Paiionnusrit Typ 2015. 8 kjgacc. I BapmaHT

3amaua 1.

C HAYaAJILHOrO MOMEHTa W JO TOTO, KAK KOCMOHABT KATAIYJIHTHU-
pyercst, Karcysia mpoiIeT HeKOTOpoe paccTosiame S; B BEPTHKATIHLHOM %
nanpasJenun 110 ocu OY (cm. Puc. 1). Tak kak ckopocTu Kancysibl u -
kopabuist paBubl, TO [epmec mpoiiner takoe ke paccrosnue Si, HO 1O 51
ropusonraiu (cm. Puc. 1). Haitns 510 paccrosiHue Mbl CMOXKEM yCTa-
HOBUTH, KOT/Ia KOCMOHABTY HEOOXOAMMO KATAMYIHbTHPOBATHCS.

ITo ycioBMIO KOCMOHABT KATAMyILTUPYETCS BOOK OTHOCHTEIHLHO
KAICYJIBI, 9TO 3HAYWUT, 9TO B HEMOJBUYKHOM CHCTEME OTCUYETd COCTAB- u
JIATONIAs ero ckopoctu BAosib ocu QY Oyzer paBHA CKOPOCTH KATICYJIbI
5 M/c, a mo ocu OX OH HAYMHAET IBUTATHCS CO CKOPOCTHIO 3 M/ (CM. Sl;l
Puc. 1). Tlepen rem, Kak MOMACTh HA KOPAOIb KOCMOHABTY HAIO MPO-
JIeTeTh 10 BepTHKaJn paccrosiune Sy = 3200 — S; M. IIpu Towm, urto ——)X
ero CKOpPOCTh B 3TOM HAMPABJIEHNW COCTABISET 5 M/C, ¢ KOpabieM OH 0
BCTpeTuTCH depe3 Bpems t; = Sa/v = (3200 — S1)/5 ¢ or MOMeHTa
KATAITYIbTUPOBAHUSI. Puc. 1

Bcerpeay ¢ xopabmeM MO rOpPH30HTAIBHON OCH Jierde pacCMaTpH-

BaTh B CHCTEME OTCYeTa, IBUraoIieics Baoab ocn OX co CKOPOCTHIO

u BOOK. KOCMOHABT B 3TOi crucTeMe OTCYeTa He MMEeT COCTaBJIAIoINei ckopoctrn Baoah OX. B aroit cu-
creMe OTcYera Kopad/ib MPUOIHUKAETCS K KOCMOHABTY B MOPU30HTATBHOM HAMPABIEHUH CO CKOPOCTHIO
v/ =v—u=2wm/c, a upoiitu emy 1o ocu OX upeacrour paccrosguue Sz = 1800 — S7 m. Tak 9ro Bpems
9TOrO ABUKEHUs MOJIydaercs paBHo ¢ = S3/v" = (1800 — S1)/2 c.

[TpupaBusB BpeMms t1, BRIPAYKEHHOE W3 TOPU30HTAJIHLHOTO U BEPTUKAJIHHOTO JBUKEHUS MbI HAXOIUM
S1 = 2600/3. OTkyga BpemMsi uepe3 KOTOpoe KOCMOHABT JOJIPKEH KaTamylbTHPOBATHCS paBHO t = Sp /v =
520/3 ~ 173,3 c.

Orser: KocmonaBTy Hy»KHO KaTamyiabrupoBarbes depe3 ¢ = 520/3 ~ 173,3 ¢ mocie HadajibHOrO

o
-G
as

MOMEHTaA.

e 1 6ama 3a NOHUMAHKE TOTO, B KAKYIO CTOPOHY JIOJIXKEH KATAILYTbTHPOBATHCS KOCMOHABT

e 2 basra [IpaBusibHO 3amuCcaHO yC/IOBHE MOMAJAHUS HA KOPAO/h MO BePTUKAIBHONE ocu OY

4 6asurta [TpaBusibHO Oy YeHa CKOPOCTH COMzKeHrst Kopabiis U KOCMOHABTa (2 6aJtiia), oIy YeHo
YCJIOBHe TIOTIaIaHust Ha KOpabJIk Mo Topu3oHTaIbHOi ocn OX (2 Gasuia)

2 bamma U3 ypaBuennii Ha geukenune mo oc OX u OY BBIPAKEHO UCKOMOE BPEMST

1 6as [Tonyven MpaBUALHBIN YUCIEHHBIH OTBET

3amaua 2.

Onpesenum cHadATA TeMIEpaTypy poboTa B yCTAHOBHUBIIEMCS pexkume. [IJisi 5TOro pacCMOTPUM BCe
OTHOCSIIMECS K HEMY TeIIOBbIe MPOIecChl. Bo-mepBbix, pOOOT MOIYyYaeT TEmIo 3a CYeT TOr0, 4TO Pac-
XOZyeT BIYCTYIO 9acTh moTpedbasemoit momuoctu. Ilo onpemenennio, KII/I — 310 Ta 9acTh MOIIHOCTH,
KOTOpasi PAaCXOIyeTcss Ha TOJe3HYH pabory. Takwmm oOpa3oMm, HA HArPEB pOOOTA MIET OCTABIMASICS €€
9acTh, TO ecTh MoIHOCTh Py - (1 — n(T")). B Beipakennn mer oraenasuo ormerun, aro KIT/T pobora 3a-
BuCHT OT TeMmrnepaTypbl. C Ipyroif CTOPOHBI, pOOOT TEPSIET TEIJIO 33 CYET OTIAYN B OKPYIKAIOIILYIO CPETY.
MormmocTs 3T0# TemnooTaauN npuBeieHa B ycaosun 3anaun u pasugerca a1 — Tokp). B ycramosus-
[IeMCsI TEMIIEPATYPHOM PEKUME PODOT He HArPEBAELTCS U He OXJIAXKIAETCs, TO 6CTh ITU MOIIHOCTH PABHBI
JPYT APYTY

P+ (1 =n(T)) = (' = Toxp)-
It TOTO, YTOOBI HANTH TeMIepaTypy pobOTa B yCTAHOBUBIIIEMCST PEYKUME, HYKHO BOCIIOJIH30BATHCS IPa-
dukom n onpenennts sipub B 7)(1). Jlerko 3ameruTs, 9T0 3Ta QYHKIMS JTUHEHHA, U MBI MOYKEM Y3HATH
TOYHOE €€ BHIPAYKEHUE 0 3HAYEHUAM B JByM Toukax (Hampumep 20°C u 60°C')

02 _ . T-=20C
40°C 200°C

n=02— (T —20°C)



Terneps MBI MOYKEM PEIUTH yPABHEHNE, OMUCHIBAIOIIEE TEIJIOBOM HaIanc pobOoTa, U HAWTH TEeMIepaTypy.

T —20°C

Py-(1-02+— "~
o+ (1-02+ 200°C

) = a(T — TOKp)

T
20- (084 ——0.1) =0.6(1T"— 20
(08 + 555 — 0.1) = 06(T = 20)

T
14+1—0 =0.6T—-12= T =52°C
KIIJI pobora mpu Takoi temmeparype OyaeT paBHATHCS

o
n=02-— 52 20°C ) o,

200°C
Takum 06pa3oM, MOJE3HAST MOITHOCTL pobora papHsercs P = nPy = 0.8 Br. Moxem mpoBeputh, 4TO
3HAYEHNEe MefCTBUTEIHHO MTOAXOANT: TEIIOOTIAYa PoO0OTa B OKpYy¥KaIouIyio cpeay cocrasisier 0.6 - (52 —
20) = 19.2 Br, a mom#ocTs ero narpesa pasusiercst (1 — 0.04) - 20 = 19.2 Br. Takum o6pazom, pobor He
HarpeBaeTCd U He OXJIazKIaeTCHd.

3a mecaTh MUHYT 3aKPyYUBAHUS [IYPYTIOB B YCTAHOBUBIIIEMCST PEKUME POOOT COBEPIIUT

A, = P-t = 0.8 Br:600c = 480 x mose3Hoii paboThl, 4ero Oymer AOCTATOYHO JJIs TOTO, YTOOBI
sakpytuth N = A, /A = 480/40 = 12 mypymos.

Oreer: 3a mecsaTh MUHYT pabOThl B YCTAHOBUBINIEMCS] TEMIIEPATYPHOM DPEKUME PODOT yCIeer 3aKpy-
TUTH 12 MIypymoB B cieayromeM npoekre Pa3mnombaikmHa.

e 3 Gasura [IpaBusibHO 3amMUCAHO ypPABHEHHE TEIJIOBOTO DAIAHCA pOOOTA

e 4 6asua [Tpu momoru rpaduka n3 ypaBHEHNs TEIJIOBOTO OAJIAHCA MOy YeHa TeMIepaTypa podbora
B YCTAHOBUBIIIEMCHA TEMIIEPATYPHOM DEXKUME

e 2 Gasna Ilpu nomornmu 3uaduenus KIIJI B ycTaHOBUBIIEMCS PEKUME MMOCIUTAHO KOJMIECTBO TIIyPY-
OB, KOTOPOEe poboT Oymer 3akpydnBarh 3a 10 MuHyT

e 1 6asua [lonyden nmpaBUIbLHBIA YUCIEHHBIA OTBET

3amaua 3.

ITpu BBITACKMBAHWK BCEX YETHIPEX CJMTKOB HAM OyIEeT MPOTUBOCTOSThH CUJIA TPEHUS MEXKIY WX I'pa-
HSIMU U JEPEBIHHBIMU [IACTHHAMHA, & TAK K€ CUJIA TsKecTr. MaKkCcuMalbHas CUIA CTATUIECKOrO TPEHUS
IPOTIOPIMOHATBHA CH/Ie peakIuy onopsl N u paBHa Fp, = i1+ N, TAe (1 B HAIIEM cIydae — KodddummenT
TPEHUS MEXKJIY JePEBSHHON MIACTHHON U IPAHBIO 30710TOT0 CauTKA. CHUIIbI PEAKITUHN OTIOPBI, JeHCTBYOIIIe
CO CTOPOHBI MJIACTUH HA TPAHU CJIUTKOB PABHBI 3 COOOPAYKEHNS CHMMETPUY KOHCTPYKIUH. JleficTBUTE Ih-
HO, CHJIBI, C KOTOPOH CAABIWBAIOT MJIACTUHBI PABHBI MO YCJIOBHUIO, & BCE CAUTKU OAWHAKOBBIE. EC/ paBHbBI
CUJIBI PEAKIINH OTIOPHI, TO PABHBI M MAKCUMAJbHBIE CHJIBI CTATHIECKOTO TPEHUS, KOTOPbIE NeHCTBYET CO
CTOPOHBI [JIACTUH HA COMPUKACAIONINECS ¢ HIMU TPAHU CIUTKOB (0003HAUUM 3Ty cuiy Frp1). Beero rpa-
Heil, Kacaomuxcs maactun 6 mryk. Torma MUHIMATBHAS CUIIA, KOTOPYIO HYKHO MPUJIOKUTE [IJTsT TTPEOI0-
JIEHUST CVJIBI TPEHNS W CHJIBI TS?KECTH, YTOOBI BRIHYTh BCE YETHIPE CIWTKA, paBHa F1 =6 Frpn +4-m-g.
ITo ycmosuio Fy = 740H, Tax KaK Macca CIUTKA JaHA, OTCIOMA JIETKO HANTH MaKCUMAIBLHYIO CUTYy TPEHUS
MeXK Iy TTACTUHOM W TPAHbIO OJHOTO CJUTKA,

1

1
5 (Fi—4-m - g) = £(740 — 500) = 40H.

FTpl =
ITpu BBITACKMBAHWUM TOJBKO IEHTPAJHHOTO CIUTKA HAPSAY C CHJION TSKEeCTH HaM OYyIyT MPOTHUBOCTO-
STh CUJIBI TPEHUS MeIy TPAHSIMU IEHTPAJIHLHOTO CJIWTKA U COCETHUX CAUTKOB. CHUIIBI pEAKIUU OMOPHI CO
CTOPOHBI YIVIOBBIX CJMTKOB PABHBLI MEXK/Ly CODOM IO MO0, TaK ke 13 coobpaxkenuii cummerpuu. Ciie-
JIOBATEIbHO U 3HAYEHNE MAKCUMAJTHHON CHIBI TPEHUST MEXKY MEHTPAJIbHBIM U TPEeMs OOKOBBIMH CJIUTKAMU
paBmbl (0603HaIIM Frpe). TakuM 06pa3oM, IpH BHITACKHBAHUE TOJNBKO IEHTPATBLHOTO CIUTKA, IPHIEp-
JKUBasA OCTAIbHBbIE HY’KHO NPUJIOKUThL CUIIy He MeHbIyio [y = 3 - Fryo +m - g. Ilo yenosuio Fyr = 215H,
TOT/IA, JIETKO TIOJYYUTh, 9TO

1 1
Frps = g(Fz —m-g)= 5(215 —125) = 30H.



st TOro, 9TOOBI BBITAIUTH YTJIOBOM CIMUTOK, HYYKHO KPOME CHUJIBI TSIXKECTH MPEOIOJIETh CUIYy Tpe-
HUSA MEXKJIy JIByMs I'DAHAMU CIUTKA U JIEPEBAHHBIMU IIJTACTUHAMH, a TaK 2Ke CUIYy TPEHHUS CO CTOPOHBI
PPaHU MEHTPATHLHOrO cauTKa. CHIIBI PEAKITUHU OMOPHI, JeHCTBYONAs HA YIJIOBOM CITUTOK CO CTOPOHBI II€H-
TpaJabHOrO, M0 TperbemMy 3aKOHY HBIOTOHA PABHA CHUJIE, JEHCTBYIOIIEH HA0OOPOT CO CTOPOHBI YIIOBOTO
Ha meHTpabHbi. Clie10BaTEIbHO MAKCUMAJIBHAS CHJIA TPEHUS, KOTOpas JeHCTBYeT CO CTOPOHBI IIeH-
TPaJIhHOTO CINTKA Ha YTJIOBOI paBHA Frpo, KOTOPYIO MBI HamuIm panbiie. Taknm obpasom, morydaem
MUHAMAJBHYIO CUILY, HEOOXOAUMYIO, YTOOBI TOCTATH YIJIOBOH CIIMTOK, IPUIEPKUBAST OCTATHHBIE

Fs =2 Fry + Frpa +m-g=80+30+125 = 235H

Orger: Uckomast cua pasua 235H .

3 basta Beraumciiena cuia TpeHusi MEXKIY CIUTKOM W JE€PEBSIHHON MIACTHHON

3 basra Beruuciena cusia TpeHUs MEXKY MEHTPAIbHBIM U YTIOBBIM CJIUTKOM

3 basia Brrauciiena uckomas cuna

1 6ast [Tonyden mpaBUIbHBIN YUCTEHHDBIA OTBET

3amaua 4.

ITo ycnoBuio, 0JoMeTp CUUTAET PACCTOSHUE Yepe3 KOJIMIECTBO 0OOPOTOB KOJIEC, CACIOBATETHHO 010~
METP B IEPBOM U BO BTOPOM ciyuae mokaxker 100 km. ipu N. Torga myTh, KOTOPBIi Ipoeiere aBTOMOOHUITb,
PACCUNTHIBAETCS 110 (POPMYIIE.

S =27RN.

Ha neraux murax Bacunuii geiicrBurensro mpoexasn 661 100 kM. u popmyna Boirsgesa Obl Caemyio-

M 00Pa30M:
Si =2mRiN. (1)

Ha sumunx munax Bacuanit mpoener paccrostHme
SQ = 27TR2N, (2)

korza ogomerp nokaxker 100 kv. Pemasg cucremy ypasuenuii (1) u (2), monydaem

Si_ B
Sy Ry’
Torna, BeIpasus Ss:
R
So = 51—.
2 )

HO,IICT&BI/IM qUCTa U IIOJIYIUM

14
So = 100 kM 3 ~ 107.7 kM

Orger: B neiicreurensuoctun Bacs mpoexasr 100 KM% ~ 107.7 k™.

1 6ama 3a nonumanue, 9To omomerp mokasbiBaeT 100 kM. mpu N 060poTax BHE 3aBHCHUMOCTH OT
pajauyca Komeca.

2 Gasuta 3a npaBusibHO Hamucanuoe ypasaenue (1)

2 Gasra 3a IPaBUIIHHO HAMCAHHOE ypaBHeHue (2)

3 6asna Pemenue cucrembr ypasuenuit (1) u (2).

2 6aJia [lomyden npaBUIbLHBIN YUCIEHHBIA OTBET



3amaua 5.

st Toro 9TobBI peruTh 33439y 0603HaYuM 00beM TestedOHA, KOTOPbI HAXOIUICA B Kucene Vi, a ToT
obbeM, 9aro 6L B Bose — V. O4UeBUIHO, 9TO CyMMa JAaHHBIX 0ObEeMOB paBHaA 00IeMy obbemy renedona
Vr = Vi + V5. Tlo ycaoBuio 3ama4un HEOOXOIUMO yKA3aTh KaKas 4acTh TeaedOoHa ObLIa MOrpyKeHa B
KHUCEJIh, YTO B HAIMUX ODO3HAYEHUSIX COOTBETCTBYET OTHOIIEHUIO O0BhEMa YACTH, MOTPYKEHHONW B KUCEJIb,
K 0breMy oobemy mobuiabauKa Vi /Vp.

Eciiz resiedoH He BCILIBIBAJI ¥ HE TOHYJI, 3HAYUT CHUJIA TKeCTH Fr, ObLIa CKOMIIEHCUPOBaHa CUION Ap-
xumena Fop,. Cuna Apxume/a B IaHHOM C/Iydae MOKET ObITh BbIpazkeHa, KaK CyMMa CHJ, JeHCTBYIOIIIX
Ha 9aCTU TeredOHa, HAXOANNECS B PA3HBbIX KUIKOCTAX. OBGO3HAYNM ILIOTHOCTH BOJBI P4, & MIOTHOCTD
KUCEJIS pp, TOTIa DAJAHC CUJI OYIET BBITVIANETH CIEIYIONIM 00pa30oM

Fr=pa-g-Vi+pp-g- Vo

ITocse Toro Kaxk >KMUIKOCTH CMEINTaINCh, TeaedOH OCTAJICAd TIaBaTh HA TOM YK€ MEeCTe, 3HAUYUT CHUJIa
TSIZKECTH TaK »Ke ObLIa CKOMIIEHCHPOBaHAa CHJION Apxumena, JeACTBYOMIEHR CO CTOPOHBI MOy YMBIIErOCS
pazbanoBarHoro Kucemns ua remedon. O603HAUNM HAYATBHBIA 00beM rycToro Kucens Vi, Torga mocie
nmobasyienns Bogbl (00bem 2 - Vi), obmuit 00bem kugkocTu 6yaer paser 3 - Vi . Obmasa Macca KugkocTeil
pasaa M = pa-Vik + pp-2-Vi. Tenepb HECT0KHO HANTH MJIOTHOCTD KUIKOCTH MOCJIE CMEUBanus (p¢ ),
MPU TOM, 9TO OOIIMii OObEM HE TTIOMEHSIJICS

M 1

2
pc = 3 Ve gPA-l-ng-

Bamurem 6aJTaHC CUJI, TEHCTBYIOMNUX HA MOOUJIBHUK, MOC/IE CMEITUBAHUS

1 2
Fr=pc-g-Vr=xpa-g-Vr+5ps-g-Vr.

3 3
IIpupoBHsieM BbIpaKeHUs I CHJIbI TSIKECTH, MOJYIEeHHbIE W3 OaslaHca CHJI, 0 W IOCTe CMEIIMBAHUsI
JKUJIKOCTEH
1 2
pa-g-Vitps g Ve=gpa-g-Vr+zop-g-Vr. (3)

Buamo, 910 MBI MOKEM COKPATUTH YCKOPEHHE CBOOOIHOIO MaJeHus g ¢ 0OONX CTOPOH paBeHcTBa. Kpome
TOrO, BBIPA3UM 00beM BepxHeil gactu tesedoHa depe3d ero obmmit oobvem Vo = Vi — Vi, u moacraBum B
paBeHcTBo (3)

1 2
pa-Vitps -Vr—pp-Vi=gpa-Vr+3p5-9-Vr-

ITepenocst ciaraembie 1 BBIHOCS 32 CKOOKW OOIIHIT MHOXKUTEh, TOJIYYaeM CJIeIyIomee

1
(PA—PB)'V1:§'(PA—PB)'VT-

Tak Kak INIOTHOCTh KHCENIs HE PaBHA IIOTHOCTH BOIBI, MOXKEM COKPATHTH ¢ ODOMX CTOPOH PABEHCTBA
(pa — pB), U B WTOrE TIOJIy9aEeM OTBET

%) 1

Vr 3
1

Oreer: Tenedon naxoauncs Ha 3 9acTh B KUCEJE J0 CMENTUBAHUA KUIKOCTEI.

2 6asta [IpaBuabHO 3amKrcaHo ypaBHEHHE OATaHCa CUT A7Tst TeaedOoHa 10 CMEeITUBAHNA KUIKOCTEH

1 6ama ITocunrana mIoOTHOCTD HOHy‘{HBH.IGfICH IIOCHIe CMeInIuBaHud KUJIKOCTH

2 6asuma [IpaBuibHO 3aIMCAHO ypaBHEHHE DATAHCA CHI /s TemeOHA MOCTe CMEIIMBAHUS KIIKO-
creit

e 4 6asta I3 ypaBHeHuit 6amaHca CHI BBIBEIECHO HCKOMOE OTHOIIEHHE 00beMOB “//—;

1 6ast [Tonyyen mpaBUIbHBIN YUCTEHHDBINA OTBET



Paiionnbiit Typ 2015. 8 kiacc. 11 BapuanT

3amaua 1.

C HAYa/IbHOrO MOMEHTa W JIO TOTO, KAK KOCMOHABT KATAIY/IbTH-
pyercst, Karcysaa mpoiIeT HeKOTOpoe paccTosiame S1 B BEPTHKATIHLHOM % .
wanpassennn mo ocut OY (cum. Puc. 2). Tak Kak CKOPOCTH KarCysbl U |<_:_> """ Rh
kopabuist paBubl, To ['epmec mpoiiger takoe ke paccrosnue Si, HO 1O S1 :

ropusonraiu (cm. Puc. 2). Haiinsg 510 paccrosaue Mbl cMOXKeM ycTa- Y
HOBHTH, KOTJ]Ja KOCMOHABTY HEOOXOIUMO KATAITYIbTHPOBATHCS.

ITo ycioBMIO KOCMOHABT KATAMyJIbTUPYETCS BOOK OTHOCHTEIHHO
KaTCyJIbI, 3TO 3HAYWT, YTO B HEMOIBUYKHON CHCTEME OTCUETA COCTAB-
JISTIOIIAST €70 CKOPOCTH Bosh ocu OY GyaeT paBHa CKOPOCTH KaIlCyJIbl
2 M/c, amo ocu OX OH HAYMHAET IBUTATHCS CO CKOPOCTHIO 3 M/ (CM.
Puc. 2). Ilepen rem, Kak momnacrb Ha KOpabyib KOCMOHABTY HA0 MPO-

X
JIeTeTh 10 BepTUKaJN paccrosiane Sy = 1800 — S; M. ITpu Towm, urto 0
ero CKOpPOCTh B 3TOM HAMPABJIEHNW COCTABISET 2 M/C, ¢ KOpabieM OH
BCTpEeTHTCs uepe3 Bpems t; = Sy/v = (1800 — S1)/2 ¢ or MomeHTa Puc. 2

KaTallyIbTUPOBAHUSI.
Bcerpeay ¢ xopabmeM 10 rOpPH30HTAIBHON OCH Jierde pacCMaTpH-
BATh B CHCTEME OTCUeTa, ABurarorieiicsa Baoab ocu OX co ckopocTbio u BOOK. KocMoHABT B 3T0it cucreme
OTCYeTa HE UMeeT COCTABJIsIoNEel ckopoctr Baos OX . B 310it cucreme orcuera kopabiib TpUOIMIKAETCS
K KOCMOHABTY B TOPH3OHTAJILHOM HATPABIEHUH CO CKOPOCThIO v/ = v + u = 5 M/c, a mpoiitn emy 10
ocu OX mpencrout paccrosaue S = 3200 — S; M. Tak 9T0 BpeMsi 3TOTO ABUKEHUS TIOTYyIAETCS PABHO
t; = S3/v = (3200 — S1)/5 c.
IIpupasusB BpeMs t1, BHIPAsKEHHOE U3 FOPU30HTAILHOIO U BEPTUKAJIBHOIO JABMYKEHUS Mbl HAXOIUM
S; = 2600/3. OTkyna BpeMst 4epe3 KOTOpOe KOCMOHABT JIOJIPKEH KATATYJIbTHPOBATHCS PABHO & = S1 /v =
1300/3 =~ 433,3 c.

Orser: Kocmonasry Hy:kHO KaramyiabrupoBarbes depes ¢ = 1300/3 & 433,3 ¢ nocsie Ha9aIbHOrO
MOMEHTA.

e 1 6amx 3a NOHUMAHKE TOTO, B KAKYIO CTOPOHY JIOIXKEH KATAILYTbTHPOBATHCS KOCMOHABT
e 2 Gasra [IpaBuyibHO 3aMTUCAHO YCIOBUE MOMAJAHUS HA KOPAOJIh MO BEPTUKAIBHON ocu OY

e 4 6asuta [TpaBuIbHO TOTYyYEHA CKOPOCTH COMMIKEHMsST KOPaO/Ia U KOCMOHABTA (2 6aJia), ToIyYeHo
YCJIOBHE TIOTIaIaHust Ha KOpabJIk Mo Topu3oHTaIbHOi ocn OX (2 Gasuia)

2 bamnna U3 ypasuennii Ha geukenue mo ocu OX u OY BbIpakKeHO UCKOMOE BPEMsi

1 6ast [Tonyyen mpaBUIbHBIN YUCTEHHDBIA OTBET

3amaua 2.

OrnpenenuM cHadvajIa TeMIeparypy pobdOoTa B YCTAHOBUBIIEMCS pexxume. [[Jjist 3TOro paccMOTpuM BCe
OTHOCSIIMECS K HEMY TeIIOBbIe MPOIecChl. Bo-mepBbix, pOOOT MOIYyYaeT TEmIo 3a CYET TOr0, 4TO Pac-
XOMyeT BIYCTYIO 9acTh moTpedasemoit momuoctu. Ilo onpemenennio, KII/I — 3T0 Ta 9acTh MOIIHOCTH,
KOTOpas pacXomyercs Ha mose3nyio pabdory. Takum obOpa3om, Ha HArpeB poOOTa HUIET OCTABINAACS €6
9JacTh, T ecTh MoutHoCTh Py - (1 — n(T)). B BrIpaskennn mMbl otaeabHo orMernin, uro KIT/ pobora 3a-
BUCHT OT TeMmrnepaTyphl. C Ipyroif CTOPOHBI, POOOT TEPSIET TEIJIO 33 CYET OTAAYN B OKPYIKAIOIILYIO CPETY.
MormnocTh 3T0# TemIooTAauN npuBeieHa B ycaosun 3anaun u pasagerca a1 — Tokp). B ycranosus-
[IEMCsI TEMIIEPATYPHOM PEKUME PODOT He HArPEBAELTCS U He OXJIAXKIAETCs, TO 6CTh ITU MOIIHOCTH PABHBI
JPYT APYTY:

Py~ (1= (1) = a1’ = Toxp)
st Toro, 9ToObI HANTH TEMIIEpATYpPy POOOTA B YCTAHOBHUBIIEMCS PEXKIME, HYKHO BOCIOIH30BAThCS I'pa-
dukom n onpenennts siBub B 7)(1). Jlerko 3ameruTs, 9T0 Ta QYHKIMS JUHEHHA, U MBI MOYKEM y3HATH
TOYHOE €€ BBIPDAYKEHUE MO JBYM TOUKAM.
0.4 T —20°C

=04-
40°C 0 100°C

n=0.4—(T—20°C) -



Terneps MBI MOYKEM PEIUTH yPABHEHNE, OMUCHIBAIOIIEE TEIJIOBOM HaIanc pobOoTa, U HAWTH TEeMIepaTypy.

T —20°C

Py-(1-0.4
o-(1—-04+ 100°C

) = Oé(T — TOKp)

T
20- (06 4+ ——0.2) =1.4(T — 20
(0.6 4 355 — 0:2) = 14(T = 20)

T
8+g:1.4T—28:> T =30°C

KII/I pobora mpu Takoii Temmeparype OyIeT paBHSITHCS

30 — 20°C
=04— ————=0.3.
K 100°C
Takum 006pa3oM, MOJE3HAST MOIIMHOCTH podboTa paBusiercs P = nFPy = 6 Br. Moxem npoBeputh, 9TO

3HAYEHHE JEHCTBUTEHFHO TOIXOAUT: TEIIOOTAaYa poboTa B OKPYXKAIOILyo cpeay cocrasiuser 1.4 - (30 —
20) = 14 Br, a momuocTs ero Harpesa pasasercd (1 — 0.3) - 20 = 14 Br. Takum ofpasom, pobor He
HATPEBAETCSA W HE OXJIAZKIACTCS.

3a mecaTh MUHYT 3aKpyYWBAHUS ITyPYTOB B yCTAHOBUBINEMCS PEKAME pOOOT COBEPITUT
A, = P-t =6 Br-600c = 3600 /Ix moje3H0it paboThI, 4ero OyIeT JOCTATOYHO IS TOrO, YTOOBI 3aKPYTUTH
N = A, /A =3600/90 = 40 mypynos.

Otger: 3a mecaTh MEHYT PabOTHI B YCTAHOBUBIIIEMCST TEMIIEPATYPHOM DeKUME POOOT yCIleeT 3aKpy-
™Th 40 MypymoB B cieaytoiieM npoekte Pa3znonbaiknHa.

3 6amaa [IpaBuibHO 3amKCcaHO ypaBHEHNE TEILIOBOrO DagaHca poboTa

e 4 6asua [Tpu momoru rpaduka n3 ypaBHEHNs TEIJIOBOTO OAJIAHCA MOTyYeHa TeMIepaTypa podbora
B YCTAHOBUBIIIEMCHA TEMIIEPATYPHOM DEXKUME

2 b6aJsna Ipu momoru 3uavenns KIIJI B ycraHOBUBINIEMCS PEXKMME TIOCIUTAHO KOTUIECTBO MIYPY-
OB, KOTOPOe poboT Gymer 3akpyuuBarh 3a 10 MuHyT

1 6as [Tonyuen MpaBUALHBIN YUCTEHHBIH OTBET

3amaua 3.

ITpu BBITACKMBAHWK BCEX YETHIPEX CJMTKOB HAM OYIEeT MPOTUBOCTOSIThH CUJIA TPEHUS MEXKIY WX Ipa-
HAMW ¥ JEPEBAHHBIMU TJIACTHHAMU, & TaK YKe CUJIa TsaxkecTn. MakcuMaabHas CUJIa CTATHIECKOTO TPEHU ST
TPOTIOPIMOHATIRHA CHJIe peakIy onopbl N u paBHa Frpp, = (- N, TOe (1 B HaImEM ciryJae — KodddnnmenT
TPEHUS MEXKJIY JePEBSHHON MIACTHHON U IPAHBIO 30710TOT0 CauTKA. CHUIIbI PEAKITUN OTIOPBI, JeHCTBYOIIIe
CO CTOPOHBI IIJIACTUH HA TPAHU CJIUTKOB PABHBI M3 COOOPAKEHMS CHMMeTPpUK KOHCTPYyKIuu. JleficTtBuTesnb-
HO, CHJIBI, C KOTOPOIi CAABIMBAIOT IJIACTHHBI PABHBI TI0 YCJIOBUIO, & BCE CIUTKHU OnnHAKOBbIe. Ecin paBHbI
CHUJIBI PEAKITNN OTIOPHI, TO PABHBI M MAaKCHUMAJbHbBIE CHUJIBI CTATHYIECKOTO TPEHWS, KOTOPhIE IeHCTBYeT CO
CTOPOHBI IJIACTHH HA COMPUKACAIONMINECS ¢ HIMHU TPAHU CIUTKOB (0003HAUNM 3Ty cuily Frp1). Beero rpa-
Heit, Kacaomuxcs maacTun 6 mryk. Torma MUHIMATBHAS CUIIA, KOTOPYIO HYKHO MPUJIOKUTE [IJTs TTPEOI0-
JIeHUS CUJIBI TPEHNSA U CHJIBI TAKECTH, YTOOBI BBIHYTh BCe UYeTBIpe CMHUTKA, paBHa F| =6 Frpr +4-m-g.
IITlo ycmoBuio F; = 1060H, Tak Kak Macca CIMTKA JaHA, OTCIOA JIEFKO HAWTH MAKCHMAJIBHYIO CHITY
TPEHUsT MeXK/Iy TJIACTHHON M T'PAHbI0 OHOTO CIUTKA,

1 1
Frpp=—-(F1—4-m-g)= 6(1060_ 500) = 60H.

6
s Toro, 9ToObI BBITAIUATH YIJIOBOW CIWTOK, HY?KHO KPOME CHJIbI TSI?KECTH MPEOIOJIeTh CUIY TPEHUs
MEXKIYy IBYyMs TPAHSIMU CJIUTKA W JIEPEBSIHHBIMY TIJIACTUHAMU, & TaK YK€ CUJIYy TPEHUS CO CTOPOHBI TPaHU
[EHTPAJIBHOTO CJIUTKA (0603HAINM Frps). TakuMm 06pa30M, IpH BHITACKHBAHUE TOILKO YIVIOBOTO CIUTKA,
IpUAEPKIBag OCTANTbHBIE, HY?KHO IPATOXKATH CUTY He MeHbIIyIO Fy = 2 Fry1 + Frps +m-g. Ilo ycnosuio
F> = 340H, Torja IerKO MOJIYYHATD, 9TO

Frpo=F,—2-Fpryo—m-g=340—-2-60 — 175 = 45H.

It TOro, YTOOBI BHITAIIUTH IEHTPAIBHBIN CIUTOK, HY’KHO KPOME CUJIbI TSYKECTHU TPEOI0JIEeTh CUTy Tpe-
HHUS CO CTOPOHBI I'PaHeil TpeX yriaoBbIX CIUTKOB. CHUIIBI PEAKIUU OMOPBI, JeHCTBYIONAs HA TEHTPAThHBIH



CIIUTOK CO CTOPOHBI YTJIOBOTO, MO TperheMy 3aKOHY HBIOTOHA PABHA CHJIE, OeHCTBYOIIEH HAa000pOT CO
CTOPOHBI MEHTPATBLHOTO Ha yraoBoit. CrieoBaTeIbHO CHIA TPEHHUs, KOTOpas JeHCTBYyeT cO CTOPOHBI yI-
JIOBOTO CTWTKA, Ha MEHTPANBHBIN paBHA Fp2, KOTOPYIO MBI HAIIMN paHbIne. TakuMm o6pa3oM, momydaeM
MUHUMAJIBHYIO CHUJLY, HEOOXOAUMYI0, YTOOBI TOCTATH EHTPAIbHBIN CIUTOK, MPUIEPIKUBAS OCTAJIHHBIE

F3=3-Frpp+m-g=3-45+4+175=310H

Orger: Uckomast cuta pasua 310H.

e 3 Gasura Brrunciiena cusia TpeHUsS MEXIY CIAUTKOM U IEPEeBSHHON TMIaCTUHOMN

3 6aJsura Brranciena cnia TpeHUuA MeXKIy IMEeHTPAJbHBIM U YTIJIOBBIM CJINTKOM

3 baJswia Brraunciiena uckomas cuna

1 6as [Tonyven MpaBUALHBIN YUCIEHHBIH OTBET

3amaua 4.
ITo ycioButo, OOMETD CUHNTAET PACCTOSTHUE Yepe3 KOJUYIECTBO 0OOPOTOB KOJIEC, CIEIOBATEIHHO OI0-
MeTp B MEPBOM U BO BTOPOM cirydae mokaxker 100 km. mpu V. Torga myTh, KOTOPBI TPOEIeTe aBTOMOOHIIH,

pacuuTHIBAETCS O (hopMmyIIe.
S =27RN.

Ha 3umuwnx munax Bacwmwmit gefictBurensro mpoexas 661 100 kM. u dhopmysia BeIrIsgaea Obl CIemLyio-

M 0OPa30oM:
S1 =27RyN. (4)

Ha meramx mmuax Bacummit npoemer paccrosamne
SQ = 27TR2N, (5)

korza ogomerp nokazker 100 kv. Pemasg cucremy ypasuenuii (4) u (5), monydaem

S _ I
So Ry
Toraa, Beipasus Ss:
Ry
So = 51—.
2 'R

IToacrarum dncia n MOIyIUM
14
Sy = 100 KM1—5 ~ 93.3 KM

Oreer: B geficrsurensaoctu Bacsa mpoexan 100 KM% ~ 93.3 kM.

e 1 Gama 3a nonumanue, 9To omomerp mokasbiBaeT 100 kM. mpu N 060pOoTax BHE 3aBHCHUMOCTH OT
paamyca KoJeca.

2 Gaswa 3a IpPaBUIIBHO HANMCAHHOE ypaBHeHue (4)

2 Gasa 3a PABUIIHHO HAUCAHHOE ypasHeHue (5)

e 3 6asta Pemenne cucremsr ypasaennit (4) u (5)

2 6aJia [lomyden npaBUIbLHBIN YUCIEHHBIA OTBET

3amaua 5.

JL1st TOro 9TO0OBI PEMIUTD 33439y 0003HATNM 00beM TeaedOoHa, KOTOPbIi HAXOINU/ICI B Kucenre Vi, a ToT
0bbeM, uro 66T B Boze — Vo. OUeBUIHO, UTO CyMMa TaHHBIX OObEMOB PaBHA O0IIEMy 00beMmy TesaedoHa
Vi = Vi + V5. Tlo ycaoBuio 3a7a4un HEOOXOIUMO YKA3aTh KaKas YacTh TeaedOHa ObLIa MOrpyKeHa B
KHCeJIb, YTO B HaIlINX 0603H8}I8HI/IHX COOTBeTCTByeT OTHOIITEHUIO O6"beMa qacTu, HOpr}KeHHOﬁ B KHCEJIb,
K obiemy obbemy mobunbuuka Vi /Vr.



Ecau restedon He BCMIBIBAM U HE TOHYJI, 3HAYNT CUJIA TsKeCTH Frr, ObI1a CKOMITEHCUPOBAHA, CUIION Ap-
xumena Fop,. Cuna Apxume/a B IaHHOM C/Iydae MOXKET ObITh BbIpazkeHa, KaK CyMMa CHJI, JeHCTBYIOIIIX
Ha 9aCcTU TeredOHa, HAXOANUECS B PA3HBbIX KUIKOCTAX. OBGO3HAUNM ILIOTHOCTH BOJBI P4, & MIOTHOCTD
KHUCEJIS P, TOTIa DAJAHC CUJI OYIET BHITJISANETH CIEIYIONIM 00pa3oM

Fr=pa-g-Vi+pp-g: Vo

ITocne TOro Kak >KUIKOCTH CMEIIAJNCH, TeledOH OCTAJICS TIIABATH HA TOM K€ MEeCTe, 3HAUUT CUJIa
TAKECTH TaK Ke ObLITa CKOMIIEHCUPOBAHA CUION Apxumena, JedCTBYIOMEH CO CTOPOHBI MOy YUBIIIErOCs
pazbanoBarroro kucens. ObO3HAYNM HAYATBHBIN OObEM IycToro Kucenst Vi, Torga mociie 1o0aBIeHust
Bogpbl (006bem 1,5 - Vi), obiuit o6bem xkugkocru Oyuaer pased 2,5 - V. O6ias Macca X)KuakocTeil paBHa
M =pa-Vik +pp-1,5- Vk. Tenepb HECI0KHO HANTH MJIOTHOCTH KUIKOCTHU MOCJIE CMemuBanusa (pc),
MPU TOM, 9TO OOIIMii OObEM HE TTOMEHSIJICS

M 1 1,5

pa+ —pp=0,4-pa+0,6-pp.

P Y s Ve 2.5 2.5

Bamurem 6aJTaHC CUJI, IeHCTBYIOMNUX HA MOOUJIBHUK, MOCJIE CMEITUBAHUS
Fr=pc-9-Vr=0,4-pa-g-Vr+0,6-pp-g-Vr.

ITpupoBHSieM BbIpaXKeHUsT IJIsl CHUJIBI TSIYKECTH, MOJYyYEeHHBIE M3 0AJIAHCa CUJI, 0 W TOCJE CMEITUBAHUS
JKUJIKOCTEH

pa-9g-Vi+pp-g-Va=0,4-pa-g-Vp+0,6-pp-g-Vr. (6)

Buaso, 9T0 MBI MOYKEM COKPATHUTH YCKOPEHUE CBODOOTHONO MAIEHUs g C 0OOUX CTOPOH paBeHCTBa. Kpome
TOTO, BEIpA3UM 00bhEeM BepxHeil yacTn renedona depes ero obmmii oobem Vo = Vi — Vi, u moacraBuM B
pasencTso (6)

paVi+pp-Vr —pp-V1=0,4-pa-Vr+0,6-pp-g-Vr.

Ilepenocst cmaraemMbie U BBIHOCS 33 CKOOKH OOIMAI MHOXKHUTENb, MOJTyIaeM CAeTyIoIee
(pa—pB)-V1=0,4-(pa—pB) - Vr.

Tak Kax MJIOTHOCTL KHUCEJS HE paBHa TJIOTHOCTHU BOABI, MOXKEM COKPATHUTH C obonx CTOPOH pPABEHCTBa

(pa — pB), 1 B UTOTE TIOJIy9IAEM OTBET
Vi
L =04
Vr

Otser: Tenedon naxomuicsa Ha 0,4 B Kucese 10 CMEIIUBAHUS KUIKOCTEH.

2 6asta [IpaBuabHO 3amKcaHO ypaBHEHHE OATaHCa CHT I7Ist TeaedOoHa 10 CMEITUBAHNA KUIKOCTEH

1 6amna ITocunrana mIoTHOCTD HOHy‘{HBH.IGfICH IIOCHIe CMeIluBaHud KUJIKOCTH

2 6asua [IpaBuibHO 3aIMCAHO ypaBHEHHE DATAHCA CHI I/ TemeOHA MOCTe CMEIIMBAHUS KIIKO-
crei

e 4 6asta 13 ypaBHeHuit 6aaHca CHI BBIBEIEHO HCKOMOE OTHOIIEHHE 00beMOB “,/—;

1 6ast [Tonyyen mpaBUIbHBIN YUCTEHHDBINA OTBET



