
Ka 11 K.1acC 

] 3 a z a a_ 1 . Il o r o x  a c r ( 2 5  6an1oB) 
KCIIepHMeHTaTOD HCCIeJIVeT HeOIHBHf IIOTOK 3apHKeHHIX HaCTHLI, Ha~IeHHIi1 B TJIy6OKOM 
KOCMOCe. BeKTOpBI CKODOCTH BCeX HaCTHLI B IIOTOKe HaIIDaBIeHBI OJIMHaKOBO, OJIHaKO 
pa3IHaOTC IIO MOJIyJIO. JIeTeKTOpOM aCTMII BBICTVIIaeT IIJIOCKMi KOHIIeHCaTOp, 
HaIIDWKeHHOCT IIOJ1H B O6LeMe KOTODOTO IIOCTOHHHa. TOT KOHIeHCaTOD HeIIOJIBDKHO 

3adHKCHDOBaH Ha OCH IIOTOKa HaCTHLI TaK, HTO BKTODI CKODOCTH HaCTHLI IIapaJIJIeJIBHBI BeKTODY 

HaIIDWKeHHOCTH I1OJ1. Ben1eTCH IIOJICHeT HaCTHLI, IIepeCeKaOIIIMX «BXOIHyIO» O6KJIaJ1Ky 

KOHJIeHCaTOpa 3a eIHHHIIy BpeMeHH. Ha PHCyHKe IIOKa3aHa 3aBHCHMOCT JIOIH THX HaCTHLI, 

IIDOIIIeIIIIHX BHyVTDH KOHJIeHCaTOpa IIO OCTaHOBKH DaCCTOHHe d, OT TOTO DaCCTOHHHI, B 

JIOTapHbMHHeCKHX KOODJIHHaTaX. KaKOBa 3aBHCHMOCT KOHIIeHTDaIIHH HaCTHLI B IIOTOK OT MX 

CKODOCTH, B HCCJIeJIOBaHHOM JIHanIa30He HeprHi? 
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In(d), d B OTHOCHTeIHIX eJIIHHIIaX 

PHcyHOK K 3a1ae l 

Pemene 

AHa.JIM3 TpaHKa, IDeJIJIOKeHHOTO B 3aIae, IIOKa3IBaeT, TO IIOJIOKeHHH TOHeK 

yJIOBJIeTBODHOT 3aBHCHMOCTH 

OTMeTHM, TO TOHKH TpapHKa DaCIOJIOKeHBI JIHCKDOTHO, OHH MMeOT KOODJIHHaTI 

d, =0 . 5i .  PaCCTOHHe MOKIIy TOHKaMH: Ad = const = 0 . 1  (OTHOCHTeJIHIX eJIHH11). B 

JIHCKpeTHoi popMe 

n ( 4 ) -= d , - '  
.  ·  L,  /d 

O603HaHM HaIIDKeHHOCT IIOJI BHVTDH KOHJIeHcaTOpa Hepe3 E, a KMHeTHHeCKyO 

Hepro HacTuI epe3 T. B myTH IO OCTaHOBKM HaCTHIII TeDOT BCO KHHOTHHeCKVO HepTHO, 

TaK TO 



apII BCeX HaCTHII q IIOJIaTaeM OIIHHaKOBBIMH, IIOCKOJIBKy HHIX yKa3aHi B 3a1ae HeT. 

Tenep, 

� (-W 
Hon1yHeHHIe 3HaHeHH n(T;) npOnOpIMOHaJHBI KOJIMHeCTBaM HaCTHII C HepTHMM T}, 

BXOJIHBIIIHX B IIDH~MHHK 3a eHHHIIy BDeMeHH. TH 3HaHeHHH HVKHO CBH3TB C KOHLIeHTDaLIIM 

aCTHII B CaMOM IIOTOKe. EC IJIOIIIaJI KOHJIeHcaTOpa paBHa S, TO 3a eIIHHLIy BpeMeH A/ epe3 

Ty IIJIOIIIa,JIB IIpOJIyT HaCTIII, IIOIIaJIaOIIIHe B 061M 

V = S · Ax  = S · » · A t  
I  I  I  '  

TJIe TO CKOpOCTH HaCTHII (CM. pHCV HOK K DeIIIeHHO 3aJ1a). 

s V =  S-  
-  
E  

PHCyHOK K peIIeH0 3a1a I 

IlyCT h() HHCJIOBBIe KOHIIeHTDaIHH HaCTHI B IIOTOKe, COOTBeTCTBVOIIIH JIHCKDTHIM 

CKOpOCTM • 3Haen n(T), paCCMOTpeHHIe BBIIIIe (OHM XapaKTepH3VIOT BXOJIHOe ceeHe 

IeTeKTOpa, a He IIOTOK), CBI3aHBI C KOHIIeHTDaIIHHMH I() COOTHOIIIeHHeM 

C J1pyrOi CTOpOHI, 

pec m MaCCa aCTLI. BIpaKa I() C MCIIOJIE3OBaHMeM IIOCJIeJIHHX bOpMyJI, 

no1y HaeM 

1 1 1 n (v , )=  . - . -- [ --  
I  2  2  .  

SA1 v, vy, 



0TMenIM, qTo K03q>qnn.1;11eHT .J2qE. -1- 
B rro.rryqeHHOH q>OpM)'Jie rrp11cyTcrnyeT J111llib 

m SAt 
JUI1 HaTJIJIHOCTH DeIIIeHHH. ErO pa3MepHOCT He COOTBeTCTByeT pH3HHeCKOMy CMICJIy 3aJ1a1H, 

IIOCKOJIBKy DaCCTOHHH d BHVTDH KOHJIeHaTOpa, KaK M 3HaeH n(d), 6IJIM 3a1aH5I B 

HeH3BeCTHIX OTHOCHTOJIHIX eJIHHHLIaX. TaKM 06pa30M, oTBeT 3a1a B cIyae 
IICKDeTHOTO paCCMOTpeHH Cop0Tei: 

IIp peIIeH 3a1a yHaCTHHKH MOIVT DaCCMOTDeT HeIIDepIBHVO 3aBHCHMOCT 

IIJIOTHOCTM HaCTHLI OT CKOpocTH n(v). OTBeT B TOM cyHae He con1aIaeT c dopMyno (), 

IIOCKOJIKy IIDH IIOCTOHHHIX HHTepBa1ax Ad = Const p a3 H I M  3HaHeHHHM ; COOTBeTCTBVIOT 

pa3JIHHHIe HHTepBaJII A: 

BIIIIe MCI1OJI3OBaHa CBI3 MOKJIy MaJIIMH IIDHDpaIIIeHHHMH KHHeTHHeCKOf HepTHH H 

CKOpOCTH 

my 
T A T  =mv·. 

2 

oner: n ( ) 1 ', , n ( ) '  
v, v 

IlpMeaHe: B OTBeTe JII 3aIMCM pOpMy1 n(v) L/» MHJI€KC «i» He HCIIOIB3OBaH, TaK 

KaK 3BHCHMOCTE KOHIIeHTDaLIHH OT CKODOCTH 3IC HeIIpepBIBHa. 

KpTep OIIeHBaH 

] .  IHpaBJIHO HHTDIIDeTHDOBaHI HCXOIHIe JIaHHIe 3aIaH: 10 6 6a1.010B; 

2. IHOIyHeHa IpaBJIHa CB13 MOKJIy KHHeTHeCKOf HeprHei aCTLI M pacCTOHHHeM d, 

KOTOpDOe HaCTHIII IIDOXOIIT B IKTDHHeCKOM IIOJIe: 210 3 6an1.10B; 

3 .  IIOIyHeHO IIpaBHIHOe paCIIpeJIeJIeHHe HaCTHII Ha BXOJIe B JICTeKTOD (IHCKpeTHOe J1H60 
HeIIDpepBIBHOe): /10 8 6a1.010B; 

4. /Ka3HO, HTO paCIpeIIeJIeHHH HaCTMLI IIO CKODOCTIM H Ha BXOIIe B JIeTeKTOD JIOTKHBI 
6IT Da31HHHBIMH: JI0 4 6a.1.010B; 

5 .  IHOIyHeHa IIpaBHIBHa 3aBHCHMOCT KOHLIeHTDaIIMH HaCTHII B IIOTOKe OT CKODOCTH 

(IHCKDeTHa JIM6O HeIIpeDIBHa1) 210 4 6a110B. 

] 3 a p a a_ 2 . B e o c s ~ M a  paery(25 6an1oB) 
KocMHHeCKa paKeTa CTapTyeT BepTHKaIBHO BBeDX CO CKOpOCTIO L2 KM/c. ABTOMaTHeCKa 

KaMepa CHHMaeT BHJIeO nOIeTa paKeTI, HaXOIIIC Ha DaCCTOHHHH 400 MeTpOB OT TOK cTapTa. 



O6eKTMB KaMeDI MOKHO IIDeJICTaBHT TOHKOi poKycHpyoLIe JIH3O C (bOKyCHEIM 

paCCTOHHeM F =  800 MM. C KaKHM VCKOpeHHeM JIODKHa IIeDeMeIIIaTCH MaTpHLIa KaMepBI 

OTHOCHTeJIHO IIJIOCKOCTH TO JIHH3I JI1H TOTO, TO6I paKeTa, cpa3y nocnIe cTapTa, ocTaBa.1aC 

TOHO CbOKyCHDOBaHHO Ha MaTDHLIe? CTaT H3BeCTHEIM, HTO MaJIOe IIpHpaIIIeHHe pyHKLIHH 

y =  1/x MOKHo cTaT IO popMyIe Aly=1hr·Ax, rIe Ax Man1Oe npHpaLIIeHe apIyMeHTa x. 

Pemene 

VCOBHeM 3a1aM pa3peIIeHO MCI1OJI3OBaHHe (bOpMy.JII TOHKO1 J1HH3I 

1 1 1 
- = - + -  
F  d  f '  

TJIe F pOKyCHOe DaCCTOHHe JIHH3I, d paccToHHe II0 06eKTa, f paCCTOHMe JI0 

H3O6paeHH (OT LIeHTDa JIHH3BI). DyJIeM CHTaT, HTO 3O6paxeHe bOpMpyeTC Ha MaTpHLIe 

KaMepBL. TOr[Ia, paCCTOHHHe OT LIeHTDa JIHH3I IO MaTDHIII. 

. "  . r  d  - F  

IlpMepHoe paBeHCTBO fs F BO3HMKaeT 1M3-3a TOTO, TO d >> F (1IKOJIBHMKM MOIVT 

IIOJIVHHT VKa3aHHOe IIDHMeDHOe DBeHCTBO, IIOJICTaBHB 3HaHeHH 3 VCJIOBHH 3aJIa). 

JU IIOHCKa yCKOpeHHI MaTDHLII, He06x0IMO 3am1CaT Ma1Oe nIpHpaIIeHMe Af. C yeTOM 

Toro, To F -KOHcTaHTa, IIOIy HaeTC 

B e  CI1OJI30BaHa bopMynra Ay=1/·-Ax H3 yCIOBHH 3a1aM. MaIe IIpHpaIIIeHHH 

Cpa3y MOKHO IIpeBDaTHT B CKODOCTH, JIeIHHeM Ha MaII HHTeDBaJI BDeMCHH. 

f f Ad 
- - -  

At  d t 

[la.Jee, MOKHO IIDHHHT, HTO B MOMeHT CTapTa d = Const, IOCKOJIBKy CKOpOCT paKeTI 

HaIIpaBIHa IIeDIIeHJIHKVJIHDHO BeKTODY DaCCTOIHHH IIO He~. Tora yCKOpeHHe MaTDHLII 

OKa3IBaeTCH IIDOIIODIIHOHaJIHIM LICHTDO6eKHOMV VCKODeHHO paKeTI 6. 

L[eHTpO6eKHOe yCKOpeHHe paKeTI TO Ke CaMOe, TO IIDH JIBHKeHHH IIO OKDyKHOCTH. C 

TOf pa3HHLIef, HTO DCCTOHHHe OT KaMeDI IO paKeTI JIeCTBHTeJIHO VBeJIHHHBaeTC, IIOCKOJIKy 

LIeHTDOCTDeMHTeJIHO CHJII HeT. TaKM 06pa3OM, 

» 
a = -  

n  d '  

TIIe V BeDTHKaJIHaH CKOpOCT pKeTI. 

OKOHaTeJIHO, 



OrBer: a¢=1.4  M/e. 

KpTep OIIeHBaH 

1 .  3ancaHa dOpMyJa TOHKOi JIIH3: 2 6a.11a; 

2. IlonTyeHo paBeCTBOf= E: 3 6a.1.01a; 

3 .  IIOyHeHa IpaBJHa1 CBH3 MKJIy CKODOCTHMH DaKeTI H MaTDHLII: 210 8 6a.1.010B; 

4. IHOIyHeHa IpaBJHa CB3 MOKIV VCKODeHHMH DaKeTI H MaTDHIII: JI0 6 6a.1.010B; 

4. PaCCTaHO uIeHTpOOexHOe yCKOpeHHe DaKeTI: JI0 3 6a01.0108; 

5 .  IIOTyHeH IIpaBHJIHIf OTBeT: I10 3 6a10108. 

] 3anaa_3.'nexrpecxi noreuanoycoB_(25 6an1op) 
Bo6~Me KOHyCa BBICOTI /H paBHOMepHo pacnpeIeIeH IeKTpHHeCKi1 3ap1. K BepIIIMHe TOTO 

KOHVCa IIOIIHOCIT BTOpOi KOHy TO Ke bOpMI, BBICOTA KOTODOTO paBHa H/2. BTOpO KOHyC 

cHaana IeKTpOHeiTpaIeH, OIIHaKo 3aTeM 3ap1, MMeIMiC B O6L~Me IIepBOTO KOHyCa, 

nIepepaCIpeeJIeTC TaKHM 0pa30M, HTO O6L~MHIe IIJIOTHOCTH 3p1a B KaKIOM H3 KOHyCOB 

CTaHOBHTCH OIHHaKOBBIMH. PaBHOMeDHOCT paCIIpeJIeJIeHHH 3ap1a COXpaHHeTCH. KaK H3MeHMTC 

JI€KTDHHeCKHi IIOTeHLIHaI B TOHKe COIIDHKOCHOBeHI KOHyCOB IOCIe IIepepaCIIpeIIeJIeHHH 

3ap7a? 

H/2 

PcyHOK K anae 3 

Pemene 

COrJ1CHO 3aKOHy KyJIOHa, IIOTeHLIMaJI TOeHHOrO 3ap1a q Ha paCCTOHHH R MOKHO 

paCCTIBaT IO bopMy JIe 

q 
¢ = K , - ,  

R  

re Kr = 1/(47€&0) KOHCTaHTa 3aK0Ha Ky1OHa. JI COIOCTaBJIeHM Toi pOpMynI c 

IIOTHLIMaJIOM KOHyCa, MCI1O13yeM MeTOII pa3MepHOCTei. IlOTeHLIMaJI JIO6OTO 3apKeHHOIO 

O6eKTa JIODKeH MMeT TaKVO Ke pa3MepHOCTL, KaK M nOTeHLIHanI TOHeHorO 3ap1a. B 

aCTHOCTH, IIOTeHLIHaJI JICKTDHHeCKOTO IIOJIH y BCDIIIHHI KOHVCa MOKHO 3aIIHCaTB B (popMe 

q 
q = c o n s t , · , - ,  

H  



rIe q nOIHIi 3apI1 KOHyca, H -xapaKrepHI pa3Mep (B HaCTHOCTH BIOTa), constr 

6e3pa3MepHa KOHCTaHTa. 3HaeHHe KOHCTaHTI 3aBICHT OT pOpMI KOHyCa, a TaKKe OT BI6opa 

TOKH Ha eTO IIOBeDXHOCTH. ECJH Ke KOHyCI IIOIIO6HEH IIO (bOpMe, BI6Op TOHKH OJIMHaKOB 

(BepIIHHa), TO KOHTaHTa COnStI 6yJIeT MeT OJIHO H TO Ke 3HaeHMe. 

B CBOO OHepeI, 3ap1 KOHVCa IIDOIIODLIHOHaJIeH IIDOH3BeIHHIO IIJIOTHOCTH 3ap1a Ha 

o6~M. IHyCT D MCXOIIHa IIJIOTHOCT 3apJ1a B KOHyCe BICOTI H. Torma, cyMMapHi 3ap21 

CHCTeMI. 

q = 0 , V, = p , · c o n s t , · H, 

IIOCKOJTBKy O61~M IIDOIIOpIIHOHaJIeH Ky6y xapaKTepHorO pa3Mepa. Teneps, IepBOHaHaJIHi 

IIOTHLIMa.JI y BpIIIMHI KOHyCa BICOTI H (10 06MeHa 3apaMI CO BTODIM KOHyCOM): 

c o n s t , · p,·H a  

qp  = c o n s t , · ,  = c o n s t , · c o n s t s · , · p, ·H' 
H 

Jla.nee, CyMMa O6~MOB IIByX KOHyCOB Ia~Tc popMy.noi 

[ ( )3] 3  H 9 3  9 
V: + V =  const · H + - = const · - H = - · V: . 

• 2 2 ? 8  8 '  

IlocIe COeHeHHH KOHyCOB IIepepaCIIpeIeJIeHH 3ap1JI0B IIJIOTHOCT 3ap21a IIpHHMaeT 

HOBO 3HaeHHe p .  '3HaeHMe q IIDH TOM COXDaHHeTC. TaKM 06pa30M: 

q = p · V: = p · (V: + V ) = p · const · (H3 + ( H )
3 ]  =  p · 2- .  V: ⇒ 

o  1  1  2  2  2  8 '  

8  
p = - 0 .  

9  

HaKOHeLI, CyMMa IIOTeHLIHaJIOB JIBVX KOHVCOB B TOHKe COIIDHKOCHOBeHHH BODIIIHH: 

qp +  q,, � const,- const, · K n ·  p( H' + ( � )'] � 
8 5 2 10  

=  c o n s t, · c o n s t. · K ,  · - p , · -- H  = q .  

2  "  9  4  9 ' °  

OrBer: q = 10/9.q0. 

KpTep OIIeHBaHM 

] .  IHOKa3aHO, TO IeKTDHHeCKH IIOTOHLIHaJI B BCDIIIHHe KOHVCa MOKHO CHHTaT IIO 

popMy e, non06oi1 3aKOHy KyJIOHa: 210 8 6a.1.0108, 

2. IHOIyHeHa BepHa CB3 MOKJIV IIOTeHLIHa1OM B BepIIIMHO KOHyCa, IIJIOTHOCT0 3ap21a 

H BICOTOf: 210 12 6a1.J10B, CyMMapHO C IIyHKTOM l; 

3 .  IIOyHeHO IpaBJIHOe paCIpeIIeJIeHHe 3ap10B IIOCJIe COeJIHHeHHI KOHyCOB: 210 4 

6a.110B; 

4. Hai1eHa CyMMa IOTeHLIHJIOB JIBVX KOHVCOB B TOHKe COIIDHKOCHOBeHH BeDIIIHH: JI0 5 

6a.1.10B; 



5 .  3aIMCaH IIpaBHJIHIf OTBeT, CB3BIBaOIIIMf JIeKTDHHeCKHe IIOTHLIHJII JI0 IOCIe 

COeIIHeHH KOHyCOB: I0 4 6a1010B. 

] 3 a z a a_ 4 . O r a n e e I y y r ( 2 5  6an1oB) 
JlyHa yJIaJ1HTC OT 3eMII CO CKOpOCTBIO, paBHoi 3 . 8  CM/TOJI. KaK 3MeHHTCH HeDTHH BDaIIIHH 

eMJIH 3a TO BpeMT? CMTaT H3BeCTHIMH HeDTHO TDaBHTaIIHOHHOTO B3aHMOJIeCTBH 'eMIH 

JlyHEI U =G·MM/R, a Ta&Ke COOTBeTCTByIOIIIVIO CHJIy IIpHTKeHH F =  G-MM/R? 

HcnO3OBaTE CIeJIyVOIIIHe KOHCTaHTI: Macca eMn M = 5 .97 . 10'r, Macca JlyHI 

Mi = 7 .35 . 10? kr, paccTroHHe Mex1y eMei n JlyHoi R =  384400 KM, G 
6.6743.10w/(r·c). 

Pemene 

ByeM CHHTaTL, HTO JlyHa HaxOTC Ha KpyrOBOi Op6Te. JI TOTO, TO6I Ta Op6Ta 

6IJ1a CTa6HJIHOf, LICHTpO6eKHOe VCKOpeHHe JIODKHO COBIIaJIT C LIeHTDOCTDeMHTeJIHIM 

F M 
a a (} d  

R M. R? 
JI 

3I1eC V CKOpOCT JIBHKeH JlyHI IO Op6Te. Ha OCHOBaHHH IIpeIBIJIyVIIIeTO paBeHCTBa 

MOKHO IIOJIV HHTL CB3B MOKJIy KHHeTHeCKOi (T) IIOTeHLIHaJIHOi (U) HepTHHMI JIyHEE 

_M" 1. M M , U N ]  
2  2  R  2  2  

H3MeHeHHe T U pH yBeIHHeHHH paJIyCa 3IeC yKe MOKHO CHHTAT C IIOMOIII6IO 

Ka1Ky.HTOpa. TeM He MeHee, H3MeHeHHe DCCTOHHHH OHeHE MaIO, TaK HTO IIOTDIIIHOCT 

paceTa MOKeT OKa3aTBCH BICOKOii. IIOTOMy, JIVHIIIe BIpa3HT H3MeHeHHe Hepr Hepe3 A/ B 

BHOi pOpMe. JU TOTO MCI1OJ13yeM bOpMyJIy, yKa3aHHyIO B yCJ1OB1M a1a 2: 

Manoe IpHpaIIeHe pyHKLIM y = 1/x MOKHO cTaT IO popMyre Aly = 1hr·Ax. 

Ta1M 06pa30M, 

VMTIBa, T O T =  U/2, MOKHO Cpa3y HaIIHCaTE, HTO 

AT AN' _ M_ M R - v. AR  
2  2R 2R 

IHOJHOe 3MeHeHHe HeDIHM JIyHEI E OKa3IBaeTC DaBHEIM 

AE = A U + A T  =  Au _ A N  AN' _ MM ± R  
2  2  2R 

B ccTeMe 3eMn1-JlyHa IOJTKeH pa60TaT 3aKOH COXpaHeHHH HeDTHH. IHpJIIBHIe CHJII, 

IIeiCTBVIOIIIHe Ha 'eMO CO CTOpOH5I JIyHI, 3aMeJI1HOT e BDaIIeHHe BOKpyr cBOe OCH. C 

yHeTOM yBeJIHHeHHH HepTHH JIyHEI AE H 3aKOHa COXpaHeHHH HeDIHH, HepTHH BDaIIIHH 3eMIH 

JIOTKHa yMeHBIIIHTBC Ha BeJIHHHHy AE. IHOICTaHOBKa HHCJIOBIX 3HaeHi Ia~T 



M=6.6743x10- 1 1 _  5 . 97x10 2 4 _ 7 _ 3sx 1t2  3 .8x10-2  = 3 . 8 x 1 0 1 s  ,[i,)K .  

2 .(384400·10) 

OTBeT: HeprMI BpaIIIeHH 3eMII yMeHIIIHTC Ha AE =  3 . 8 . 10"  JI. 

KpTep OIIeHBaH 

] .  PeIeHe IIeMOHCTDHDVeT IIDaBHIHOe IIOHHMaHHe CBH3H MOKIy H3MHeHHeM 

MeXaHHHeCKOf HepTHH JlyHI Ha Op6HTe 3aMeJUIeHHeM BDaIIIeHH eMIH: 10 8 6a1.010B, 

2. IlOIyHeHI JOpMyJII JI1I paCeTa CKOpOCTH H/JIM6O KIHeTMHeCKO HepTMH JlyHI Ha 

CTaLIMOHapHOif Op6Te: /10 8 6a1.108; 

3 .  IlonyeHa dopMyna I111 paceTa 3MeHeHHH MeXaHMeCKOi HepTHH JIyHBI (CyMMI 

KHHeTHHeCKO I IIOTeHLIHaJIHO H e p ) ,  CB3aHHOO C e~ yJIaJIeHHeM OT eMIH: JI0 5 6a1.10B; 

4. IHOnyHeHO HCJIeHHOe 3HaHeHHe H3MeHeHHH MeXaHHeCKO HepTHH JlyHI C pa3yMHoi 

TOHHOCTIO, Ha OCHOBaHHH IIDaBHJIHOTO DeIIIeHHH: 210 4 6a1./10B. 


