Pusuka 10 kiaace

Bpemsi BoinmosiHeHus 3aaanuii — 240 MUHYT.

IMummre pazdoopuyuBo. B padore He T101)KHO ObITH HUKAKHX IOMETOK, He OTHOCAIINXCS K
oTBeTaM Ha Bonpockl. Eciiu Bel He 3HaeTe oTBeTa, CTaBbTE MPOYEPK.
IIpoBepsiThesi OyeT Kak caM OTBET B OJIaHKe, TAK M YePHOBUKH, 110 KOTOPbIM 0yaeT
BOCCTAHABJIMBATHCHA JIOTHKA MOJYy4YeHHUs pe3yJibTaTa.

MaxkcuMajabHOe KoJudecTBo 0aioB — 100.

3aoaua 1. Koneco paaumycoM R KaTWUTCS MO TOPU3OHTAIBHOMN JOpore 0€3 MpOCKaIbh3bIBAaHUS C

MOCTOSTHHOM cKopocThio V = /2R g, Tie g — yckopeHue cBoOoHOTO najeHus. Ha moBepxHocTu
KaueHHsl KoJieca UMEETCs MaJIeHbKasl Kalulsl KpackH, KOTopas B HEKOTOpPBII MOMEHT BpEMEHU
OTJIeTaeT OT Kojeca. OnpenenuTe Ha Kakylo MaKCUMaJIbHYIO BO3MOYKHYIO BBICOTY OTHOCUTEIBHO
3eMJIM CMOJKET MOAHATHCS AaHHAs Karuis. Ha kakoM pacCTOSHUM OT TOYKH OTJIeTa MPU3EMIIUTCS
naHHas Karuisg B 9ToM ciydae? CuuTtaiite, 4To 0OpaTHO Ha KOJIECO KArlis MOIMAcTh HE MOXKET,
MOCKOJIbKY OHa B MOJETE YXOAMT U3 €ro IIOCKOCTH (HO B OCTaJIbHBIM 3THUM JBH)KEHHUEM IO
MOTIEPEYHOM HAIIPaBJIECHUH MOKHO IIPeHeOpeyb).

3aoaua 2. Nwmeercs RC-KOHTYp, COCTOSIIMKA M3 IJIOCKOrO KOHJEHCAaTOpa W pe3ucropa ¢
MOCTOAHHBIM COITPOTHUBJIICHUCM R. Eciu BHYTPb JAHHOTO KOHACHCATOPAa NOMCCTHUTH IIJIACTUHY,
MPONUTAHHYIO ATUJIOBBIM CHHUPTOM C JUAJIEKTPUUYECKOM MPOHULAEMOCThIO &; = 27, TO
XapaKTepHOE BpeMsl Pa3psIKU YBEIHUUTCS BABoe. OmpeneianTe BO CKOJBKO pa3 HM3MEHUTCS
XapakTepHOE BpeMsi pa3psiAKd KOHAEHCATOpa, €ClM MOMECTUTh TaKyl0 € IUIACTUHY B TOXE
MOJI0KEHUE, TPOMUTAHHYIO BOJAOU C AUAIEKTPUUECKON MPOHUIIAEMOCThIO €, = 81. CuuTarh, 4TO
TOJIIMHA MJIACTUHBI COBNAAACT C paCCTOAHUCM MCIKIAY O6KHaI[KaMI/I KOHACHCATOpa.

3adaua 3. DnexTpuvecKas cxeMa COCTOHWT M3 IOCJIEIOBATEIbHO COCAMHEHHBIX MEXKIY CO00it
ucrounrka ¢ DJIC €=10B , conporusnenuss R = 300 KOM, u koHaeHcaTopa ¢ MJIOCKUMHU
mwiactuHamu. Ilnomans nuactul cocrasnsger S = 1.13 M2, OaHa U3 IJIACTUH MOKET COBEPLIATH
MOCTYMATEeNbHOE NEPUOINIECKOE BO BPEMEHH JIBUKECHUE OT/K MPOTHUBOIOJIOKHON TIIACTUHBI 1101
BO3/ECHCTBUEM NMPOXOAIIEH 3BYKOBOM BOJHBI, TaK YTO PACCTOsHUE d MEXIy IJIACTUHAMM IIPU
ompeIeIéHHON UHTCHCHBHOCTH 3ByKa 3a1aétcst BeipakeHueM d = dy(1 + a cos(wt)), roe dy =
1MM, cTeneHb OTKJIIOHEHUS OT PAaBHOBECHOT'O MOJI0XKeHU macTuHbl @ = 0.1, w — nuKiIMyeckas
yacToTa 3ByKa, t — Bpems. Kakoe Teruio OyneT BBIIENATHCS HAa PE3UCTOpPE, €CIU JIMHEHHAs
4acTOTa 3BYKOBOW BOJIHBI COCTaBIISIET

l. 10 I'm?
2. 10 xI'u?

3aoaua 4. CtyneHT Ajnekceil, HaXOASAUIUNCA B 3aMKHYTOW TETUJIOM30JIMPOBAHHOM KOMHATe, s
YBCIIUUCHUA OTHOCHUTEJIBHOM BJIIAKHOCTH BO31yXa pCHIWJI BCKUIIATUTH BOLY B JaHUKE.
TennoéMKoCcTh Ccyxoro Bo3ayxa mocTtosHHa W paBHa ¢ = 1 k/Dx/kr - K, miorHocTh cyxoro
BO3JIyXa IOCTOSSHHA M paBHa p = 1,2 kr/m3, yHuBepcambHas ra3oBas IOCTOSHHas R =
8,31 /Ixx/K - MoJsib, ynenbHas TemioTa mapoodOpaszoBanus Boabl L = 2,3 M/bx/kr. KII/] Takoro
YBJIQXKHUTCIIA, OHpGI[CJIHCMBIfI KaK O0Ji1 DHCPIrur, uayuas Ha UuCrnapCHuc BOJAbI, OTHOCUTCIILHO
noTpedsieMoil yaliHUKOM 3Hepruu, paBeH 46%. I'paduk 3aBUCUMOCTH JaBJICHUS HACHIIIEHHBIX
BOJSIHBIX IapOB OT TEMIIepaTypbl IpenocTaBieH Ha Pucynke. Omnpenenute, Npu KaKHX
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Pusuka 10 kiaace

TEeMIepaTypax B KOMHATE TaKOW YBIQ)KHUTENb Oy/IeT YBETUYUBATh OTHOCUTENIbHYIO BIaXKHOCTD B
KoMHaTe. TermoéMKOCThIO CTEH, M0JIa ¥ MOTOJIKa KOMHATHI TPEHEOPEUb.
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3aoaua 5. I1y3p1pEK ¢ a30TOM HAXOIUTCS B BOJIE, IaBJICHWE B KOTOPOU B 00JIACTH PACTIONOKECHHS
Iy3bIpbKa MOXKHO IPUHATH paBHBIM atMocepHomy. Panuyc my3bippka paBen 0.5 cm. Ouenure
9acTOTy C(epHyecKU-CHMMETPHYHBIX KojeOaHul (OpPMBI MY3bIpbKa, COMPOBOXKIAEMBIX
U3MEHEeHHeM ero oobéma. D dexkramu, CBI3aHHBIMU C BCIUIBIBAHHEM ITY3bIpbKa IO/ ACHCTBHEM
CUJIBI ApXuMeia, mpeHeOpeyb.
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Pusuka 10 kiaace

10 xiacc. Pemenus.

Kaxnas 3amaua onienuBaercs B 20 6aminoB, Bcero 5 3amad, cymma 6amioB paBHa 100. Pemenue
KOKIOW 3aauyd COCTOUT M3 HECKOJIbKHX IIaroB, COOTBETCTBYIOIIEe pa30ueHune 1o Oamiam
MIPUBEJICHO MOCTIE PEIICHUS KaXI0W 3a/1auu.

3apaya 1. KuHematuKa.
Ycnosue (Jlyscnoe Anekceir Cepzeesuu) (20 6annoe). Koneco paguycoMm R Katurcs 1o

TOPU30HTANIBHON JTopore 6e3 MpoCKalb3bIBaHUA C MMOCTOSIHHOM ckopocThio V = /2Rg, rne g —
yCKOpeHHe cBOOOJHOro najgeHus. Ha moBepXHOCTH KauyeHUs Kojeca MMEETCsl MaleHbKas Karuis
KpacKu, KOTOpas B HEKOTOPbII MOMEHT BPEMEHHU OTJIETAET OT Kojeca. Ompenennure Ha Kakyro
MaKCHMAaJIbHYIO BO3MOKHYIO BBICOTY OTHOCUTEIIBHO 3€MJIM CMOXKET ITOAHATHCA AaHHasA Kars. Ha
KaKOM pacCTOSHUU OT TOYKH OTJIETa MPU3EMIIUTCS JaHHas Karisd B 3ToM ciydyae? CuuTaiite, 4To
00paTHO Ha KOJIECO KaIlJIsl ONACTh HE MOXKET, TOCKOJIbKY OHa B MOJIETE YXOAUT U3 €r0 INIOCKOCTH
(HO B OCTaJbHBIM 3THUM JIBM)KEHUEM I10 ITOTIEPEUHOM HaNpaBICHUU MOKHO ITPEHEOpEeyb).

Pewenue.

1) OTmeTuM, YTO MpHU IBWKEHUU KoJjieca 0e3 MpOCKaIb3bIBaHUS ITOJHAsS CKOPOCTh
Kanejab KPacKu CKJIAJbIBACTCS M3 BEKTOPHOM CyMMBI MOCTYNATEIbHOW CKOpocTH V U
BpalaTeIbHOU CKOpOCTH WR = V.

2) Tenepp ompenenrm Ha KakOM MaKCHMaJbHOM pACCTOSHUM IO OCH Yy MOXET
OKa3aThCs KA Kpacku. /st 3Toro pacCMOTPUM MPOU3BOJIBHYIO TOUKY:

V

0

Bpewms nogbemMa 10 BepxXHe TOYKU COCTaBUT:

Vy Vsin(90 —¢) Vcoso

4
g g g

noj
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duzuka 10 kaace
BricoTa moaséMa OTHOCHTEIHLHO TOYKH BBIJIETA:
2 2 2 rna?
W (Vcosg)® Vecos® o
29 29 29

Bricora noabEMa OTHOCUTEIBHO IIOBEPXHOCTHU:

_ V2 cos? ¢ _ V2(1 — sin? @) _
H=h+R(1+sing) = + R(1 +sing) = + R(1 + sing)
29 29
He cnoxHo 3aMeTHUTh, 4TO 3TO KBaJpaTHOE YpaBHEHUE OyJeT UMETh MAaKCUMYM TIpU:
) gR 1
sing =— ==
PTVET?
[TosryunM, 4TO MakcUMallbHas BHICOTA OIBEMA OTHOCUTENHHO 3€MJIM COCTaBUT:
H = 2,25R
3) Teneppb onpenenuM paccTosTHUE, KOTOPOE MPOJIETUT MO OCH X AaHHas Karuid. s

3TOT0 HaM HeoOX0IuMO Oy/IeT HaATH BpeMs MaeHHsI KAl OT BEpXHEH TOUKU 10

3C€MJIN:
2H 4,5R
s

Paccrosane 1o ocu X MMOJTY4YUTCA:

4,5R 1,5R
Sy = Vituon = (V +V cos(90 — go))(tml + tnoﬂ) =15V 7 + 7
_3(3+v3) °
2
4) Tenepp onpenenum nepemMenieHrne TaHHOW Karid OT TOYKU OTPhIBA OT KoJieca 10

TOYKHU MMPU3CMIICHUS:

ISyl = R(1 + sing) = 1,5R

L= |sz+52=725R

Pazoannoexa.

Vkazano yCIIOBHE IIBUKEHUSI 0e3 | 1 bayuta
MPOCKAIIb3BIBAHUS

BepHo ykazana BeKkTOpHasi cymMMa CKOPOCTH | 2 Oayia
MOCTYNATEILHOTO u BpaIlaTeIbHOTO
IBIDKEHHUS TOYKH Ha KOJIECE

Bcepoccuiickasi oimMnuana mMKoJILHUKOB « Bbicmiast mpoda» 2024, 2 stan



Pusuka 10 kiaace

Hailinena mnpoeknus mOTHOW cKopocTH Ha | 2 Oamia
BEPTUKAIBHYIO OCh
3anucana Qopmyna BBICOTHI Moxbema mpH | 1 Oamn
OAJUTMCTUYECKOM JIBUKEHUU
3anucana ¢opmysa BBICOTHI MOJbeMa Kary | 3 Oamna
OTHOCHUTEJIBHO 3€MJIM B 3aBHCUMOCTH OT
OJIHOTO MapaMeTpa

[IpaBunbHO oOmpeneneH MakCUMyM 23Tou | 3 Oaia
byHKIIIHN
[IpaBunbHO  ompenmeneHa  MakcUMajbHas | 2 Oayia
BBICOTA MO IbEMA KaIlIN
[IpaBunbHO ompeneeHo CMEIIeHHuEe Mo OcH X | 3 Oayuia
JUTSI Karuin
[IpaBUIIBHO OMpEAETICHO PACCTOSHUE OT TOUKH | 3 Oanna
OTpBIBA J0 0 TOYKH NNPU3EMIICHHS

3afa4a 2. dN1eKTpr4ecTBO.

Ycnosue (Vlyycnoe Anekceinr Cepzeesuu) (20 6annoeg). Vimeercs RC-koHTYp, cOCTOAIIUN U3
MJIOCKOTO KOHJIEHCATOPa U PE3UCTOPA C IMMOCTOSIHHBIM cotpoTuBieHreM R. Eciu BHYTpb 1aHHOTO
KOHJICHCATOpa MOMECTHUTh IUIACTHUHY, MPOMHUTAHHYIO STHJIOBBIM CIHPTOM C IAUAIEKTPUYCCKON
MPOHUIIAEMOCTBIO €1 = 27, TO XapaKTEPHOE BpEMS Pa3psAIKH YBEIHMUHUTCS BliBoe. ONpeaenTe BO
CKOJIBKO Pa3 U3MEHHUTCS XapaKTEPHOE BpeMs pa3psKy KOHIEHCATOPa, €CIIA TTIOMECTUTh TaKyIO JKe
MJIACTHUHY B TO K€ MOJIOKEHUE, MPOMUTAHHYIO BOJOU C AUDIICKTPUUECKOU MTPOHHUIIAEMOCTBIO £y =
81. CuuraTh, YTO TONIIMHA T[UJIACTUHBI COBMIANAeT C PACCTOSHHUEM MEXIy OOKIaaKaMu
KOH/JIEHCATOPA.

Pewenue:

1) OTMeTuM, 4TO XapakKTepHOE BpeMs pa3psakd KOHAEHcaTopa BhIpaxkaercs, kKak T = RC.
Tak kak Bpems NOMEHSAJIOCh HE B 27 pa3, TO IUIACTMHA 3aHMMAET HE MOJHYI IUIOLIalb
KOHJICHCATOPA.

2) Ecnu TonmmHa IUTacTHHBI COBIIAJAET C TOJIIMHOW KOHAEHCATOpPA, TO YaCTUYHO
3aIOJIHEHHBIN KOHJIEHCATOP BCErJa MOXHO MPEICTaBUTh, KaK MapalljIeIbHOE COSAMHEHUE MEXIY
3aIMI0JTHCHHBIM KOHJACHCATOPOM U HC3AaITOJITHCHHbBIM:

3) IIycts S — muomanp TUIACTUH KOHAEHCATopa, a d — pacCTOsSHHE MEXAy OOKIJIaJKamMHu
KoHAeHcaTopa. Onpenenum miomans S;, KOTOPYIo 3aHUMAaeT MJIaCTUHA B KOHACHCATOpE:
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Pusuka 10 kiaace

&oS

C =—
d
2505 81505‘1 80 (S - Sl)
2C = =C+C, = +
d v d d
S1=5/(e1—1)
4) Tenepsb onpenenum EMKOCTb JIs Cllydasi, KOrJa MJacTUHa TPONUTAaHA BOJIOM:

CHTOI" = C3 + CZ =

E,E0S EN O & t+e—2 107
2£1+ o(d 1):(2 1 )C=—Cz4,1C

g —1 26

5) [Tonydaercs, 4To EMKOCTh KOHJEHCATOPA YBEINUYUTCS B 4,1 pa3a, 3HAUUT U BpeMs
pa3psaaku Toxke yBenuuuTcs B 4,1 pasa.

Paszoannoeka.

[IpaBmibHO OTMEUYEHO, YTO XapakTepHoe | 2 Oamia
BpeMsl pa3pslKd  KOHJEHCAaTOpa 3aBUCUT
JINHEMHO OT EMKOCTH

[IpaBunbHO OTMEUYEHO, YTO KOHAeHcaTop | 1 Gamn
YaCTUYHO 3aM0JHEH MIaCTHHOU
[IpaBumbHO  OTMEYEHO, YTO  YacTHUYHO | 2 Oayuia

3aM0JITHEHHBIN KOHJACHCATOP MOXHO
MMpeaACTaBUTH, KaK MapajuI€IbHOC COCANHCHUC
KOHACHCATOPOB

3anucana ¢hopmysa II0CKoro KoHAeHcaTopa | 3 6amia
[IpaBunbHO  ompeneneHa  Kakas — 4acTh | 2 Oayuia
KOHJICHCATOPA 3aI0THEeHA TIIACTUHON

Bepno Beipaxkena éMkocTh i | ciydas 4 Ganna
BepHo BbIpaykeHa EMKOCTb ISl 2 ciiyyast 4 Gayna
WToroBeiii OTBET 1711 BpEMEHU 2 Oamna

3afa4a 3. dn1eKTpr4ecTso.

Ycnoeue () (20 6annoe). dnexrpuueckas cxema COCTOMT U3 MOCJIEAOBATEIbHO COEIUHEHHBIX
mexay coboit ucrounnka ¢ 9J{C € = 10 B, conporusnenuss R = 300 KOM, u xoHzneHcaropa ¢
IUTOCKUMH TUTacTHHAMU. [Lmomane miacTul coctapiseT S = 1.13 M?. OfHa U3 TUIACTHH MOYKET
COBEpIIaTh MOCTYMATEIbHOE MEPUOIUYECKOEC BO BPEMEHU IBUKCHHE OT/K MPOTHBOIIOJIOKHON
MJIACTUHBI TIOJT BO3JACHCTBHEM IMPOXOIAIICH 3BYKOBOW BOJIHBI, TaK YTO PACCTOSHHE d MEXIY
IUIACTUHAMU TIPU ONpeAeTIEHHONM MHTEHCHMBHOCTH 3BYyKa 3anaércs BoipaxkeHueM d = dy(1 +
a cos(wt)), rae dy = 1MM, cTeneHs OTKIIOHEHHS OT PABHOBECHOIO MOJOXKEHUS [IACTHHBI @ =

0.1, w — uKiIM4Yeckas 4yacTtoTra 3BykKa, t — BpeMsa. Kaxoe Teruio OyaeT BBIAEIATHCSI Ha
b b
pEe3UCTOpPE, ECIM JIMHENWHAS 4YaCTOTA 3BYKOBOM BOJIHBI COCTABJISIET
1. 10 I'm?
2. 10 xI'1?
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Pusuka 10 kiaace

Pewenue:

Jns  pemeHuss 3amadd  3aMETAM, 4YTO HCCIEIyeMble TEepHOAbl KOJCOaHWH IJIACTUHOK
KOHACHCATOpa CUJIBHO OTJIUYAKOTCA B PA3HBIC CTOPOHLI OT THUIIHWUYHOI'O BPCMCHU pClIaKCallun
cucteMbl T = RC =3 mc: T (10I'm) = 100 mc, T(10xI'1r) = 0.1 mc.

[Tpu MeasieHHOM KoeOaHUM MJIACTUHKHU, TAKUM 00pa3oM, MOXKHO CUATATh, YTO B KaX/IbIii MOMEHT
BpPEMEHU CHCTEMa HAXOIUTCS B DJIEKTPUYECKOM PaBHOBECHHU. B cTariioHapHOM NPpHOIMKEHUH JTS
ONpeceHnsT TOKAa, TEKYIIEro 4Yepe3 PE3UCTOP, MOXKHO CUMTaTh, 4YTO Ha KOHACHCATOPE
Hanpsbkenue pasHo D/1C Oarapeiiku. B Takom ciydae 3apsin Ha oOki1aakax

S€,
do(1 + a cos wt)

q=CE= €

£SE,

7 (1 - acoswt), naa9 MaIbIX
0

Toraa Tok, IpOXOIAIIUN Yepe3 pe3UCTOP, PABHBINM IPOU3BOIHOM OT 3aps/ia, PaBeH:
€ESE
I =

0 .
——awSsinwt
do

A BbIZIENIIEMast HAa PE3UCTOPE MOIIHOCTh Oy/IeT paBHA

€S€ \*
P = (— aa)) sin? wt R
dg

[Tpu ycpenHeHuu 1o nepuoay rnoixydaem OTBET JJIs IEPBOTo MYHKTA 3a/1auu:

(sseoaw>2

0

2

[pu ObICTPOM JBMIKCHUU OOKIIAJIOK CHUCTEMa He OY/IeT HaXOAUThCS B PABHOBECHOM COCTOSIHUU B
KaX/IbIii MOMEHT BpeMeHH. [1Jis1 ObICTPOro rnepeMerieHuss MOXXKHO CUMTaTh, YTO MEHsSeTCs cllabo
3apsi1 Ha KoHjercarope: q(t) = qo + B(t). Toraa MOIHOCTH Ha KOHAEHCATOPE MOKHO MOCUUTATH
KaK

<P>= R=6-10"8Br

UZ
p=-2
R
I'ne
q(t) dy(1 + a cos wt)
Up= E——2=E— t =
R C (CIO + B( )) S€,
_¢ Qodo qoa coswt + B(t) + B(t)a cos wtd
T SE, S €, 0

[lepBbie nBa wieHAa CYMMBI COKpamaroTcs Mo ompeneneHuio dy. I[locmenHum uineHoM,
€CTECTBEHHO, MOXKHO MpeHeOpeyb u3-3a ero Manoctu. Toraa HampspKeHHe Ha pe3ucTope Oyaer
ONpPENENAThCA KaK

Bcepoccuiickasi oimMnuana mMKoJILHUKOB « Bbicmiast mpoda» 2024, 2 stan



Pusuka 10 kiaace

qox cos wt + B(t)
Ugr = — 0
S €,

bbuto OBl 3710pOBO BBIKMHYTH BTOPOW WiIEH BbIpakeHHs. sl 3TOro Hy>KHO IOKa3aTh, 4TO
B(t)/qo K a. OueHuM, Kakoi 3apsia MOXKET CTEUb ¢ KOHJICHCATOPA Yepe3 PE3UCTOp 3a MEPUO/T
Kosiebanuii cucremsl. [Ipeamnonoxum, 4ro G6arapeiika OTCYTCTBYET M KOHIEHCATOpP 3aMKHYT Ha
cebst uepes pesuctop. Torna Tok uepe3 pe3ucTop MOKHO OLEHUTH CBepXy Kak £/R, a 3apsan kak
€/R -1/ f =3 -107° K. Ilpu stom, gy @ = 1078 K. B Takom ciydae, unenom f(t) MokHO
npeHeOpeys A pacuéra MOIHOCTH. Toraa

2

d0> /R

b Ur (qoa cos wt

R S&
U cpennsis MOLTHOCTD Pe3UCTOpa JJIsl BTOPOTO IMyHKTa

(Ea)z
< > T

Paszoannoeka.

[ToncunTano Bpems penakcanyu CUCTEMBI 2 Oamna
SBHO yKa3aHO NMPUMEHEHHE HCIOJIb3yemoro | 4 Gara
NpUOMKEHUS IS PEIICHUS TIEPBOTO MYHKTa
3aJ1a4uu

SIBHO yKa3aHO TPHMEHEHHE HCIoNb3yemoro | 4 Oamia
NpUOIKEHUS JUISl PEIIeHUs] BTOPOTO MyHKTa
3a/1auu

OmpeneneHa  3aBUCMMOCTh  3apsjga  Ha | 2 O6amia
KOHJIGHCATOpE WM TOKa 4Yepe3 pe3UucTop OT
BpPEMEHH ISl IEPBOTO MYHKTA 3a/1a4u
OmnpeneneHa MOIIHOCTh, BbIAeNsseMas Ha | 3 Oama
pesuctope (MrHOBEHHAs WM CpEaHss) B
MEPBOM NYHKTE 3aJa4

OmpeneneHo HanpsDKEHUE HAa pe3ncTope s | 2 6amia
BTOPOTO MYHKTA 3aJa4u
OmpeneneHa MOITHOCTh, BbIAeNsAeMas Ha | 3 O6amia
pesuctope (MrHOBEHHas WM CpPEIHSSA) BO
BTOPOM MYHKTE 33]ja41

3apaya 4. MKT.

(Vlysrcnoe Anekceir Cepzeesuu) (20 oannog). CtyneHt Anexceld, HaXOIAIIUNUCS B 3aMKHYTOU
TEIUIOM30JIMPOBAHHON KOMHATE, Ul YBEIMUYEHHUs] OTHOCUTEIbHOH BIQXKHOCTU BO3JyXa PEIINII
BCKUIISITUTH BOJY B HallHUKE. TermnoéMKOCTh CyX0ro BO3yXa IocTosiHHa U paBHa ¢ = 1 K/[K/Kr -
K, mIOTHOCTH CyXoro BO3jyXa IOCTOSIHHA M paBHa p = 1,2 Kr/m3, yHnuBepcanbHas rasopas
nocrosHHas R = 8,31 [Ixx/K - Monb, ynenpHas Temora mnapooOpa3oBaHust Boabl L =
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2,3 M/lx/kr. KIIJI Takoro yBiIaXHUTENS, OMPENSIAEMbI Kak [OJISI DHEPruu, WAaymias Ha
UCIIApEeHHE BOJbI, OTHOCUTENBHO MOTpeOssieMoil YaillHMKOM sHepruu, paBeH 46%. ['padux

3aBUCHMMOCTU JAaBJICHHUA HACBIONICHHBIX BOASAHBIX IIAPOB OT TEMIICPATYpPbl NPCAOCTABJICH Ha

Pucynke. Omnpenenute, NMpu KakuxX TeMIIeparypax B KOMHATE TaKOW YBIAKHUTEIb OyIeT
YBCIUMYNBATh OTHOCUTCIIbHYIO BJIAJ)KHOCTHL B KOMHATC. TenmoéMKOCTRIO CTCH, I10JIa U IIOTOJIKa
KOMHATHI IPeHEOpeYb.

2.2 } ARSIE A
2 | /
1.8 | /
1.6 1 7
1.4 1 7
1.2 1
1 //
0.8 1
] teC
2 4 6 8 10 12 14 16 18 2
Pewenue:
1) OTHOcCHUTENbHASA BIAKHOCTh BO3AyXa BhIPAXKaeTCsl, KaK:
Pen.(T)
o =———<-100%
pHaC.H.(T)
2) [Tpu pabGoTe mcnaputesns MPOUCXOAUT Cpasy JiBa Ipolecca: UCIAapeHHe BOAbI U

HarpeB KoMHaThI. McapenuemM Bojbl 0e3 KUIIEHUs MOXHO TpeHeOpeyb, TaK Kak BOJa U3
yailHuka Oe3 KWIIeHHs ucnapsercs MeajeHHo. Tak Kak HpuU pPOCTe TeMIepaTypbl
MPOUCXOAUT U POCT MJIOTHOCTU HACBIIIEHHBIX BOASHBIX MMAPOB, TO HAYMHASA C HEKOTOPOU
TEeMIEPaTyphbl YBETUUYEHHE IIIOTHOCTH HACBILEHHBIX BOJISHBIX ApoB OyIeT Ooublie, ueM
YBEJIMUEHUE TUIOTHOCTH BOJSIHOTO TMapa B KOMHATE€ M OTHOCUTEIbHASI BIAXKHOCTH OyleT
YMEHbILATHCA. 3aluileM ypaBHEHHsI TEIJIoro 0anaHca JJis JaHHbBIX MTPOLIECCOB:

LAp, .V =nNAt
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10 xxacc
cpVAT = (1 —n)NAt

Apen. _ P
AT L(1—mn)

B sTux ypaBHEHHSIX MbI IPEeHEOPErIN TEIIIOEMKOCTBIO BOASHOTO Mapa, Kak Majyko JI0JI0

OT TEIUIOTHI ApPOOOPaA30BaAHMUS.

3) Tenepp Bocmosib3yeMcs ypaBHeHHMEM MeHnaeneeBa-Kianeiipona mig nepeBoaa

IIJIOTHOCTH B JABJICHUC!

PV = vRT
p=Lgrr
u
AP Ap,. RT

AT~ AT

_ RTcpn
po pl(1—mn)

Jaunbiii ko3QduiMeHT yria HakiIoHa Tpaduka COOTBETCTBYET Temmeparype mnopsaka 5°C.
3HayuT mpu Temreparype Hke 5°C yBIaKHUTENb BO3ayXa OyIeT MOHMXKATh OTHOCHUTEIHHYIO

BJIAJKHOCTh BO3/1yXa.

Pazbannoeka.
Otmeuena MpUYMHA MOHWXeHus | 3 Oanna
OTHOCUTEJIbHOW  BJIQXKHOCTH Tpu pabote
YBIIKHHUTEIIS
3anucaHo ypaBHEHHE TEIUIOBOrO OanaHca npH | 4 Gama
HarpeBe KOMHAThI
3anucaHo ypaBHEHHE TEIJIOBOro OaiiaHca mpu | 4 6ania
KHUIIEHUH BOJIBI
3amnucaHo yYpaBHEHHUE MenneneeBa- | 2 6amna
Knaneiipona pans mnepeBoja IUIOTHOCTH B
JaBJICHHE
[IpaBunbHO ompeneneH ko3 duiuent yria | 4 Gamna
HakJIoHa Ui rpaduka  JaBIEHHUS  OT
TeMIIepaTypbl
OtBet nomnain B auamnasoH [3 — 7]°C 1 6ann
OtBer nomnain B auamna3oH [4 — 6]°C 2 bayuta

3apaya 5. MexaHuKa.

Ycnoeue (Bepzenec Cepzeii Cepzeesuu) (20 6annog). 11y3bipék ¢ a30TOM HaXOIUTCA B BOJE,
JaBJIeHUE B KOTOpPOM B 0OJaCTH pACIONOXKEHHS IMy3blpbKa MOKHO MPHUHATH PaBHBIM
atmochepHomy. Pannyc my3bipbka paBeH 0.5 cMm. OnieHUTE 4acToTy c(hepruiecKH-CHMMETPUYHBIX
KojeOaHuit (OpMBI IMYy3BIPhKA, COIMPOBOXKIAEMBIX H3MEHEHHEM ero o0béma. Dddexramu,

CBA3aHHBIMHU C BCIUIBIBAHUCM ITY3bIpbKa IO ,Z[GI>'ICTBH€M CHJIBI ApXI/IMGI[a, HpGHGGpG‘-IB.

Pewenue: JIns pemenus 3agaun OyJIeM IMOJIb30BaThCSI METOJAOM Pa3MEPHOCTEH. 3aMETUM, YTO
OTBET MOXeT (HO He 00s13aH) 3aBUCETh OT CICAYIOIINX BEUYMH: PAJUYC MYy3bIPbKa I, TNIOTHOCTD
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Pusuka 10 kiaace

a30Ta pPy,, TWIOTHOCTb BOIBI Pp,o, ATMOCHEPHOE JABIECHUE Dgtm, MOBEPXHOCTHOE HATSKEHHE
BOJIbI 0, YCKOPEHHE CBOOOTHOTO TA/ICHUS g.

W13 Takoro Habopa mapaMeTpoB MOYXKHO COCTaBHUTh CKOJIBKO YTOJHO OOJIBIIIOE KOJTMYECTBO YHCET C
Pa3MepHOCTHIO YaCTOTHI. 3aMETUM, OJTHAKO, YTO HEKOTOPBIC MMapaMeTPhl HE OKA3BIBAIOT BIIHMSHUS
Ha PE30HAHCHYIO YacTOTy KojeOaHWs TMy3bIpbka. JleHCTBUTENBHO, YCKOpPEHHE CBOOOTHOTO
naJicHus JEHCTBYET Ha BCE YaCTHU CHUCTEMBI OJMHAKOBBIM 00pa30oM M HE OKa3bIBACT BIIMSIHHS Ha
YacTOTY KOJIeOaHUH. AHATOTHYHO, TTOBEPXHOCTHOE HATSHKEHUE HE OKa3bIBaeT 00bmIoro 3ddexra
HA PE30HAHCHYIO YacCTOTy KoJieOaHWid, KOTOpas OIpeaemseTcsl Kak OallaHC KUHETUYECKOW W
MOTEHIMATHFHON SHEPTHH JBM)KEHUS BOABI B IpoOIlecce KOJICOaHUs. DHEPTrus MOBEPXHOCTHOTO
HATSDKCHUSI, B TICPBOM TMPUOJMKEHUHM, HE BHOCUT BKJIAJ B TOTEHIUATBHYIO DHEPTHIO BOJIBL
[1OTHOCTH a30Ta MpH 33JJaHHOM JIaBJICHUU M paJinyce My3bIpbKa TaKXKe HE JIOJDKHA OKa3bIBaTh
BIIMSTHUS HA 9aCTOTY KOJIEOAHUI: NeHCTBUTENBHO, KOJCOMIOMIMMCS OOBEKTOM B 3a7aue sSBISETCS
MMEHHO BOJIa, & B KaueCTBE CHJIbI, 3aBUCAIICH OT 00OOMEHHON KOOPAMHATHI B KOJICOAHMSX,
BBICTYIIACT W3MEHSIOIIEECS MPOU3BEACHHUE [aBICHHUS IMy3bIpbKa HA €ro IUIOMIa[lb; IpH
MOJIMTPOITHOM  TIpoliecce KoyeOaHusl TMy3bIpbka (aaua0aTHYeCKOM WIH H30TEPMHYECKOM)
NaBlieHNe U 00BbEM IMy3bIpbKa CBS3aHBI APYT ¢ APYroM 0e3 ydacTHsl IJIOTHOCTH ra3a (Gpopmylioi
tuna pV™ = const.

Takum 00pazom, OTBET JOJIKEH 3aBUCETh TOJBKO OT IJIOTHOCTH BOJIbI, aTMOC(HEPHOTr0 aBICHUS
U pasnyca Iy3bIpbKa.

3amnuiieM ypaBHEHUE HAa Pa3MEPHOCTH:
— a B
f_k'szO 'patm'ry
I'ne k — HEeKOTOPBIH YMCACHHBIH KOA)PHUIUEHT MOPSAIKA STUHHIIBL.

HNHuaue, ypaBHEHNE MOXKHO 3aIIUCaTh KaK YPABHEHUE HA Pa3MEPHOCTH BXOASAIIUX B HETO BEJIMYMH:

MmB
- €
C 3 2 M
M M

3anuceiBasi ypaBHEHUE HA PABEHCTBO CTEMEHEH y COOTBETCTBYIOIIMX pa3MEPHOCTEN (C, M, KT),
MOJIy4aeM CUCTEMY JIMHEWUHBIX YPaBHCHUM:

—1 = —2p, 15 ceKyHAbI
0 = —3a — f + vy, n1a MeTpa
0 = a + [, a5 KUJIOrpaMMa

Pemas sty cucremy, noimydaem

- 1/2 -
f:kp 1/2H20 'pa{m'r 1

[Ipeanonarasi, 9T0 YHCICHHBIH KOI(P(GUIMEHT CIab0 OTIMYAETCS OT €AWHUIIBI W TOJCTaBIISS
W3BECTHBIC BEJIMYUHBI JIsI aTMOC(HEPHOTO JaBJICHUS, IUIOTHOCTH BOJBI M pajunyca Iy3bIPbKa,
MOJTy4acM OTBeT:

f = 2000 Tn

Pazoannosxa.

OmnucaHbl Bce TMapaMeTphl CHCTEMBI, OT | 3 Oamta
KOTOPLIX 3aBUCUT OTBCT
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dusuka 10 knacc
W3 MHOKECTBa OMCAHHBIX TAPaMETPOB BepHO | 5 Oaisios
1 000CHOBAHHO BHIOpaHBI TPU MapameTpa, OT
KOTOPBIX 3aBUCHUT OTBET
3anucana cucrema ypaBHEHUH st | 5 Gamma
MOKA3aTeNIel CTENEHEN 3aBUCUMOCTH
[Tony4yeHo pemieHre cucTeMbl YpaBHEHHM Ha | 2 Oaia
MOKA3aTeNN CTENECHEN
ITony4yeHa BepHasi 4MCICHHAs OLEHKA OTBeTa | 5 OaysioB
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