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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 TPY30B H3MEPSETCA B KUJOTpaMMax, a JIJIUHBI TIJIed
pelyaroB — B Jenumetpax. KHukka ajgpecoBaHa IIKOJIb-
HbIM YUYWTENSIM, CTyIEHTaM TIEABY30B U POJIUTENSAM
LIKOJIBHUKOB. B TpeTheM u3laHuM CyHIECTBEHHO pacCUIu-
peH maparpad 6 «o cpeqHeM Te€OMETPHUECKOM Ha yared-
HBIX Becax», 100aBieHbl nmaparpadsl 7—12, B KOTOPBIX 00-
CY’>KJAIOTCSl JOCTOMHCTBA «BOMYHBIX» YAIlICYHBIX BECOB,
a UMEHHO, BECOB, Y KOTOPBIX IJUHBI IJIEY OTHOCATCS Kak
1:2, a Takxke BBOJUTCS TOHSTHE p-UYHBIX YAIICYHBIX CY-
Mep-BECOB, MpOIIeIypa B3BEIIMBAHUS HAa KOTOPBIX Opra-
HUYHO CBSI3aHA C TMPEACTABICHUEM HATYypPaTbHBIX UYUCEIN
B HE-JIECATUYHBIX CUCTEMAX CUUCIICHHUS.

Astop npusnarenen H.B. Jlecatckooii u U.B. Py6e-
BY 3a IOJIE3HBIE 00CYKIECHUS.

Asmop
Mockesa, 30.04.2023



§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?
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§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-

S
g

moe.

Puc. 11
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3apaua 12. [lpasoe niewo uaweynvix 6eco8 6060e
OnunHee negozo; cm. puc. 12. Ilpocmasumov uucnenHvie
3HAYeHUsr 8eca 2py308, NPu KOMOPbIX OOCMUSAemcs pas-
Hosecue. [Ipusecmu HECKONIbKO 803MONCHLIX 8APUAHTNOB.

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
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§3. Pa3uble 3apa4n

3amaua 17. Haumu yucnennoe 3navenue x, obecnequ-
salowee pagnogecue 4auleyHvlx 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
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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, ymobwl 8ecvl ocmasa-

JUCh 8 pagHosecuu, cm. puc. 21.

DO UL

13

Puc. 21

§
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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 max paccmasumov 6ce dmu eupu HA 0Oeux

yaulax eecoe, umooOblL 6eCbl OCMABANIUCS 6 paeHo6eCUU.

Pemenue. [Ipexne Bcero, nepenuiiemM enie pa3 CIu-
COK YHCJIOBBIX 3HaYEHHI BECOB BCEX THPh, yKa3aB B CKOO-
Kax BEJIMYMHBI OCTATKOB IPH JIEJICHUH Ha 9:

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

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

Urtak, names W3 BOCBMHU YHCIIOBBIX 3HAUYECHUH BECOB
TUpb UMEIOT HEHYJIEBBIE OCTAaTKH MpH JAesieHuu Ha 9. Bcee
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
wiecmu 2py308, YUCIEeHHble 3HAYEHUS 8eCO8 KOMOPbIX CO-
omeemcmeenHo pasHul 1, 2, 3, 4, 5, 67

- .
i .

QACG

 —
n D
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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

=
000 DY
@ o)
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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 ¢ nomowpio 08yx 2upb 6eCOM COOmMeEem-
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?

PaccMoTpenHas Bblllle CUTyallusi MOXET OBITH 0000-
IIICHA Ha CJIy4Yai, KOTJa 3apaHee HE U3BECTHOC 3HAYCHUE
Beca Ipy3a MOXET OBbITh MPEIACTABICHO B BHIE CPEIHETO
TCOMETPUYECKOTO HE JIBYX, a HECKOJIbKHX «HETPaBUIIb-
HBIX» YHCJIOBBIX 3HAYCHHMIA, TIOJIYYCHHBIX HA HEpPaBHOILIC-
YUX BECax.

A MMEHHO, MyCTh, HAIPUMEP, B HAIIIEM PACIIOPSHKCHUN
HUMEIOTCSI TP DK3EMIUIIpA YallleYHbIX BECOB, Y KOTOPBIX
OTHOIIICHHE JTUHBI JIEBOTO TUIeYa K JJIHHE MPaBOro COOT-
BeTCTBEHHO paBHHI L/Ly, Lo/Ls, Ls/Ly . IToouepkuem, umo
YUCTIOBbIE 3HAYEHUS CAMUX JMUX OMHOUWLEHUU ONUH Mbl
cuumaem neuzsecmuvimu. IlocienoBaTeIbHO ypaBHOBE-
IIMBAast C TIOMOIIBIO TUPb TPy3 X Ha ATHX TPEX IK3EMILISA-
pax dJamiedHbIXx BecoB (Ipy3 X Bcerja CTaBUM Ha JICBOE
IIJIEY0), OJIyYaeM:

P(X)L] = Psz,
P(X)L2 = P3L3,
P(X)L3 = P1L1.
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IlepemHOXast 3T TpU paBEHCTBA U COKpallas Ha Ipo-
n3Begenue L1L,L3, nerko noimyyaemM HCKOMOE BBIPAKEHUE
st P(X):

P(X) = [P,P,P5]"".

Ecnu kaxnas vcnonb3oBaHHAsi TUPSI CIOKEHA U3 TPEX
WACHTUYHBIX (ParMeHTOB, TO HETPYAHO IMPOBEPUTH (HA
OOBIUHBIX PaBHOIUIEUMX Becax, 0€3 KaKuX-JInOO BbIUKCIIE-

HUM) CIpaBeUIMBOCTh HEPABEHCTBA MEXAY CPEIHUM Ieo-

METPUYECKUM U CPETHUM apH(PMETUICCKHUM:

P(X) =[P/P,P5]"* < [P+P,+P;]/3.
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§7. «/|BouYHbBIE» YallleYHbIE BeChl
U MX NPEeUMYIIEeCTBO Nepea 00bIYHbIMH [6]

PaccMotpum osouunyio cucmemy eups
Ir,2r,41r,81,161,321,64T1,128T, ...,

U €€ TIPOU3BOJIbHBIN HaYaIbHBIH OTPE30K:
Ir,2r,4r,8r,161,321,64T,...,2"I. *)

Ecnu 3apaHee M3BECTHO, YTO YMUCIOBOE 3HAUECHUE BECa
P(X) unTtepecyromiero Hac LEIOYUCICHHOTO rpy3a X He
MPEBOCXOUT Q™ = 1) (re. CYMMBI YHCJIOBBIX 3HAYEHUU
BCEX BECOB 3TUX (7 + 1) rUpb), TO TaKOU TPy3, OUEBUJIHO,
BCET/Ia MOXET OBITh ypaBHOBEIICH HA PAaBHOIUICYUX Ya-
LICYHBIX BECAX IPHU MOMOIIM HEKOTOPBIX THPbh W3 3TOrO
Habopa. (Oto cnexyer U3 Toro ¢axra, 4ro Jr0OOE HATy-
paJbHOE YHUCIIO EIUHCTBEHHBIM 00pa3oM IMpeaCcTaBUMO
B BHJIE CYMMBI cTteneHeil ABoiiku.) [Ipu stom cam rpy3 X
HMMEET CMBICII MIOMEIIAaTh Ha OAHY Yallly BECOB, a TUPHU —
Ha JIpyryto. Bo3MOKHOCTh OCTaBUTh HEKOTOPBIE THPU HA
OJTHY Yallly BMeCTe C Tpy30M X, 0e3yCIIOBHO, CYIIECTBYET,
HO HUKAK HE PacHIMPSIET COBOKYMHOCTb TE€X LEIOUYUCIICH-
HBIX TPY30B, KOTOPbIE MOXHO B3BECUTh Ha PABHOILICYUX

BCCax.

Hamnpumep, rpy3 X Becom B 15 T MOXeT ObITh ypaBHO-
BEIIEH JABYMs crioco0aMu, B COOTBETCTBUHU C YUCIIOBBIMU
paBeHCTBaMU:
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P(X)+ 1= 16,
P(X)=8+4+2+1.

Ecnu B Hamem pacnopsiK€HUH MMEIOTCSI HEpaBHOILIE-
gyre (HO 00s3aTelNbHO ypaBHOBEIICHHbIE!) YallleyHbIe Be-
CBl, TO CHUTyalus pe3ko MeHsiercs. Hambosnee mnHTepeceH
Cllydail, KOrjia OJJHO IJIe40 BECOB BABOE JIMHHEE JIPYroro.
Taxue uvarieynple BeChl MBI OyZeM ISl KPATKOCTH Ha3bl-
BaTh «IBOWYHBIMI». MBI OyZieM CUHMTaTh, YTO JICBOE ILIE-

40 UMeeT IauHy L, a mpaBoe — mmHy 2L.

Teopema 1. Ha «0souunvix» eecax, pacnonaeas Habo-
pom eupb (*) moducHo ypanosecums 000U YenouUCTIeH-
I~ +1
HblIL 2PY'3, 8eC KOMOopo2o He npeeocxooum 2" 2.

Joka3zatenabcTBo. MTak, MonoxuM Ha KOPOTKOE ILIe-
4o (mmuHbI L) rupro Becom 2 T, a Ha JUIMHHOE TUIEYO (171U~
Hel 2L) — rpy3 X. PaBHOBecue OyneT o3Ha4yaTh, YTO CIpa-
BEJIMBO PABEHCTBO:

2-L =P(X)2L,
T.C.
P(X) = 1.

OTO eAMHCTBEHHBIN Cilydail, KOorja HaM MPUXOIUTCS
KJIaCTh B3BEIIMBACMBIN IPy3 Ha JUIMHHOE IIe4o. Bo Bcex
OCTAJIBHBIX CIIy4asiX, UMes JI€J0 C LEJOYHUCICHHBIMU TPy-
3aMH, B3BEIIMBAaEMBI Tpy3 OyAeM KiIacTh Ha KOPOTKOE

IJIEY0 HallluX «ABOUYHBIX)» BECOB.
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Hanee, ypaBHOBecuM rpy3 X BecoMm 2 r. PaBHOBecuio
BECOB COOTBETCTBYET TEIEPh PABEHCTBO:

P(X)-L=12L,
OTKy/a

P(X) =2.

PaBHOBecusiM rpy3oB BecoM B 3 1,4 1, 51 ... Oyayr
COOTBETCTBOBATH PABEHCTBA:

(P(X) +1)L=22L,

P(X)L =2-2L,

(P(X)+1+2)L=42L,
U T.J.

To, uro nMr0OOH TENOUYHCIEHHBIA TPy3, BEC KOTOPOTO

+
He npeBbimaeT 2" "1, MoxHO YPaBHOBECUTh Ha «JIBOWY-
HBIX» BEcax ¢ MOMOIIbI0 Habopa Tups (*) Oynem mokasbl-

BaTh 110 UHAYKLIHH.

baza unoykyuu. Ilycte n = 1. Torma yTBepxacHHE
TEOPEMBI BEPHO (CM. BBIIIIE).

IIpeononoowcenue undykyuu. Ilpeanonoxum, 4ro mpu
HEKOTOPOM TIPOU3BOJIBHO B3SATOM /1 = k YTBEPKICHHUE TCO-
PEMBI BEpHO.

Hlae undykyuu. Jlokaxkem, 4TO TOTJa YTBEp>KACHUE
TeopeMbl OyZeT cripaBeUIUBbIM U it n = k + 1. Ilpexne
BCEro, 3aMETHM, YTO HAC MOTYT MHTEPECOBATh TOJIBKO Iie-

+
JIOYMCIICHHBIE TPY3bl, BEC KOTOPBIX CTPOro OOJbIIe 2Mr
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(OCKOJBKY LIEJIOUNCIIEHHBIE TPY3bl MEHBLIETO BECA MOTYT
OBITh YpaBHOBEIICHBI Ha HAIIUX «IBOWYHBIX» Becax C MO-
MOILIbIO UMEIOLIEICS CUCTEMBI TUPh IO MPEAIIONIOKEHHIO
nHAyKuK). Ilpu 3TOM MBI, B COOTBETCTBHM C YCIOBHEM
TEOPEMBI, pacCMaTpUBAEM TIPy3bl, BEC KOTOPBIX HE Ipe-

k2
BOCXOOUT 2" “ T.

I/ITaK, HAC MHTCPECYCT CHC,Z[y}OH_II/Iﬁ MIPOMCIKYTOK IIC-
JIOYMCJICHHBIX 3HAUCHUM Beca B3BEIIMBAECMBIX I'py30B:

241 < P(X) < 2¥2, (%)

3aMeTHM, OJHAKO, YTO JIF00O0E IiesIoe Ynuciio P u3 sroro
MIPOMEKYTKa MOXKET OBITh NMPEACTaBICHO B BHUJAE Pa3HO-

CTH.:
P=2_M,

rae M — 1eroe HeOTpULATEIbHOE YUCIIO, HE IPEBOCXOIs-
mee 2! — 1. Takum o0pa3om, yuciio M MoxeT OBITh TH00
pPaBHBIM HYJIO, JINOO TPEACTABIATH COOOH CymMMy He-
CKOJIBKHMX CTCIICHCH IBOMKH, I'I€ BCE ITOKA3aTeIH CTEIIe-
HEeW pa3jIu4Hbl U HE BHINIE k. JTO, B CBOIO OYepe/lb, O3HA-
yaeT, 4To Ipy3 X ¢ uucioBbM 3HaueHueM P(X) wu3
npoMexxytka (**) MoxkeT OBITh CIEIYIOIUM 00pa3oM
YPaBHOBENICH Ha «IBOMYHBIX» BECaX CUCTEMOU THpb (*),
rae n = k+1.

Ecmn P(X) = 2% 10 ma JIEBYIO0 4ally IIOMEILAeM
rpy3 X, a Ha npaByio — rupio Becom 2° ' r.
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Ecmu P(X) < 22, 10 MO-TIPEKHEMY Ha JIEBYIO 4allly
nomenaeM rpys X, a Ha mpasyio — rupio Becom 257 1, Ho,
KpOME TOT'0, Ha JIEBYIO Yally CTaBUM HEKOTOpBIE TUPU U3
Habopa (*), rne n =k.

TeopeMa JOKa3aHa.

3ameuanue. VTak, « IBOMUHBIE» YallledHbIE BECHI (TIPU
OJIMHAKOBOM [IBOMYHOM Habope Tupb) MO3BOJISAIOT B3Be-
CHUTbH BCE T€ IEJIOYHCICHHBIE TPY3bl, KOTOPHIE MOTYT OBITH
B3BEIICHB HA OOBIYHBIX pPaBHOIUIEUHMX Becax. OmHaKo He-
TPYJHO TOHSTh, YTO, ONepupys HabopoMm rupb (*), Ha
«JIBOMYHBIX» BECAX MO)KHO YPaBHOBECUTb U TaKHE IIEJIO-
YHCJIEHHBIE TPY3bl, KOTOPbIE HA PABHOIUIEUHX BEcCax ypas-
HOBEIIEHBI OBITh HE MOTYT. A UMEHHO, 3TO T'PY3bI CO Clie-
JOYIOIIMMHU TOCJEI0BAaTEIbHBIMU YETHBIMU YHUCIIOBBIMU

3HAYCHUAMMU BCCA.
+ + + +
AR L T LAn R N LA } ()

OueBuaHO, U4TO eciu K Habopy rupsk (*) 100aBUTH BTO-
pyto Tupio BecoM | I, TO Ha «IBOWYHBIX» YaIllEYHBIX Be-
cax MOXKHO OyIyT ypaBHOBECUTD JIFOOOH IEIOYNCICHHBINA
rpy3 C YUCJIOBBIM 3HAYEHUEM Beca OT 1 110 M.

3ameuanue. Ho maxe 3TUM HE MCUEPNIBIBAIOTCA IIpe-
MMYIIECTBA «IBOUYHBIX» BECOB Iepen OOBIYHBIMU (paB-
HOIUIEYMMH) YalleYHbIMU BecaMu. Jleno B ToM, 4TO, pac-
moyiarasi cuctemMoi Tuph (*), Ha «IBOMYHBIX» Becax
MOHO YPaBHOBEUIUBATH HE TOJIHKO IIEJIOYUCICHHbIE, HO U
nonyuensle rpy3sl. Hampumep, rpy3 X Becom B 32 T
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MO>KHO YPaBHOBECHUTH Ha «JBOMYHBIX» BECAX, €CIIH I10JIO-
KUTh €r0 Ha MpaBylO dYally (ONUPAOLIYIOCS Ha IUIEUO
JuiiHbI 21), a Ha neByro yaimly (ONUPAOLIyOCs Ha IUIEUO
JTiHBI L) — rupu Becom 4t, 2r u 1T.

3ameuanue. I[lompoOyemM CpaBHUTH BO3MOXKHOCTH
«JIBOMYHBIX» YalIEUYHbIX BECOB C OOBIYHBIMM (paBHOILIE-
YUMH) NpU UHOM cucteMe rupb. Hampumep, paccmoTpum
0ojee-MeHee OOLICTIPUHATYIO «IECSITUYHYIO» CUCTEMY
TUpb, HAIIOMUHAIOIIYIO 10 CBOEMY COCTaBy JIpPEBHEPUM-
CKYIO CUCTEMY CUUCIICHMS:

1 2 (namp wumyk oounaxoegwix 2ups), 5 2, 10 2 (uemwi-
pe oounaxoewvte 2upu), 50 2, 100 2 (uemvipe oounakxogwie
zupu), 5002. (HHEE)

Takast cucreMa rupb, OUYE€BHUJIHO, [TO3BOJISIET YPaBHOBE-
CHUTH Ha OOBIYHBIX YAIIEYHBIX BeCax JIFOOOU LETOYNUCIIEH-
HbI Tpy3 BecoM oT 1 T 1o 1000 r.

[TonmpoOyeM BBISICHUTDH, KaKHE LIEIOYUCICHHBIC I'PY3bI
MOXXHO YPaBHOBECHTh Ha «JIBOMYHBIX)» YaIICYHBIX BECax
pHu paboTe C CUCTEMOM TUpb (F*#%),

[Ipexne Bcero, O4EBUIHO, YTO, MOJIB3YSCh CUCTEMOMU
rupb (****) MOXXKHO ypaBHOBECHTb Ha YaIlIEYHBIX Becax
000 «UETHBINY» IETOUNCICHHBIN TPy3 B Mpejenax oT 2 T
o 2000 r.

Mpl, OogHaKo, BPEMEHHO OCTaBUM JTOT pPE3YyJIbTaT
B CTOPOHE U OTpPaHUYMMCS PACCMOTPEHHEM BceX («uer-
HBIX» U «HEYETHBIX») LIEJIOYUCICHHBIX TPY30B B Mpeaeax

or 1 r no 1000 r.
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Teopema 2. Bce yenouucienuvie epy3vl, KOmopule Mo-
2ym 6vimb YpasHoGeuleHbl Ha 0ObIYHBIX 8ecax Npu NOMO-
wu cucmemvl 2upv (**F*) m. e. yenouucnenmvie epysvi
6 npedenax om 1 2 0o 1000 e, yoaemcs ypasnosecums u Ha
«OBOUYHBIX» BeCaXx.

Joka3atenbcTBo. [{J151 ONpEeAeIEeHHOCTH CUUTAEM, UYTO
yrcnoBoe 3HaueHue P(X) Beca rpysa X — Tpex3HauHOE
YUCJIO:

P(X)=100a + 105 + c.
Wrak, knagem rpy3s X Ha JI€BYIO dally.

Ecnu a 4yetHo, TO Ha mpaBylo yally KiajaeM a/2 cro-
I'PaMMOBBIX TUPb U MEPEXOJUM K PaCCMOTPEHUIO pa3psiia
JIECSITKOB.

Ecnu a HedeTHO, TO Ha JIEBYIO yanly J00aBisieM K rpy-
3y X OJIHy WU TpU CTOTPAMMOBBIE THPH, a Ha IPABYIO
yaily KJIaJeM, B 3aBUCUMOCTH OT CHUTYyallUH, MSTHCOT-
IrPaMMOBYIO THPIO WJIM HECKOJIBKO (OT OJHOM 1O Tpex)
CTOrPaMMOBBIX THpb. B pesynbrare Oyaem HMeTh €0
C OJTHUM M3 YHCJIOBBIX COOTHOILIEHUH BUA:

P(X) + 100 + ... = 2500 + ...,

P(X) + 100 + 100 + 100 +... =2:500 + ...,
P(X) + 100 + ... = 2:(100 + 100 + 100) + ...,
P(X) + 100 + ... = 2<(100 + 100) + ...,
P(X) + 100 + ... = 2100 + ...,
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AHanoOru4HBEIM 00pa3oM TPOAOKAaeM JEeCTBOBATH
B paspsjie JeCATKOB U, 3aTeM, B pa3psjie eauHull. Teopema
JI0OKa3aHa.

IIpumep. I'py3 X Becom B 739 T MokeT ObITh ypaBHO-
BEIIICH Ha «JIBOMYHBIX)» BeCax CIEAYIOUIIM 00pa3oM:
(P(X) + 100 + 100 + 100 + 10 + 1)-L = (500 + 10 + 10 + 5)-2L.

Bephemcs Tenepp K BOMpPOCY O TOM, KaKHE «HEYET-
HbIe» TPy3bl X ¢ uncioBbiMU 3HaueHusMHu P(X) w3 mpo-
MexyTka oT 1001 mo 1999 moxHO ypaBHOBECHUTH Ha

«IBOMYHBIX» Becax C MOMOIIbIO Habopa IEeIIOYNCICHHBIX
rupb (¥***). Umeem:

(P(X) + 1)-L = (500 + 1)-2L, oTkyma P(X) = 1001,

(P(X) + 1)L =(500 + 1 + 1)-2L, otkynaa P(X) = 1003,
(P(X)+ 1))L=(500 + 1 + 1 + 1)-2L, otkyaa P(X) = 1005,
(PX)+1))L=(500+1+1+1+1)2L, orkyma P(X) = 1007,
(P(X) + 1)-L = (500 + 5)-2L, otkyma P(X) = 1009,

(P(X) + 1))L=(500 + 5+ 1)-2L , otkyaa P(X) = 1011,

PX) + 1)L = (500 + 5 + 1 + 1 + 1 + 1)2L,
otrkyna P(X) = 1017,

(P(X) + 1)-L = (500 + 10)-2L , otkyzxa P(X) = 1019,

(P(X) + 1)-L=(500 + 100 + 100 + 100 + 100 + 50 + 10 + 10 +
+10+10+5+1+1+1+1)2L, orkyma P(X) =1997.
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ITonuepkHeM, YTO B MPaBbIX YACTAX BCEX MPEIBIIYIINX
COOTHOIICHUH, onpeaensonux Heuetnole 3Hauenus P(X)
B npezaenax ot 1001 no 1997, cnaraemoe «1» BcTpeuaeTcs
He 0oJjiee YeThIpex pas, a JEeBble YaCTU BCEX ATHX COOTHO-

IIEHNI OJUHAKOBBI.

Wrak, mpu momornu rupb (****) Ha «IBOMYHBIX» Be-
cax yJaeTcsl YpPaBHOBECHUTHh MOYTH BIBOE OOJbIIE IIENO-
YHCIIEHHBIX TPY30B, YeM Ha OOBIUHBIX YAIlICYHBIX BECaX.
A uMeHHO — Nt00bIe 1IeTTIOYUCIICHHBIE TPY3bl BeCOM OT 1 T
o 1998 r.

I'py3 Becom 1999 r Ha «IBOMYHBIX» BECax ypaBHOBE-
CHUTh C TIOMOIIBIO Habopa rupsk (****) yxe He ympaercs.

3amaua 37. YpaBHOBECHUTH Ha «JIBOUYHBIX)» YaIICUHbBIX

Becax rpys BecoMm 1559 r, nmonp3ysch rupsaMu U3 Habopa

Vkazanue. 1559 = 2-(1560/2) — 1 =2-(500 + 250 + 30) — 1.

Puc. 34
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3agaua 38. Ilpugymars anropur™ B3BELIMBAHUS Lie-
JIOYUCIIEHHOTO TIpy3a Ha «JIBOMYHBIX» YalIEYHBIX BeECax

C UCIIOIH30BAaHUEM JIBOUYHON CHCTEMBI TUPH (*).

B 3akmiouenne 3ametum crnemyromiee. [lo-Buagumomy,
HUKaKHe WHBIE HEPABHOIUIEUHE BECHI ((TPOHUHBICY, «IIs-
TEPUUYHBIC» WM €llle KaKhue-TO) He 00JaJaloT TaKUM M-
POKUM OXBAaTOM TPY30B, KOTOpBIE YJAeTCsl B3BECUTh MPHU
pPa3yMHOIi CUCTEME TUPb.
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§8. Tpouunas cucreMa rupb Ha PaBHOILJIEYHX Becax.
CpaBHeHuHe ¢ IBOMYHOM CUCTEMOM r'Ipb
U «IBOMYHBIMW» BeCcaMu

MoseTr mokasarbes, YTO IMpH JII0OOH CUCTEME TUPb
«IIBOMYHBIE» BECHl paboTaOT APQPeKTHBHEE, YeM OObIU-
ueie. Ho aT0 He Tak.

CyuiecTByeT cucTeMa THpb, 3aME4aTelIbHO MPHUCIIO-
co0JieHHast K OOBIYHBIM (PaBHOIUICYNM) YAIlICYHBIM BECaM
W COBEpPUIEHHO HE NPUIOJHAs Ui HCIOJIb30BAHHUS HA

«IBOMYHBIX) BE€CaXx.

DTO0 cuctemMa, B KOTOPOW YHCIOBBIE 3HAUEHHUS Beca
TUpPh TMPEICTaBISIOT cO00i MOcleoBaTeIbHbIe CTEICHH
TPOWKHU:

n
1r,3r,91,27r,81r,...,31, ...

Oxka3sbIBaeTcs, 4TO € OMOIBIO TUPb, IPUHAAIEKAIIUX
Ha4yaJIbHOMY OTpPE€3Ky 3TOH CHCTEMBI, T.€. COBOKYIHOCTH

TUPb C BECAMH
Ir,3r,9r,271,81r,...,3", )

MO>XHO Ha PaBHOIUIEUMX BEcax ypaBHOBECUTH JHOOOH Iie-
JIOYUCJIEHHBIM Tpy3, BEC KOTOPOTO HE MPEBOCXOJAUT CyM-
MBI YUCJIOBBIX 3HAY€HHH BecOB BceX T'Hph (*). CymMmmupys
TE€OMETPUUECKYIO0 MPOrPECCUI0, UMEEM JUIsl STOW CYMMBI,
KOTOPYIO 0003HAaYUM S,

=3 - D2.
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Takum o00pa3oM, OTHOLICHHE KOJIUYECTBA IIETIOYHC-
JIEHHBIX I'PY30B, KOTOPbIE MOYKHO ypaBHOBECUTb Ha paB-
HOIIJICUUX BECAaX, MOJIb3YSACh CHCTEMON THph (*), K KOJIHU-

YeCTBY MCIOJIb30BAaHHBIX THPh PABHO APOOH
G" - DRm+ .

AHAJIOTUYHOE OTHOIIECHUE [JIs1 JABOWYHOU CUCTEMBI

THPBb paBHO
Q" =D+ 1).

Wtak, Mbl BUAMM, YTO MPU OJWHAKOBOM KOJIUYECTBE
JOCTYTHBIX JJISl UCTIOJIb30BaHUS TUPH (paBHOM 7 +1), Tpo-
WYHBIE THPHU, €CIU 7 JOCTaTOYHO BEJIHMKO, MO3BOJIIOT
ypaBHOBECUTh Ha PABHOIIEYMX BEcax HAMHOTO OOIbIIe
LIEJIOYMCIIEHHBIX TPY30B, YeM JIBOoM4HbIe. HeTpyaHo 3ame-
TUTh, YTO B YKa3aHHOM CMBICJI€ UCIIOJIb30BAHUE TPOUUHBIX
TUpPb Ha PaBHOIICYHX BECaX OKA3bIBACTCS MPU OOJBIIHX 7
Takke 0oJjiee YKOHOMHBIM, Y€M HCIIOJIb30BAHUE IBOMYHBIX
TUPb Ha «JIBOMYHBIX» Becax.

3amMeuyaHue. 3aa4a HaXOKIEHU HAUMEHBIIIErO YHCIa
TUPb, TOCTATOYHBIX JJISi TOTO, YTOOBI YPaBHOBECHThH 3a-
JTAHHBI WHTEpBal IEJIOYMCICHHBIX TPY30B, HOCUT HUMS
¢dpanmysckoro MmatemaTtrka Kiona bamre, koTopsiii ormyo0-
auKoBasl ee pemeHue B 1612 romy. Okaszanock, 4TO
HAWIy4YlIUid pe3yJibTaT JAeT HCMHOJIb30BAHUE TPOUYHOMN

CUCTCMBI I'Pb.
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[TokaxeM, kak paboTaeT TpOUYHAsI CUCTEMa TUPb, €CIU
HY>XHO, Halpumep, ypaBHOBeCUTb Ipy3 X Becom 4I1T.
[Ipexne Bcero, npeacraBum uuciio 41 B TpOUUHOH cucteme
CUMCIICHHUS], T.€. PA3JIOKUM [0 CTENEHAM TPOUKHU. Mmeem:

41=1-3+13°+13+23° =
=13 +1-3+13+3-1)1=13+1-33+23' — 1=
=13 +1-3+3-1)3' -1=1-3+23*+-3-1=
=13*+(3-1)3* -3 -1=
=23"-9-3_-1=3-1)3"-9-3_1=
=81-27-9-3-1.

Taxum o6paszom,

41=81-27-9-3-1.

Hrtak, m10CcTaToYHO MOCTaBUTh HA OJHY Yally BECOB
paccmaTpuBaeMbIil Ipy3 X U 4YeTbIpe T'Mpu BecoM B 27T,
9r,3rulr, aH”aapyryo yamry — rupro secoMm 81 r.

b b

3ameuanmne. CpaBHUBaTh 3()()EKTUBHOCTH HCIIONIB30-
BaHHUA YaIlIEYHBIX BECOB (B COBOKYITHOCTH C COOTBETCTBY-
IOIIEH CHUCTEMOW THPh) MOXHO HE TOJIBKO MO BEIHMYMHE
IpoOu, paBHOW OTHOIIECHWIO [UANa3oHa 3HAYCHHI Beca
YPAaBHOBEIIMBAEMBIX TI'PY30B K 4YMCIy rupb. B kauectse
MHOTO MapaMeTpa MOXKHO B34Th OTHOUIEHHE Iuana3zoHa
3HAUYECHHI Beca ypaBHOBEIIMBAEMBIX I'PY30B K CyMMapHO-
My BeCy Bcero Habopa HCIOIb3yeMbIX THpb. Hempyouo
gudems, YUMo NO IMOMY NAPAMEMpPY «OBOUYHbLIE)» BECHl
gmecme ¢ 0BOUYHLIM HADOPOM 2Upb NPUMEPHO 8080€ npe-
80CX00M pe3yibman, 00Cmu2aemslii npu NOMowU 1060-
20 HAOOpa 2upb HA PABHONIEUUX 8ECAX.
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§9. KBagparHbie ypaBHeHMsI
Ha cynep-4alleyHbIX Becax

HazoBeM cynep-uawieunvivu Becbl, y KOTOpPBIX Ha
KaXJIOM M3 TUIEY MOXKET OBITh PacIONIOKEHO HECKOJIBKO
gam. MBbl OrpaHHYMMCSl ClydaeMm, H300paKCHHBIM Ha
puc. 35, rae uMeercss €AMHCTBEHHAs Yallla Ha KOPOTKOM
MIpaBOM IIJIeY€ U JBE YalllM Ha JJUHHOM JIEBOM, U3 KOTO-
PBIX OJIHA PACIOJIO’KEHA POBHO ITOCEPEIUHE JIEBOTO IIeya.

Bynewm cuutath, uTO OTHOWIEHUE ANUH Tuted L/ L, Ham

HCHU3BCCTHO.

YpaBHOBecuM Tpy3 X OByMs pasHBIMH CIOcCOOaMmu,
n300paKeHHBIMU Ha puC. 35.

MpbI npeanonaraeM, 4To rpy3 X HaCTOJIBKO TSKEN, 4TO,
Jla)ke TIOMECTUB €ro Ha Ty JIEBYIO yallly, KOTopas pacro-
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JIO’)KE€HA IIOCEPEAMHE JIEBOrO IlIe4Ya, YPaBHOBECUTH €ro
yAAeTCs JIIb C IOMOLIBIO THUPH, NEPEKUHYTOH uepes
OJIOK U IPUBSA3aHHOM K KOHILY JIEBOTO IjIeya.

B pe3ynbTaTe NOMyYHMM B COOTHOLIEHUS:
PiL; = Q(X)Lo,
Q(X)Li/2 — PsL; = P11,

rae Q(X) — HeW3BECTHOE YHMCIIOBOE 3HAUYECHHE Beca Tpy-
3a X; P, P, u P; — ducnoBbie 3HaUeHUS Beca COOTBET-
CTBYIOLUX TUpb; L u Ly — JUIMHBI TUIeY Cynep-valleyHbIX
BecoB. [lomenuB mnpeapinynMe COOTHOLIEHUS OJHO Ha
npyroe, n30aBUMCs OT HEU3BECTHBIX 3HaueHudd L; u Ly,
OTKyJa JIETKO TIOJY4YMM KBaJpaTHOE€ YpaBHEHHE MJIs
Q=Q(X):
Q*2-P;Q—PP,=0.

HeTpynHo MOHATH, YTO KOPHH 3TOTO ypaBHEHHS 00s-
3aTenbHO OynyT MMETh pa3Hble 3HAKH, OTPULATEIbHBIN
KOpEHb HE UMeeT (PU3NYECKOTr0 CMBICTIA.

3ameuyanue. DTOT pe3ysbTaT MOXET MPEACTABIATH
OTIPENICTICHHBI WHTEPEC, €CIM TOCTABUThH Iepes COoOoi
1eIb: OOHApYKEHHUE CBSI3U MEXJIy YUCTO MaTEeMaTUYECKOM
MPOLEAYPOH pelleHus] KBaJIpaTHOIO YPaBHEHUS M Mpe.-
METHBIMH JCHCTBUSMM: B3BEIIMBAaHMEM Tpy3a X cHauaja
Ha YallleYHbIX CyIep-Becax, a 3aTeM - Ha OObIUHBIX Becax
CO CTPEJIKOM.
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§10. «/IBonuHbIE)» Cynep-BechI
U TPOMYHAS CHCTEMa CYMCJIeHHA

PaCCMOTpI/IM O6I>I‘-IHI)I€ «ABOUYHBIC» YaUICYHBIC BECHI
U IIpEBpAaTUM HUX B CYIEpP-BECHl, IIOMECTUB IIOCEpPEINHE
JUTMHHOTO TIIeYa erle oHy (TpeThio) yanry (cM. puc. 36).

s

Puc. 36

HeTpynHo MOHATH, YTO Takue CyINep-BeChl HICalbHO
MPUCTIOCOOJICHBI U TPOMYHOro Habopa rups. [leiicTBu-
TEJIbHO, pa3jarasi HaTypajJbHOE YHCIIO MO CTENEeHSM TPOU-
KM, MBI JTUOO BOOOIIE MTHOPHPYEM HEKOTOPYIO CTEIIEHb,
1100 GepeM ee 0OJHOKpPATHO, THO0 ¢ KodpPUuLneHTOM «2».

[lepeBon 3TOrO0 HAONMIOACHHS HA SI3BIK BECOB U THPh
O3HAYaeT: YPaBHOBEIIMBAs IEIIOUYUCICHHBIA TPy3 C TO-
MOIIBI0 TPOMYHOW CHUCTEMBI TUPh, MBI MTOCTYIIaeM CIICIY-
omuM obpazoM. ['py3 ctaBuM Ha mpaBoe (KOPOTKOE) Tije-
90, a HEOOXOJWMBIC THPU W3 HMMEIOUIETOCS TPOUYHOTO
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Habopa CTaBUM Ha JIEBOE€ IUIEYO — JIMOO Ha KpaiHIO Ya-

ury, 1100 Ha Yalry, pacrloIoKEHHYIO TOCEepeIuHe TIeya.

Takum 00pa3oM, UMest B CBOEM PaCIOPSIKCHHH THPH,
MPHUHAIICKAIINE HAYAILHOMY OTPE3Ky psiia TPOHUUHBIX
TUPb:

n
1r,3r,91,271,...,3'T,

MBI MOXXEM YpaBHOBECUTH JIIOOOW TIpy3, UYUCIOBOE

3HAYCHHUEC BCCAa KOTOPOIr0 HE MPCBOCXOJUT BCIIMYNHBI:
2(1+3+9+...+3)= 223" 1)/3-1)=3""-1.

OObIuHBIC BECHI, TIPU HCIIOJIB30BAaHUH TOTO KE TPOUY-
HOro Ha0opa THupb, MO3BOJISIIOT YPaBHOBECHUTH TIPY3bl,
y KOTOPBIX 4YHMCJIIOBOE 3HAYE€HHE BeECa HE IPEBOCXOAUT

(3" 1)/2, T.e. BIBOE MEHBIIIC]T BEINUYMHBL.

3ameuanue. AHAIOTUYHBIM O0pa30M MOXKHO ISt
TH000r0 HATypaidbHOTO p, p > 1, yCTPOUTH p-WUYHBIC Ya-
IIEYHBIE CYIIEP-BECHI, HJI€aTbHO MPUCTIOCOOICHHBIC IS
(p+1)-nuHOI CUCTEMBI THPb.

VY Takux cynep-BecCOB OJHO IJIEHYO B p pa3 JJIMHHEE
JIPYyroro W pas3fefieH0 Ha p PaBHBIX 4YacTeil, a B TOYKax
pasfeneHus MPUKPEIUIEHbl COOTBETCTBYIOLIME —YalllH.
Takum 00pa3om, y 3THUX cylep-BecoB Bcero p+1 darmia.
WNwmes p-uuHble cynep-BeCchl U ¢-UYHbBIE CyNep-BEChbl, a
takke (p+1)-nunyto u (g+1)-UuHYIO0 CUCTEMBI TUPH, MOX-
HO C IOMOMIbIO HECJOXKHOTO aJropuTMa MEePEeBOAUTDH
(p+1)-nyHyr0 3amuCh HATYpPaJIbHOTO 4YHCIA HEMOCPE-
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CTBEHHO B (qt+l)-MuHyr0, HE UCHOIB3YS MAECATUYHYIO
CUCTEMY Ha IPOMEKYTOYHOM JTarle.

3ameuanme. /11 TOro, 4T0OBI OCYIIECTBUTH NEPEBOJ
(p+1)-uuHoii 3amMcH HATYpallbHOTO YHKCJIa HEMocpe-
CTBEHHO B (g+1)-muHyl0, HE HCIONB3Ys NECATHUYHYIO
CUCTEMY Ha IPOMEXKYTOYHOM »3Tare, MOXHO OOONTHCH
OJIHUMHU YallI€YHbIMU CYIE€P-BECAMHU, YCTPOCHHBIMHU CJie-
nyromuM oopazom. OtHomenue L/L, IiuHEI 1eBoro rie-
Ya K JJIMHE MPaBOT0 JOJKHO PaBHATHCA P/, JIEBOE ILIEUO
JOJKHO OBITh Pa3/iesieHO Ha p PaBHBIX MPOMEXKYTKOB, a
MpaBO€ — Ha ¢ TOYHO TaKUX K€ NMPOMEXKYyTKoB. Yaiu Be-
COB JIOJDKHBI OBITH pa3MeEIICHBI BO BCEX MPOMEXYTOUHBIX
TOYKAX JEJICHUS KaXKIOro Tieda, a TAaKKe M0 BHEIIHUM
KpasM 3TuX mied. TakuM oOpa3om, BCEro JOKHO OBITh
pasmenieHo p+qg dami. Kpome Toro, TpeOyroTcst 1Ba Habo-
pa rupb: (pt+1)-uunbiii HaOOp u (g+1)-uuHbll HAOOP.
(OueBunHO, 3HAaUEHUS Beca TUPb B 000MX Habopax JOIK-
HbI OBITh BBIYHCIICHBI B OJHOW U TOW XK€ CHCTEME Mep —
HampuMmep, B TrpaMmax WM B Kkwiorpammax.) Ilycts
TEeNepb HaM 3a/laH0 HEKOTOpPOE HaTypallbHOE YHCIIO
B (pt1)-cucreme. Habupaem 3T0 4HCIIO C MTOMOIIBIO THPh
u3 (pt+1)-uuHoro HaboOpa, paccTaBisisi MX IO COOTBET-
CTBYIOIIMM 4YalllaM Ha JICBOM IIjiede. 3aTeM ypaBHOBEIIIH-
BaeM BEChl paccTaBisisi TMpu U3 (g+1)-maHoro Habopa
0 yaliaM Ha TIpaBoM Iuiede. B pesynbrare, o4eBHAHO,
MOJIyd¥M  3alUCh MCXOJHOTO HATYpaJbHOIO YHCIa
B (¢+1)-UuHOM cHCTEME CUMCIICHHUS.
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ANropuTM paccTaHOBKM THpb Ha IIpaBOM ILjIeye
(T.e. HA 9JTane ypaBHOBEIMBAHUS BECOB) HECIOXKEH MU
HallOMMHAET aJITOPUTM COCTABJICHUS 3aJaHHOIO Hary-

paNbHOTO YKCTia U3 cTeneHe aABoiku (cM. Jlobasnenue 1).

HaubGonpmmii y4yeOHBINM WHTEpec, Ha B3IV aBTOPA,
MPEACTABISICT HEMOCPEACTBEHHBIN MEPEX0T OT TPOUYHOMN
3alUCH K JBOMYHOM (M, HA0OOPOT, MEPEX0] OT JBONYHOM
3amucu — K TpoudHo). Jlns 3Toil 1enu, Kak cieayeT u3
CKa3aHHOTO BBINIEe, HaM MOTPeOYIOTCS «IBOMYHBIE» 4Ya-
IIEYHbIE CyIep-Bechl (CM. pucC. 36), a TaKkkKe TPOUYHBIN U
JBOWYHBIA HAOOpBI TUph. [IpuBeaemM mpocTeWmuid Ipu-
mep. IlycTe 3agano B TponyHOM 3anucu yucio: 213). Pac-
CTaBJISIEM COOTBETCTBYIOIIME TUPU HA JIEBBIX Yallax
(cm. puc. 37), a 3aTeM ypaBHOBEILIMBAaE€M BECHI, MOCIEIO-
BAaTEJIbHO CTaBsl HA NPaByl 4Yauly TMPU U3 JBOUYHOIO
Ha6opa: 100(2) 10(2), 1(2).

Gag Y

Puc. 37

B nrore noJiyyacM MCKOMYIO ABOWYHYIO 3aIlUCh MPCI-

JIOKCHHOI'0 yucja:

21(3) = 111(2).
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§11. Cucrembl ypaBHeHM
HA YalleYHbIX Becax

Ilycts X u Y — HekoTopsle Ipy3bl; 0003HAYUM Yepe3
P(X) u P(Y) uncnoBbie 3HaueHus ux Beca. Hac Oyner nH-
TEpPECcOBaTh pealn3alysi Ha «JIBOWYHBIX» YaIIEUHBIX CY-
Mep-Becax CUCTEMbl U3 JBYX YpaBHEHUN OTHOCHUTEIIBHO
P(X), P(Y). PaccmoTrpuMm B KadecTBe MpuMepa MPOCTYIO
CUTyallMI0, KOTJa MCIOJIb3YETCS NEPEeKHUIbIBAHUE Ipy3a
gepe3 Omok; cM. puc. 38. «Conb» 3amadud HE CTOJIBKO
B TOM, YTOOBI COCTaBUTb M PEIIUTH IOJIyHAIOIIYIOCS CH-
CTEMY YpPaBHEHHI,

2P(X) — (P(Y) + Py) = P(X).
2P(X) + P(Y) = P»,
CKOJIBKO B TTPOBEPKE HAHJACHHOTO PEIICHUS
P(X) = (P, + Py)/3,
P(Y) = (P, - 2Py)/3

IIpY IOMOIIY B3BEIINBAHUA I'Py30B X U Y Ha CTaHAAPTHBIX
BECAX CO CTPEJIKOM.
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A L
A L

Puc. 38

byner nu 310 uHTEepecHo AeTsaM? OTBET aBTOPY HEW3-

BCCTCH.
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§12. Urpa «cynep-Becb»
(Bepcusi HTPHI KKAMELIKH)

PaccMoTpuM cymep-Bechl, Y KOTOpBIX JI€BOE IJIEHO
B UETHIpE pasa AJUHHEE MPaBOro, U cQopMmyiupyem Ipa-
BUJIA CJIEAYIOIIEH UTphI (TIPEICTABIISIIONICH cOO0N BEPCHIO
WU3BECTHOM UTPHI «KaMEIIKW»; CM., Hampumep, [7]).

Hrpa «cynep-Becbl». Ha npasotii uauie eecos (pacno-
JIOJICEHHOU HA KOpomKom nieve) cmoum eupsi gecom N e.
Hepatom 06oe; oHu no ouepedu cmassam no 00HOU 2upe

secom 6 1 2 Ha 0OHy u3 nesvix yawul (cm. puc. 39).
Buiuepvisaem mom, kmo ypasrosecum 6echi.

Ecnu 6 pezynbmame xo0a 00HO20 U3 USPOK08 jegoe
neyo 6eco8 ONnyCMUmMcs HUdCe npago2o (MUHys mem ca-
MbIM NOJIOJCEHUE PABHOBECUsL), MO IMOM USPOK CHUMA-
emcsi npouspasuwiuM, a 6blUSPABUUM O00BABIAEMCS €20
napmHep.
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3aMeTHUM, YTO y ITOW BEPCHU UTPBI €CTH JBA NPEUMY-

LIECTBA IIepe] KIaCCUYECKOM BEPCUEH.

1. B mporecce urpsl 1eMOHCTpUpYyeTCs AeicTBue ¢u-
3MYECKHUX 3aKOHOB.

2. 3HaHME BBIUTPBIIIHON CTpATETUu JIETYE CKPBITh OT
COINEpHUKA, U UIpa MOXKET (Ha B3IV aBTOpa) B TEUECHHE
0oJjiee JIUTEILHOTO BPEMEHU BbI3bIBATH UHTEPEC Y JAETEM.

3ameuanme. YCIOBHS UIPBl «CYINEP-BECBD» MOTYT
(bopMyIHpOBATHCS U HECKOJIBKO MO-Ipyromy. bynem cuu-
TaTh, YTO KAXKJAOMY U3 YUaCTHUKOB JaeTcs no [N/2] ogHo-
IPaMMOBBIX THpb (KBaJpaTHbIE CKOOKM O0O3HAYaIOT Ilie-
JAyl0 4acTb uwucia). Torma mMosBISETCS BO3MOXKHOCTh
OTIPENICIUTh BEIMYMHY BBIMIPBINIA (JIOCTAIOLIETOCS TOMY,
KTO YPaBHOBECHJI BEChI) — KaK YHMCJIO OCTABUIMXCS Yy 1mode-

AUTCIISL HCUCIIOJIB30BAHHBIX TUPb.

Knaccuveckasi BepcHusi MTPbl «KKaMeIIKW». Mveemcs
Kyua, 8 komopou N xamueu. /[eoe no ouepedu bepym u3z
amotu kyyu 1, 2 unu 4 kamus. Buiuepvieaem mom, kmo 6e-

pem nocieOHUli KAMeHb.

Pemenne. B ciyuae, korga N nenurced Ha 3, npu npa-
BUJIbHOU urpe BeMrpsiBaeT He IlepBwiii urpok (Hauwnna-
romuif), a Bropo#t urpok (Ilpomomkarommuii). OH Kaxblid
pa3 IOJHKEH JOMOJIHATH YHMCIIO KaMHEH, B3AThIX [lepBbiM,

IO YMCIa, JeIsIerocs Ha 3.
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B cnyuae, xorga N He penutcs Ha 3, IpU IPAaBUIIBHON
urpe BoiurpeiBaer llepselil. BHadane OH HOJKEH B3ATh U3
Kyud | uiam 2 KamHs, ¢ TaKUM PacyeToM, YTOOBI YHCIIO
OCTaBIIMXCs B Kyde KaMHel nenuinoch Ha 3. Ilpu mocie-
Oyromux xonax llepBblid JOMOJHSET YKCIO KaMHEH, B3s-
TBIX BTOpBIM, 10 uncia, aensmerocs Ha 3.

3ameuanue. KoHKpETHBIN BUJ CyNep-BECOB, UCIOIb-
3yeMBbIX B HTPe, HE 0053aTENbHO JOJKEH ObITh TAKUM, KaK
Ha puc. 39. @akTU4eCcKH, i1 UTPHI TOIATCS Ooliee-MeHee
naro0ble cynep-Bechl. Hampumep, Takue, kak Ha puc. 40
win 41. Uurarenro mpeanaraercs camoCTOSITENFHO Orpe-
JENIUTh B Cllydae TaKuX CyMNep-BECOB COOTBETCTBYIOIIYIO
BBIMTPBIIIHYIO CTPATETHUIO, 3aBUCAIIYIO OT N.

Ykazanue. Eciii B urpe HCNonb3yrTCs CyIlep-BeChI,
n3o0paxxeHHsie Ha puc. 40, To B ciydae, korna N AenuTcs
HAIIeJIO Ha 5, BBIMTPBIIIHAS CTpaTerus umeercs y Broporo
WrpoKa, a B ciaydae, korga N He nenurcst Haueno Ha 5, —
y Ilepsoro.

Ecnu e B Urpe MCIONB3YIOTCS CyIep-Bechl, U300pa-
KEHHbIE Ha puc. 41, To B citydae, korga N JeIuTcs Hale-
JI0 Ha 3, BBIUTPBIIIHAS CTpaTerus uMmeercs y Broporo ur-
poka, a B ciydae, korga N He nenurcs Haueno Ha 3, —
y Ilepsoro.
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Puc. 40

Puc. 41
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JlobaBienue 1.
Koe-ut0 0 1BOMYHOM cucTeMe [5]

1. AaropuT™m nepeBoja 4ucia U3 NEeCATUYHON 3amucu
B p-MYHYIO Xopoio u3BecTeH. [lycth, Hanpumep, TpeOy-
€TCs 3alHicaTh B CEMEPUYHON CUCTEME JIECATUYHOE YHCIIO
a = 108. Cnauana nenum 108 ¢ ocratkom Ha 7 U TOJy-
yaeMm:

108 = 15x7 + 3. (J1.1)

311ecbh OCTAaTOK OT JIEJICHM, T.€. YUCJIO 3, — 3TO U €CTh
nocnennss (Maadmias) mudpa B 3alUCH HAIIETO YHCIA d
B cEMepUYHOM cucteme. Tenepb BO3bMEM B MpEAbIAYIIEH
(dhopMyIie HETOIHOE YacTHOE 15 ¥ CHOBa MPUMEHUM Jiefie-
Hue Ha 7 ¢ octaTkoM. Mmeem:

15=2x7+1.

[Toacrasmnss aTo BeipakeHue B (/1.1), momyuaem:
108 = (2x7 + 1)x7 +3,

OTKYyJa
108 = 2x7° + 1x7 + 3.

B pesynbraTe ceMepuyHas 3alKMCh HANIETO YUCTIa UMe-
er Bux 213(7), T.€.

108 =213, (11.2)

64



Nrak, ynoMsHyTBIA aIrOPUTM HECIIOKEH M, Ka3ajaoCh
Obl, HE MOXET OBITh yIpolleH wiu yiyumeH. [Tomuepk-
HEM, YTO B 3TOM alropuTMe HU(pHl p-U4HOM 3ammcu mo-
SBJIAIOTCS IO OYEpeau, HauMHasg OT CaMOro MIIaJLIEro
paspsiaa (paspsaga eIuHUI]) U 3aKaHduBask MUQPPoil caMoro
cTapuiero paspsna. MHeIMH cioBamM, p-U4YHas 3aluch
4Kclla @ IOCTENEHHO NMUIIETCS cnpasa Hanego. CyliecTBy-
€T, OJIHaKO, COBEPILIEHHO HHOH crocod, Ipu KOTOPOM

p-U1IHad 3alliCh NOCTCTICHHO MUIICTCA clieed HaAnpaeso.

2. Jlydie Bcero mpeuMyIecTBa 3TOro BTOPOro Croco-
0a ymaercs mpoAEMOHCTPUPOBATH MPH MEpPeXojie OT Aecs-
TUYHOM 3alMCH K IBOMYHOM. /[€710 B TOM, YTO B ABOMYHOM
CUCTEeME KpoMe Hylsd (a Hylb — 3TO, B CYIIHOCTH, HE
CTOJBKO I pa, CKOIHKO 3HAYOK MPOMycKa pa3psaaa) uMme-
eTcsl TONbKO onHa Iudpa — equnuia. [lompobyem 3amu-
catb Tenepb uncio 108 B nBonuHoil cucteme. Koneuno,
MOXHO OBLTO OBl BOCIIOJIB30BATHCS TEM K€ aJTOPUTMOM,
YTO U B. 1. 1, HO 3TO OBLIO OBl HEPAIIMOHAIILHO.

BMecTo 3TOro MBI MOCTYNUM CIEAYIOIIAM 00pa3oM.
HauneM BbIIUCHIBATH MOCITIEIOBATEIBHBIE CTEIICHU IBOM-

KH:
1,2,4,8, 16, 32, 64. (a.3)

(3mecb MBI OCTAaHOBWJIMCH, TaK KakK CIEIyIOMas
CTeneHb JBOWKH, 128, yke Ooiblne, 4em Halle YUCIIO0
a=108.)
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Teneps cranem nocnenoBaTenbHO «HaOUpaTh» 108 U3
creneneit (/.3), HauWHas co CTaplIUX CTENEHEH U JABUTa-

SICb B CTOPOHY MUIQJIIIMX.
Nmeem:
64 <108,
64 +32=96 <108,

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

64 +32+8=104 <108,

64 +32+8+4=108. (1.4)

Urak, uenp nocturnyra. Ilockonbky

64=2° 32=2°, 8=2°, 4=2%,
n3 (1.4) momydaeM MCKOMYIO IBOMYHYIO 3aIIUCh 4HCIA
108:

108 = 1101100¢y). 4.5

3. Yr1Bep:kaenune. OnucanHvlil 8 n. 2 npuem 6ce2od
cpabamvigaem npu nepexooe om OeCAmMUuYHOU 3anuUcu
K 080UYHOILL.

DTO yTBEpXk/IE€HUE BOBCE HE OYEBUIHO U TpeOyeT crie-
MAJILHOTO JT0Ka3aTenbcTBa. [IpoBegem ero MeTogoM Ma-
TEMaTUYECKON UHYKITHH.
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Jloka3aTebCTBO.

basa unoyxyuu. Ilycts a = 1. B 3TOM ciiydae cienas-
HOE YTBEP>KJECHUE OUEBH/IHO.

IIpeononoscenue unoykyuu. BribepeM mpou3BoOIbHOE
¢ukcupoBaHHOe M W TPEANONOKHM, YTO CHETAHHOE
YTBEPXK/ICHHE BEPHO Ui BCEX HATypalbHBIX @, HE Tpe-
BOCXOAAIUX 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

24 < M+ 1; (11.6)
TakuM o0pazom,

29> M 1. (11.7)
Paccmotpum pazHocTh

O=M+1)-2°

(He orpaHu4MBas OOIIHOCTH, MBI BCETa MOKEM CUHUTATh,
yto O > 0). OueBUHO, YTO

O<M+1, (A.-8)

MOATOMY B CUJTy MPEANOJIOKEHHUS MHIYKIUA HATypajJbHOE
grcno () MOXKET OBITh MPEJCTABICHO B BU/IE CyMMEI CTETIe-
HEW JBOMKM MMEHHO MPU MOMOLIM aJrOpUTMa, pacCMOT-
peHHoro BbilIe B M. 2. OIHAKO 3TOTO €IIe HEIOCTATOYHO
U1 Hammx 1enei. HeodxoauMo mokasars, 4TO B JBOUYHOE
paznokeHue uyucia () MOTYT BXOAHWTH TOJIBKO CTENEHHU
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JIBOMKM € TIOKA3aTeJIIMA CTPOTO MEHBIIUMU, 4eM d. [Ipex-
Jie BCEro, CTENEeHU JBOWKH C MOKa3aTess MU > d B pasJioxe-
Hue s Q He MoryT BxoauTh B cuny ([.7) u (11.8).

d
[[anee, IIOKa>XXEM, 4YTO 2% Taxke HE MOXKET BXOOUTH
B YIHOMSHYTOC Pa3JIOKCHUC. HeﬁCTBHTeHBHO, IIpCAaIrojao-
KM IMIPOTHBHOC, 4 UMCHHO, YTO

Q=2"+..,
T.C.
M+1)-2% =27+,
OTKyJa
M+1=2x2+ .,

YTO, OYEBUIHO, NpoTuBOopeunt Yyciaouto ([.7). Tem
CaMbIM HaIlle yTBEP)KJICHHUE JOKa3aHO.

JlobaBiieHue 2.
«IlepeneceHue ¢ MPOTUBOMOJIOKHBIM 3HAKOM))
THPHU HA JAPYIYI0 Yally PaBHOMJIEYNX BECOB

ITycts G — rups, crosiiuas, HapuMep, Ha JEBOW yale
YPaBHOBEIICHHBIX PaBHOIUICUMX BECOB (HAa HSTOM darlie
MOJXKET CTOSIThH €llle Kakoi-To rpy3). CHUMEM Tenephb rUpro
G ¢ neBoil yaiy, BO3bMEM MaKyo dHce mo4Ho TUPIO, MIPU-
BSDKEM €€ C MOMOIIBI0O HUTU K Ipy3y, CTOSLIEMY Ha Ipa-
BOH yalle, U IEpPEeKUHEM €€ uepe3 OJIOK, pacroI0KEHHBIH
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HaJ TpaBoii yamieid. B TakoMm «mepeknHyTOM yepe3 OJI0K»
noJjioxkeHnu Oynem 0003HauaTh ATy rupio yepes —G («Mu-
Hyc» G). Kak obocHoBaTh TOT dakt, uto, youpas rupio G
C JIEBOM 4Yalllu U INOMeIlas «OTpHULATEIbHYyI0 Trupro» —G
HaJ IpaBOM 4Yalled, Mbl COXPAHIEM pAaBHOBECHE paB-

HOILJIEYHUX BECOB?

[ToguepkHeM, uTo peub uaeT 00 060CHOBaHWM Ha (Pu-
3MYECKOM YPOBHE CTpPOroCTH (WM, €CIU YTOJHO, Ha
yYpOBHE 31IpaBoro cmbicia). To, 4To Takoe 00OOCHOBaHUE
HeoOXoauMo, a caM (aKT HEOYCBHUJICH, BBISICHHIOCH
B Pa3roBOpPE C YUTATEISMHU MPEIbIIYIIEero U3JIaHUs dTOU
KHIDKKH.

ObocHOBaHME COCTOUT B cienyromemM. Mrak, Ha neBoi
Jame BecoB cTouT Tupst G U emle Kakoi-To rpy3, Ha mpa-
BOHM yalle — TOXXK€ HEKOTOphI Ipy3 (cM. puc. 42). Becsl
HaXOJATCS B paBHOBECHH. PaBHOBecHe COXpaHHTCS, €CIU
K 00eMM dYamam TpPUIOKHUTh OJMHAKOBBIE CHIIBI, HAIpPaB-
JICHHBIE BBEPX. JTO MOXKHO CHAENaTh C IOMOMIBIO JBYX
OJTMHAKOBBIX TP —G, TIOMEIIEHHBIX HAJ| JICBOH U MPaBOii
yamamu. JleByto rupto —G npussbkeM k rupe G, a mpaByro
rupio —G — K rpy3y, CTosIIIeMy Ha rpaBoi yaiie. Oueguo-
Ho, uto 00e Tupu G u —G MOXXHO yOparthb ¢ JIeBOH yaw,
HE HApYLIMB PAaBHOBECHUS, IOCKOIBKY, OYyIy4YH CBSI3aHBI
JPYT C IpyroM, OHH HE OKa3bIBAIOT HUKAKOTO JAaBIICHHUS HA
yairy. Ha sTomM 000cHOBaHME 3aKaHUNMBAETCS.
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le O

A

Iep 2py3a Ha np N0HCHYIO
uauty pagHonIeUUx 6ecos

}
P

Puc. 42

JlobaBiieHue 3.
K Bonpocy 00 onpene/ieHM OTHOIIEHUS IJIHH IJIeY
HEePaBHOILIEYHX BECOB

B §6 MBI yxke ompenensnu OTHOIIEHHE IJIMH IUIEY
HEpaBHOILJICYUX BECOB, NMPUYEM ]ISl 3TOr0 HaM MPUXOJ-
J0Ch TPOU3BOAMTH JABa B3BelMBaHMs. OKa3bIBA€TCS, UTO
MOXHO OOOWTHCH OJHHM B3BEIIMBAHHEM B CHCTEME,
MpecTaBisAonIel co00i KOMOMHAIMIO IBYX OJAMHAKOBBIX
BECOB, CBS3aHHBIX MEXIy COOOW Mpu mnoMmomu Ojoka
(cm. puc. 43). Yucnosslie 3HaueHHs Beca rupb P u P, cun-
TaeM U3BECTHBIMH.

HerpynHo noHsTh, 4TO yCIOBHE PAaBHOBECHS CUCTEMBI,
M300pakeHHOMU Ha puc.43, UMeeT BU/I;

Py(L, /L)L, = PiLy,
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OTKYyJla BHOBb IIOJY4a€M COOTHOIICHUC, BCTPCTUBIICCCIA

HaMm B §6:

Li/L,=(Po/ P)"2 (*)

Puc. 43

Jlo0aBiieHue 4.
JlaGopaTopusi yanme4yHbIX BECOB.
Bo3Mo:xHBIE THIIBI 32024

Ecian xomy-HUOY b IPUACT B TOJIOBY CO3/1aTh J1abopa-
TOPUIO YalIeYHBIX BECOB, TO BOT THIIBI (PHU3HKO-
MaTeMaTUYECKUX 3a/1a4, KOTOPHIMH MOXHO OBUIO ObI Tam
3aHUMAaThCH.

1. DkcniepuMeHTaNbHOE NOATBEPKICHHE apupMeTHye-
CKHX 3aKOHOB JJIs OIEpalui CIIO0XKEHMs, BBIYMTAHMUSA,

YMHOKCHHA U ACTICHUS.
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2. CocTaBieHUe ypaBHEHUW, UCXOJs U3 PaBHOBECHUS
BECOB, HAa KOTOPBIX Pa3MEILEHbl TUPU U I'PYy3 HEU3BECTHO-

T'0 BECa. Cnyqan PaBHOIIJICUYUX U HCPABHOIIJIICUUX BCCOB.

3. Pasmenienue rpy30B U I'upb Ha BECax B COOTBCT-
CTBHUU C 3aJaHHBIM YPABHCHHUCM.

4. [lonOop MUHHMMAJIBHOTO KOJWYECTBA THPb, C IOMO-
IIbI0 KOTOPBIX MOKHO YpPaBHOBECUTh Ha HEPAaBHOIUIEUUX

BE€Cax HCCKOJIBKO I'Py30B U3BECCTHOI'O BECA.

5. PazMenienue Ha Becax HECKOJIBKHMX IPy30B M3BECT-
HOT'O Beca TaKUM 00pa3oM, YTOOBI OBLJIO TOCTUTHYTO pPaB-

HOBECHUC. Cnyqaﬂ PaBHOIUICYUX U HCPABHOIIJIICUUX BECOB.

6. Haxoxxnenne ¢aabIImBOil MOHETHI, BEC KOTOPOH OT-
JUYaeTcsl OT Beca HAcTosmMX MoHeT. Ciydyau paBHOILIE-
YUX U HEPABHOILJIEYMX BECOB.

7. B3pemmBaHue rpy3a Ha HEpaBHOIUIEYUX BeCax IpHU
MOMOIIM «JIBOUYHOW» CHCTEMBI TMpb. HaxoxaeHnue airo-

pUTMaA TAKOI'O B3BCIIMBAHUS.

8. BpluncieHne CpeJHEro reOMeTpUUEcKoro JAByX 4H-
CCI MIpU IMOMOIIM HCPABHOIJICYUX BCCOB H BECOB CO
CTPEIKOM.

9. DKCepuMEHTaIbHOE TMOJTBEPKICHUE HEPABEHCTBA
MEXy CPEIHUM I'€OMETPUUYECKUM JIBYX UHCENI U UX CPel-
HUM apu(METUYECKUM IPU TOMOIIM YalIeUHBIX BECOB
(paBHOIIEUUX W HEPABHOILJICYHX ).
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10. DkcriepuMEHTANBHOE CPaBHEHHE BO3MOXKHOCTEMN
OOBIYHBIX M «JIBOMYHBIX» YAIlICYHBIX BECOB IMPHU HCIIOJIb-

30BaHUHM PA3JINYHBIX HAOOPOB T'HPb.

11 TpouuHnas cuctema TUpb, €€ BO3MOXKHOCTU B CITy-
yae paBHOIUIEYNX BecoB (3aaaya barre).

12. «/IBonuHbIe» 4YallleyHblE CyNep-BEChl U TPOUYHAs

CUCTEMa TUpb.

13. IlepeBox p-M4HOM 3aIlUCU B -UYHYIO IIPU [TOMOIIU
COOTBETCTBYIOIUX CyIep-BECOB U cucTeM rupb. Kaapar-

HbIE YPAaBHEHHMI Ha YalllEYHBIX CyIep-Becax.
14. Urpa «cymnep-BechbD» (B pa3iHUHbIX BEPCHSIX).

Hy>xHa nu Takas naboparopusi? OTBET Ha 3TOT BONPOC
3aBUCUT OT TOTO, CYHICCTBYCT JIM Yy IIKOJbHHUKOB 00BEK-
TUBHasl NOTPEOHOCTh B OOHAPYKEHUU CBSI3U MaTeMaTHye-

CKUX GOpPMYJI C pe3yIbTaTaMu PEIMETHBIX JICHCTBUH.
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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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