BoaMmoskHbIe peIIeHrd 3a1a4
9 xitacc
1-71 BapuaHT

3apgaua 1. Kpassl

PaccmoTpum Teroo6men B cmecutene. IIycTs n3 TpyOBI ¢ XOJIOTHOM BOHOM ITOCTYIIAeT IIOTOK M1, KI/C BOIBI C
temieparypoii T, a u3 TpyOsl ¢ ropssueil — m,, Kr/c ¢ remreparypoii T .. Tormga TeMmeparypy BoAbI, BEITEKAIOIIEH
M3 CMECHUTeIIsl, MO)KHO HAaiTH M3 YpaBHEHUs TeIJIOBOTO OayaHca g IIPOMeKyTKa BpeMeHH At:

myAtcT, + m AtcT, = (m, + m_)AtcT, (1)
Ifie ¢ — TEeIIO0EMKOCTb BoAbl. Berpaskas T, mosryuum

T = m, T, +mT,
m,+m,

C moMoIIbIo 3TO¥ OPMYJIBI 3AIIUIIIEM TeMIIepaTyphl, KOTJa KpaHbl OTKPHITHI Ha 2/3 1 1/4 1 Ha060pOT:

m;T, + m,T,

=30 °C,
m; +m, 3)
m,T, + mT, — 60°C
m; +m, ’
2 1
my = §M, m, = ZM' (4)

rae M — MakCHMasbHBIIN ITIOTOK BOABI B TpyOe. TpeGyercs HariTu TeMmepaTypy T~ BOJBI, BBITEKAIOLIEN U3 CMe-
CHUTeJId, €CJIM KpPaHbl OTKPBITh ITOJTHOCTBIO. B aTOM cityuae BblpaskeHue (2) ympoiraercs:
_ MT, + MT, _ T,+T.

2M 2

T*

(5)
W3 cucremsr (3) Mmo>xHO Haiitu otaenbHO Ty 1 T, HO MBI Cpa3y pacCMOTPHM CYMMY e€ JacTelt:

myT, +m,T, + myTy +my Ty _ (my +my)Ty + (my +my)T,
m; +m, m; +m, m; +m,

=T +T,=2T" (6)

[Tosyunay yIBOEHHYIO HCKOMYIO TeMIleparypy. 3Hauur, T " = %(30 ‘C+60°C) =45"°C.

OtBer: 113 cmecuresns 6ydeT BeITeKaTh Bofa Temieparypoit 45 °C.



3agaua 2. Hag mponacThio MI4u

Harigém, Kak cBI3aHO yCKOpeHHe IIIIaT(OPMBI C BBICOTOH cKarbl. OIpeesinM Bpe-
Ms IoJIéTa Msa4a. Msa4a 6pocaroT rOpH30HTAIBHO, 3HAUUT BePTHKAIbHAS IIPOEKIIH :
€ro CKOPOCTH B Hauajle ABIKeHUs paBHa Hym1o. Torga BpeMs IoséTa t paBHO Bpe- N
MeHU TaJeHus Ha 3eMJII0 C BBICOTHI h ¢ yckopeHueM g. Ero MoxHO Haiity u3 N

$opMyIIBI I IepeMellleHuUs IIPU PaBHOYCKOPEHHOM ABVKEHHUHU:

h=="— t= [—. (7)
2 g
Ilo TOPU30OHTAIN MAY JIETUT C IIOCTOSTHHOM CKOPOCTBIO UV U OO IIPU3EMIICHHMA YCII€BACT YIAJIUTHCA OT CKaJIbl Ha
pacCTosIHNE l = vt. HJIaT(i)OpMa IIPOXOAUT 3TO K€ PACCTOAHHME 3a TAaKO€ JK€ BpEM, ABUTASICH C YCKOPEHUEM a,
3HAUUT
2

at 2v 29
vt=l=— = a=—=v|-—. (8)

2 t h

ITomygyaem, 9TO ycKOpeHHe ILTaT(GopMbl 00paTHO IIPOIOPIIHOHAIBHO KOPHIO M3 BBICOTBI CKAJIBI, CJIEJOBATEIBHO,
€CJIM BBICOTA CKaJIbl yBEJIMYIIIACh B 4 pasa, yCKOpeHUe JOJDKHO YMEHBIIUTLCI B 2 pasa.

Ortser: Iltar¢opma moipkHA ObLIa GBI ABUTATHCS C YCKOpeHHEM /2.



3amaua 3. KyOuk, HaliieHHbBIIT B BAHHE

3amuiieM ycioBus paBHOBecHs cucteMbl. O003HAUMM HEM3BECTHBIN 00BEM KyOmKa
3a V, a cuity HaTsSDKeHUST HUTH, IPOIYIIeHHOH Yepes Bee 3 6iioka 3a T (CM. pHCYHOK).
Ha kyOuk qeficTBYIOT CIEAYIOIIHE CUIIBI:

+ Cuna tsoxectu F; = mg BHUS, The g — yCKOpeHHUE CBOOOTHOTO ITafeHHUs.
+ Cuuta HaTsbkeHUst HUTH T; = 2T cO CTOPOHBI IIOABIKHOTO 6JIOKA BBEPX.
+ Cua Apxumena F o, = pgV /2 BBepx.
Hx paBHOJEICTByIOIIAs JOJDKHA OBITH paBHA HYJIIO:
Fi = Fppx =T, = 0.

BBIpa)KaH CHJIBI U€PE3 ITapaMeETPhI 3ada4H, II0JIYyda€M IIEPBOE YCIIOBHE PABHOBECHA

%4
mg — pgi = 2T.
Ha cocyn ¢ Bogoi Ae¥iCTBYIOT CIeyIOIIHe CHIIBL:
« Cymmapnasd cuna tsokectu F, = M g BHU3.

« Cymmapnas cuia HaTsbkeHUs T, = T + T oT GOKOBBIX HUTEH BBEPX.

+ Cua, mpoTuBOJeHCTBYyIOIasd cuie Apxumena F Apx = P gV /2 Baus.

(10)

ITonsaTs, uTO cmya ApxuMena AeMCTBYyeT M Ha COCYZ C BOMXOI, HO B 0OpaTHYI0O cTOpoHY, MoykHO u3 III 3akoHa

HproToHa miu us Toro (i)aKTa, YTO YPOBEHD BOABI B COCY€ ITOBBIIIAETCS, YBEJIIMUNBasA NaBJI€HNE Ha OHO.

CHoBa IIpupaBHUBaeM PaBHOMEMCTBYIOIIYIO K HYJIIO
FZ +FAPX_T2 :0,

U IIOJIyJYaeM BTOpPOe YCJIIOBHE PaBHOBECHS

|4
Mg+pg§ = 2T.

IIpassrie yactu BerpakeHui (10) u (12) paBusl. IIpupaBHHBaeM HX JIeBbIE UACTH U IIOJIyYaeM OTBET

14 14
mg —pgs =Mg+pg=,
m-—M

P

V=

OtBeT: O6BEM Kyba paBeH

(11)

(12)



3agaua 4. Kupnuun

Hewmmnoro nedpopMupyem cxemy:

B Takom Bupe cxema o6iamaer siBHO ocbio cuMMeTpuu. [Ipu oTpakeHHN OTHOCUTENBHO Heé Touka B mepexomut
B Touky C 1 Hao60poT. [IockonbKy TOuKa A JIe)KUT Ha OCU CHUMMETPUH, COITpOoTUBIeHue MeXay A u C HuyeM He
OTJIIMYAETCs OT COIpOTUBIeHUs MeXxXay A u B, xoropoe pasHo R.

Otser: ComnpoTusienue Mexxay ToukaMu A u C paBHO R.



3amaua 5. IlacbIHKHM BCceleHHO

Cnepsa moiiMéM, KOTa UMeeT CMbICI BBIITyCKaTh 30H/. IlocKOIbKY 30HI He MOXET MEHATb CBOI0 CKOPOCTb, 10 U3~
MeHeHUsI CKOPOCTH Kopabuist OHU OYAYT JIeTeTh «psigoM». [I09ToMy HeBa)KHO, B KAKOIT IMEHHO MOMEHT Ha yUacTKe
C ITIOCTOSIHHOM CKOPOCTBHIO OBLI BBRIIYIIEH 30HA. [JIs onpeneé HHOCTH OyAeM CUMTATh, UTO €I0 BBIITYCKAIOT Cpasy
Iepen U3MeHeHHeM CKOpOoCTH Kopabiis. HecioskHO HOHATD, UTO IIepe]] YBeJIUUeHeM CKOPOCTH BBIIIYCKATh 30H/
He UMeeT CMBICTIA, TaK KaK Cpasy IIocCJIe YCKOPeHHUs CKOPOCTh 30Ha OyeT BhIIIIE, a 3HAUUT IIPUIJIETUT OH paHbIIIe.
Taxoe paccyskfeHre OCTaBIseT BCero 3 MOTeHI[HATbHbIE TOUKH BhIITycka 30HAa (Touku A, B u C Ha rpaduxe).

A U, THIC. kMm/c
5 *
B
4
3 .A
2
1 C
I t,)neT

1 2 3 4 5 6 7 8 9 10

[ KasK 03t M3 TOUeK HaMAEM BpeMs, uepe3 KOTopoe 30HA JOJETUT [0 IUTaHeTsl. [IycTh OH BBINTYIIIeH B MOMEHT ¢
CO CKOPOCTBIO U (CKOPOCTH KOPAGJIs B 3TOT MOMEHT), & [0 TUIAHETHI OCTAIOCH paccrosiame L. Torma 30HA JOCTUTHET
IUIAHETHI B MOMEHT

L
T=t+-. 15
> (15)

PaccrosiHue paBHO ILIOIIANY TION TPAPUKOM OCTABIINUXCS yU4acTKOB. [t KpaTkocTy o603HaunM T = 1 rom, u =
1 toIc. kM/c. TakumM o06pasom mist Touku A nmeeM:

13 1
ty=3t,vy,=3u, L,=13utr = T,=31+ o7t (16)
3u 3
g touku B:
2 2
tp =81, v =5u, Ly =2ur = Tz=8t+ U gl (17)
S5u 5
g rouku C, o4eBUIHO:
T, = 107. (18)

Takum 06pasoM, caMbIil paHHHUIT MOMEHT, KOTIa 30H]] MOKeT JOCTUTHYTb ILTaHeTsl — Ty = 7% rona.

OTBeT: IKUIIaK CMOKET IIOJIYUHUTD CBEOECHUS UE€EPE3 7% roga ITI0CJI€ Hadvajaa moJéTa.



BoaMmoskHbIe peIIeHrd 3a1a4
9 xitacc
2-11 BapUaHT

3apgaua 1. Kpassl

PaccmoTpum Teroo6men B cmecutene. IIycTs n3 TpyOBI ¢ XOJIOTHOM BOHOM ITOCTYIIAeT IIOTOK M1, KI/C BOIBI C
temieparypoii T, a u3 TpyOsl ¢ ropssueil — m,, Kr/c ¢ remreparypoii T .. Tormga TeMmeparypy BoAbI, BEITEKAIOIIEH
M3 CMECHUTeIIsl, MO)KHO HAaiTH M3 YpaBHEHUs TeIJIOBOTO OayaHca g IIPOMeKyTKa BpeMeHH At:

myAtcT, + m AtcT, = (m, + m_)AtcT, (19)
Ifie ¢ — TEeIIO0EMKOCTb BoAbl. Berpaskas T, mosryuum

T, +m.T
T:mxx mrr-

20
m,+m, ( )
C mIoMOII[bI0 3TOH OPMYIIBI 3aIUIIIEM TEMIIEPATYPBI, KOT[a KPAaHbI OTKPBITHL HA 3/4 U 1/3 u HA060pOT:
mlTX:::mZTI‘ — 30 oC’
m m
1 2 (21)
mZTX + mlTI‘ — 60 OC,
m; +m,
3 1
m, =-M, m,==-M, 22
1 =M omy =2 (22)

rae M — MakcHMAaJbHBII ITOTOK BOABI B TpyOe. TpeGyercs HaiTu Temmepatypy T BOIBI, BRITEKAIOIIEH U3 CMe-
CHTeJIs], eCJIM KPaHbI OTKPBITH ITOJIHOCTHI0. B aTOM ciryuae BoipaxkeHue (20) yIrpormaercs:

_ MT +MT, T, +T,

T* 23
2M 2 (23)

W3 cucteMsbl MOXHO HaiTi otxensHo Ty u T, HO MBI Cpa3y pacCMOTPUM CyMMY eé JacTeit:
my Ty + m,T, n myTy + myT, _ (my + my)T, + (my + my)T, =T, +T, =2T" (24)

m; +m, m; +m, m; +m,

[Tosyunay yIBOEHHYIO HCKOMYIO TeMIleparypy. 3Hauur, T " = %(30 ‘C+60°C) =45"°C.

OtBer: 113 cmecuresns 6ydeT BeITeKaTh Bofa Temieparypoit 45 °C.



3agaua 2. Hag mponacThio MI4u

Harigém, Kak cBI3aHO yCKOpeHHe IIIIaT(OPMBI C BBICOTOH cKarbl. OIpeesinM Bpe-
Ms IoJIéTa Msa4a. Msa4a 6pocaroT rOpH30HTAIBHO, 3HAUUT BePTHKAIbHAS IIPOEKIIH :
€ro CKOPOCTH B Hauajle ABIKeHUs paBHa Hym1o. Torga BpeMs IoséTa t paBHO Bpe- N
MeHU TaJeHus Ha 3eMJII0 C BBICOTHI h ¢ yckopeHueM g. Ero MoxHO Haiity u3 N

$opMyIIBI I IepeMellleHuUs IIPU PaBHOYCKOPEHHOM ABVKEHHUHU:

h="— = t= |[—. (25)
2 g
Ilo TOPU30OHTAIN MAY JIETUT C IIOCTOSTHHOM CKOPOCTBIO UV U OO IIPU3EMIICHHMA YCII€BACT YIAJIUTHCA OT CKaJIbl Ha
pacCTosIHNE l = vt. HJIaT(i)OpMa IIPOXOAUT 3TO K€ PACCTOAHHME 3a TAaKO€ JK€ BpEM, ABUTASICH C YCKOPEHUEM a,
3HAUUT
2

at 2v 29
vt=l=— = a=—=v|-—. (26)

2 t h

ITomygyaem, 9TO ycKOpeHHe ILTaT(GopMbl 00paTHO IIPOIOPIIHOHAIBHO KOPHIO M3 BBICOTBI CKAJIBI, CJIEJOBATEIBHO,
€CJIM BBICOTA CKaJIbl YBEJIMYMIIACh B 9 pas, yCKOpeHHe JOJDKHO YMEHBIIIUTECA B 3 pasa.

Ortser: Iltar¢opma moipkHA ObLIa GBI ABUTATHCS C YCKOpeHHEM a/ 3.



3amaua 3. KyOuk, HaliieHHbBIIT B BAHHE

3amuiieM ycaoBus papHOBecHs crcteMbl. O603HAUNM HEM3BECTHYIO MacCy KyOnKa
3a M, a CHITy HATsDKEHUsI HUTH, IIPOIIYIIeHHOI Yepes Bce 3 6ioka 3a T (CM. pHCYHOK).
Ha kyOuk qeficTBYIOT CIEAYIOIIHE CUIIBI:

+ Cuna tsoxectu F; = mg BHUS, The g — yCKOpeHHUE CBOOOTHOTO ITafeHHUs.

+ Cuuta HaTsbkeHUst HUTH T; = 2T cO CTOPOHBI IIOABIKHOTO 6JIOKA BBEPX.

+ Cua Apxumena F o, = pgV /2 BBepx.
Hx paBHOJEICTByIOIIAs JOJDKHA OBITH paBHA HYJIIO:
Fi = Fppx =T, = 0. (27)

BBIpa)KaH CHJIBI U€PE3 ITapaMeETPhI 3ada4H, II0JIYyda€M IIEPBOE YCIIOBHE PABHOBECHA

%4
mg — pgi = 2T. (28)

Ha cocyn ¢ Bogoi Ae¥iCTBYIOT CIeyIOIIHe CHIIBL:
« Cymmapnasd cuna tsokectu F, = M g BHU3.
« Cymmapnas cuia HaTsbkeHUs T, = T + T oT GOKOBBIX HUTEH BBEPX.
+ Cua, mpoTuBOJeHCTBYyIOIasd cuie Apxumena F Apx = P gV /2 Baus.

ITonsaTs, uTO cmya ApxuMena AeMCTBYyeT M Ha COCYZ C BOMXOI, HO B 0OpaTHYI0O cTOpoHY, MoykHO u3 III 3akoHa
HrroroHa miau u3 Toro axTa, 4To ypoBeHb BOMABI B COCY/Ie ITOBBIIIIAETCS, YBEJIMYNBAs AaBJIeHNEe Ha JHO.
CHoBa mpupaBHHBaeM PaBHOAENCTBYIONITYIO K HYJIIO

Fy+Fpp—T, =0, (29)
U II0JIy4aeM BTOPO€ yCJIOBIIE€ PaBHOBECHUSI
Mg + pgg = 2T. (30)
IIpaBpIe yacTH BBIp)KEHUN u pasHbL. [IpupaBHEUBaeM UX JeBble YACTH U IIOJIydYaeM OTBET
mg—pgg =Mg+pgg, (31)
m=M+pV. (32)

OTtBeT: Macca ky6a pasHa M + pV.



3agaua 4. Kupnuun

Hewmmnoro nedpopMupyem cxemy:

B Takom Bupe cxema o6iamaer siBHO ocbio cuMMeTpuu. [Ipu oTpakeHHN OTHOCUTENBHO Heé Touka B mepexomut
B Touky C 1 Hao60poT. [IockonbKy TOuKa A JIe)KUT Ha OCU CHUMMETPUH, COITpOoTUBIeHue MeXay A u C HuyeM He
OTJIIMYAETCs OT COIpOTUBIeHUs MeXxXay A u B, xoropoe pasHo R.

Otser: ComnpoTusienue Mexxay ToukaMu A u C paBHO R.



3amaua 5. IlacbIHKHM BCceleHHO

Cnepsa moiiMéM, Koria UMeeT CMBICI BBIITYCKaTh 30HM. IIocKOJIBKY 30HI He MOKET MEHATb CBOIO CKOPOCTD, 10
M3MeHeHNs CKOPOCTU Kopabiist oHU OYOYyT JIeTeTh «pAgoM». I109TOMy HeBa)KHO, B KaKOM MMeHHO MOMEHT Ha
y4JacTKe ¢ IIOCTOSTHHOM CKOPOCTHIO ObLI BBIMTYIIeH 30H . [J1s1 OIlpe eI HHOCTH 6y 1eM CUUTATD, UTO €TI0 BBIIIYCKAIOT
cpasy Iepen M3MeHeHHeM CKOPOCTH Kopabirsi. HecIo)KHO IOHATH, UTO IIepel yBeInUeHHeM CKOPOCTH BIITyCKATh
30HJ He MMeeT CMBICJIA, TaK KaK Cpasy IIocie YCKOPEHUs CKOPOCTh 30HAa OyAeT BBIIIE, a 3HAUUT IIPHIIETUT OH
paubirie. Takoe paccyskgeHne OCTaBIIseT BCeTo 4 MOTeHI[MAIbHbIE TOYKY BbITycKa 3oHma (Touku A, B,C u D Ha

rpaduke).

A U THIC. KkM/c ‘
5
B

4

3 .A .C

2

1 TD

! t,)JIeT

1 2 3 4 5 6 7 8 9 10

Jlia kaxqoM U3 Touek HaliiéM BpeMs, yepe3 KOTOpoe 30H/ JOJIETUT [0 IIaHeTsl. [IycTh OH BBIITyIIleH B MOMEHT ¢
CO CKOPOCTHIO ¥ (CKOPOCTH KOpabJIsi B 3TOT MOMEHT), & O ILTaHeTHI 0CTANI0Ch paccrosuue L. Torma 30HA JOCTUTHET
IIAaHETHI B MOMEHT

L
T=t+"-. (33)
v

Paccrodanue paBHO IIIoIaau Mo Tpa@MKOM OCTABIIUXCA yUacTKOB. [lig KparkocTu o6osHauuM T = 1 rom, u =
1 TeIc. KXM/c. TakuM o6pasom asa Touku A UMeeM:

13 1
t, =30, v,=3u, L,=13ur = T,=30+ X =7.1, (34)
3u 3
g touku B:
Sut
tg =71, vy =5u, Ly =5ur = TB=7T+§=8T. (35)
st rouku C:
1 1
te=97, ve=3u Le=1ut = T,=91+ — =9_1. (36)
3u 3
Hns Touku D, oueBUOHO:
T, = 107. (37)

. . _ 71
Taxum o6pa3oM, caMbIil paHHUE MOMEHT, KOTZIa 30H/l MOKeT MOCTUTHYTb InaneTsl — Ty = 73 roma.

OTBeT: JKHUIIAX CMOXKET IIOJIYIUTD CBeeHUs Uepes3 7% roja IIocjie Hauaja II0JIéTa.



