1

Haunem 3anonuaTh crek cHu3y BBepx. llepBbrii mrar:

29-( )+12-( )=1
12-( )+5-( )=1
5-(-1)+2-(3)=1

ITo dbopwmyne (3 (crp. 6)) maiigmem coornomenue Besy misa 12
ud:
12-(3)+5-(-7) =1

" 3al0JITHUM CJIEAYIONLYIO CTPOYKY B CTEKe:

20-( )+12-( )=1
12-(3)+5-(-7) =1
5-(=1)+2-(3)=1

N, amamornyno, eme oHy CTPOUKY:
20-(-7)+12-(17)=1
12-(3)+5-(-7)=1
5-(-1)+2-(3)=1

Urak, coornomenne Besy maiimeno: 29 - (—=7) + 12 - (17) = 1.

(Uurepckas noicKa3Ka: 3aMETHIM, KaK YUCJIO U3 BTOPOM
CKOOKHM IIEpENoJI3aeT B IepByio crpoukoii Beime? Hy Tak 3To
He ciIyvaiiHocTh, a dopmyna (3 (crp. 6)). U uucio Bo Bropoii
CKOOKE MOYKHO HAXOMWUTh, MPOCTO PEITiasi YPABHEHUE C OTHOM
TIePEMEHHOI ).

Ecmum MbI cobupaemMcsi TPOU3BOANTH BBIYHCIEHHS CO CTO-
3HAYHBIMU YUCTAME, TO HEILTIOXO ObI 3apaHee MPUKUHYThH Pa3-
Mepbl 3TOro creka. Iloryrmus Bukuneauro, MOXKHO y3HATB,
ar0 B asropurme EBKIna 3a ABa mMIara 9ucaa yMEHbITAI0TCS
MPUMEPHO B JBa, Pa3a, T.€ [IJIsT CTO3HAYHBIX YUCEJI TTOHAT00UT-
cs mpumepro 800 TOIINHEHHBIX.

3 Bcgakag BcgumHa

Tyr 6ymer To, 9TO MO KAKOH-IHO0 MPUIHHE HE TOMECTHIOCH
B MPEIBIIYIINE TJIABbI.

3.1 IIpobGaema mIOoXOoro HaYAJIbHUKA

[Mpeamonoxum, HAYATHLHUK 33/1aJT BAM MATEMATHIECKYIO 3a-
may. Ber eé pemasu, pemasn u pemman. [IpuHecan permemne
HAYAJIbHUKY, & OH W MOBOPUT: «eM JOKaXKeIb, YTO Penra?’

Mo2KeT TBI IPOCTO YUCIO KAKOE-TO HAYTAI HAIACAJ U TEIEPh
JeHer MOUX XOYellb’»

W rorma BB MeIJIEHHO, MO MYHKTAM MOKA3LIBAETE ITOMY
HEXOPOIIEMY YeJIOBEKY, KaK MMEHHO BbI pernaju. A oH Men-
JIEHHO ¥ 3aHYIHO Ha KaJIbKYJIATOPE MPOBEPSET BCE BHIYUCIIE-
HHUS a DOTOM K TOBOPHT: <A 3a 94TO JeHBIH-TO IJIATHTH? Bcee
STH BLIYHCJICHUA s CAM TOJBKO 9TO IPOIETAT CBOUMHU COO-
CTBEHHBIMH PYKAMH, JIY4IIe g caM cebe 3aILiady ».

B HekoTophIx ciydasx npobsema paspermuma. Hampumep,
€CJIV 3aJIaJIM «PEIIaTh KBAIPATHOE YPABHEHUE Yepe3 NUCKPH-
MHUHAHT», BBl MOYKETE TOPXKECTBEHHO CKa3aTh « ATo6bI mpo-
BEpHUTb, HAJAO ImoACcTaBUTh!». IloroMm pamocTHO, Ha rIasax
HAYAJIbHMKA [OJICTABATH KOPHU B YPABHEHHUE K TOKA3aTh, 9TO
oTBeT NpaBWIbHBIN. KoHedHo, HeXopommii HaYaJIbLHUK BbI-
YTET U3 3aPIUIAThl CTOUMOCTH TPEX YMHOKEHUN U IBYX CJIO-
JKEHUl, HO OCTAJIbHBIE NEHbIH (II0CJIe BLIYETa HAJOTOB), Ha-
BEpPHOE, OTHACT.

Orcroma MOpaJib: HEJOCTATOYHO YMETh HAXOIUTh IIPABUIIb-
HBI OTBET, Hy?KHO €I¢ yMeTh HAXOAUTH JIETKO IPOBEPAEMOe
d0KaA3aMENDCTNEO NPASUALHOCTU 0MEEMA.

3.2 HeBo3MoOxkKHOE BbIYUCICHUE

Kak m3BeCTHO, KOMITLIOTEDHI CTaJIH 0OJee JIYUIIe OAeBaFhes
BBIYUCIATH U IIOYTH JOCTUIJIA TUIIEP3BYKA. O.HI/IMHI/Iap,Z[ o11e-
panumii B HAHOCEKyHIy CKOPO y2Ke He mpezen. EcTh mu Takue
3a/1a491, KOTOPbIE KOMIIBIOTEPbI HUKOI'/Ia BBIYUC/IATH HE CMO-
ryT?

IIpemoosKuM, HaIll CyTep IPOIECCOpP HACTOIBKO OBICTD,
YTO COBEPITAET OJHY OMEPAIMIO 33 BPEMs MPOXOXKICHUS CBe-
TOM paccTosinusi, paBHoro pammycy aroma (10719 cexymm).
[TpeamomokumM, MBI HEKyJa HE TOpormuMmcst, n 13.7 mumiuap-
108 (1.37 - 10'°) mer mammmmoro Bpemenn (310 Bo3pacT Bee-
JIEHHO{1) HAC HE IyTaloT.

Omun Tox 310 60 - 60 - 24 - 365 = 31536000 ~ 3 - 107 cexymns,.
HpOCTbIe BBIYUCTIEHUA IIOKA3bIBAIOT, YTO Ja2Ke€ B 3TOM CJIy4dae
Gonbie 4.3 - 103% onepanuit ve caenars.

U nmaxke eciu cuesaTb CBEPX MHOTOMIPOIIECCOPHBIA CBEPX
kommbiorep ¢ 1.3-10°° mpomeccopamu (CTOMBKO aTOMOB B
semmom Tape), 3a ryroa (101°0) omepammit Bcé paBHO He BhI-
ne3tu. Tak 9TO, €ciim A1 pemenns 3aa9u Tpebyercs CyroJ
omepanmii, MOXHO PACCIabUThCA B HAYEro He JelaTh.

Ynpasicnenue 8. CKOMBKO THICAYT MUJINAPIOB BO3PACTOB
Bceenennbix moHamoOUTCS 3TOMY CBEPX MHOTOIIPOIIECCOPHOMY
CBEPX KOMITBIOTEPY s TIOA00PA CTO3ZHAYHOTO TAPOJIsi COCTO-
SIIEro TOJILKO u3 mudp?

OTBeThl Ha YIIpaxxkHeHud

Vop. 1. Oreer: x =4. Ilposepka: 4 +3=7=5+2=2.
VYup. 2. Orser: x=239. IIposepka: 33-39+25=1312=32-41+
+0=0.

Yup. 4. Orser: Moxkuo. Iomyaurcs 4.

Vup. 8. Orser: He menbIie Thicsadn.
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