9.1 Tpu paketbl. 13 Touku, HaXOsIIIeiCs HAa BBICOTE N HAl TOBEPXHOCTHIO 3eMJIU MO Pa3HBIMH
yIJIaMUd K TOPU30HTY C OJIMHAKOBBIMHU CKOPOCTSIMU Do OJJHOBPEMEHHO Pa3JIETalOTCs TPU OCKOJIKA
deliepBepka. BekTopbl MX CKOPOCTEH Jie)KaT B OJHON BEPTHKAIBHON IJIOCKOCTH. Uepe3 Bpems
t=1,0c mnocne BBUICTA OCKOJKM B3PBHIBAIOTCSA. BcCmbllika mepBOro 3
MPOUCXOAUT y CaMOW MOBEPXHOCTU 3€MJIM, BCIBIINIKA BTOPOTO — Ha
paccrosiaun | = 10 M OT mepBOrO, a BCIBIIIKA TPETHErO — HA TAKOM XKE
paccrosiauu | ot Broporo. OTpe30ok, COSAMHSIONINIL 1BE TICPBBIC BCIIIIIKH,
COCTaBJISIET Yroa 75° ¢ TOPU3OHTOM, a OTPE30K, COSAUHSIONINN BTOPYIO U
TPEThIO BCIHBIIIKY, cOcTaBisieT yroid 120° ¢ mepBbIM OTpE3KOM, Kak

II0Ka3aHOo Ha pucyHke. Onpenenure:

e  HavaJIbHBIE CKOPOCTH Do OCKOJIKOB,;
®  YIJIBI C TOPU30HTOM, MOJ] KOTOPHIMH HAIPABJICHBI BEKTOPHI HAYAJILHBIX CKOPOCTEH KaXKIO0TOo
U3 OCKOJIKOB;

e BBICOTY h, Ha KOTOPOI pasopBaics QeiiepBepk.

Yckopenue cBo6oaHOro nagenus g = 10 m/c?,

9.1. Bo3moskHoe pemenne. [lepeiiiém B cucTeMy OTCYETA, IBHKYLIYIOCS BHH3 C YCKOPEHHEM (),
CKOpPOCTh KOTOPOH paBHA HYJIIO B MOMEHT B3pbIBa (eiiepBepka. B ¢
9TOM CHCTEME OCKOJIKH JBHXKYTCA IO IPSAMOJIMHEUHBIM B

TPACKTOPUSIM, HaIpaBJICHUS KOTOpPBIX  COBIAJArOT c

HalpaBJIEHUSIMU BEKTOPOB HauyalbHBIX CKopocTell (yribsl a, S Uy

Ha puc. 2). Touku Benbliiek B 3Toi cucteme orcuéra (T. 4, B u C) B v

E . F
JeKaT Ha OKPY>KHOCTH paJuycoM R = v,T, r1e vy, — HavalbHas _'/ “ 9]

CKOpPOCTBb pakeT, T = 1 C. A D
Touku 1, 2 1 3, B KOTOPBIX MPOUCXOJAT BCHBIIIKA B 3€MHOI cHCTEME OTCUETa Jie)KaT TOYHO Ha
TaKOM K€ OKPYXHOCTH, HO €€ LIEHTp CMEUIEH BHHU3 IO OTHOIICHHWIO K BEpIIMHE XOJMa Ha

2
Ah= T~ =5m.
Tpeyronsuuku AOB u OBC — paBHOCTOpOHHUE ¢ paauycoM R = [ = 10 M.

l M
Takum 06pa3om, HauaabHasE CKOPOCTh OCKOJIKOB Vy = o= 10 -
W3 reomerpun o = 15°, f = 45°,y = 75°. Hanpasiienus mosiéra, COOTBETCTBYIONINE 3HAYCHUSIM
ITHX YTJIOB yKa3aHbI Ha pHC 2.

Touka O — HEHTP OKPYKHOCTH BbIlIe ypoBHs 3eMuid Ha OD = AOsin15° = [ - sin15°. YroOsr

2
. T
ONPCACIIUTL BBICOTY XOJIMa HA/10 CIIIC HpI/I6aBI/ITB Ah = gT OKOH‘I&TCJ’IBHO, BBICOTA XOJIMA

. gt’
h = l-sm15°+7z 7,6 M.



9.2 Ilpyxunbl. CucremMa COCTOUT U3 TPEX JETKUX MPYKUH U JABYX JIETKUX
crepkaed. Koapounuentsl KECTKOCTH MPYKHUH yKa3aHbl HAa PHCYHKE. 2k
BepxHuii crepKeHb Ha TPETU CBOEH JUIMHBI IPUKPEIUIEH K HIAPHUPHOH OIIOPE.
e Kak u3meHutcs (B Kakyl0 CTOPOHY M Ha CKOJBbKO) JJIMHA BEpXHEH
IPYXUHBI, €CIIU K CEPEANHE HUKHETO CTEPKHS IPUIIOKUTH BHEIIHIOW cuity F,
HaIlpaBJIECHHYIO BEPTUKAIIBHO BHU3?

e Uemy paBeH koddpduuueHT Ko — XECTKOCTH CHCTEMbI, €ClId Ha Heé
JICUCTBOBATh BHEIIHEW BEPTUKAJIbHOW CHJIOH, MPHJIOKEHHOM K CepelrHe
HUKHETO CTEPKHS?

VYribl noBopoTa crepkHel Maibl. [IpyKuHBI OCTatOTCsl BEpTUKAIBHBIMH.

9.2. Bo3mo:kHOe pelieHue.

1. Tak Kak HWXXHUH CTEep)KEHb JIETKUM, a BHEIIHAS CUJIa IPUKJIAIbIBACTCS K €0 CepeiuHe, TO
CHJIBI YNPYTOCTH, NEHCTBYIOIIHME HAa CTEPKEHb CO CTOPOHBI MPYKWH JIOJHKHBI OBITH DPaBHBL

O6o03naunM ux 3a T. U3 ycnoBus paBHOBeCHs HUKHETO cTepskHs, F = 2T.

2. 3anucelBasg IpPaBWJIO MOMEHTOB [UIl BEPXHErO CTEpXKHS OTHOCUTENIbHO IIapHUpa, B
HPENOI0KEHUH, YTO BEPXHAS IPYKUHA PACTSAHYTa CHIION T1 HOTydnM:

T1l + 2Tl =TI, rue | — nvHa OTHOM TPETH CTEPIKHS.

Otkyna T1 = —T. D10 0O3Hayaer, 4TO Halle MPEAINOJIOKEHUE HEBEPHO, U BEPXHSs NpYy>KHUHA
CKUMaeTcs cuioit T.

3. Bocnonb3oBaBurck 3akoHoM ['yka, HaiiéM nedopmaruio BepxHeid npyxusbl: Ay = F/(4K).

4. AOCONIOTHBIC YIJTMHEHUs] HUKHUX TPYKUH OJMHAKOBBI U paBHbI AX2 = F/(2K) = 2Ax;.

5. Haiinem kuHeMaTH4yecKylo CBA3b MEXIy JeQOpMalUsMU NPYKUH U CMeIeHHueM AX TOUKH
pUIIOKeHus cuitbl F. Ax,

Tak Kak BEpXHUU CTEPKEHb JKECTKHM, TO €ro IPaBblii KOHEL] S 2Ax,
cMmectuTcst BHU3 Ha 2AX1. Ho nedopmanun HUKHHUX NMPYXKHUH TOXKE

2AX1, cenoBaTeIbHO, HUKHAN KOHEI] PaBO MPYKUHBI Oy CTUTCS

Ha 4AX1. HuxHuii crepskeHb, OCTaHETCs MapajulelIbHBIM BEDXHEMY, Ax, !

Y HVWKHUM KOHEI JIEBOU MPYKUHBI CMECTUTCSI BHU3 Ha AX1. 4Ax,
N3 XECTKOCTM HMKHETO CTEP)KHS CIEeAyeT, YTO €ro cepeauHa

omyctutcs Ha AX = (5/2)Axy.

6. 3Banmmem 3akoH ['yka jus Bcedd cuctembl: F = ko(5/2)Axq,

otkyna ko = (2/5)F/Ax1 = (8/5)k.




9.3 Cocyabl ¢ Bogoii. B Tpéx cocynmax HaXxoauTcs BoAa Maccod M, 2m u 4M mpu Temreparype
t =20°C, 3t u 2t coorBercTBeHHO. [lopIMio BOABI U3 MEPBOrO COCya MEPEIUBAIOT BO BTOPOM.
3areM Takylo e M0 Macce MOPLHUI0 U3 BTOPOro cOCy/ia MepenuBaioT B TpeTHil. U B 3aBepiueHue,
TaKyIO K€ MOPIHIO U3 TPEThEro cocy/ia MepesiuBaloT B MEpBbIil. B pesynbrare B mepBoM cocynie
yCTaHaBJIMBAeTCs paBHOBecHas Temiieparypa ti1 = 28°C, a Bo Bropom — t» = 54°C. Onpenenute
HOBYIO TemImepaTtypy t3 B TpeTbeM cocyjie. TerioBbIMH NOTEPSMU U TEIJIOEMKOCTBIO COCY/I0B
MO>KHO MpeHeOpeyb.

9.3. Bo3mosknoe pemienne. Tak Kak IMepeMBacTCs OJJHA U Ta )K€ Macca BOJbI, B HTOT€ BO BCEX
COCy/laX OKa3bIBacTCsi TaKoe e e KOJIMYeCTBO, Kak W JI0 Hadama mporecca. lloatomy
11€71eC000pa3sHO NPUMEHHUTH YPaBHEHHUE TEIIOBOTO 0alaHca He K KaXKIOMY OTIEIbHOMY IPOLIECCY
HepEIMBAHMUs, a Cpa3y K KOHEYHOMY COCTOSHHMIO CHCTEMBI. I10 yCIIOBHIO BOJa B IIEPBOM COCY/IE
HOJTy4YaeT KOJMYECTBO TEILIOTHI:
Q1 =cm(t1 —t),
a BO BTOPOM M TPETHEM COOTBETCTBEHHO:
Q2 = c2m(t2 — 3t) u Q3 = cAm(tz — 2t).
[TockoIbKY TIOTEPh TEIUIa He ObLIO, YPaBHEHHE TEIJIOBOTO OaaHCca MMEET BHII:
Q1+ Q2+ Q3 =0 mmu cm(ty —t) + c2m(t2 — 3t) + c4m(ts — 2t) = 0.
Pemast ypaBaenue, nomyuum: t3 = (15t — ty — 2tp) /4= 41°C.



9.4 Koabumo. Konbio paadycoM I clielaHO W3 MPOBOJIOKH, YJIEJIbHOE
COTIPOTUBIICHHUE pH KOTOPOH YBEIWYMBAETCS OT TOYkKHM A 10 Touku B mo
JUHEHHOMY 3aKOHY p = o0, TI€ o — WU3BECTHAs IMOCTOSIHHAs, ¢ — YTOJI,
OTCUHUTHIBAEMBIH OT TOYKH A 1O (WM TMPOTHB) YaCOBOM CTPEJIKH, KaK
MOKa3aHO Ha PUCYHKE.

e Omnpegenute compoTuBieHrHe Ro Bceil MPOBOIOKH, U3 KOTOPOU

M3TOTOBJIEHO KOJIBLIO. B

e  Haiinure Ha Kosb1e ABE TOUKU M 1 N Mex 1y KOTOpBIMM 3KBHUBAJIEHTHOE CONPOTHUBIIEHNE RMN
KOJIbLIa MAaKCHMaJIbHO IPU MHHUMaJIbHOM paccTosHuM Mexay M u N. Onpenenure 3HaueHue
3TOTO COMPOTUBIIEHU Rmax 1 paccrosiane L mexxmy M u N.

[Tnomazns S cedeHus: NPOBOJIOKU U3BECTHA U MOCTOSIHHA BJIOJIb BCETO KOJIBLIA.

9.4. Bo3mo:kHOe pelieHue.

1. CompoTuBieHue Bcell MPOBOJIIOKH Ro HE 3aBHCHUT OT TOrO, B KaKOW MMEHHO TOYKE MBI €
pa3pexkeM (Bce OJEMEHTapHbIE YYacTKHM MPOBOJIOKM COEIMHEHBI JPYr C  JpYroM
nocyeoBarensHo). [ ynpomeHus paspekeM KOJbLO B TOYKE A, YTOObI CHaydala HaWTH
COMPOTHBJICHUS Ro/2 ero 1ByX CHMMETPUYHBIX ITOJOBUHOK, & 3aTEM HX CIIOXKHTb.

[ToCKONBKY y/ENBbHOE CONPOTHUBIICHUE IPOBOJIOKH M3MEHSETCS 1O JIMHEHHOMY 3aKOHY (OT
yriia ¢ wid ot pacctosiHus | ot Touku A), Ui BBIUKCICHHS €€ COMPOTUBICHUS BOCIIOIb3YEMCSI
CpEJIHHM 3HaYeHHEM YJIeBHOTO CONPOTHBICHHS pep = a77f2. OTkyna Ro/2 = peprt]S = azr?rl(2S),
170071 4

Ro = az?r/S. (1)
2. ToagxmroynM KOHTAaKTHI K HEKOTOpeIM ToukaM M um N komema. M
[TonmyuuBiasics 1iens Tenepb cocTouT U3 1ByX ydactkoB — MAN u MBN,
COEMHEHHBIX MapayieNlbHO, U €€ compoTuBieHne Rmn ompexpensercs

COOTHOUIICHHUEM
RmanRMBN (2)’
Rman+RMBN
rzie Rman 1 Rven — conpoTHBIEHHS COOTBETCTBYIOIIMX YYaCTKOB, IPUYEM

Ryn =
B

3HaAMEHATEIb ATOU (I)OpMy.]'IBI HEC 3aBUCUT OT TOT'O, B KAKUX TOYKAX MbI ITOAKIIIOYACMCA K KOJIbIY,

U paBeH cONpoTuBJIeHUIO Ro Beelt mpoBonoku. @opmyity (2) MOKHO MIPEICTABUTh B BUJIE:

_ Rpyan(Ro—RmaN)
Ry !

Run
ConpoTuBieHHE KOJIbLIAa MEXAY OJTUMU ToukaMH Rwmn Kak QyHKIusS BennduHbl Rman
npezcTaBisier co0oif mapadoiy ¢ BeTBSMH, HAllpaBIEHHBIMU BHU3, M JIOCTUTAE€T MaKCUMyMa Ipu
Rman = Ro/2. CnenoBatenbHO, COPOTUBIIEHUE KOJIbIIa MakcuMalibHO MpH Rman = Rmen = Ro/2 u
Rmax = Ro/4 = aiZzl’/(4S).
3. Pa3menuth BCIO MPOBOJIOKY KOJIBIIA HA JIBA YYacTKa C PAaBHBIMU CONPOTHUBICHUSIMHU MOXHO
0OECKOHEUHBIM KOJIMYECTBOM c11oco6oB. Hanpumep, nprucoeJMHUB KOHTAKThl K ToukaM A 1 B Ml
HOJYYHM TOT e caMblil pe3ynbTaT g Rmax. Ho, Mo ycioButo, paccrosiaue Mexy ToukamMmu M u
N nomkHO ObITh MUHUMAaNBHBIM. [l 3TOr0 Ha Manyko ayry mexay toukamd M u N nomkHa
NPUXOJUTHCA TPOBOJOKA C MAKCUMAJIbHO BO3MOXKHBIM YJIENBHBIM CONPOTHBIEHHEM. ITO

0O3Ha4acT, 4YTO TOYKH MuN AOJDKHBI pacrojiaratbCa CUMMETPUYIHO OTHOCHUTCIIBHO TOYKHU B.



U conporusnenne manbix ayr MB u BN nomkno 661tk paBHO Ro/4. IlycTb A
nosiockenue Touek M u N onpenensercs yriiom ¢o (cMm. pucyHok). Toraa
cpelHee yelbHoe conpoTuBiaeHue yyactka BN o manoii nyre paBHo
po = a(z+ po)l2, a ero conpoTUBIICHHE

Ro/4 = po(r— @o)rIS = a(7% — po®)r/(2S).
C yuérom ypaBHenus (1) momyunm:

ar?rl(4S) = a(7% — po®)r/(2S) umu 7°= 2(7% — po?), oTKyna o = % =127°. B

Paccrosiane L mexay Toukamu M u N Haiiném kak oCHOBaHHME paBHOOEIPEHHOTO TPEYTOJIbHUKA

MON.
. . 1
L=2rsin(z— =2rsin| 7| 1-— | |=1,6r.
(x-) =205 {1 5 )



9.5 MMapayenorpamm. Ha pucynke o003HadeHbI 00pa3yromniue
napauicjiorpaMm JBa TOYCUHBIX I[GI\/JICTBI/ITCHBHBIX HNCTOYHHUKA
CB€Ta U IBa UX I/I306pa)KeHI/I$I, MOJIYUYCHHBIC C IOMOIIBIO TOHKOU
JIMH3HBI. HOCTpOCHI/ICM OIMPCACIIUTEC THUII JIMH3BI, eé ITOJIOKCHUC,

noJjoxenue rnaBHoi ontuueckoi ocu (I'OO) u pokycos F.

9.5. Bo3mo:kHoe pemienne. O6o3Hauum Touku OykBamu A, B, C, D, a Taxke HaHECeM KOHTYPHI
napajuiejiorpaMMa M ero auaroHanei. llpsmble mnpoxonsuiue yepe3 Mapbl HCTOYHUK —
M300paKeHUE JOJDKHBI [IEPECEUbCS B ONTHYECKOM LIEHTpE JIMH3bL. [l03TOMY, aps! onpenenstorcs
onno3HayHo — 310 A—C u B-D (mpyrue npsimble mapalijielibHbI U HE Tiepecekatorces). Orcrona
CIIEZlyeT, YTO ONTHUYECKUW ILIEHTP JIMH3bI HaxomuTcs B Touke O mepecedeHus auaroHaien
napajuleJorpaMMa, a UCTOYHUKH C U300paKEHUSIMU PACIIONOKEHBI 10 pa3HbIe CTOPOHBI OT HETO,
CJIeZIOBATENIbHO, N300payKEeHHsI IEHCTBUTENBHBIE. DTO MO3BOJISET CACTATh BEIBOJ] O TUIIE JIMH3BI —
OHa coOuparorasl.

bonee Toro, MoXHO yTBEpXkAaTh, YTO UCTOUHUKU U UX M300paKEHUS HAXOAATCS B IUIOCKOCTSIX,
yIAJICHHBIX Ha JBOWHOE (DOKYCHOE PAcCTOSIHHE OT TUIOCKOCTH JIMH3BI, IMOCKOJBKY TUArOHaIH
napajuieJiorpaMma JeJATcs B TOUKE IIePEeCceueHus MomoIaMm.

OpHako 1O JaHHBIM YCJIOBHUS HEBO3MOXKHO OJHO3HAYHO OINpPEAEIUTh I0JI0KEHUE JIMH3BI.
Bo3MosxHBI 2 BapuaHTa, TaK KaK IUIOCKOCTH IBOMHOTO (pokyca MoryT rpoxoauts uepe3 AB u CD,
a moryT — uepe3 BC u AD.

IlocTtpoeHns mnpu 3TOM aHajnoruuHele. Yepe3 ONTHYECKUMM LEHTP IPOBOIUM IPSAMYIO,
napajuleJIbHYyI0 IUIOCKOCTSIM ABOWHOTO (hoKyca — 3To OyAeT MiIocKocTh JUH3BL. [lanee, cTpoum
NEPIEeHIUKYIISIP K INIOCKOCTH JIMH3bI Uepe3 ONTUYecKuil eHTp. [lorydaeM riaBHy10 ONTHYECKYIO
ock (I'O0). Iepeceuenne ['OO co cropoHamMu mapajiieorpaMma JaeT TOYKHA ABOMHOTO (hoKyca
(2F). lenum paccTosiHUSI MEXK/TY ONTHYSCKUM IICHTPOM U IByMsi (POKYCaMH ITOTIOJIaM U HaXOJIMM
(boKycCHI.

Bo3moxHbIe mocTpoeHUs MpUBEAECHBI Ha puc. 1 u puc. 2.
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