Tpetwuii aTan pecnyOJUKaHCKON OJMMITHABI IT0 Y4eOHOMY mpenMeTry «Dusnkar
2023-2024 yuebHbIii roa

PecnyOiukanckast puznyeckas 0JiUMIUAAA
2024 rona

(111 3Tam)

TeopeTuueckuii Typ

10 kJ1acc.

Buumanue! IIpoumume 3mo 6 nepgyto ouepeon!

1. IToaHBIN KOMILIEKT COCTOUT U3 TpexX 3aJIaHUM. I[J'I}I Bamero yI[OGCTBa BOIIPOCKHI, HA KOTOPLIC Bam
HGO6XOI[I/IMO OTBCTUTH, IOMCIUICHLI B PAMKH.

2. Kaxnoe 3agaHue BKIIIOYAeT ycioBHE 3amaHuss U Jluctel orBeToB. st pemieHust 3amay
UCTIONB3YiTe paboune mucThl. YacTh U3 HUX UCTOJIB3YHTE B KauecTBE
yepHOBUKOB. [lociie  oxoH4aHuWsi paOOThl  YEPHOBBIE  JIUCTHI
NepeYepKHUTE.

B 4ucToBBIX pabouMx HCTaX TPUBEIUTE PEIICHUs 3aaad
(pMCYHKH, UCXOJIHBIE YpaBHECHHS, MaTEMaTHYECKHE MpeoOpa3oBaHuUs,
rpaduKy, OKOHYATENbHBIC pe3ynbTarhl). JKiopu OyneT NpOBEpsTH
YUCTOBBIC paboune AUCThL. Kpome Toro, Kaxmoe 3alaHue BKIIOYACT
Jlucter otBeToB. B coorBercTByromme rpadsl JIMCTOB 0TBETOB
3aHECHTE OKOHYAaTelIbHbIE TpeOyeMble OTBETHL. [l mocTpoeHus
rpadukoB, KOTOpble TpeOyeTcs MO YCIOBUIO 3amadd, B Jlucrax

OTBETOB TTOATOTOBIICHBI COOTBETCTBYIOIME OManku. ['paduku cTpoiite
Ha 3TuX Onankax. J[yonmpoBaTh ux B pabouymx JHCTax HEe TpeOyeTcs.

3. IIpu odopmieHnn pabOTHI Kaxa0e 3aJaHWE HAYMHAWTE C HOBOHM cTpaHUIBL. [Ipym HemocTaTtke
Oymaru oOparmiaiTech K opranuzaTopam!

4. IlognuceiBaTh pabovre JUCTHI 3aMPENIaeTCs.

5. B xome paboThl MOXeETe HUCHOJIb30BaTh PYYKH, KapaHJAIld, 4YepTEXHbIE MPUHAIIEKHOCTH,
WHXEHEPHBIN KaJIbKYJIATOP.

6. Co BceMu BOMpOCaMH, CBSI3AHHBIMH C YCIOBHSMH 3ajay, oOpalmiaiTech K OpraHu3aTopam
ONTUMITHA/IBI.

[Taker 3agaHuil COAEPIKUT:
- TUTYJBHBINA JUCT (1 CTp.);
- ycioBusl 3 TeopeTHueckux 3ananuil ¢ Jlucramu orseros (10 c1p.).
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Tpetwuii aTan pecnyOJUKaHCKON OJMMITHABI IT0 Y4eOHOMY mpenMeTry «Dusnkar
2023-2024 yuebHbIii roa

3ananme 10-1. JIuxo 3akpy4yeHo

Cnpagounbvie OaHHble U NApamempvl paccMampueaemsbix cucmem: TPEHUEM U CONPOTUBICHUEM BO3AyXa B
JIAaHHOM 3aJIaHUM peHebpeub, ycKopeHue cBoboaHoro najgenus g = 9,81 m/c?.

1.1 «/IBa mapuka Ha HUTH» [[Ba HEOONBIINX IIAPUKA MaccaMd M, M M, , CBI3aHHBIC JIETKOW HUTHIO

JUIMHOW [, BpamamTcs C YIrIOBOM CKOPOCTHIO W B TOPU3OHTAIBHOU
mwiockoctu (Puc. 1). Haifnure cunbl HaTsokenuss nutet T; u T,
JEHCTBYIOIIME HAa Ka)XIbli M3 IIAPUKOB, COOTBETCTBEHHO. TpeHHEM H
COIIPOTUBJICHUEM BO3/1yXa IpeHEeOpeyb.

1.2 «Tpu mapuka Ha HUTH» YCJIOXKHHUM 3aJadyy U J00ABUM K CE€peIuHe HUTH JIMHOM

HeOonpmoi mmapuk maccoi m; (Puc. 2). Ilpu BpameHun Takoi
CUCTEMBbI Ha TOPU30HTAIBHON MIIOCKOCTH 0Ka3aJ0Ch, YTO MOJYJb CUJIbI
HaTsDKEHUs JIETKOM HUTH Yy MEpPBOTO IIapuka paBeH Ty, a y BTOPOTO,
COOTBETCTBEHHO, T, . Haiinure Maccy mj3 TpeThero mapuka Hu
YIJIOBYIO CKOPOCTh () BpAIICHHUs] CUCTEMBI, CUUTasi MAacChl HIAPUKOB
m{ U M, U3BECTHBIMU.

g

my

<

w

Puc. 1

m,

[ Tperwnii

1.3 «Kocmuueckoe Bpamienue» Kocmudeckas CTaHITUS COCTOUT M3 JBYX OTCEKOB MaccaMH My U My ,

COEIMHEHHBIX JUIMHHBIM OJHOPOIHBIM TpocoM JiuuHbl [.  CraHmus
BpAIAeTCsl BOKPYT OCH, NEPIEHAUKYIAPHON TPOCY, IIPU HTOM MOJIYJIb
CWJIbl HaTsDKEHUs Tpoca BOJM3M OIHOro oTceka paBeH T, a BOIM3H

my
apyroro T + AT (AT < T). Haiiaute maccy coequnutensHoro tpoca <
wKC

M, U YIJIOBYIO CKOPOCTh (W, BpAallleHUs] KOCMUYECKON CTaHIIUH.
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Tpetwuii aTan pecnyOJUKaHCKON OJMMITHABI IT0 Y4eOHOMY mpenMeTry «Dusnkar
2023-2024 yuebHbIii roa

Jluct oTBeToB. 3amanue 10-1. JIuxo 3akpyueHo

1.1 Cuna HatsbkeHust HUTH T;:

Cuna HaTskeHUsT HUTU 15!

1.2 Macca mj mapuka:

VYrioBas CKOPOCTh W CHCTCMBI.

1.3 Macca coeMHUTENBHOTO Tpoca M.

VYTrioBasi CKOPOCTh Wy
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Tpetwuii aTan pecnyOJUKaHCKON OJMMITHABI IT0 Y4eOHOMY mpenMeTry «Dusnkar
2023-2024 yuebHbIii roa

3ananue 10-2. T'onorpad
T'o0depagpom BexTOpa Has3bIBaeTCS KpHUBas, MPEACTABISIONIas COOOW MHOKECTBO KOHIIOB

nepeMeHHOro co BpemeneM Bextopa [ (1), mawamo xoroporo (Puc. 1) s

Bcex i ectb  (¢ukcupoBaHHas Touka O  («MaremaTHUeCKHii
SHIUKJIONEANYECKUN cioBapb»). WHbIMEH cioBamu Tomorpad BekTopa
NPEICTaBIsIeT COOON MHOMKECTBO TOYEK, IO KOTOPBIM «IBIIKETCS» KOHEIl
JTAHHOT'O BEKTOpa CO BPEMEHEM, €CJIM MOJI0KEHHE ero Hayaja 3a(UKCUpOBaTh
B HEKOTOpou Touke O.

CripaBeITMBOCTH Pajii OTMETHUM, YTO IIKOJBHUKHA KOCBEHHO 3HAKOMBI C

JTaHHBIM TOHSTHEM, IIOCKOJNIBKY rojorpadom panguyc-Bektopa T (t)

1>2—>3—>4—>5—6) aBwkymeiics MaTepUaabHON TOUYKH SIBJISETCH ...

e€ TpaekTopus, OTMEUYEHHas Ha PUCYHKe | MyHKTHpHOW JimHUEH. ["ogorpad
BEKTOpa HArJIHO MPEJICTABISET €ro SBOJIOLUI0O C TEUEHHWEM BpPEMEHH, a
TaK)Ke UCIIOIB3YETCS IPH PA3IMYHBIX pacyeTax.

Yacts 1. BolunciaeHue NoJHOr0 yCKOpPEeHust

1.1 HeOonpiioi MacCUBHBIN MIAPHK, TOJBCIICHHBIA HAa JETKOW HEPACTSHKUMON HUTH, OTKJIOHUJIU Tak,
YTO HUTH CTajla TOPU3OHTAJIbHA U AKKYPAaTHO OTHYCTUIM 0e3 HaTsbkeHus HUTH (puc. 2). [lpu nuxeHun

mapuk Oyner mpuoOperaTth Kak LEHTPOCTEPMHUTEIbHOE (HOPMAJbHOE) YCKOpEHHE d,, HalpaBICHHOE

BIOJb HHUTH, TaK U KacaTelbHOE (TAHICHIMAIbHOE) 8  yCKOpEHHE,

HampaBIeHHOE TEPHeHIUKYIsIpHO HUTH (cM. puc. 2). Cymma ')
a =4, + d_Ha3bIBaeICsl NOJHLIM YCKOPEHHEM Telna. Harigure y
_ _ — a -
3aBHCUMOCTH MOIyJleil yckopeHumd &, ¥ & O0OT yma o, g a, /
00pa30BaHHOTO HUTHIO C BepTHKaJbi0. COMPOTHUBICHHEM BO3IyXa S

npeHeOpeys. YckopeHue cB00OOHOrO nmajaeHus § .

1.2 Haiigure 3aBucuMocTh a(a) MOAYIs IOJHOIO YCKOpPEHUS a )

mapukKa OT yrjla <« B HPOHeCCE€ IABHMXCHUA OO HIDKHEH TOYKH T

TPaeKTOPHH. Puc. 2

1.3 TlockombKy  BEKTOp MOJIHOTO YCKOpPEHHUS mapuka
MIOBOPAUMBAETCS CO BPEMEHEM, TO B HEKOTOPBI MOMEHT OH OyAer ropusoHrtajieH. Haiinure mosmHoe

YCKOPCHHUC HIapHuKa a1 1 yroj &; MCXAy HUTbIO U BEPTUKAJIBIO B OTOT MOMCHT BPECMCHH.

Yacts 2. [locTpoenue roxorpada mojHOro yckopeHus mapuka

2.1 HaiinuTe 3aBUCMMOCTH NPOEKIMHA @, W @, MOJHOIO YCKOPEHHMs MIapHKa OT yria ¢ B CTaHIAapTHOH
w * £

(exapToBOit) cucTemMe KoopauHAT. BeipasuTe ux B 6e3pasmepHbIX emnunax a, =a,/g u a;=a, /g.

2.2 Yemy paBeH MOAYyJb MAaKCHUMaJbHOI'O TOPU3OHTAJIBHOIO YCKOPEHMs Q. LIapuKa B IpoLecce

JABWDKEHHUS 10 HU3LIEH TOYKM TpAaeKTOpuu? MaKkCMManbHOrO BEPTUKAILHOIO YCKOPEHHS 8y, ?
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Tpetwuii aTan pecnyOJUKaHCKON OJMMITHABI IT0 Y4eOHOMY mpenMeTry «Dusnkar
2023-2024 yuebHbIii roa

2.3 Pa30eiiTe npsMoii yron ¢ Ha MHTEpBaiibl 10 Aar =5° TpalycoOB U BBIUMCIUTE MPOCKIMH YCKOPEHUI
a, u a;‘, it Touek B quana3zone 0° <o <90°. Pesynbrarsl BeuncicHu 3anecute B Tabmuiy 1 (oM.
HUXKE).

2.4 Tlonp3ysice Tabmuied 1, mocTpoiiTe Ha BbIIAHHOM OJIaHKE rojorpad MmoJHOr0 YCKOPSHHUS IapuKa
IPU €T0 JBMKEHHH 10 HIKHEH TOUKH TPACKTOPHUH.

2.5 TlpoaHanmu3upyiTe IOCTPOEHHBIH Trogorpad), OTMETHTE €ro CYIIECTBEHHBIE OCOOCHHOCTH U
NOMBITANTECh OMUCaTh WX MaTeMaTWdecku (Hampumep, TMOJY4YHTh YpaBHEHHE, OITHUCHIBAIOIICE
HOJIYYCHHYIO KPUBYIO).

Jluct orBeToB. 3aganue 10-2. l'ogorpad

Tabuuia 1. Beraucnenue a, u a’; . bnank g noctpoenus rogorpada yCKOpeHus I1apuka mo

Taomuue 1.

; . 4 . )
VYron a, a, a

90° lfoporpad yckopeHusa
85°
80°
75°
70° 1,5
65°
60°
55°
50°
45°
40°
35° 0,5
30°
25° -
20°
15° .
10°
5 0]

-1
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Tpetwuii aTan pecnyOJUKaHCKON OJMMITHABI IT0 Y4eOHOMY mpenMeTry «Dusnkar
2023-2024 yuebHbIii roa

Jluct orBeToB. 3aganue 10-2. Fogorpad

11 &, oryrna «a:

d, oTyria

1.2 3aBUCHMOCTD MOJIyJISl TOJHOTO YCKOpeHus a(a) :

13 a:

2.1 3aBuUCUMOCTb IPOCKIMU &, MOJHOIO YyCKOPEHHUS IIApUKa OT yIila o :

3aBUCHMOCTD MPOEKIMK &, MOJHOrO YCKOPEHHMS MIAapHKa OT yriia o

22 a

Xmex *°

yrmx:
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Tpetuii aTan pecryOIuKaHCKON OJMMIMAABI 10 YdeOHOMY mpenaMeTry «Du3nkar

2023-2024 yuebHbIii roa

2.3 3anomnute Tabmuiy 1. (Cwm. Bbime)

2.4  Tloctpoiite ronorpad yckopenus Ha bnanke (Cwm. Bbimie)

2.5 Anamms nmoctpoeHHoro rogorpada
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Tpetwuii aTan pecnyOJUKaHCKON OJMMITHABI IT0 Y4eOHOMY mpenMeTry «Dusnkar
2023-2024 yuebHbIii roa

3ananue 10-3. He xy:xe Kapno ..?

JBurarenu BHyTpeHHero cropanus (/IBC), paboratomye mo pa3nuyHbIM TEPMOAMHAMHYECKUM
[UKJIaM, YCIEIIHO paboTaroT B COBPEMEHHOM MHpe. MIIIIMOHBI MAaIIMH HCIONb3YIOT KaKk OCH3HHOBEHIE,
tak W auzenbHble [IBC, a nona snekTpomoOmield Ha MHPOBOM pBIHKE B
HACTOSIINI MOMEHT KpailHe HeBelInKa — O0KoJo 2 %.

IIpu co3manmum  JIBC B cepenmune XIX Beka mnepen HWHXEHEpaMH |
KOHCTPYKTOpaMHU BCTajJ BaXKHbIM TNpUKIaAHON (M HayuHbIH!) Bompoc: a Kakoi
TEIUIOBOM JIBUTATEIb HMMEET MakCHMaldbHbIM TepMomuHamudeckuit KII, T.e.
SIBJISIETCS. MACAILHON TEIUIOBOM MAIIUHOMN?

3ametuM, yto mukia Otro (OCH3MHOBBIM JBUTATENh) M LUK Jluzemns
(mU3eNbHBINA JBUTATENb) HE SIBISIOTCS MICATBbHBIMH TEIJIOBBIMH ITUKJIAMH, XOTS
aBTOMOOMJIM, paboTarolue MO 3TUM LUKIaM, M COCTABJISIOT JIbBUHYIO JOJIIO

COBPCMCHHOT'O MPOU3BOICTBA.
P

HUneanpHas TemsioBas mamuHa Obuia onucaHa B 1824
” r. ¢pannysckuMm ¢uzukoM u umxenepom Camu Kapho
£ 1 (Puc. 1) B pabore «Pa3MplineHust 0 IBUXKYIIEH cuiie OTHS \ Prc. 2
Y 0 MaIllMHAX, CIOCOOHBIX Pa3BUBATh ATY CHITY». D
Wneansupiii uukn Kapao (Puc. 2), cocrosmmii U3 AByX HM30TEpM U JBYX ‘\ \
ananabaT, CeroJHs U3BECTEH KaXKIOMY IIKOJIBHUKY. “‘w&
B nanHOM 3amaHMM MBI HEMHOTO «IMO(aHTa3HpyeM» U MPEJIOKUM CBOU

ITUKII, KOTOpBIfI TAKXE€ UCIIOJIB3YET 3JICMECHTBI 3HAMCHUTOI'O IIUKJIA KapHO.

Cnpasounvle OanHble U napamempvl paccmampusaemoll cucmemvl. ecin a*b™ = const, To npu

A Ab
maeix Aa u Ab (Aa < a, Ab < b) cupaBeyTUBO paBEHCTBO: n;a tm—= 0 (cmpaBemIMBO TaKkKe U

o0OpaTHOE yTBepKJIeHHUE); MOJIsIpHas Ta3oBas nmoctossHHas R = 8,31 /I /(Mouib - K).
Yactp 1. AinadaTHblii mpouecc

TepmoauHaMu4eckuil mporuecc, IpoBoAUMBIN 6e3 TermoooMena (Q = 0) ¢ okpyxaromeil cpenoi
(T.e. B TEIUIOM30JUPOBAHHOM CUCTEME), Ha3bIBAETCS aduabamubim NporeccoM. AnnabaTHBIMU SIBIISIOTCS
MHOTHE OBICTPONPOTEKAIOIINE MPOLECcChl (B3pbIB, OBICTPOE paciiupeHue (CkaTue) rasza, pacipocTpaHeHHe
3BYKOBOW BOJIHBI), IIPOLIECC MOABEMA TEIUIONO BO3JyXa C IOBEPXHOCTU 3E€MIM C IOCIEAYIOLIUM
OXJIaXK/IEHUEeM, KOHJIeHcaluel napa u oopa3zoBaHUEM O0JIAKOB U T.JI.

11 Tennoémkocts ¢ wumeansHOro rasa, B3ATOro B KonuuecTse v = 1 Mosb (m = M), Ha3bBaeTcs
MOIIIPHOM TerI0éMKOCThI0. HaiiiuTe MONAPHYIO TEMIOEMKOCTh €)Y  MI€aJbHOrO OJHOATOMHOTO ra3a
IpY HU30XOPHOM Ipoliecce, T.e. HpU HOocTosHHOM o0béMe (V = const). 3anummute dopmyny s
BHyTpeHHeill sHeprun U HJI€abHOrO OJHOATOMHOIO Ta3a Yepe3 Ciy W B JajibHeillleM MCIonb3yiiTe eé

JIA JI000T0 HACAaJIbHOI'O Ir'a3a.

1.2 BeIpazute MOJISPHYIO TETNIOEMKOCTh UCaTbHOTO rasa c{;” IIpU MTOCTOSIHHOM JlaBlieHn#u (p = const),

T.e. IpU U300apHOM IpoLecce, depes i .

1.3 TMonyunre ypaBHeHHE aanabaTHOTO IMPOIEcca Ul MPOU3BOJIBFHOTO WACATHHOTO Ta3a B MEPEMEHHBIX

M
C
(T, V) c mokazareneM aguabarsl y = ciM .

14

1.4 B moiy4eHHOM ypaBHEHHMH CHEJaiTe 3aMEeHY IMEPEeMEHHBIX M 3allMIINTE YpaBHEHHE aqradaTHOTO
nporecca (ypaBHenue IlyaccoHa) Juist MpOU3BOIBHOIO MJEAILHOTO ra3a B «TPaJUIIMOHHOM» BHUJE, T.€. B
nepemeHHbIX (p, V).

10 xnacc. Teoperuueckuit Typ. Bapuanr 2.



Tpetuii aTan pecryOIuKaHCKON OJMMIMAABI 10 YdeOHOMY mpenaMeTry «Du3nkar

2023-2024 yuebHbIii roa

1.5 Cxemarnuecku uzobpasure Ha ofguont (p,V) — mamarpamme XoJ aauabaThl ¥ W30TEPMBI HICATBHOTO

raza. Kparko oxapakrepusyiite 0COOEHHOCTH MOCTPOCHHBIX TPa(HKOB.

Yacrp 2. HHuka ¢ aguadaroi

C wnpeanpHBIM OJHOATOMHBIM Ta30M IIPOBEIM LUKJIMYECKHH HpOIECC
A->B—-C—A (Puc. 3), cocrosmuii nu3 u3ob6apsl A — B, uzoxopsl B — C
u aguabatel C — A.

2.1 Ykaxure ydyacTKH IMKJIA, HA KOTOPBIX paboTan HarpeBareib, T.e. Ta3
H0JTy4as TEIUIOTYy OT BHEIIHEro MCTOYHMKA. Haiinmure KOMMYECTBO TEIIOTHI
Q1, mepenanHoe pabovyeMy Tely OT HarpeBaTelis B JAHHOM IIHMKJIE.

2.2 Vcionp3yst paHee TMOJNy4YeHHBIC Pe3ylbTaThl, HAWAWUTE NABICHHE P
rasa B cocrosauu C.

2.3 YKaxuTe y4yacTKH IHUKJIA, Ha KOTOPBIX pabdOTasl XOJOJWJIBHUK, T.€. Ta3

P/Py

Puc. 3

V/Vo

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
h
1

S $---

OTAaBaJl TCILUIOTY BHCIIHEMY HMCTOYHHKY. Haiinnute KOIMYECTBO TEMIOTHI QZ, OTJaHHOC pa60‘lI/IM TCIOM

XOJIOAUJIBHUKY B TAHHOM IIUKIJIC.

2.4 BoBenute dopmyny s trepmoauHamuueckoro KIIJI 7 manHoro
uukna. Kak 3HaueHne 77 3aBucuT OT mapametrpoB V4, u  py
TEPMOJMHAMUYECKON  CHUCTEMBI B HayalbHOM cocTtossHuM? Kak, 10
BalllEMy MHEHMIO, 3TO MOXHO OOBSICHUTH?

2.5 Yemy paBeH MaKCcHMaJbHO BO3MOXHBIM TepMmoamHammuueckuid KIIJ]
Nmax ONUCAHHOTO LUKJIA?
2.6 Ha Puc. 4 wu3oOpaxeH mnomoOHBIA  mporecc B 0Oe3pa3MepHBIX

(oTHOCHTENBHBIX) KOOpAUHATaX 00béMa u gasnenus (V/Vy; p/po), e Vo u
Po — HEKOTOpbIE HEU3BECTHBIC pPAa3MEPHBIC MACIITA0OHBIE MHOXHUTEIIH.

Breraucnute tepmogunamuuecknii KIIJ[ 7, 1mwkna, uzobpaxennoro Ha Puc. 4.

10 xnacc. Teoperuueckuit Typ. Bapuanr 2.
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Tpetwuii aTan pecnyOJUKaHCKON OJMMITHABI IT0 Y4eOHOMY mpenMeTry «Dusnkar
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Jluct orBeToB. 3ananne 10-3. He xy:xe Kapno

1.1 ®opmyna nns BHyTpeHHeil sHepruu U HeaibHOTO 0JHOATOMHOIO Iasa uepes Cil:

1.2 MOJ'IHpHaH TCIINIOCEMKOCTh HMACAJIBHOI'O I'a3a CZI\,/I:

1.3 VYpaBHeHue aanabaTHOTO Mpoliecca sl MPOM3BOIBHOTO UICATBFHOTO ra3a B MEPEMEHHBIX

M

C.
(T,V) c nokasarenem aguabarsl y = CLM:

|4

1.4 VYpasHeHnue aanabaTHOTO IMpoliecca Ui JTF000ro UAeanbHOro ra3a B nepeMeHHsix (p,V):

1.5 CxemaTtuueckas AuarpaMma a,Z[I/Ia6aTI)I 1 U30TCPMBbI:

r"'l
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Tpetwuii aTan pecnyOJUKaHCKON OJMMITHABI IT0 Y4eOHOMY mpenMeTry «Dusnkar
2023-2024 yuebHbIii roa

2.1 KonmuecTtBo TemioTel Qy:

2.2 ]JlaBienue pc:

2.3 YyacTku IMUKJIa, Ha KOTOPbIX pa60TaJ1 XOJIOAUJIBbHUK

KomuuectBo Temnorsl Q5!

2.4 ®opwmyna nns repmoanHamudeckoro KIIJ 7 :

Kak 3Hauenue 7 3aBUCHUT OT mapameTpoB V, u py?:

2.5 Nmax-

2.6 ny:

10 xnacc. Teoperuueckuit Typ. Bapuanr 2.
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