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NMPEANC/ITOBUE

OTa MajeHbKas KHWD)KKa MpeJCcTaBiseT coboil mpoaon-
KEeHue nocobus «Apudmeruka Ha YalleyHbIx Becax» [1],
MOCBSIIEHHOTO WJUTIOCTPAaluy (WIH, €CIH yTOJHO, SKCIe-
PUMEHTAIBHOMY ITTOATBEPIKJICHNUIO) OCHOBHBIX apu(pmMeTu-
YEeCKUX 3aKOHOB. Vcmonp30BaHue OJIOKOB M pa3HOILICYUX
YallIeuyHbIX BECOB IMO3BOJIWJIO CENaTh H3JI0KEHUE HarJIsiI-
HBIM ¥ KOMITAaKTHBIM.

Hacrosimiee mocobue COCTOUT MCKIIOYHTEIBHO W3
apudmernueckux 3amad4, chopMyTMPOBAHHBIX B BHJIC dJIc-
MEHTApHBIX (U3NYECKHX OIBITOB C YAIICYHBIMH BECAMH.
Yactp 3amau Oblia paHee OMyOJIMKOBaHA (C PEILICHUSMU)
B [2].

DakTUYEeCKH, 3TOH KHHIXKKOM MOXKHO II0JIb30BaThCS
HezaBucumo OT [1]. Tlpu sTOoM OT umrarens Tpedyercs
3HaTh (WJIM MHTYUTUBHO MOHMMATbH) JIBa AJIEMEHTApPHBIX
(dbu3nyeckux ¢akra:

1. «3akon pviuaza». ITOT 3aKOH, OTKPBHITHI ApXUMe-
oM, Tiacut: Ilycme umeemcs pwviuae, niedu KOmMopo2o
umerom coomeemcmeento OnuHvl Ly u Ly. /{ns pasnosecus
9Moeo pvluaza HeobX00uMo U 00CMAaAmo4Ho, 4moobbl CUlbl
Fy u F,, npunosicennvle K coomeemcmayowum niedam,
OvLIU HANpasieHvl 8 00HY CHMOPOHY U YOO8IeMBOPSIU
yenoguio: F1Ly = FhLy.



2. «3akoH aelicTBUAA OJI0Ka». HenooesuoicHvlil 2epys3,
nepekunymulil yepe3z OI0K, MAHem Nleyo pbluaca 66epX
C CUOLL, PABHOU NO BETUUUHE CBOEM) BECY.

Bcrony Huke mMbl OyieM Juist IPOCTOThI CYUTATh pblyar
Y 4Yallld BECOB HEBECOMBIMH; KPOME TOTO, OyJeM CUUTATh
HEBECOMOU HUTh, IEPEKUHYTYIO Yepe3 OJIOK.

Uro xacaeTcsl CUCTEM €AMHUIL JJTUHBI U BECa, UCIIOJb-
3yeMbIX HUXKE B 3aJa4ax, TO OHH MOTYT OBITh B3STHI JIIO-
ObIMH, U UX 0003HAYEHUS BCIOIy OIMyCKaroTCs. Takum 00-
pazoMm, Mbl OyJeM ONepUpoBaThb HUXKE C UHCIOBBIMHU
3HAYEHUSIMU COOTBETCTBYIOIIUX (UINYECKUX BEIUYHH
(nmuubl 1 Beca). Ecnu yroiHo, MOXHO CUUTaTh, YTO BEC
BCEX IPY30B U3MEpSAETCS B KUJIOrpamMmax, a JJIUHbI IJIeY
pelyaroB — B Jenumetpax. KHukka ajgpecoBaHa IIKOJIb-
HbIM YUYWTENSIM, CTyIEHTaM TIEABY30B U POJIUTENSAM
IIKOJILHUKOB. Bo BTOpoM m3maHuM 100aBIICHBI maparpa-
GBI 5 ¥ 6, B KOTOPBIX 00CYXKIAIOTCS Pa3IUYHbBIE CIIOCOOBI
B3BEIIMBAHUS IPOU3BOJIBHBIX TPY30B HAa «HEMPABHIBLHBIX)
YalieyHbIX Becax.

ABtop npusHarenedH Harame JlecaTckoBoi 3a moJies-
HbIE 00CYXK/ICHUsI, KaCAIOIUEC PUCYHKOB.

Aemop
Mockea, 14.04.2023



§1. 3agaum Ha paBHOILIEYHX Becax

33}13‘13 1. ﬂaHbl pasronjiedue 6ecovl U cucmema cupb,
PACNOJIONHCEHHRbIX HA Yaulax Inmux 6ecos (CM. puc. ]) Pac-
cmasums 4ucjloevle 3HA4€HUsA eeca Ha 2cupsix, eciu Us3-

6€eCniHO, Ymo yauiedHvle 6ecobl HAX00sIMCsl 6 pa6HOBECUU.

3apaua 2. [Janvl pasHonneyue 8ecvl u cucmema upb,
PACHONONCEHHBIX HA Yauax smux eecos (cm. puc. 2). Pac-
CcmMasums maxue Yyucioevle 3HAYeHUs. 8eca HA SUPSX, Ymo-
Obl npasas yauia 6eco8 ONYCMUIACH GHU3.

el

Puc. 2



3apaua 3. Paccmasums uucnogvle 3uauenus eeca Ha
2UPAX, eclU U3BECMHO, YMO YAUleyHble 8eCbl HAXOOAMCS
6 pasHosecuu (cm. puc. 3).

3agaua 4. Paccmasumb uuciosvle 3HayeHus éeca Ha
2UpsX, ecau U38eCmHO, YUMo YauleyHvle 8eCbl HAXOO0AMC
6 PaBHOBECHH (cM. puc. 4).

3ameuanue. I[J'Iﬂ BCCOB, HAXOAIUXCA B paBHOBCCHUH
BEC JIF000I0 rpys3a, NEpCKUHYTOTO UCpEe3 6J'IOK, HEC MOXKCT
NPEeBLINIATE BECa CBA3AHHOI'O C HUM I'py34d, CTOMALICIO HA
Yqami€ BC€COB.

o

i
Puc. 3

Puc. 4



3apaua 5. Onpedenrums uucienHoe 3HaueHue X 8ecd
2upu, nepeKuHymotl uepe3 010K, pacnonoNCeHHblll HAO Jie-
60U uYauwlell 6ec08, HAXOOAWUXCA 6 pasHogecuu (CM.

puc. 35).

3apaua 6. Onpederums uucienHoe 3HaweHue X 8ecd
2Upu, PAacnoloNHCeHHOU Ha NPABoll dauie 8eco8, HAX0O0S-
wuxcs 6 pagnogecuu (cm. puc. 6).




3apaua 7. Onpedenumsv x u3 yciogus pasHo8ecus pas-
HONJIeYUx 8eco8 Ha puc. 7.

3apaua 8. Onpedenumsv x uz yciogus pasHogecus pas-
HONIe4Ux 6ecos Ha puc. §.




3anaua 9. Bo3modicHo U npu HEKOMoOpoM X pasHoGe-
cue pasHoneyux 8ecos, U30opadiceHHvlx Ha puc. 97

Bo3smOXHO N TaKoe?

10



§2. 3agauu Ha HepaBHOIIEYHMX Becax

3apaua 10. IIpasoe nieyo uyauieunvix 8eco8 8080e
onunHee neoco; cm. puc. 10. IIpocmasums uucienHvle
3HAYeHUs. eca 2py308, Npu KOMOPbIX 00CMUAemcs pas-
Hosecue. [Ipusecmu HECKOIbKO B03MOICHBIX BAPUAHIOS.

3anaua 11. [Ipasoe nievo yaweunvlx 6ecos 6 noamopa
pasza onunHee ne6oeo; cm. puc. 11. Ilpocmasumsv yucnen-
Hble 3HAYeHUsl 8eca 2py308, NpU KOMOPbIX 00CMUSAemCsl
pasnogecue. I[lpusecmu HeCKONLKO B03MOJNCHBIX GAPUAH-

ﬂ%ﬁD
4

moe.

Puc. 11

11



3apaua 12. [lpasoe niewo uauwieynvix 6eco8 6080€
OnunHee negozo; cm. puc. 12. Ilpocmasumov uucnenHvie
3HaueHus eeca 2py308, Npu KOmopwvlx 00CMu2aemcs paes-
Hogecue. [Ipusecmu HeCKOILKO 803MONCHLIX BAPUAHMOS.

3anaua 13. Jlesoe nneuo uaweunvix 6ecos 6 noimopa
pasa OnuHHee npasozo, cm. puc. 13. Ilpocmasums uuc-
JIeHHble 3HAYeHUs 8eca 2py308, NPU KOMOPbIX 0ocCmuzaen-
cs pagHogecue. [Ipusecmu HeCKonIbKO 803MOJCHLIX 8APU-
aHmos.

Puc. 12

12



3anaua 14. Jlesoe nieuo uawieunvlx 6ecoe 8 noimopa
pasa onuHuee npasozo, cm. puc. 14. Hatimu uucnennoe
3HaueHue X geca epy3da, nepekunymozo uepes 610k. (Becwvl
HAxXo00smcsl 8 pagHOBeCUU.)

3anaua 15. Jlesoe nneuo uaweunvix 6ecog 6 noimopa
pasa OnuHuee npasozo, cm. puc. 15. Hatimu uucnennoe
3HaYeHue X eca 2py3a HA NPasoll yauie, npu yCio8uu, 4mo
8ecbl Hax00amcsl 8 PaAGHOBECU.

—




3apaua 16. Jlegoe niewo Haxoosawuxcsa 6 pasHogecuu
YaueuHblX 8eCc08 6 NOIMopa paza Kopoue Npasozo; CM.
puc. 16. Haiimu yucnennoe 3nauenue Xx.

11x

Puc. 16

14



§3. Pa3uble 3apa4n

3amaua 17. Haumu yucnennoe 3navenue x, obecnequ-
salowee pagHogecue HauleyHvlx 6ecos Ha puc. 17.

B amoli 3a0aye
OmHoweHue OnuH naeq 1
YauweyHbIX 8eC08 paBHO
10:13

3apaua 18. Bo3mooicno nu npu Hekomopom X pagHoge-

cue 4auleyHvlx 8ecos, u30opaxdcenHvlx Ha puc. 18?

Bo3MOMXHO N Takoe?

B amoli 3a0a4e omHoweHue OnuH naey
YaweyHeix 8ecos pasHo 10:13

15



3apaua 19. Tpebyemcs pacnonoxcumo epy3vl HA pas-
HONJIeYUX YAUEUHbIX 8ecax MmaKum oopazom, 4mobwl eecwl
ocmasanucy 6 pagnosecuu, cm. puc. 19.

- == A

Jasiale]t

Puc. 19

3anpaua 20. Tpebyemcsa pacnonosxcums 2py3vi Ha pas-
HONNIeYUX YAUEYHbIX 8ecax makum oopasom, 4moosl eecul
ocmasanucy 6 pasnosecuu, cm. puc. 20.

kk‘ ’"‘ - —

0oL

Puc. 20

16



Yka3zanue. 3ameTHM, UTO Beca BCEX I'MpPb, KPOME THPb

c¢ Becamu 11; 11; 12, nensarcs Ha 5. {151 TOro, 4ToOBI BECHI

NOCJIC PAaCCTAHOBKU BCCX T'MPb OCTABAJIMCh B PABHOBCCHUU,

HE00X0AUMO, YTOOBI OCTAaTKH OT JeJICHUs Ha 5 CyMM Be-

COB TMpb Ha KXKA0H U3 Yaml ObUIM paBHBI. TO BO3ZMOXKHO

JMIIb B TOM Ciy4ae, eciiu o0e rupu ¢ Becamu 11; 11 u ru-

psi ¢ Becom 12 OymyT pacmoiaraThCs Ha pa3HBIX yalax.

JlanbHeiiee 04eBUIHO.

3anaua 21. Crosa pasnonieuue gecul, u CHO8a mpedy-

emcs pacnouoacuntov 2cpysbl mdak, umobwl 8ecvl ocmasa-

JUCh 8 pagHosecuu, cm. puc. 21.

DO UL

13

Puc. 21

§

17



3anpaua 22*. [Ipasoe nieuo uawieunvix 6eco8 8 NOJMOo-
pa pasa onunHee 1e6o2o. Tpebyemcs pacnoioxcums ume-
rowuecs epy3vl max, ymoodwvl 8ecbl OCMABAIUCH 8 PABHOBe-
cuu; cm. puc. 22.

’ t

o O00UL

Puc. 22

3anpaua 23. [Ipasoe nieuo yauieuHvlx 6ecos ¢ mpu pa-
3a onunHee nesoco. Tpebyemcs pacnonoxcums umeroujue-
cA epy3vl mak, umooOwvl 6ecbl OCMABANUCL 8 PABHOBECUU,
cm. puc. 23.

Puc. 23

18



3anaua 24. IIpasoe nieuo uauieunvix 6ecos 6 06a pasa
onuHHee nesoco. Tpebyemcs pacnonodxcums umerouuecs
2py3bl mak, 4moovl ecbl OCMABANUCH 8 PABHOBECUU, CM.
puc. 24.

)

0L LUULG

Puc. 24

3agaua 25. /[nunsl niey uauieuHvlx 6ec08 OMHOCAMCA,
kak 3:7. Tpebyemcs pacnonoxicums umeroujuecs: 2py3vl
mMak, 4moobbsl 6ecbl OCMABAIUCH 8 PABHOBECUU, CM. pUc. 25.

N

. ¥ i 4
OB G

Puc. 25

19



3apaua 26. [nunvl nieu yauieyHvlx 6eco8 OMHOCAMCS,
kak 3:7. Tpebyemcsa pacnonoxcumov umerouwuecs 2epy3bl
mak, 4moosl 8ecbl OCMABANUCH 8 PABHOBECUU,; CM. puc. 20.

=lalaloja[ojo]E

Puc. 26

=

3apaua 27. /[nunvl niey uauieuHvlx 6ecO8 OMHOCAMCA,
kaxk 2:3. Tpebyemcsa pacnonoxcumov umerowuecs 2epy3vl
mak, 4moobbsl 6ecbl OCMABAIUCH 8 PABHOBECUU, CM. puc. 27.

—: . '*
A
@ (. |,|
Puc. 27

20



Ykazanme. [ paBHOBecHs pacCMaTpPUBAEMBIX 4Ya-
IICYHBIX BECOB HEOOXOIUMO, YTOOBI CYMMBI BECOB IIO-
CTaBJICHHBIX THPb, YMHOKCHHbIE HA JJIMHBI COOTBETCTBY-
IOIUX TUJIeY, WMENd OJUHAKOBBIC APOOHBIC YacTH IS
obenx yamr. OTCI0J]a HETPYJHO BBIBECTH, YTO BCE THUPH
IpoOHOTO Beca W3 MMEIoIIerocss Habopa JOKHBI HaXo-
JIUTHCS Ha OJHOM U TOM ke Jale. JlaapHeiee 04eBUIHO.

3apaua 27a (cMm. [2]). [Janwl ypasnosewernnvie, HO He-
npasuibible YauieyHvle 8echl (OIUHA 18020 NieYd PAsHA
7 eOuHuyam, a O1uHa npasoo nieda pasra 9 eounuyam) u
Habop 2upsb ¢ ecamu:

9;18; 19; 27; 33; 46; 100; 100.
Tpebyemcs mak paccmaeums 6ce 3mu 2upu Ha 0deux

yaulax 6ecoe, umoOblL 6eCbl OCMABANIUCH 6 paeHoeeCUuU.

Pemenue. IIpexne Bcero, nepenuiiemM enie pa3 CIu-
COK YHCJIOBBIX 3HaYEHHI BECOB BCEX THPh, YKa3aB B CKOO-
KaxX BeJIMYMHBI OCTATKOB IPH JIEJICHUH Ha 9:

9 (0); 18 (0); 19 (1); 27 (0); 33 (6); 46 (1);

100 (1); 100 (1). (6"

Urtak, name W3 BOCBMHU YHCIOBBIX 3HAUYECHUH BECOB
TUpb UMEIOT HEHYJIEBBIE OCTAaTKH MpH JAesieHuu Ha 9. Bee
MATh COOTBETCTBYIOIIMX T'MpPb MOCTAaBUTh Ha IMpaBylO ya-

11y, OYeBHIHO, HEBO3MOKHO (TIpaBas yaiia MepeTsHeT Jie-
By10). CreoBareiabHO, HEKOTOPbIE U3 YINOMSHYTHIX MSTH

21



TUPb NPUIETCS MOCTaBUTh HA JIEBYIO Yally, HO MPU 3TOM
CyMMa COOTBETCTBYIOIIMX OCTaTKOB JOJDKHA JIEIUTHCS
Ha 9. SIcHO, 4TO Ha JIEBYIO Yally MPUAETCS MOCTABUTH Ye-
TBIPE TUPH U3 YIOMSHYTHIX MsTH. KopoTkuii mepebop Ba-
PUAHTOB NPHUBOJUT K OTBETY: Ha JIEBYIO 4Yally CJEAyeT
MocTaBUTh rupu ¢ Becamu 19; 33: 46: 100, a Ha mpaByto

qamry — BCC OCTAJIbHBIC T'MPH.

3ameuanue. CocTaBisiTh MOM00HBIE 3a7a4yM (MMEIO-
[IUe KII0Y K OBICTPOMY PEIICHHUIO) JIETKO, & UX PEIICHHE
MOXET OKa3aTbCsl TOJIE3HBIM ISl YCTAHOBJICHUS CBSI3EH

MEX1y MaTEMAaTUKON U (PU3UKOH.

Bor kak Oblma cocraBieHa 3amada 27a. Ilycth maHbl
YpaBHOBEIICHHBIE, HO HEPABHOIUICUME YAIICUYHBIC BECHI
(nmuHA neBoro mie4ya 7 €AMHUIL, JUTMHA TPABOTO IIeda
9 enqunui). bynem coctaBnaTe HaAOOp TUPH C TAKUMH Iie-
JIOYUCIICHHBIMH BECaMH, 4YTO, TIOCTABUB THPU Ha 00e ya-

I, Mbl OCTaBUM Halllk YalllCYHbIC BCChl B PABHOBCCHUH.

N3 sToro ycnoBus siCHO, YTO TOJIHBIA HAOOP THUPH, KO-
TOPBIM HaM HYyXEH, TOJKEH COCTOSITh M3 JABYX Hemepece-
KaIoIMXCs TPYNI TUPb — «JIEBO» U «mpaBoity. [Ipu aTom
CYMMAapHBI BEC «JIEBOI» TPYIIBl JOJDKEH HaIEeNno Je-
JUTHCS HA 9, a CyMMapHBIN BEC «IIPABO» TPYIIIbI JOJLKEH
Haleno AenuThes Ha 7. «JIeByro» rpynmy T'Mpb COCTaBIIs-
€M C TaKHM pacueroM, YTOObl BeC Ka)KIOW OTIEIbHO B3s-
TOM TUPHU UMEJT HEHYJIEBOM OCTATOK MPH ACJICHUU Ha 9.

22



Hamnpumep, Bo3bMeEM B Ka4eCTBE 3HAYECHUM BECOB THPb

U3 «JICBOW» IPYMIIbI TAKKUE YUCIIA:
19 (1), 33 (6), 46 (1), 100 (1) *)

(B ckoOKax yka3aHbl 3HaU€HMsI OCTaTKOB IIPH JIEJIEHUU CO-
OTBETCTBYIOLIUX YKced Ha 9).

CymMMupysl Beca TUpPb U3 «JIEBOW» TPyMIbI, T.€. YUCIa
u3 Habopa (*), crosmue BHE CKOOOK, U YMHOXasi pe3yJib-
TaT Ha 7, MOJIy4aeM YUCIIEHHOE 3HAYCHHE MOMEHTA CHJIBI,

HaIpPaBJICHHOTO MTPOTHB YaCOBOM CTPEIKH:
M =7(19 + 33 +46 + 100) = 1386.

(OTOT MOMEHT CHJIBI BO3HUKAET OT BO3JICHCTBUS CUJIBI TsI-
JKECTH «JIEBOW» TPYyNIbI TUPh HA JIEBOE IUIEYO HAIIMX 4Ya-

IICYHBIX BECOB.)

TakuM ke YHCIIEHHBIM 3HAYEHHEM IOJDKEH 00JamaTh
MOMEHT CHJIbI, HAPABJIEHHBINA 10 YaCOBOM CTPEJIKE, BO3-
HHUKAOUIMA OT BO3LAEHCTBUS CHUJIbI TSXKECTH «IIPABOMN»
rPYNIbl THPh HA MPABOE IUIEYO HAIIMX YAIICYHBIX BECOB.
CyMMa BeCOB «IpaBoil» rpynibl TMpb, OYEBUAHO, TOJKHA

OBITH paBHA YaCTHOMY

M:9=1386:9=154.

Ternepp HalIEHHYI0O CyMMYy BECOB «IIPaBBIX» THPb
MOXKHO «HAaOMpaTh» W3 OTHENBHBIX ClIaraeéMbIX Oosee-
MEHee MPOU3BOJIBHBIM 00pa3oM. OTHAKO ISl TOTO, YTOOBI

y HaIle# 3a1a4u 00pa3oBalICs «KIIIOY» K OBICTPOMY perre-
HUIO, MIPEACTaBUM unciao 154 B Buje CyMMbl TaKUX ciara-

23



€MbIX, U3 KOTOPBIX BCE, KPOME OJHOTO0, OYyAyT JICIUTHCS
Ha 9.

Hamnpumep, nomoxum:

154=100+9 + 18 +27.

Wtak, yncneHHble 3HAYCHHSI BECOB «IPABBIX» THUPh —
9TO CJIaraeMbi€ B MPABOM YaCTH MPEABLIYIIETO PABEHCTRA.

B pesynbraTe momydyaem cienyrouiuii 00beIMHEHHBIN
Ha0O0p TUPbH («IEBBIX» U «IIPABBIX»):

9;18; 19; 27; 33; 46; 100; 100. (**)

CocraBienue 3agauu 27a 3aKOHYEHO.

3amauya 28. CkoabKo O00JXCHA 6ecumv Kaxicoas us
mpex eupb, 4umobwl Ha U300paddceHHvIX Ha puc. 28 Hepas-
HONIEUUX YAUIeYHbIX 8ecax (Y KOMOpblX OMHOuEeHUe OJIUH
niaed pasHo 1:3) MONCHO ObLIO YPABHOBECUMb KANHCOBIU U3
wecmu 2py308, YUCIEeHHble 3HAYEHUS 8eCO8 KOMOPbIX CO-
omeemcmeenHo pasHul 1, 2, 3, 4, 5, 67
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3agauya 29. CkoabKo O00JXMCHA 8ecumv Kaxicoas us
mpex eupb, 4umoowl Ha U300paddcenHvlx Ha puc. 29 Hepas-
HONJIeYUX 4aueyHbIX 6ecax (Y KOmopulx omuoulenue Onun
niey pasno 1:2) ModxcHo ObLIO YPasHOBeCUmMb KAHMCObLU U3
wecmu 2py308, YUCIeHHble 3HAYEHUS 8eCO8 KOMOPbIX CO-
omeemcmeeHHo pasuul 1, 2, 3, 4, 5, 67

=
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3apaua 30. Ha puc. 30 uzobpasicenvl nHepagHonieuue
yauleunvie 6ecvl, y KOMOPbIX COOmMHouleHue ONUH Nied
pasno 2:3. Bo3MOJCHO U MOYHO Omeecums Ha SMux Ge-
cax 1/6 ke MyKu ¢ nomowpbio mpex 2upb 6eCoM COOmeEem-
cmeenHo 8 1 ke u 2 ke?

TpeByemca mouHo omesecume 1/6 K2 MyKU € TOMOUblo 2Upb 6eCOM

ke u 2Kz

-IlrlII- . . . e
C) L =

==

Puc. 30

VYka3zanue. 3a/1a4a periaeTcs B 1Ba ICHCTBUSL:
1) 2x =3x1;x=3/2.
2)3(3/2 —y)=2x2;y=1/6.
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§4. llouck paabIMBOH MOHETHI
HA HePaBHOILJIEYMX Becax

3agaua 31. Umeomces nHepagHonieuue uauieutvle Ge-
Cbl, y KOMOPBIX COOMHOUleHUe OauH niey paeno 1:3
(cm. puc. 31). /lanee, umeromecs 9 moHem, HEOMAUYUMBIX
opye om opyaa Ha 8uo, cpeou KOMmopvlx — 00HA hanvbiuiu-
sas. Bce nacmosiuue monemsl 00H020 8eca, a panrbuusas
MoHema niecue Hacmosiwux. Tpebyemces 3a mpu 836euiusa-
HUSL HA YNOMSAHYMBIX 8eCax 2apaHmupo8aHHO ONpeoeiunms
Ganvuusyro monemy.

?‘ “ R

00 00
OO OO

Puc. 31

Ykaszanue. [Ipu nepBom B3BELIMBAHUM HA JIEBYIO 4Ya-
LIy MO>KHO IIOJIOKUTH IIECTh MOHET, a HA IPaBYIO — JBE.
BnpoueM, MOXKHO HauaTh JEMCTBOBATH M MHAYE: IIPHU IEp-
BOM B3BCILIMBAaHUU IOJIOKUTH HA JIEBYIO Yally TPU MOHE-
Thl, @ Ha NIPaBYI0 — OJIHY.
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3anaua 32. Umeromcs nepasnonieuue yauieuHvle Ge-
Cbl, Y KOMOPLIX COOMHOUleHue OnuH niedy pasHo 2:5
(cm. puc. 32). Hanee, umeromcs 9 monem, HeOMAUUUMBIX
opye om opyaa HA 8uo, cpedu KOMopvlx — 00HA anbiuu-
8as. Bce nacmosawue monemul 00H020 6eca, a ganvuiusas
Monema ne2ye Hacmoswux. Tpebyemcs 3a mpu 636euusa-
HUSL HA YNOMAHYMbIX 6ecax ¢ 2apaHmuel Onpeoenums
Ganvuiugyo Monemy.

Yka3zanue. [Ipu nepBoM B3BEIIMBAaHUM Ha JIEBYIO 4Ya-
Iy CIEAYET MOJOKUTH MSITh MOHET, & HA MPABYIO — JIBE.




3anaua 33. Hmueromcs nepasHonneuue yauieynvie Ge-
Cbl, Y KOMOPBIX COOMHOULeHUe OIUH nied pagno m:n. /la-
nee, umeemcs m+n+l MoHem, HeomMAUUUMBIX Opye OM
opyea Ha 6uo, cpedu KOMoOpwlx — 00HA ¢hanvuusas. Bce
Hacmosuwue MOHemvl 00HO20 8eca, A Panbuusas MoOHemd
Jlecue HacmosIUuXx.

A) 3a kaxoe HaumeHvuee KOAUUECNBO 636CULUBAHUL
MOJICHO C 2apaHmuel onpedeiums @Oarbuusyo
MoHemy?

b) Tom oice eompoc, ecnu umeemcs ececo m+n+k

MOHem.

B) Tom owce eonpoc, ecnu uzeecmno moabko, mo
Qanvuiueas moHema Opy2o20 6eca, yem HACMOS-
wue (Ho Heu38ecmHo — iecue OHA UIU msidicenee).
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§5. B3peminBanue
NPOU3BOJILHOIO TPY3a HA HEPABHOILIEYHX Becax
U «IBOUYHASI CHCTeMAa THPb»

B sToM maparpade Mbl pa3oBbeM H3BECTHYIO HJICIO
(coneprkamtyrocs, Hanpumep, B [4]) 0 TOM, KaK OTBECHUTH
Ha HEPaBHOIUIEYHMX HE YPABHOBEIICHHBIX YallleYHBIX Be-
cax pOBHO | Kr ChIIIy4ero rpysa, €clii UMEETCs PaBUilb-
Hasg rups BecoM B | kr. HerpuBuanbHas unpes, jnexamas
B OCHOBE PEILLEHUS 3TOH 3a/1ayu, 3aKII0YaeTCs B TOM, UTO
BHayasle CcJelyeT YPaBHOBECHTH CHIIYYUM TIpy30M Ipa-
BUJIbHYIO THPIO, a 3aTEM 2Uplo CHAMb U JOOUTHCS paBHO-
BECHS BECOB C MIOMOILBIO BTOPO OPILUH CHIITYyUYEro Ipysa,
MTOMEIIEHHOW HAa MECTO YOpaHHOU THMpU. DTa BTOpas Mop-
1y u Oyner BecuTh poBHO 1 kr. (CM. TIOXOXKYIO 3a1ady
Takxe B [1].)

31ech MbI HECKOJIBKO M3MEHUM BBIIIEOIIMCAHHBIN MOM-
X0n, caciiaB €ro NpuMCHUMBIM HE TOJIBKO K CJIy4aro, Koraa
HYXXHO OTBCCUTH Ha HCIIPABUJIbHBIX BCCAX 3apaHCC 3alaH-
HOE KOJIMYECTBO BEILECTBA, HO U K Oojiee o0mieMy ciaydaro,
KOT/Ia HY)KHO OIIPEICIUTh BEC IPOU3BOIILHOTO TPYy3a.

Bnauane BBemem omnpenenenue. HazoBem cucremy
TUPH C BECaMU

Ir,2r,41,8r,161,32T1,64T1,128T, ... (*)

0BOUUHOU CUCMEMOU 2UDb.
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Wrak, Hama 3amada (OpMYJIHPYETCS HECKOIBKO
MO-IPYroMy, 4eM B [4].

O gR L.

Puc. 33

3anaua 34. Hmeromcsa nepagnonneuue, He ypagHose-
uieHHble yauleunvle 8echl, 080UYHAS cucmema 2upb (%),
MEWOK C NecKoM U Npou3BoJibHbullL meepobli 2py3 X, Ko-
MOPbILL HYIHCHO 636€CUMb HA UMEIOWUXCA 8eCAX C MOYHO-
cmvio 00 %2 epamma. Tpebyemcsa onucame aneopumm ma-
K020 836€UUUBAHUAL.

Pemenue. s onpeneneHHOCTH, CUUTAEM, YTO BEC
rpy3a X He mpeBocxoauT 127 r, T.e. CyMMapHOro Beca
TUPH C BECaMU

Ir,2r,41,8r,16T,32T, 64T.

AJ'IFOpI/ITM COCTOUT B CJICAYIOLICM. Bnauane YpaBHO-
BCIIMBACM Ha HMCIOIIUXCA BCCAX TIPY3 X IIpH IIOMOIIH
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necka. (I'py3 X kimagem, Hanpumep, Ha JIEBYIO yallly, a Ie-
COK — CBHIILJIEM Ha MpaBylo.) 3aTeM CHHUMaeM Ipy3 X ¢ Jje-
BOM YalllM U KJIAJIEM Ha Hee TUpIo BecoM 64 r. Eciu Beckl
OKa3bIBAIOTCSl B paBHOBECHUH, 3a7aya peuieHa. (O4eBuaHO,
4TO Bec Ipy3a X Oyaer B TouHOCTH paBeH 64 r.) Ecnu xe
JieBas 4ailla MepeBelINBaeT, CHUIMAaeM IMOCTAaBJICHHYIO T'H-
PIO C BECOB (8 OanbHeliuiem ee yice He UCNOb3YeM) U 3a-
MEHSIEM €€ CIIEAYIOIIEH MO BECY; TaK JIEUCTBYEM 0 TEX
0P, MTOKa 3TO BO3MOXKHO. EciM ke nmepeBenBacT npasast
yama, To 100aBisieM K MOCTaBICHHON THpe BecoM B 64 T
(komopyrto 6 Oanvheliuem yice He mpozaem) CIEIyIONIYIO
1o Becy, T.€. TUpi0 BecoM B 32 . 3aTeM mpolexypa Imo-
BTOPSIETCSI, CHOBA paccMaTpUBaeM TPHU Clyuas; B MEPBOM
CiIyyae, Korja BeChbl OKa3bIBAIOTCS B PABHOBECHUH, 3ajaua
OKa3bIBAaETCs pelIeHHOoN (Bec Tpy3a X B 3TOM ciydae Oy-
net pased 64 r + 32 r = 96 r). Ecnu neBas yaia nepese-
LIMBAET, TO CHUMAEM THPIO BECOM B 32 I' M 3aMEHsIEM Clie-
NYIOLIEN 10 BEeCy; TaK JEHUCTBYEM, IIOKA 3TO BO3MOKHO.
Ecnu »xe mepeBemmBaeT mpaBas damia, TO J00aBIsIEM
K paHee IOCTABJIEHHBIM TMpSM CIEAYIOIIYI0 10 BECy, W
IIpoLEeypa MOBTOPSETCA.

HetpyaHo nmoHATh, 4TO mpouenypa 3aKOHYUTCS, KOTa
HCYEpIaloTCs BCE UCTIOIb30BaHHBIE THPH.

B wurore Bec rpysa X Oyner nmpuOIM3UTENBHO paBeH
CyMME BECOB BCEX I'Mpb, OKa3aBUIMXCS Ha JIEBOM wyarie

B KOHIIe Ipoueaypsl. McTuHHBIN Bec rpy3a X MOXET OT-
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AMYaThCs B TY WU MHYIO CTOPOHY OT 3TOM CyMMBbI Ha 1 T.
To4HOCTH B 72 TpaMMa MOXKHO JIOCTUYb CJIEAYIOLIUM CIIO-
coboM. Ecniu B KOHIIE IpoIIeTyphl JieBasl Yala IepeBeln-
BaeT, a CyMMa BECOB BCEX HaXOJSIIMXCS HAa HEH TUPH paB-
Ha 71 TpaMMaM, TO BeC rpy3a X cleayeT MOJ0KUTh PaBHBIM
(n — '2) rpaMmmam, eciiu e B UTOT€ IIEPEBELINBAET IIpaBast
yaiia, To BeC Ipy3a X CJIeIyeT MOJ0KHUTh paBHBIM (1 + %)

rpamMmam.

3ameuanue. UuraTenbr MOXKET 3aHMHTEPECOBATHCS BO-
MPOCOM: BCErJa JM YIHOMSHYTHIM yIOOHBIH CIOCOO
HAXOXKJCHHUS Beca MPOU3BOJIBHOTO Tpy3a X cpabaThiBaerT,
HET JIM 3]1eChb MCKIIOYCHUH. 3aKOHHOCTh IMPHUBEICHHOTO
crocoba JIOKa3bIBAETCS METOJAOM MAaTEMaTUYECKOH HH-
nykiuu (cM. Jlob6aBneHue).
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§6. HenpaBuJibHbIE BeChl
U cpeJHee reoMeTprYecKoe HeMpPaBUIbHbBIX
3HAYEeHUH Beca

JlommycTrM, 9TO B HAIIEM PACHIOPSHKCHUH UMCIOTCS He-
MIPaBWIBHBIC, HO YPaBHOBEIICHHBIC BECHI, IPUYEM COOT-
HOIIICHUE JIJTUH TUIEY 3THUX BECOB HEU3BECTHO U HE MOXKET
ObITh HemocpeAcTBeHHO u3Mepeno. (Hampumep, kopo-
MBICJIO BECOB MOJKET OBITh MOJBEIICHO K MOTOJKY.) by-
JIeM, KpOME TOT0, CYUTaTh, YTO MbI PACIIONAraeM pacuii-
PEHHOU 0BOUYHOU CUCMEMOU 2upb, 2 UMEHHO — BCEMH
TUPSIMH C BECaMU

... 1/8r, Var, Va1, 11, 21, 41, 81, 16T, 321, 641, 128, ...

[IpuBenem emie oauH criocod® HaxoxkaeHHS Beca P(X)
MPOU3BOJILHOTO Tpy3a X Ha UMCHOIIUXCS HEMPaBUIBHBIX
BEcax.

[Ipexne Bcero, 0003HAYUM JJIMHY JIEBOTO M IMPABOTO
mieya Hamux BecoB uepe3 Ly u L, coorBercTBeHHO. Ilo-
JIO’KUM Tpy3 X Ha MPaBYIO Yally BECOB U YPAaBHOBECHUM €0
C TOMOIIbI0 Habopa TUph ¢ oomM BecoMm P . B pesyib-
TaTe MOJIyYUM 10 3aKOHY pblyara:

P,L,=P(X)L,. *)

Yb6epem Teneph ¢ BECOB BCe, UTO OBLJIO HAa HUX TIOJIO-
JKE€HO. 3aTeM NOMECTUM Tpy3 X Ha JIEBYIO Yallly U ypaBHO-
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BECHM €ro C MOMOIIbI0 HOBOTO HabOpa UMEIOLIUXCS TUPb
¢ o6uum BecoM Ps. TTomyunm:

P,L,=P(X)L,. (**)

[Tonenus paBeHcTBo (**) Ha (*), moyunm:

P,L,/ PiL;=L//L,,
T.C.

P,/ P, = (L/Ly)%,
OTKYZa UMEEM:

Li/Ly=(Py/ P))".

[Toncrasisas Teneps HocieqHee COOTHOWIEHHE B (),
M0JTy4aeM UCKoMoe BbIpaxkeHue s P(X):

P(X) = Py(Py/ P))"* = (P,Py)"~ (*¥**)

3ameuanme. Ha mIKOJIBHBIX 3aHATUAX ATOT PE3yJIbTAT
MO>KHO MCIIOJIb30BaTh, HApUMEp, CIEAYIOIIMM 00pa3zoMm.
CHavasa npy NOMOIIM B3BEIIMBAHUM MOJYUYNUTh 3HAYEHMUS
P, u P, , 3aTeM nepeMHOXKUTh 3TH 3HAYECHUS HA KAJIBbKYJIS-
TOpPE W W3BJEYb W3 NPOU3BEICHMS KBaJAPATHBIA KOPCHBD.
[Tocne wero B3BecHTh Tpy3 X Ha OOBIUHBIX BEcax CO
CTPEJIKOM M CpPaBHHUTH pe3ysbTarbl. He MCKIIIOYEeHOo, 4To
TaKOW OIBIT MOYET COACHCTBOBAaTH B3aMMHOMY IIPOHHK-

HOBEHHIO MIKOIBHOM (1)I/I3I/IKI/I 1 MaTEMaTHUKU.

3ameuanmne. Qopmyna (***) mosBosser 0e3 Tpyaa

OPpOBCPUTH IPU MOMOINH 4YalICHUHBIX BCCOB CIpPABCIJIN-
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BOCTb HEPABEHCTBA MEXAY CPEIHMM TI'€OMETPUYECKUM M
CpeaHUM apu(PMETHUECKUM:

(P1P2)1/2 < (P1 + Pz)/z (****)

(HepaBenctBo (****) Oymer Ha camMoM Jieie CTPOTHUM,
T.K. P # P, , mockonbky mneun L; u L, He paBHBL.)

Jlns mpoBepku HepaBeHCTBa (****) HeoOxommumo
UMETh JIBa WICHTUYHBIX HA0Opa «IBOMYHBIX» THPb, TIE
KaXkiast TUpsi Obl1a OBl COCTaBIIEHA M3 JBYX OIMHAKOBBIX
1oJIoBUHOK. Kpome TOro, HyHbl HEpaBHOILUIEYHE YpaB-
HOBEIIIEHHbIE YallleYHbIE BECHI, a TAKKE OOBIYHbBIE Yallley-
HbIE BEChl (paBHOIUIEUHE U ypaBHOBelIeHHbIE). [IpoBepka
HEpaBEHCTBA MEXJy CPEIHUM IE€OMETPUUYECKHM M Cpe.-
HUM apU(PMETUYECKUM CBEHETCS K YCTAHOBJIEHUIO TOTO
(akTa, 9TO Ha MPABUWILHBIX YaIIEUYHBIX Becax rpy3 X monu-
HUMETCSl BBEPX IPU IOMBITKE YPAaBHOBECUTH €r0 I'Py30M
¢ BecoMm (P; + P,)/2.

3apaua 35. Hmeromcea nepasHonieuue ypasHogeuieH-
Hble yaweunvie eecvl. 1 py3 X eecom 16 ke Ovin cHauana
NONOMNCEH HA JIe8VI0 YaUly 8eC08 U YPABHOBEULeH YeOoYUC-
JienHvim epy3om P 3amem epy3 X Ovin nonosicen na npa-
8Y10 HAULY 8€CO8 U YPABHOBEUEH YELOUUCTIEHHbIM 2PY30M
P>. Yemy pasno ommnowenue oaum niey paccmampuede-
MbIX HePABHONEYUX BeCO8?

3apaua 36. Muewomcs nepasnonieuue ypagHogeuieH-

Hble YauleyHvle e6echl. prS’ X bwvin chauana nonoscen Ha
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JIe8yl0 uauty 6ecos u ypaenoseuwien eupei P (npuuem uuc-
JIeHHOe 3HaueHue ecd, 0O03HAYEHHOe HA MOl 2upe, Hd
10% menvuie ee ucmunnozo geca). 3amem 2py3 X Ovin no-
JIOJICEH HA Npasylo Yauly 6eco8 u ypagHoseuieH eupei P;
(npuuem uucnenHoe 3HayeHue 6ecd, 0003HAYEHHOE HA
amotul eupe, Ha 10% 6onvuwe ee ucmunnozo eca).C Kakou
noepewHocmyio ObLL yemanosien gec epy3a X?

JobaBiienne.
KOE-YTO O IBOMYHOM CUCTEME |[5]

1. AaropuT™m nepeBoja 4ucia U3 IEeCATUYHON 3amucu
B p-MYHYIO Xopoio u3BecTeH. [lycth, Hanpumep, TpeOy-
€TCs 3alKcaTh B CEMEPUYHOM CUCTEME JIECATUYHOE YUCIIO
a = 108. Cnauana nenum 108 ¢ octatkom Ha 7 U moiyya-
eM:

108 = 15%7 + 3. (1.1)

3/1ech OCTaTOK OT JIENEHHUS, T.€. YUCIO 3, — 3TO U €CTh
nocneaHsas (Mmianmas) nudpa B 3alKMCH HAILIEro 4Yucia d
B CEMEpHUYHOM cucteme. Teneps BO3bMEM B NPEABIAYILEH
(dhopMyIie HETOTHOE YacTHOEe 15 ¥ CHOBa MPUMEHUM JIejic-
HHUe Ha 7 ¢ octatkoM. MMeem:

15=2x7+1.
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[MoacraBnss 3To BeipakeHue B (/.1), momyuyaem:
108 = (2x7 + 1)x7 +3,

OTKyJa
108 = 2x7° + 1x7 + 3,

B pesynbraTe ceMepuyHas 3alKCh HAIIEro Yuciaa uMe-
et Bug 213(7), T.€.

108 =213 (J1.2)

Nrak, ynmoMsHYTBIA aIrOPUTM HECIIOXKEH M, Ka3ajioCh
Obl, HE MOXET OBITh ympolueH wiu yiyumeH. [Tomuepk-
HEM, YTO B 3TOM alroputMe HU(Qpbl p-U4YHOM 3ammcu mo-
SBJIAIOTCS IO OYEpEeau, HauMHasg OT CaMOro MIIaJLIEro
paspsiaa (pa3psaga eIuHUI]) U 3aKaH4duBas MUQPoil caMoro
cTapuiero paspsna. MHeIMH cioBamM, p-u4YHas 3aluch
4Kclla @ IOCTENEHHO NMUIIETCS cnpasa Hanego. CyliecTBy-
€T, OJIHaKO, COBEPILIEHHO HHOH crocod, Ipu KOTOPOM

p-UIHad 3alliCh NOCTCTICHHO IMUIICTCA clieed HaAnpaeso.

2. JIydiiie Bcero npermyIiecTsa 3TOro BTOPOro Croco-
0a ymaeTcs mpoJeMOHCTPUPOBAThH TIPH TIEPEXO0Ie OT IeCs-
THUYHOM 3alMCH K JBOMYHOM. J[€70 B TOM, YTO B JBOMYHOM
CUCTEMEe KpoMe HyJsa (a HyJdb — 3TO, B CYIIHOCTH, HE
CTOJIbKO 1H(pa, CKOJIBKO 3HAYOK MPOITyCKa pa3psiia) UMe-
€TCsl TOJIbKO oaHa mudpa — eauHuna. [lonpodyem 3amm-
catb tenepb uncio 108 B nBonuHoil cucteme. Koneuno,
MOXHO OBLTO OBl BOCIIOJIB30BAaTHCS TEM K€ aJTOPUTMOM,
YTO U B. 1. 1, HO 3TO OBIIO OBl HEPAIIMOHAIILHO.
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BmecTto 3TOro MBI MOCTYNHM CIEAYIOUIUM 00pa3oM.
HauneM BbIMUCHIBaTH MOCIIEOBATEIbHBIE CTEIIEHU IBOM-
KH:

1,2, 4,8, 16,32, 64. (11.3)

(3mecb MBI OCTAaHOBWIWCH, TaK Kak CIEIyIOas
CTeneHb JABOWKH, 128, yxke Ooiblle, 4eM Halle YUCIIO
a=108.)

Teneps HaumHaeM mocieoBaTeNbHO «HaOUpaTh» 108
u3 creneneit (/1.3), HauMHasg co cTapIIUX CTENEHEN U JBU-

raschb B CTOPOHY MJIAILLIHUX.
Nmeem:
64 <108,
64 +32=96 <108,

64 + 32 +16 — Gonbie, yuem 108, moaTomy Oepem u3
psna creneneit ([.3) B kauecTBe CleQyIOMIETO ClIaraeMoro
8 (Bmecto 16):

64 +32+8=104 <108,

64 +32+8+4=108. (1.4)
Urak, uenp nocturnyta. ITockonbky

64=2° 32=2° 8=2°, 4=2°

n3 (1.4) momydaeM MCKOMYIO IBOMYHYIO 3aIIUCh 4HCIA
108:

108 = 1101100, (J1.5)
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3. YrBep:kaenue. Onucanuviii 8 n. 2 npuem 6cezod
cpabamvieaem npu nepexooe Om OeCAMUYHOU 3anucu
K 0BOUYHOILL.

DTO YTBEpXKJCHHUE BOBCE HE OYCBUIHO U TpeOyeT cre-
MaIBHOTO JIOKa3aTenabCTBa. IIpoBeaemM ero MeronomM Ma-
TEMaTHYECKOW WHTYKIIHH.

Jloka3aTebCTBO.

baza unoykyuu. Ilycte @ = 1. B 3TOM ciiyuae cuenas-
HOE YTBEPKIACHUE OUYEBUIHO.

IIpeononoscenue unoykyuu. BribepeM mpou3BOIbHOE
¢bukcupoBaHHOe M W TPEANONIOKHM, YTO CHCTAHHOE
YTBEPIXK/ICHHE BEPHO Ui BCEX HATypalbHBIX ¢, HE Tpe-
BOCXOOANHNX M.

Hlae unoykyuu. Jlokaxkem, onupasich Ha MPEIOI0Ke-
HHYE MHIYKIHY, 4TO TOrJa Hallle YTBEPXKICHUE BEPHO IIPU
a=M+1.

[TycTh d — HauBbICIIas CTENEHb JBOMKM Takasi, 4To

2 < M+ 1, (71.6)
TakuM o0pazom,

27> M+ 1. (1.7)
Paccmotpum pazHocTh

O=M+1)-2°

(He orpaHnuMBas OOIIHOCTH, MBI BCETIa MOKEM CUHUTATh,
yto O > 0). OueBUaHO, UTO

O<M+1, (A.-8)
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MO3TOMY B CHIIY MPEANOIOKEHUS WHAYKIIMA HATYPATbHOE
yrcao Q) MOXKET OBbITh MPEICTABICHO B BUJIE CyMMBI CTeTIe-
HEW JBOMKM MMEHHO IPU MOMOLIM aJrOpUTMa, pacCMOT-
peHHOro BbIlIE B M. 2. OAHAKO 3TOro eie HeJO0CTaTOYHO
171 Hammx 1enei. HeoOxoauMo mokasaTh, 4TO B JBOUYHOE
pasnoxkeHue uyucia () MOTYT BXOAWTH TOJIBKO CTENEHU
JIBOMKH C TIOKA3aTeJIIMA CTPOTO MEHBIIUMU, 4eM d. [Ipex-
Jie BCEro, CTENEeHU JBOWKH C MOKa3aTessiMu > d B pasJioxe-
Hue a1 O He MoryT BXoauTh B cuiny ([.7) u (/1.8).

Manee, mokaxem, 4TO 29 Takxe He MOXET BXOLHTH
B YIIOMSIHYTO€ paziokeHue. [[elCTBUTENbHO, MPEeanoso-
UM MPOTUBHOE, @ UMEHHO, YTO

Q=2"+..,
T.C.
M+1)-29 =2+,
OTKyJa
M+1=2x2+ .,

YTO, OYEBUIHO, NpoTuBOopeunt Yyciaouto ([.7). Tem
CaMbIM HaIlle yTBEPXKICHHUE JOKa3aHO.
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OTBeThI

K 3amaue 22: 2(11+5+5) = 3(6+5+3)

K 3agaue 23: 3(1+6) = 12+6+3

K 3agaude 24: 2(4+2+2+1) = 10+8

K 3amaue 25: 7(3+6+9) = 3(7+14+21)

K 3agaue 26: 3(7+[6+8]+21) = 7(3+[2+4]+9)

K 3amaue 27: 2(8/7 + 37/7 + 123/7) = 48; 3(1+6+9) = 48

K 3amaue 28: rupu ¢ ydcieHHbIMU 3HAYEHUSIMU Beca 1; 1; 2

K 3aga4e 29: rupu ¢ yucieHHbIMU 3HAUECHUAMH Beca 1; 1; 2
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