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Jlongka nnuuol L nBukercss mo peke ¢ yckopenueM a. Ha mocty BbicoThl H, pacrnoioXeHHOMY
NEPIEeHIUKYJISIPHO JABI)KEHUIO JIOJKHM, YCTAaHOBUJIM HCTOYHUK 3ByKa C YacTOTOM HCIYCKaHHS V.
Kanuran Ha HOCy 3aMedaeT MCTOYHHUK 3BYKa MO YIJIOM ¢ K TOPU3OHTY M PETHUCTPUPYET YacTOTy Vj.
CrycTst HEKOTOpOe BpeMs MaTpoC Ha KOpMe, B ’TOT MOMEHT HaxXOJsIIUKCS TaM ke TJe ObUl KaluTaH,

3aMeyaeT TOT K€ HCTOYHHUK TOJ TeM KE€ YIJOM, U  PErucTpupyeT 4acroTy
Haitnure yckopenue noaku. CKOpoCTh 3ByKa B BO3J1yX€ paBHa C.
Bo3moxxHoe pemienne:

Tak xak yacToTa 3ByKa MEHSETCs, HEOOXOAUMO HCTIOIb30BaTh 3P dekT loriepa. B obmem ciryqae
u
v=vy(1+-)
C
u="Vcosa

Torma mist KaXXa01 U3 3apETUCTPUPOBAHHBIX YACTOT MOXKEM 3aIHCaTh:

Vi Vicosa
1=———

Vo C

c (Vi—V
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[Tonb3ysch hopmynam IBUKEHUS A7 paBHOYCKOPEHHOTO JBUKEHHUSI TTOTYUHM:

rae i=1,2
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c ((vz vo) (v vo) )
a= ——
2Lcos?(a) Vo Vo
Kpurepnii CooTHomeHue baJun
3anucan >ddexr JJomnepa B v =vo(1+ E) 1 Gamn
="Yo
o01eM cimyyae C
CooTHOIIIEHHE ISl CKOPOCTH u="Vcosa 1 Gamn
C YU4ETOM yTJia
3anmucaHo BBIPAKCHUE IS V. = C (Vi - Vo) 3 Oanna 3a Kaxbli (Bcero
CKOPOCTH Yepe3 YacTOTy " cosa\ v, 6)
3ByKa
3amMcano COOTHONIEHHE JUTs Vi —VE 1 Gann
ONpEIENIEHHs] YCKOPEHUSI a= "7
ITomy4yeH KOHEUHBIN OTBET c? ( (Vz — v0>2 1 6amn
a =
2Lcos? (@) Vo
(Vl - Vo)z)
Vo




2. PaccmarpuBaercs Bpalllaroascs MEXaHUYecKasi CUCTEMa, COCTOSIAs U3 MEPEBEPHYTOTO MOJIOTO
KOHYCa, y KOTOPOT'O YroJl PY BEPILHUHE COCTABISAET 2a. ITOT KOHYC PaBHOMEPHO BpaIllaeTcsi BOKPYT
CBOCH BEPTUKAJIBLHON OCH C 33IaHHOM 4acTOTON v. BHyTpH KOHYCa, Ha ero 00KOBOI OBEPXHOCTH,
HaxoauTcs HeOoblas OycuHka. TpeHre Mexay OyCHHKOMN U MOBEPXHOCTHIO XapaKTepU3yeTcs
kod(durmentom u. Cunrath, 4TO0 OyCHHKA ABMKETCS 0€3 MPOCKaIb3biBaHus. Onpeaenure
MaKCHMaJbHO BO3MOXHYIO BEIMYMHY PACCTOSIHUS I OT OCH BpaIeHHsI, TP KOTOPOM OyCHHKa eIIé
COXPAaHACT HCTIOABUKHOCTb OTHOCUTCIIBHO BPAIIArOIICTOCA KOHYCA. B pCIICHUN OJOJIKCH
MPUCYTCTBOBATh CXEMaTHUECKUI PUCYHOK C YKa3aHUEM BCEX CHJI, JEHCTBYIOIINX HAa OYCHHKY.

Bo3moxkHoe pemienue:

B npenensHOM ciiydae, Korjia OyCHHKA HaXOUTCS HA MAaKCHMAaJIbHOM
yAaJICHUU OT OCH, CHJIa TPCHHUS HAIlpaBJICHA BBEPX/BHU3 BJOJIb
oOpa3ytoeii (B 3aBUCHMOCTH OT BBIOPAaHHOW MOJIEIHN KOHYCA),
MPEISITCTBYS COCKAIb3BIBAHUIO.

1) CnenaeM pUCYHOK (pacCMOTPHM CIIy4ail MaJIoro yria o):

2) BycuHka ABMKETCS TTO OKPYKHOCTH pajnyca r ¢ yrioBOH CKOPOCTHIO .
Bropoii 3akoH Hpr0TOHA B IPOEKIMAX Ha TOPU3OHTAIBHOE U BEPTUKATIBHOE
HaIpaBJICHUS:

Ox: N cosa F Fy, sina = mw?r
Oy:Nsina * Ej,cosa —mg =0
3) B momeHT, Kor/1a OyCHHKA HAXOIUTCS Ha TPAHU MTPOCKATb3bIBAHHS
Frp = pN

IToncraBuM B ypaBHEHUS:
N(cosa F psina) = mw?r

N(sina + pcosa) = mg.

4) Tlogenum nepBoe ypaBHEHHE HA BTOPOE:

cosa Fusina  w?r
sina+pucosa g

5) Beipazum 1y,

g cosa+ psina

rmax -

w? sina+ pcosal

6) HaiimeM yriioBy10 CKOPOCTh Y€pe3 YacTOTY:

_21'(_2
w= = vV

Torna:

g cosa+ psina

rmax -

412v2 sina+ pcosaf




Kpurepnii CooTHomeHue banaa
Cnenan BepHBIN PUCYHOK U 2 Gamna
MIPUMEHEH K PEILIECHUIO
3a1a4u
Heo6xoaumeie popmyIsl s FEp=pN 1 6ann
pE€UICHUA 3aa1a4u w = 2TV
3anucaH BTOpOH 3aKOH Ncosa + Fpsina = mw?r | 2 6amna
Herorona B mpoexuuu Ha ocu | N sin o + F,p cosa —mg
=0
Haiinena cBsi3b r 0T g cosa+pusina |3 6amna
Tmax = 735" 5
w* sina 1 pcosa
HaiineH 1y, ax Tiax B 2 Gamna
g cosa + psinoa
4m?v? sina + pcosa

Hemnp, n300paxkeHHas Ha pUCYHKE, U3HAYAJIbHO PA30MKHYTA,
KOH/ICHCATOPbI pa3psikeHbl. BosbT — AMIiepHasi XapakTepucTUKa

HeusieallbHbIX 11o0B D1 1 D> Takxke npeacrapiieHa Ha
pucyHke (Lomx 1 Upmx — TOK ¥ HAPSDKEHUE OTKPBITHS
JIMOJIOB COOTBETCTBEHHO). CHavaia K104 3aMbIKalOT B

MEPBOC IMOJIOKCHUC U KAYT IMOJTHOH 3apsAaKu
KOHACHCATOpAa. 38.TCM, qcpe3 JOCTATOYHO JOJITui IMPOMCIKYTOK BPCMCHH, KIIHOY
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NEPEKIIIOYAIOT BO BTOPOE MOJIOKEHUE U TAKXKE KAYT YCTaHOBIIEHUS paBHOBecus. Halinure oTHOLIEHNE
TEIUIOTBI, BBIICIUBLICHCSA HAa IEPBOM U BTOPOM JuoJax. EMKOCTH, CONPOTUBIIEHNE U HANIPSKEHHE
UCTOYHUKA CUUTATh U3BECTHBIMU (CM. pUCYHOK). Uo>> Upmx

Bo3moikHoe pelenue:

TK

U
ITpu Hanpspkenun Ha auozae Huke Uorc OH BelleT ce0si Kak pe3uCTop ¢ CONPOTUBIICHHEM Rq = —=

Torx
Toraa oTHOLIEHHE MOIIHOCTH, BBIAEIIEMOM Ha JMO/IE K MOIITHOCTH Ha PE3UCTOPE PaBHO
% _ UOTK UOTK + IOTKR
WR 1 OTKR U OTK
Pazo6bem nporuiece 3apsaKu pa3psaIkd KOHASHCATOpa Ha JIBa dTara — HalpshKeHUe Ha U0/
MeHbI11e(00bI1Ie) HAPSKEHUST OTKPBITHSL.

Torna

=>WR+Wd=Wd

RS

Wr + W,
ch‘" Rt Wy

€411 =

Otkyna

Cl UOZTK (8 - %

UOTK + IOTKR

Wai1 =



Korma nuon otkpoercs:

2 2
_ Cle CIUOTK _ _ _ 2
Q12 = > + > + Wr + Wy => Wyi2 = UgeQrz = C1EUgr — C1Ugr

[Tepesapsiaka:

[Tpu nepe3apsiake 3aps pacrpeeuTCs IPONOPLIHOHATEHO eMKOCTSIM KoHIeHcaTopa. Takke pa3oobeM

IpoIiecc Ha JBa MOATPOLECCa, CUUTAs, YTO IS IEPEeX0/1a HE0OX0AUMO, YTOOBI MTPOTEK 3aPSIT
Aq — UOTKC1C2.
C1+C;
Torna, Mo aHajoruu ¢ NMepBbIM ciiydaeM, 3anuiieMm 3CD 1 nepe3apsiku

Cie®  (q21 +A0q)? (g2 — AQ)?
1 2
Otkyna
UOTKC1C2
Wy, =——(¢—-U
d21 Cl+Cz (S OTK)
4!
(q21 + Aq)z n (q22 - Aq)z _ (q21 + q22)2 n UOTK + IOTKR
2C, 2C, 2(C, + C,) T Uy

OTtkyna

W — Ungcl CZ UOTK
dz2 2(C1+C2) UOTK + IOTKR
OTBeT MOT OBITh IPE/ICTABIICH B BUJIE

Wars + Warz

Waz1 + Wazs
Kpurepnii CooTHomieHue baJyn
OTHoOLIEHUE Uori + IorxR 1 6amna
MOIIIHOCTEN Ha MaJIbIX d Uy
HaMpsHKCHUSX Ha
JIAOJIE
3CD st MaIbIX q% 1 Gamn
HAIpsHKEHUH Ha €q11 = 20, + Wr + Wy
nuoje, ciuydan |
3CD s 60IbIINX C,e*  CUZ, 1 G6amn
HAIpsHKEHUH Ha €1z = —, + ) Wr + Wy
nuoje, ciuydan |
3CD ans manbix (@21 +AQ)? | (22 = Aq)? (a1 + q22)° Uorg + IorcR | 1 Oamn
HanpsHKEHUN Ha 2C, + 2C, - 2(C, + C,) d Uy
nuoje, ciaydau 2
3CD st 6ONBLINX C e + Ag)? — Ag)? 1 6ayn
apseHy 1a 12 _ (QZ12C q) n (%226 q) W+ W,
nuoje, ciaydau 2 ! 2
Haxosxknenue kaxmaon 4 dasura
13 MOUTHOCTEHN B CyMMe€
OTBeT 1 Gamn




4. PaccMoTpuM mporiecc ¢ 0THOATOMHBIM HUJIEATBHBIM ra30M, B KOTOPOM 00beM raza b 3aBUCHUT OT
temnepatypsl T 1o 3axkony V = aT? rneawnb— HEKOTOpPbIE KOHCTAHTHI. [Ipn Kakux 3HaYEHUAX
napamerpa b MoJsipHas TEMJIOEMKOCTh T'a3a B JAaHHOM IIpoliecce OTpUIaTeNbHa?

Bo3moskHoe pelienue:

PaGoraem B muddepennuanax. Bece ypaBHeHMs Ais yOpOIIEHHS MHILEM Ui OJHOTO MOJS rasza, T.K.
MOJIIpHas TETJIOEMKOCTh HE 3aBUCHUT OT KoJimdyecTBa BemlecTBa. OOpaTuM BHUMaHUE, YTO HAM HE CKa3aHo,
pacimupsieTcsl WM CXKHMAaeTcs ra3. 3HA4HWT, HY)KHO paccMaTpuBaTh 00a ciyyas. Haumnaem c mepBoro
Hayajaa TepMOJAUHAMUKH:

CAT +PdV =C, dT

3HaKy «t» COOTBETCTBYET C)KaTHe ra3a (HaJl ra3oM COBEpPLIAIOT MOJOKUTENbHYIO paboTy BHEIIHHE CHUIIbI),
3HAKy «-» COOTBETCTBYET pacIIMpeHHe Ta3a (Ta3 COBepIIaeT MOJOXKUTENbHYI0 paboty). IIpeobpaszyem
NEpBOC HAYAJIO TCPMOAWHAMUKH W BBIYHUCIUM COOTBCTCTBYIOIIHWC HNPOU3BOJHBIC HCXOAA M3 YPABHCHUA,
JTAHHOTO B YCJIOBUU 3aJlauM, a TaKke ypaBHeHUs MenaeneeBa-Kmaitnepona PV = RT:

av
C=CV+P_

L R S L $bR—(3$b)R
ar v @ AR 4 —\2

%4

HHH OTPHULATCIIBHOCTH MOHﬂpHOﬁ TCINIOCMKOCTH U IIPU CKATHUU U IIPU pACHIMPCHUHN HY>XXHO l'IOTpe60BaTb:
3 3
> +bhb<0 =b< -3

Kpurepuii CooTHomleHue baJun
[TepBoe Hauano CdT +PdV =Cy dT | 3 bamna
TEPMOJIMHAMUKHU:

VYpaBuenne Menneneena- PV=RT 2 Oain
Knaiinepona

[IpeoOpazoBanue K BUILY C, FhR = (% T b) R 3 Gamta
Orteer 3 2 Gasta

b<—§

5. K nortonky Ha HEBeCOMOM IIapHUpE MPUKPEITICHa HeBecomas Oanka aimuHoi L = 41
(cmoTpute pucyHok). Ha HukHEM KoHLe OajKy 3aKperuieH MaJIeHbKHUH I1ap Macchl
m. CneBa u crpaBa K 0aJike IPUKPETUICHB H3HAYAJIbHO HEPACTSHYTHIE MPYKHHBI C
xectkoctamu k1 = k, k2 = k/2. banka pa3nenena na yactu [, 2/, I Tak, Kak IOKa3aHo
Ha pHUCYHKe. Jlpyrue KOHIbI MPYXUH MPHUKPEIUICHbl K HEMOJABI)KHBIM CTEHKaM.
Haiinure 4actoTy Mamnbix KoJieOaHMW TaKOW CHCTEMBl B IIJIOCKOCTH PHUCYHKA.
Jedopmanuu Npy>KUH CUYUTATh MalbIMH. TpeHus B cucteme HeT. JIBUKeHue
MPOUCXOUT B MOJIE TSKECTU &, HAIIPABICHHBIM BEPTUKAILHO BHH3.

Ilpumeuanue: s x << 1 cupaseamuso: (1 —x)" = 1 — nx.



Bo3moxkHoe pelienue:

PaCCMOTpI/IM MaJible KoJjieOaHus OTHOCHUTEILHO apHupa. OTKIIOHNM HUKHUH map Ha MaJIO€ paCCTOAHHUC X
BIOJIb TOPHU3OHTAJIN. PaCCMOTpI/IM reoOMCTPHIO 3a1a4un:

h:L(l—cosa)=L(1—M):L 1= 1_(5)2

C Y4ETOM MaJIOCTH KoJiebaHuit: x << L

X } h Jnst Manbix x cipaBeuinBo: (1 — x)" = 1 — nx

Tornma umeem:

h=L|1-

1 x?2
HpI/I MaJbIX KOHe6aHI/IﬂX LHap IIOJHUMACTCA HA ET OTHOCHUTCJIBbHO ITOJIOKCHUA paBHOBeCI/ISI.

3anumeM IMOJIHYIO DHCPTUIO CUCTCMBI:

XZ

__—-FE
2L

1 1 1
§k14x12 + Eszxg + mez + mg

OTmeTHM, 9TO €CITU MIAPUK CMECTUJICS TI0 TOPU30HTANIM Ha X, 3HAYUT NpyxuHa k1 negopmupoBanace Ha 3/4
X, a mpyxuna k2 Ha 1/4 x. [locnennee cienyer U3 NoJ00HS COOTBETCTBYIOIIUX TPEYTOJILHUKOB.

[TockonbKy TpeHUs HET, TO IMOJIHASA DHEPIHsl COXPAHAETCA. 3HAUUT MPOU3BOJHAS MO BPEMEHH OT MOJIHOM
SHEPTUU paBHA HYIIIO:

C) et + (3) Kkt mut + mg ™ =0
4 XX 4 2xx mxx mgL =
Otkyna:

D i ami+ 7 = 0

32 X mx 7 X =
"+(19k+mg) —0

mx 32 I X =

[TonmyuyeHo cTraHAapTHOE ypaBHEHHE FapMOHNYECKUX KOJeOaHM, OTKy1a MCKOMasi 4acToTa!




Kpurepuii CooTHomeHnue banaa

[Ipumeneno Majioe 1x? 2 Gamna

pUOJIKEHHE h = 2L

3aKOH COXpaHEHUs SHEPTUU 1 , 1 S x? 3 Gamna
§k1Ax1 + EkZsz + 5 mi + mgor = E

BssTre npou3BoHOM 3\2 s \k ) XX 0 3 Gamna
<Z) xx + (Z) Exx + mxx + mgT =

YpaBHeHue KosieOaHu i + (B K+ @) =0 1 Gamn

32 L
OtBet 1 6amn

w

19k g
= /ﬁﬁ*[

3adaua ne cuumaemcs peuieHHo, eciu nPUEOOUmMcsa moibko omeem!
Kenaem ycnexa!




