CTABPONOJILCKUM KPAH
MyHununaabHblii 3Tan Beepoccniicko 0JMMNuaagbl HIKOJIbHUKOB
2023-2024 yuebHOTO roaa
OU3UKA
(pemenus)

10 kmacce

3agaua 1
Jis 5 peKTUBHOCTH UTPBI BBICOKOKIACCHBIN (DyTOOIMCT UCTIONHAET yAap MO

M9y TaKuM o00pa3oM, 4YTOObl TOT BJIETal TMOJA TMEpeKIaJuHy, ABUTAsACH
napauiesbHo 3emuie. [Ipr TakoM MCIONIHEHMM BpaTapb NPAaKTHYECKH HE HUMEET
manca oTouth M4, OyTOonMCT BO BpeMsl yAapa HaXOJIUTCS HAIPpOTUB BOPOT HA
paccrostHuu 30 M ot Hux. CTaHgapTHas BBICOTA MEPEKIATUHBI BOPOT OT 3EMIIH
paBHa 2,4 M. C Kakol CKOpPOCTBIO [JOJDKEH JBHUTaThCA Ms4Y IIOCIE yaapa
¢yTOonucTa, 4ToOBI MOMYYHIICS OMHCAHHBIN BBINIE 3aMbiciioBaThid yaap? Ilon
KAKUM YTJOM K TOPU30HTY MPU 3TOM JOJDKEH OBbITh MyIIeH MA4Y? Y CKOopeHue
cBoGOHOrO nmaneHus g = 9,8 M/c%. M4 mocie yiapa JIBHKETCS B BEPTHKATLHOM
IUIOCKOCTH. PasmepaMu Msiua ¥ COMPOTHUBIIEHNEM BO3/yXa pEeHEOpEerure.

Bo3mo:kHoe pelicHue

3ameTuMm, 4To U3 (akTa MapayiebHOCTH JIBHKEHUS Ms4Ya CIEAYET, YTO MY
MPOXOJUT BEPXHIOK TOYKY CBOEH TPAEKTOPUU. 3HAYUT, MO TOPU3OHTAIH MY
MpOIIET MOJIOBUHY MAaKCUMaJIbHOW HATbHOCTH MOJIETa, & N0 BEPTUKAIUA JOCTUT
MaKCUMaJIbHOW BBICOTHI MTOIbeMa. BocTonb3yeMcest TOTOBBIMU U OOIIEN3BECTHHIMU
dbopMmynamMu MaKCUMaJbHOW BBICOTHI TOABEMAa W TOJIOBUHBI MaKCUMAaJIbHOM

JAJBbHOCTH I10JICTA ITPU OAJNIMCTUYECKOM JABMXXCHHU:
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HerpynHOo Tenepp MOJy4uTh BBIPAXKECHHUE UIi CKOPOCTH 3allyCKa Msidya U3

BBIPKEHMS 17151 JAIBHOCTH (MJIM BBICOTHI) TIOJIETA:




Kpumepuu k 00HOMY U3 603MO*CHBIX peulenuil

No [Tomoxenus banns
1 | OrMeueHo, YTO MY HAXOUTCS B BEPXHEU TOUKE TPACKTOPUU 1
. VYkazana 6e3 JokazaTeabcTBa (MM BRIBEJCHA MOIIAroBo) GopmyJia 5
MaKCUMAaJIbHOU BBICOTHI MOAhEMA Ms9a

. VYkazana 6e3 qokazaTeabcTBa (MJIM BBIBEACHA MOIIAaroBo) Gopmyna 5
MOJIOBUHBI MAaKCUMAJIbHOM JAJIbHOCTH T0JIeTa Msiya

4 | [lomydena opmyna st HAXOKICHHS yIJia 3alycka Msda 2

5 | [onyuyeHo uncneHHOE 3HAYEHHUE YIJIa 3aITyCKa Ms4a K TOPU3OHTY 1

5 [Tonyyena d¢opMyna il HaXOXJICHHUS HadaJbHOM CKOPOCTH .
3aIrycKa mMsga

. [Tony4yeHO 4YHMCIECHHOE 3HAYEHHE HAYaJbHOM CKOPOCTH 3aIlycKa .
Ms4a

Ilpumeuanue:

CDOpMyJ'IBI BBICOTBI M JAaJIBHOCTH IIOJICTA MOTYT OBITh O4YCBHUIHBI JIA

YYaCTHUKA, KOTOPBIM PpETYJSIPHO 3aHUMAETCA OJuMIuanamu. Beap naxe w3

dbopmybl koaudukaTopa EI'D MOKHO OYEpPIHYTh:

2 2 _ —
Vox —Vix = Zax(xz - xl) - 2axSx!

Takum oOpazoM, MOXHO TPHUHITH 3HaHHE (OPMYIBI BHICOTHI MOABEMA U

JATbHOCTH TOJIETA KaK Pe3yJIbTaT YMCTBEHHOM AESTENbHOCTU ydalerocs (HyKHO

BCJb 3alIOMHUTHb U YMCTb BCPHO HpI/IMeHI/ITB). Ecau xe Bo3HUKaeT IIPCAIIOJIOKCHHUC

O CIHMCHIBAHUM TOTOBOW (DOPMYJIBI — Tak M BBIBOJA camMou (popmysbl U3 JTH000TO

AIIEKTPOHHOTO y4eOHUKA TaKKe MOKHO OyJeT crucaTh. ..




3agaua 2
Ha ropuzoHnTanbHON MIepoXoBaToi mIockocTu ¢ koddduumentom tpenus 0,2

MOKOUTCSI KyOUK Maccoi 3 Kr. TOT KyOUK ABUKETCS MO MIOCKOCTH C TIOCTOSIHHOMN
CKOPOCTBIO, €CIIM TPWIOKHUTh K HEMY TOpu3OHTalmbHyr cuiny F. C kakum
YCKOpEHUEM OyJeT ABUTATHCS 10 ATOM K€ MOBEPXHOCTH KyOWK mMaccoi 1 Kr, eciu
K HEMY MPUJIOKUTH CHIy, PaBHYIO 1O MOAYIIO F ¥ HampaBJICHHYIO BBEpPX IOJ
yriom 37° Kk TOpU30HTY. YCKOpeHHe CBOOOJHOro mameHus g = 9,8 m/c?.

Pa3zmepamu kyOuka npenedperure.

Bo3mo:kHoe pelicHue
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Tax kak B 000MX ClIydasax HOPOUCXOIHUT CKOJIBXKCHHC, MOXHO IIPUMCHUTDL
3aKOH KYJ'IOHa'AMOHTOHa JJIs1 CHJIBI TPEHUS CKOJIBXKCHUS.
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N3 cuctem stux ypaBHeHI/Iﬁ JICTKO IIOJIY4YaroTCsA CIACAYIOINC COOTHOIICHMA:

F=p-mg; N;=(my—pu-my-sina)g;
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a=02-98- [I (cos37 + 0,2 - sin37) — 1] ~ 3,44 =



Kpumepuu k 00HOMY U3 603MO*CHBIX peulenuil

No [Tomoxenus banns

] BepHo 3amucan BTOpoi 3akOH HpIOTOHa Ha TOpPU3OHTANb IS .
cutyanuu 1

5 Bepno 3ammcan BTopoW 3akoH HproTOHa Ha BepTHUKaNb A .
cutyanuu 1

. BepHo 3ammcan BTOpod 3akOH HpIOTOHa Ha TOpPU3OHTANb I 5
CUTyaluu 2

p Bepno 3anmcan Bropoi 3akoH HpOTOHa Ha BEpTHUKaIb I 5
CUTYyaluu 2

5 | 3anucan 3akoH KynoHna-AMOHTOHA JJ1s1 cuTyanuu 1 0,5

6 | 3anucan 3akoH KynoHa-AMOHTOHA /ISl CUTyalluu 2 0,5

7 | IlomyueHo BepHOE BBIpaXKEHHE ISl YCKOPEHHUS KyOuKa 2

8 | [lomydeHo unCIeHHOE 3HAYCHHE YCKOPEHUs KyOuka 1

Ipumeuanue:

Y4acTHUK MOXKET pacCYUTBHIBATh IO OTACIBHOCTH HEKOTOPBIC CHIIBI, HO
JIOTIOJTHUTENIbHBIC OaIbl 3a 3TO HE JOOABJISIOTCS M HE CHUMAKOTCS, MO0 HAa CYTh
peIeHUs] U HeOOXOAMMBI MUHUMYM 3aKOHOB B PEIICHWU 3aa4dl 3TO HUKAaK HE
BIUSCT. DTO TPABO Yy4YaCTHHUKA, TPH KOTOPOM OH TOTEPSET BpEeMsl WU Ke

JIOTIOJIHUTEIILHO OIINOETCH.

VYyacTHUK B YpaBHEHHUSX JJII BTOPOTo 3akoHa HpIOTOHA MOXKET cpa3y ke
3aMmuChIBaTh CHTy TpeHus: B ¢hopme KyrnoHna-AMOHTOHA Yepe3 CHIIy HOPMaJIbHOTO
napiienus. Torjaa 3a COOTBETCTBYIONIME ypaBHEHUs cTtaButcs He 1 (m.1) u 2 (1m.3)

Oaita, a 1,5 u 2,5 6aimia cooTBETCTBEHHO!



3agaua 3
HexkoTopslii 04HOATOMHBIN I'a3 y4aCTBYET B 3aMKHYTOM Iukie 1 —2 — 3 — 1,

COCTOSIIIIEM M3 TPEX MOCIeI0BATEIbHBIX mporeccoB. M3 coctosiHust 1 B cocTosiHNE
2 ra3 pacmmpserca TakK, YTO €ro a0CoJIOTHAs TeMIleparypa MpsSMO
IPOMOPITMOHANIbHA 00BhEeMy. 3aTeM ra3 TEpPEeBOJUTCS B COCTOSHUE 3, MpUYEM
JaBJICHHUE ra3a MpsSIMO MPOMOPIIMOHATIBLHO ero o0beMy. B mcxomnoe cocrosiaue 1
ra3 IepeBOAUTCS TPU MOCTOSHHOW Temrepatype. OnpeaenuTe oTHOIIeHHE o0beMa
ra3a B COCTOSIHHH 2 K 00BheMy Ta3a B COCTOSIHUM 1, yAUTHIBasi, 9TO aBJICHHUE raza B
cocTostHUH 1 BTpOE BBIIIE JABJICHHS ra3a B COCTOSTHUM 3.

Bo3moxHOe penieHue

Tak kak B mpomecce 1 — 2 TeMmrepaTypa MpONOPIMOHAIIBHA 00BEMY,
JIaBJICHHE Tra3a B JIAaHHOM IMPOLECCE MOCTOSHHO. JTO CIEAYyET W W3 YpPaBHEHUS

MenaeneeBa-Kianenpona,

PA
pV = VRT, 1 2
u u3 3akoHa [ emi-Jlroccaka. Torma
p1 = P, = 3ps. TS S
Ucxonss w3 ycnoBus 3amadu, IS Ipolecca 5 d I>
2 — 3 MOHO 3aIllUCcaTh IPOMOPLHUIO
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ps Vs 3

[Ipouecc 3 —1 um3oTepMuUecKhii, a MOTOMY M3 ypaBHeHUs MeHeneena-

Knanelipona (unu ke U3 3akoHa boins-Mapuorra) cripaBeajinBO COOTHOIICHHE
p1Vi=p3V3 =

1
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Kpumepuu k 00HOMY U3 603MO*CHBIX peulenuil

Ne [Honoxeuusa bamnbr

1 | OGocHoBaHoO, mouemy mporecc 1 — 2 n3obapHbIi 2

YKaBaHO, qTO JaBJICHHC B COCTOsJSHHH 2 OoJpIie JaBJICHHUA B

COCTOSIHUM 3 B TPH pasa

3 | 3anucana MpomopIus JJIs TaBICHUS U 00beMa B COCTOSIHUSX 3 U 2 1
4 | HaliieHO COOTHOIIICHHE MEXIY 00heMaMH B COCTOSIHUSAX 3 U 2 2
5 | 3anucan 3akoH boilisi-Mapuorra 1151 coctosiHui 1 u 3 2

HOJ'IyLICHO YUCJICHHOE 3HAY€HHWE COOTHOIICHUS OOBEMOB B

COCTOSIHUAX 2 1 1

Ilpumeuanue:

Y4YacTHUK MOXKET UCPTUTDH Fpa(i)I/IK mnmponecca, MOXCT H HC UYCPTHUTb, HO
00s13aTeNBLHO JOJIDKCH ITPOKOMMCHTHUPOBATH IIPOLICCC 1 — 2. be3 obocHOBanu4 1I1. 1

YYaCTHHK TOJIy4aeT MAaKCUMAJIbHYIO OIICHKY 3a 3aja4y 3 6amia (3a .3 u m.5)!

Ecnu ydyacTHUK mepermyTan OTHOIIEHHE OObEMOB M MOJIy4MJI 3HaueHue 1/9,
eMy BBICTaBJsieTcs 3a 1.6 ToiabKko 1 O6amin. B 3Tom ciaydaem MakcuMalbHasi OLEHKA

3a 3a71a4y COCTaBUT 9 OaoB!



3ajaua 4
YueHuk Apkaauii ¢ MOMOIIGIO TOHKOM COOMparoiiei JHUH3bI TMOJIY4Yds Ha

JKpaHe 4eTKOe U300pakeHNE HUTH HaKajla CBETSIICHCS JTaMIIOUKH, IPUYEM JINH3A
orcrosuia oT jammnoyku Ha 1,3 ¢oxycHoro paccrosHus. OH yBEIWYMJI BJIBOE
PACCTOSIHME MEXKIY JaMIIOYKOW U JIMH30M, a 3aTEM YMEHBUIWI PACCTOSHHE MEXIY
9KpaHOM M JuH30M Ha 30 cM. Oka3anoch, 4TO MPU TAKOM HOBOM PAaCIIOIOKEHUU
IpEeIMETOB Ha JKPaHE BHOBb IIOJIYYaeTCsl YETKOE H300pa)K€HHUE HUTHU Hakala.
Omnpenenure HoKyCHOE pacCTOSTHUE JIMH3BI B onbITax Apkaaus. [lnockocTs akpaHa
napajuielbHa CHUPAJIA JIaMIIBI M IUIOCKOCTM JMH3bL. LleHTp »KpaHa, LEHTp
JAMIIOYKM WM LEHTp JIMH3Bl JI&KAT Ha OJHOM HpsMou. Jlamrodka ocraBasiach
HETIOIBMKHOM.

Bo3moskHoe pemienue
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[IpuBenem crocoO penieHus yepe3 GopMyTy TOHKON JTUH3HI.
Jst IBYX COCTOSIHUM OINTHUYECKOW CHUCTEMBI 3aIlMIIEM COOTBETCTBYIOIIUE
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r7ie a U b — paccTOsiHUE MEXKIY JaMIIOUYKOW W JIMH30M, a TakKKe MEXKIy JTUH30M U

n300paxeHueM (3KpaHOM) COOTBETCTBEHHO.

HeTtpynHo moka3ath U3 MOTy4YE€HHBIX COOOpaX)EHUH, 4TO
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Kpumepuu k 00HOMY U3 603MO*CHBIX peulenuil

Ne IHonoxeuusa bamnbr

Bepho 3anucana popmyia TOHKOM JIMH3BI U1l IEPBOM CUTYAIUH

Bepho 3anucana popmyia TOHKOM JIMH3BI ISl BTOPOM CUTYyalluu

Honyquo YHUCJICHHOC COOTHOIICHUC IJIA buF

[TosyyeHo uncineHHoe cootHomeHue s b — L u F
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[Tosryueno uroroBoe cooTHomieHue anst b yepes L

[TomydeHO HMTOroBO€ COOTHOIIEHHE IJsi (POKYCHOIO pPacCTOSHUS

qcpe3 CMCIICHUC 9KPaHa

7 HOJ’IY“ICHO YHUCJICHHOC 3HAUYCHUC I (1)OKYCHOI‘O PaCCTOAHUA 1

Ilpumeuanue:

JlanHyro 3amady y4YacTHHUK MOXET pemuTh Tpaduyuecku, u300pa3uB C
BEpHBIMU 0003HaueHUsiMu 00e¢ cutyanuu! 3a KOPPEKTHOE MOCTPOEHUE KaKIOu
CUTyalluM CTaBUTCS MO 1 Oammy 3a Kaxjaoe u3oOpakeHHe, JaKe eClu jJajiee He

OyJleT HU OJTHOTO PacCyKJICHUSI.

VY4yacTHUK MOXET TPOBOAUTH MOCIEIOBATEILHOCTh MAaTeMaTHYECKHUX
npeoOpa3oBaHuii, OTIUYHYIO OT aBTOpCKUX. CTOUT OIEHHBATh MOJ00HOE
pelieHre, MCXOJsd M3 Pa3yMHOCTH MNpeoO0pa3oBaHUM ydYallerocss W BBICTaBIISA
OaIbl  MPOMOPIMOHAIIBHO — TOJIYYeHHBIM  cooTHomieHusM!  CcblmaThCsi  Ha
«HEABTOPCKOE» PEIICHUE U HE pa30HpaThcsi M3-3a 3TOT0 B KOHKPETHOM PELIEHUU

y4aCTHHKA 3arperieHo!



3agaua 5
B 1a00paTOPHOM KypHaje

DKCIIEpUMEHTaTOpa [ JfoKa OfHaXIbl OBLI
HalJIeH OT4YeT 00 HCCIIeJOBAHUU 3aBUCHUMOCTHU
cwibl Toka [ B 1enu, u300pakeHHOM Ha
PUCYHKE, OT BEIUYHHBI CONPOTHBICHHUS R
aKTUBHOW 4acTh  peocTtata  (pe3ucropa
NepeMeHHOro comnpoTuBieHus). Hanpsokenue
Ha 3axuMax uaeanbHoro ucrounvka U. B
LeMb TOCIEI0BATEbHO C PEOCTaTOM OBbLIO

BKJIFOYECHO COMpOTUBIICHUE 1. B oTuere Obuin R
MPUBEACHBI PE3YJIbTaThl U3MEPEHUU B BHJIC
TaOJIULIBL:
Ne skcerr. 1 2 3 4 5
R, xOM 0,5 15 5,0 7,5 10,0
I,MA 15,6 9,9 5,0 3,9 3,0

K COXAJICHUIO, HA OTOM OTYUCT 06pLIBaJ'IC$I. ..

1) [TosryunTe TEOPETUYECKYIO 3aBHCUMOCTH CONPOTUBJICHUS AaKTUBHOW YacTH
peocTaTa OT CHJIBI TpoTeKkaeMoro B nenu Toka R(I) ¢ yaerom napametpoB nenu U

ur.

2) [ToctpouB u 006paboTaB HEOOXOAUMBIH Ha Balll B3IJISA] T'paduK MO JTaHHBIM
pe3yJibTaTaM U3MEPEeHUH, onpenenuTe 3HaueHus Beuaud U u 7.

Bo3moskHoe pemieHue

ITo 3akony OMa 111 3aMKHYTOM 11€TIH

U
Ir+R)=U = R()=

7—7‘.

3aMeTHM, YTO 3Ta 3aBHUCHMOCTh MNpsAMOJHMHEHHa 1o Tumy Y(x) = kx + b,

CCJIN ITOJIOKHUTD, YTO

1
y < R, x<—>7, k— U, be (-r).

CJ'IGI[OB&TCJ'IBHO, H€O6XOI[I/IMO CTpOUTb 3aBUCHMOCTBH COIIPOTHBIICHHA OT

oOpaTtHOM CuJIbl TOKa!

0003HAYCHUSIX:
I, MA 1/1, 1/A R, kOm
15,6 64,10 0,5
9,9 101,01 15
5 200,00 5
3,9 256,41 7,5
3 333,33 10

Hepech/ITaeM MMPUBCACHHBIC PC3YJIbTAThI

B HaIIux



He 3a0piBaeM 0 COOMIOIEHUN BaXKHBIX MPaBUi (ITyHKTOB) MPH MOCTPOSHUU

KaueCTBEHHOTO rpaduKa:

v\ Hanuudue oceil ¥ MOIIUCH ITUX OCEN;

v aJIeKBAaTHBI M HAIVAAHBIA MAacluTad OCe — TOYKU 3aHMMAIOT HE MEHEE
50% o6J1acTu MOCTPOEHUS;

v’ Ha rpa)MK HaHECEHBI BCE DKCIIEPUMEHTAILHEIE TOYKY;

v’ d4epe3 SKCIIEpUMEHTAlIbHBIE TOYKHM HIIM OTHOCHTEILHO HHX IIPOBEICHA

Hauooce «I1oaxodanias» Ipsmasd.

R, KOm
10

y =0,0361x - 1,9894
R?=0,9974

0 50 100 150 200 250 300 350

J71st mpoBeIeHHOM MPAMON ONIPEIeTTUM yriIoBOM KO3 hHUITUEHT:

k=U = 0,036 kB = 36 B.

G

Haiinem cBoOGoanbii kodhdummeHT b w3 aHanM3a TMOJYyYEHHOW MPSIMOUN

(BO3MOJKHO MPOBEJCHUEM TPSMOM 710 TIEPECCUCHUS C OChIO V):

b=—-—1r=—-199kOM = 7r =1.99 kOwm.



Kpumepuu k 00HOMY U3 603MO*CHBIX peulenuil

No ITonoxenus basnbr
1 | 3anucan 3axkoH OMma JU1s 3aMKHYTOH LENn 1
2 | [lomyuena TeopeTrueckas 3aBUCUMOCTh R (1) 1
3 | O6ocHOBaH BBIOOpP HEOOXOAMMBIX OCEH I7Isl MOCTpOeHUs rpaduka 1
4 | IlepecunTana Tabiuia Jyisi TOCTpOCHUS Tpaduka 1
5 | KauectBo nmoctpoenus rpaduka: ocu + NOAMKUCH ocen 0,5
6 KadgectBo moctpoenust rpaduka: mMacmrad oced, TOUKH 3aHUMAIOT 05

He MeHee 50% o0s1acTu MoCTpoeHus ’
KauecTBo mocTpoenus rpaduka: HaHECEHBI TOYKU 0,5
8 | KauectBo nmoctpoeHus rpaduka: npoBeaeHa npsamas 0,5
9 OmnpenesneH yrioBoil KOdPPUIUEHT TPSIMOi 1
k =0,036
Onpeneneno HanpsbkeHue uctounnka: U = 36,0 B
10 | (34,2—-37,8)B 1,0 6anna 1
(32,4—39,6)B 0,5 6anna
Haiinen cBoO0HBIN KOX(PIUIIMEHT U3 aHaIKM3a TOJTYYEeHHON MIPSMOM
11 | (BO3MOYHO MPOBEICHUEM MPSMOH JI0 MEPECEUCHUS C OCBIO V) 1
b=-199
Onpeneneno conpotusienue: ¥ = 2 KOM
12 | (1,9 — 2,1) kOm 1,0 6anna 1
(1,8 — 2,2) kOm 0,5 6anna
Ilpumeuanue:

Ecnu ydyacTHUK HE cTpouT rpaduk, a MOIydaeT pe3yibTar JHIIb MOACTABIISA
3HAUYCHUS HECKOJIBKUX TOYEK B YpPaBHEHHUE, TO BBHICTABISIOTCS OBl JIMIID 32 1.1,
n.2, .10, m.12 u MmakcuMalibHasI OIIeHKa 3a 3a7a4y COCTaBUT He Oojiee 4 6amioB!

Ecnu ydactHuk ompenenseT yriioBod KodhGUIMEHT CcBoed TpsMOi U
CBOOOIHBIN KOI(PIUIIUEHT, HO OHU HE COBMAJAIOT C aBTOPCKUMH, 3a 1.9 u 3a m.11
craBarca no 0,5 6anna!l B aTux myHkTax BaxkHa padota ¢ rpad)KoOM U €ro aHaius,
Jla)Ke TP HEBEPHBIX uppax.

Y4YacTHUK MOXKET CTpOUTh 3aBUcuMOCTb [+R =U —[-r, mnepecuntan
npeaBapuTenbHo ctosidenr [ - R kak BenuuuHy Y. [Ipu mpaBUIIBHBIX JIEUCTBUSIX
ATOT BApUAHT TaKXKe JAcCT MPABWIBHBIM pe3yJabTaT W MYHKTHl OLICHUBAHUS HE

u3Mmensrcs!




