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8 ki1acce

BO3MOXHBIE PEHHEHUSA U KPUTEPUU ITPOBEPKH

8.1./lopora Ha nauy

BocbMuKiacCHUK CKOHCTPYHpOBaJI yCTPOUCTBO, KOTOPOE YMEET U3MEPATh CKOPOCTh
JABW)KCHHUSI U OIpPENEeNsITh OCTaBIIeeCsS BpeMs JBIDKEHHUS 10 KOHEYHOTO IYHKTa B
MPEIOJIOKEHNH, UTO AaJIbHENIIee IBUKEHNE OyAeT MPOUCXOIUTh C TOW CKOPOCTHIO,
C KOTOPO# JBIKEHHE TIPOUCXOANUT ceifuac.

[Ipsimast mopora Ha mady COCTOMT U3 TpPEX YYacCTKOB C JOPOXHBIM TMOKPHITHEM
pa3janYHOro KauecTBa. B Hayasle mepBOro ydactka JBHKEHHE MPOUCXOAMUT CO
CKOPOCTBIO 0, BpeMs JIBIDKEHUS O KOHEYHOTO MYHKTA MO MOKa3aHMUSM YCTPOWCTBA
paBHo 71. Ha BTOpoM y4acTke CKOpOCTh JBIKEHHS CTasla paBHa Ko, IpU ATOM B Hauae
BTOPOTO y4yacTKa YCTPOMCTBO OMNpPEAENNIO, YTO BpPEeMs JABIKEHHUS 1O KOHEYHOIO

v
MyHKTa paBHO 7. Ha TpeTheM ydacTke CKOpOCTh ABHKEHUS CTAlla PaBHA -, M B HAYaJIe

TPETHEr0 Y4YacTKa YCTPOMCTBO ONPEACIIWIO, YTO BpPEMs IBHKEHUSA 10 KOHEYHOI'O
IIYHKTa paBHO 73.

Onpenenure:

- paccTosiHME OT HAYaJIbHOTO IMyHKTA 10 KOHEYHOTO S;

- BpeMs ABWKEHUSA OT HAYAJIbHOT'O IIyHKTA 10 KOHEYHOTO {.



Bo3moskHoe peuienue:
Onpenenum paccTosiHuE MEXAY HadadbHbIM U KOHEUHBIM ITyHKTaMU

S =V Tl' (1)
JlnuHy mepBoro ydactka 00o3HauuMm |y, Bpemsi nBrkeHust Ha HEM t;. DTH BeIHMYHHBI
CBSI3aHbI BEIPAKECHUEM

ll =V tl' (2)
3anuiieM aHAIOTHYHBIC BBHIPAXKCHUS /IS CBSA3H JUIMH BTOPOI'O U TPETHETO YYacTKOB |,
u |31 BpeMEH aBMKCHMS HA HUX 1) U t3

lz =kv- tz, (3)
)] )]

l3=E't3=E'T3. (4)

BblpaBI/IM JAJIMHBI YYaCTKOB 4C€PE3 IMOKA3aHU s YCTPOﬁCTBa
l1=S—kU'T2=U'T1—kU'T2; (5)

v
l2=S_l1_l3:U'T1_U't1_E'T3. (6)

N3 Beipaxenutii (5) u (2) onpenenum 1y
t; =T, — kT,.
N3 Beipaskenuit (6) u (3) onpenenum t,
T3
tz = TZ - ﬁ

OnpenennM BpeMsl IBUKEHUS MEKIY ITyHKTaMH t

1
t=t1+t2+t3=T1_T2(k_1)+T3(1__2>

k
Kpurepuu nposepku

No Conepxanue bamn

1.1. | OnpeneneHO pacCTOSIHUE MEX1y Ha4aJIbHBIM U KOHEUYHBIM 0,5
NyHKTaMU, 3aicaHo BeipakeHue (1)

1.2. | JlnuHBI BCEX YYaCTKOB BBIPAKEHBI Yepe3 BpPeMEHa JIBIKCHUS U 15
ckopoctu (Beipakenus (2), (3) u (4)), mo 0,5 6aytoB 3a Kaxa0€

1.3. | AnMHBI Y4YacTKOB BBIP@XKEHbl 4Yepe3 IOKa3aHUsl YCTPOMCTBa 4
(BeIpaxenus (5) u (6)), no 2 Gaia 3a Kaxaoe

1.4. | BpeMs 1BM>KEHHS PaBHO CyMME BPEMEH JIBHXKEHHMM Ha y4acTKax 1

1.5. | Marematuueckue  mpeoOpa3oBaHus,  HampaBJCHHbIE  Ha 2
MOJIyYeHHE OTBETa (OLIEHUBAETCS B Clydae, €clivd MyHKThI 1.2 - 1.4
BBITIOJTHEHBI BEPHO)
tin 1o BepaskeHsl uepes 1 u To; (o 1 Gammy 3a kaxmoe)

1.6. | IlpaBunbHBIN OTBET 1




oM

Bo3moskHoe pemienue:

8.2.Ha nByx HUTHX

Ha aByx BepTHKaNbHBIX HUTAX OJIMHAKOBOM
JUIMHBI 3a Kpas TMOJBEIIEH OJHOPOIHBIHI
cTepxeHb Maccoll M. M3BecTHO, 4TO JeBast
HUTh BBIJIEP>)KUBAET MaKCHUMaJbHYIO
Harpy3ky 3Mg, a mpaBas — 5Mg. Ha
CTEpKEHb Ha HUTH NPEHEOPEHKUMO MaJIOU
MaccChl HY»KHO TIOJIBECUTH Ipy3 Maccoil 6M.
K xakuM TOYKaM CTEp>KHS MOXHO €ro
MOJIBECUTh, YTOOBI HE TMOpBaTh HUTH?
Onpenenute BO3MOXHBIE 3HAUYCHUS  X.
Jnuna crepxHs paBHa L. Maccel Hutein
MPEHEOPEKUMO MaJIbl.

PaccraBum CHIJIBI, I[GﬁCTBYI-OHlPIG Ha CUCTCMY «CTCPIKCHb + I'PYy3 Ha HUTHU)» U 3alIMIICM

YCIIOBHC ITOKOA

TJIeB + TnpaB = (M + 6M)g = 7Mg- (1)
HpaBI/IJ'IO MOMECHTOB OTHOCHUTECJIIBHO JIECBOI'O KOHIIA

L
Mg-§+6Mg-x=TnpaB-L. (2)
[TpaBUIO0 MOMEHTOB OTHOCHTEIBHO MPABOTO
KOHIIA
L
Mg-§+6Mg-(L—x)=THEB-L. 3)
JIns pemreHWs 3ajaudM  JOCTATOYHO A Inep Topas |
IBYX ypaBHeHUH. Mbl BeiOepeM (2) u (3).
N3 (2) onpenenuM cuily HaTS>KEHUS MPABOMN - X - M
HUTHU Trpas —
Mg x j
TnpaB = T + 6Mg Z (4) % Mg
U3 (3) onpenenuM Culy HaTsOKEHHs TIPaBOd oM
HUTHU Trpas
13Mg X
Thes = T2 6Mg Z ()
6Mg

[To ycrnoBurw 3agaum cuila HATSKECHHS

MPaBOil HUTH HE MOXET MpeBbIIAaTh Mg, MOATOMY UMEET HEPaBEHCTBO

Mg X
Thpas =—+6Mg-ZS SMg.

2

OTKy,)Ia HOJIy‘II/IM, YTO X JOJIKCH y,)IOBJ'ICTBOpHTB YC.HOBI/IIO
3
x <-L. 6
L ®

[lo ycnoBuio 3amaud cuja HATSHKEHUS JIEBOM HUTH HE MOXET mpeBbliaTh 3M(,

HO3TOMy UMECT HepaBeHCTBO
13Myg

JeB — 2

b
—6Mg-ZS 3Mg.



OTKy,Z[a IMOJIYYHUM, YTO X JOJIKCH YAOBJICTBOPATH YCIIOBUTIO

7
x = —L. (7)

12
N3 nepaBeHcTB (5) u (6) moaydaem OTBET
7 3
1 L<x< 2 L.
KpuTtepun nposepku
No CopepxaHue bann
2.1. | Pucynok ¢ cuiamu (1o 0,25 3a KaX1yro MpaBWIbHO YKa3aHHYIO C 1
TOYKOW MpUJIOKEHUs, HO He Oonee 1 6aina). OlieHnBaeMbIe
CWJIbI — CUJIbI HATSDKEHUSI KpAHUX HUTEH, CUIla TSHKECTU
CTEpP>KHS, CUJIa TSHKECTH rpy3a
2.2. | 3anucaHbl ypaBHEHUS: 2
- 6o (1) u (2);
- 6o (1) u (3);
- 6o (2) u (3).
ITo 1 Gamny 3a KaxkJ10€ ypaBHEHHE, HO HE OoJiee IByX 0aslioB
2.3. | BeipaxeHbI CHIIBI HATSKEHUS JIEBOM U MpaBoit HutTeH (mo 1 6ammy 2
3a KaXJIyI0)
2.4. | SIBHO 3amucaHbl HEpaBEHCTBa I cwil HaTspkeHusa (mo 0,5 3a 1
KaXXJ10€)
2.5. | [Toxyueno (6) 1
2.6. | [Tomyueno (7) 1
2.7. | Ilomy4yeH OTBET B BUJIE HEPABEHCTBA 2
7 3
v L<x< 2 L.

8.3.BbInie — HUKe
Ha moBepXHOCTH KHJIKOCTH C IUIOTHOCTBIO p JISKAT JIBa JIETKHUX IOPIIHS, TUIOTHO

m

m,

i 0

MPWIETAIOIINX K CTEHKaM COOOIIAIOIINXCS COCYIOB.
[Inomanp momepeyHoro ceueHus JIEBOro KoJyieHa S,
npasoro 2S. Korga Ha JeBbIi MOPIICHh MOMEIIAIOT
rpy3 Maccou Mp, a Ha MPABbIA — IPY3 Maccou My, TO
2S neswiit MOPILIEHb OKa3bIBACTCS BBIIIC MpaBoro Ha h.
Korma rpy3sl mnoMeHsiii MecCTaMH, TO IPaBbIi
HOPILEHb OKa3ajcs BbIle JieBoro Ha Sh. Onpenenure
Macchl Tpy30B. TpeHue Mexay NOPIIHAMU U CTEHKaM
COCYJIOB NPEHEOPEKUMO Mayo, KHUJIKOCTb HE

nojarekaeT. BricoTa 000oux nopiiHen Mana.
Bo3moxHoe pernenue:
PaccmoTpum 1niepBbId Ciiydai: Ha JIEBBIN MOPIIEHb NOMEIIEH I'Py3 MAacCor My, a
Ha MPaBbIN — IPy3 MacCoil My, U JIEBBIA MOPIIEHb OKA3bIBACTCS BBIIIEC MPAaBOTO Ha h.
3anMieM paBEHCTBO JABJICHHM B JIEBOM M IPABOM KOJIEHAX HA YPOBHE IPABOIO
HOPILIHS




mig myg
Parm + T + pgh = Parm + T (1)

PaccmoTpum BTOpOM Ciyyal M 3alMIIEM PAaBEHCTBO JABJICHUM B KOJIEHAX HA YPOBHE
JIEBOTO TIOPUIHS

myg m g
Parm + T = Parm T 29 + Spgh (2)
N3 3anmmcaHHbIX BBIpQXXEHUH MOTYyYUM
m g myg
) * ’;;‘l’ }; 25
2 1
5 55 + 5pgh.
N3 nonyyeHHOM CUCTEMBI YpaBHEHUN OMPEETNM MacChl
m,; = 2pSh;
m, = 6pSh.
Kpurepuu nposepku
No Conepxanue bann

3.1. | 3anucano ypaBuenue (1) 4
Ecnu ypaBHenue (1) B paboTe OTCYTCTBYET, a €CTh HEKOTOPBIE MPaBUIIbHBIE
YpaBHEHUS,

- HaﬁﬂeHO TOJIBKO AAaBJICHUC B JICBOM KOJICHC B ) KUAKOCTH Ha KaKOM-TO

YPOBHE 1
- HaﬁﬂeHO HAABJICHUC B IIPAaBOM KOJICHEC B JKUJIKOCTHU HA TOM K€ YPOBHC 1
- 3aIIMCaHO PABEHCTBO JIABJICHHI 2
[Ipumeuanue: 3a OTCYyTCTBHE aTMOC(HEPHOTO AaBICHUS OB

CHUMATh HE HAJIO.

3.2. | 3amucaHo vpaBHEHHE (2) 4
Ecnu ypaBHeHue (2) B paboTe OTCYTCTBYET, a €CTh HEKOTOPHIC MTPaBUIbHBIC
YpaBHEHUS,

- HaﬁﬂeHO TOJIBKO AAaBJICHHUEC B JICBOM KOJICHE B X KXUJIKOCTH Ha KaKOM-TO
YPOBHE 1
- HaﬁﬂeHO HAABJICHUC B IIPAaBOM KOJICHE B JKUJIKOCTHU HA TOM K€ YPOBHC 1
- 3aITMCaHO PABEHCTBO JABJICHUI 2
[Ipumeyanue: 3a OTCYTCTBUE aTMOC(EPHOrO JaBiieHUsS Oalibl
CHUMATh HE HAJIO.
3.3. | Onpenenena macca mp 1
3.4. | Onpenenena macca My 1




8.4. /IBa HarpeBaTeJf

B nabopatopun BOCBMUKIACCHUKH MPOBOJUIN OMBITHI MO ONPEICICHUIO YACIbHON
TEIJIOTHl MapoOoOpa3oBaHUsl KUIKOCTU. Bacsi B J1Be OJUWHAKOBBIE KOJOBI HAJIWII
OJIMHAKOBOE KOJMYECTBO OJIHOW KUJKOCTU KOMHATHOM TeMIepaTyphl, pa3MeCTUI UX
Ha JIBYX BKJIIOYCHHBIX HarpeBaTEeIsIX M CTal MCKAaTh WH(MOPMAIUIO I MPOEKTa TI0
¢usuke B uate GPT. Uepes npomekyTok BpeMeHHU 71 = 18 MUHYT OH OOHApYKWUJI, YTO
B NEPBOM KOJIOE MKUJIKOCTh KUIIUT, U Kakas-TO 4acTh €€ yKe Bhikumena. [Ipu stom
KUJIKOCTH BO BTOPOM KOJIOE OCTAaBaJIOCh TO YK€ KOJWYECTBO, YTO B Ha4aje OMbITA, U
oHa He kunema. OH CHsUI MEepBYIO0 KOOy ¢ HarpeBarens, a BTOPYIO KOJOy OBICTPO
nepecTaBuiI Ha NEPBBIA HarpeBaresab. Yepes MpoMeKyTOK BpeMEeHH 72 = 12 MUHYT OH
OoOHapy>KuJl, 4YTO BO BTOPOH KOJIO€ KUIKOCTh KUIUT, YaCTh €€ UCHapuiach, MpUIEM
KUJAKOCTH B 3TOM KOJOE OCTaloCh CTOJIbKO €, CKOJbKO B mepBoi. Ompenenute
OTHOILIEHHE MOIIIHOCTH MEPBOr0 HArpeBaTesl K MOIIIHOCTH BTOPOTO.

Teronorepu OTCYTCTBYIOT. TEMI0EMKOCTBIO KOJIO MpeHeOpeyb.

Bo3moikHoe pemienue:

[lepBbIit HarpeBaTesb 32 Bpemsi 71 = 18 MUHYT BBIJEIHI KOJIMYECTBO TETUIOTHI,
paBHO€ N1'71, KOTOPOE MOJHOCTHIO MOILJIO HA HATPEBAaHUE W UCMAPEHUE KUJIKOCTH B
NepBoil Kosoe

N1ty = cm(tun — to) + Myeq * T (1)

3necb N1 — MOIIHOCTH MEPBOTO HarpeBatreis, ¢ — yACNIbHAs TEIIOEMKOCTh
KUIAKOCTH, M — Macca XKUIKOCTH, Myc; — Macca MCHAPUBIICHUCS KUAKOCTH, Ly —
TeMIiepaTypa KUIEHUs KUJIKOCTH.

3a 3T0 BpeMsi )KUIKOCTh BO BTOPOM KOJIOE HarpeeTcs 0 TeMrepaTypsl b < tiy

N,.t; = cm(t, — ty). (2)

3nech N2 — MOIIIHOCTH BTOPOT'O HarpeBaTes.

PaccmoTpum HarpeBaHue BTOPOH KMAKOCTH Ha MEPBOM HAarpeBarelie B TCUCHUE
BpeMeHU 7 = 12 MUHYT, 3anuiieM aHanoruddoe (1) ypaBHeHue

N1.T3 = cm(tun — t2) + Myeq * 7 3)
Borutem u3 ypasaenus (1) ypaBuenue (3), moxydum
Nyt — Nyp.Tp = Cm(tm/m - tO) + Myen "7 — Cm(tlcnn - tz) — Myen " T
[IpuBenst mogo0OHbIE, TOJTYIUM
N,.1; — Ny.t, = cm(t, — to).
CpaBHUB MOJTYyYEHHOE BRIpaXKEHUE C (2) cienaeM BbIBOJI, UTO
N;.t; — N;.t, = N,.14. (4)

[locnennee BblpakeHUE MOTJIO OBITH 3alMCAHO Cpa3y: HayajJbHbIE COCTOSIHHE
00enx >XUAKOCTEH OJWHAKOBBI, KOHEUHbIC TOXE (MCHapwiach OJMHAKOBash macca),
CJIEIOBAaTENIbHO, TIOJYYEHHbIE OT HarpeBaTeled KOJIMYecTBa TEIUIOThl TaKkKe
OJINHAKOBBI, IOATOMY

Nl'Tl == Nz.T1+N1.T2. (5)
I/I?) IHOCICOHECT O BBIpa)KeHI/IH OHpeﬂeJII/IM OTHONLICHHUC MOH_IHOCTCI\/’I
Ny T

N2:T1_T2;
N, 18

= =3
N, 18— 12



Kpurepuu nposepku

No Conepxanue bamn
4.1- | Cpazy 3anucaHo ypaBHeHue (4) wiu (5)

4.4 |- ¢ obocHOBaHMEM (HAYaJIbHBIE COCTOSIHUE OOEHX KHUIKOCTEH
OJIMHAKOBBI, KOHEUHBIC TOXE (HCIapuiiach OJIMHAKOBAas Macca),
CJIEIOBATEIILHO, TIOJIYYCHHBICE OT HarpeBaTele KOJWYEeCTBa 7
TEILIOTHI TAK)KE OJUHAKOBBI)

- 0e3 000CcHOBaHHUS 5

4.5 | [lonmy4eHO OTHOILIEHHE MOUTHOCTEH
M_ _ & 1
N 11-7;

4.6 | [IpaBUIBHBIN OTBET 2
B Tom citydae, eciu moipoOHO OMUCHIBAIOTCS TEILUIOBBIE MPOIECCH ¢ 00EMMU
YKHIKOCTSAMU
4’.1. | 3anmucano ypaBHenue (1) 2
4’.2. | 3anucano ypaBHeHHe (2) 2
4°.3. | 3ammucano (3) 2
4’4, | B ypaBHeHusix (1) u (3) KOJIMYECTBO TEIUIOTHI, YIIEAIIEEe Ha 1

WCTIaPEHUE JKUJIKOCTH OJMHAKOBO
4’5, | IlomyyeHO OTHOIIICHHE MOIITHOCTEH 1
Ny 1q
N, T
4°.6. | [lpaBHIIbHBIN OTBET 2




