YcioBue

B 1ko/IbHBIX 3a/1a9ax Ha CTOJKHOBEHUE TBEP/IBbIX TeJT MU IPUTSKEeHNE /OTTaJIKIBAHIE SJIEKTPIIe-
CKUX 3aPsJI0B OOBITHO PACCMATPUBAIOT JIBA B3aNMO/IEHICTBYIONINX TeJIa, WHOT Ia TPU WIn deThipe. B
HACTOSIINX Ke SKCIIEPUMEHTaX Ha YCKOPUTEJISIX, B TOM 4Kcje Ha BoJibIlioM aJIpoHHOM KoJLIaiijiepe,
TeJIBI TTOTOK YaCTHUIl, COCTOAININI U3 UX OIPOMHOI'O KOJIMYECTBa, CTAJKUBAETCA ¢ MUIIEHBIO WA C
JIDYTHM TaKUM 2Ke IIOTOKOM. B3anmMmojieficTByst, 9acTUIbI Pa3/IeTAIOTC 110]T Pa3/JIUYHBIMU yTJIAMH,
nHave roBOps, PACCEUBAIOTCA. Benaunnoii, n3MepsaeMoii Ha SKCIIePUMEHTE, ABJISIeTCs pacipeiesie-
HIe KOJIMYeCTBa JYaCTHIL 110 YIJIaM UX OTKJIOHeHUs! (paccesiust). Takoe pacrpe/iesieHre HA3bIBAIOT
cedeHneM paccesHus. B Hacrodmieil 3a/1ade mpejjaraeM BaM pacCIUTATh CeYeHHe PACCesHUs JIJIs
MIPOCTOTO CJIydas B3aUMOJEHCTBUS — yIPYTroro CTOJKHOBEHHUS TBEPJBLIX TeJl. BumsgHueM moJisd Te-
JKECTH BO BCell 3a/1ave MOKeTe CMeJIO TpeHebperaTh.

Yacte 0. IToaroroBka Ha rirajikyio ynpyryio MIoCKyI0 3aKpeIIEHHYIO MOBEPXHOCTb IIOJ yT-
JIOM (0 K HOpMaJIH MaJIaeT HEKOTOpas YaCTUIA. 3JeCh U Jlajiee MOJL YIIPYToil MOBEPXHOCTHIO Oy1eM
MOHUMAaTh OTCYTCTBHE IIOTEPh MEXaHUYECKOIl SHEPTUH IIPU CTOJTKHOBEHUNU C Heil.

0.1. ITokaxkuTe, 9YTO IPU CTOJIKHOBEHUU OYyJIET BBIOJHATHCS «OINTUYECKUIT» 3aKOH: YTOJI aJIeHUs

) p YA y II
paBen yriy orpaxkenus. (.2. Bolpa3zure 4depe3 p yros paccesdHusi Y — YroJ MeXKJIy HadabHBIM
HallpaBJIEHUEM [0JIETA YACTHUIIBI U HAIlPABJIEHUEM II0JIETA MOCJIe OTPAYKEHUS.

YHactp 1. IMlap 3akpenuien meercs 3akperuiennblii map pajnyca R ¢ riaiKoil ynpyroit nosepx-
HOCThIO. Ha 3TOT 1map najjaer pa3pekeHHbIN OJIHOPOIHBIN MOTOK OYeHb MaJIbIX YaCTHIl, CKOPOCTU
KOTOPBIX ITapaJiJICJIbHBI. H.HOTHOCTb IIOTOKa YaCTHUull, TO €CTb KOJIMIEeCTBO YaCTHUIL, IIPOJIECTAIOIINX
Yepe3 eJIMHUILY IMOMEPEYHOro CedeHusd MMOTOKa B €JIWHUIY BpeMeHu, paBHa j. [Ipm croskHOBEeHUN
C MApOM PA3JUYIHBbIC YACTHUILI OYILYT PaccenBaTbCd Ha pasandHbie yribl. CuuraiiTe, 9TO MOTOK
YaCTUIL Pa3PerKeH HACTOJBKO, YTO MX CTOJKHOBEHHE JIPYT C JPYI'OM IIOCJIE OTJIETa OT IIapa Ipak-
TUYECKU HEeBEPOATHO. /I KaxKIoit oT/IeIbHOI HaseTaromneil Ha map 4acTUIbl KII0YeBO Xapak-
TEPUCTUKOM, OLpee/IAoeil ee fajibHeillllee paccedHune, dABJIdeTCd IIPUIC/IBHOE PACCTOAHUE P —
pacCTosiHAE OT HAIPABJIEHHUs ee CKOPOCTH JI0 TleHTpa mapa (puc. 1).

Pucynok 1 - KiioueBble XapaKTEPUCTUKN PaCCeTHU

1.1. Haitiure 3aBUCUMOCTD NPUIIETHLHOTIO PACCTOSHUS H HEKOTOPOI YACTHUIILI OT YIJIA €€ PACCeTHUS
X TIOCJIe CTOJTKHOBEHUs ¢ mmapoM. OmpeiesinTe quana3oH BOSMOKHBIX 3HATEHNN Y18 PACCESTHUST X .
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Boobiiie roBopsi, BEpOSTHOCTD TOTO, UTO OCJIE CTOJKHOBEHUSI HEKOTOPAsT 1aCTUIA OTKJIOHUTCS POB-
HO Ha Hallepe/I 38/ IaHHbII YToJ1, IPAKTUIEeCKN PaBHA HYTI0. [[09TOMY OOBIYHO FOBOPAT O KOJIUIECTBE

JaCTHI], KOTOPbIE PACCEMBAIOTCI HA HEKOTOPBIN JIMana30H YIJIOB.

1.2. IlomyunTe BeIpazkenue Jyigd KojmdecTsa dacTul, AN, , KOTOpble B €IMHUILy BDEMEHN PACCEIOTCA

Ha YroJI B MAJIOM JHama3one ot x 710 X + Ay, riae Ay < x.

HOqueHHaﬂ BeJIMINHa y2Ke IIOKa3bIBaeT KOJINICCTBO YaCTHUIL U3
13/IA0IEro Ha IIap [0TOKA, KOTOPbIE I10C/Ie B3anMOJIeHCTBYS
OTJIETAT HA TOT WJIM MHOH yroJI — TO, 4TO U Tpebyercs HaiiTh
B 3a/1a4e paccestuus. OHako, 910 KoandecrBo AN yUuTBIBAET
BCE YACTUIIbI, OTKJIOHSIOIINECs [I0C/Ie CTOJKHOBEHUST U «BIIPa-
BO», U <«BJIEBO», U «BBEPX», U «BHU3» HA YroJ X — B OOIIEeM
BIH/IE YJIETAIOIINX «KOJIBIIOM» BJIOJIb 00pa3yIolieil KOHyca ¢ Bep-
IIMHOM B IleHTpe mapa (IPUMEPHO) U YIJIOM NOJIyPacTBOPa X
(pucyHOK 2).

Pea/IbHBLI 2Ke JETEKTOP B SKCIIEPUMEHTE — 9TO He KOJbIO, a
YCTPOHCTBO ¢ HebouibImoi miomaapio («/I» Ha pucynke), Ko-
TOpPOE MOMEINAIOT Ha HEKOTOPOM PACCTOAHHU OT PACCEHBATEIIA
(reHTpa 1mapa) Ipu pasHbIX yrjax x.

1.3. TTosyuure Boipazkenue st Koandectsa dactul], ANg, KO-
TOpbIe B €JIMHUILY BPEMEHH IONAIAI0T Ha JIETEKTOD C MaJIoi
woma b0 AS, pacio/ioKeHHbIN Ha paccTOSHUU | OT TEHTpa
mapa (I > R) 10 HAIPABJIEHUIO yIJIa PACCesTHUS X.

PucyHok 2

HOHHTHO, 9TO eC/id OTOABUHYTDL AETEKTOD JdaJibIllle OT IIapa, TO KOJIUYECTBO IIOIIaJalolnX Ha HETro
JaCTUlll yMEHbIIUTCA, TaK KaK 9aCTUIIbI Pa3JICTAIOTCA APYT OT JApyra C paCCTOAHUEM. Yrobbl CbI/IKCI/I-

pPOBATh TO K€ CaMOe KOJIUIECTBO YACTHII, IIOMAIb JeTEKTOPA MPHUIILIOCH ObI yBeJmIuBaTh. JIerko
[IOKa3aTh, 9TO JJIsi PECUCTPAIMKE OJHOTO U TOTO K€ YHC/Ia YACTHUIL HEOOXOAMMO, UTOOBI BEJTMIIMHA
AS/(1?) coxpansiack. [OBOPAT, YTO pas/eTalONHiics MOTOK YacTHI] «BbIPE3aeT» B NPOCTPAHCTBE
TesecHblit yroa pemmunnoit AQ = AS/I?) no anagoruu ¢ TeM, Kak JBa Jiyda <BbIPe3aloT» Ha

IJIOCKOCTH JINHEHHBIH yros Beamanuoit Ap = Al/R (puc. 3).

BuyTpu 3TOro TejecHoro yria 4mcsio PacCesHHBIX YaCTHUIL OYIeT OCTaBaThCA IMOCTOTHHBIM. Takmm
00pa3oM, YTOObI B TEOPETUYECKUX pacydeTax He YUUThIBATH pa3Mepbl JIETEKTOPa, KOTOPbIi Oy1eT
HCIIOJIb30BATHCA Ha IKCICPUMEHTE, PE3YJIbTaThl OITUMAJIBHO BBIPAKATDL Y€PE3 3JIEMEHT TEJICCHOIO

yrura AS).
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Hpyroit «arrpeit/i» moydeHHbIX (DOPMYJI MOXKHO MOJIYIUTh U3 OCO3HAHUS TOrO (DAKTa, ITO TUCJIO
OTKJIOHUBIIUXCA B €JIMHUILY BPEMEHH YaCTHI] OY/ET, OYEBUIHO, YBEJIUIUBATHCA C POCTOM HUHCJIA
YaCTUIL B MMaJiaronieM noroke. JIist Toro 4rodbl B popMysiax oTpazKaJjics JIUIIb ITPOIECC PACCesTHUs,
IpeJyIaraloT NCKaTh He a0COJIIOTHOE, 8 OTHOCUTETbHOE KOJIMIECTBO PACCESTHHBIX YACTHIL — JIJIsT STOTO
nojtygentnoe 9ucyio AN HeOOXOJAUMO Pa3/IeuTh Ha MJIOTHOCTH TOTOKA

naJialommnx Jactuir j. Takum obpa3oMm, MmoJiydaeTcsd BeJMUnHa, HasbiBaeMas JuddepeHIuaIbHbIM

cedenneM paccesiHus: Ao = Aj—.N.

1.4. TTonyuure BhIpaxkenue Jijist JudOepeHnaabHOro cedeHns paccesunst Ao OTJIETAIONNX OT Ia-
pa JacTuIl Ha eJJMHUILY TesiecHoro yriaa Af) B 3aBUCHMOCTH OT UX yIJIa OTKJIOHEHHUsT X. KadecTBeHHO
00'bSICHUTE IOy YeHHBIN Pe3y/IbTarT.

1.5. [IpocymmupyiiTe mo/iydeHHbI B TyHKTE 1.4 pe3ybraT BO BCEM BO3MOYKHBIM yTJIaM X, YUUTHI-
Basl, 9TO TOJIHBII (pa3BepHyTHIil) TeslecHbIil yros paBeH 47m. OObsCHUTE MOJIYYeHHBI PE3Y/IbTAT.

Yacrtp 2. IIlap He 3akpenJieH

B »1oit wactu Oyaem cumTaTh, 9TO OOJBIION IMap pajuyca R, MO-IIPeKHEMY C IVIaJKOW yIpyTroii
MMOBEPXHOCTBIO, HEe 3aKpeIlieH. Bojiee Toro, OyjeM cUuTaTh, YTO UMEETCH OJHOPOJIHDIN pa3perkKeH-
HBI CJIOf TAKUX He3aKPEIJICHHBIX IMapoB, Ha KOTOPBIi MO-IIPE?KHEMY HAJIETACT ITOTOK OJMHAKOBBIX
MaJieHbKUX JacTuil. Maccy Kaxk10if qacTuiipl cantaiite paBHoit Macce 60JibIoro mapa. [lotok 1a-
CTHI[ W CJIOH IIapoB pa3perkeHbl HACTOJIBKO, 9TO CTOJKHOBEHHE YACTHUIL MEXKy CODOI M IIapoB
MeXKJ1y co0O0i MaIoBeposTHO. Takke Oy/IeM CUUTaTh, UTO KaxK[asd YaCTUIA UCIBITAET TOJHKO OJIHO
CTOJIKHOBEHHE ¢ OoJIbIuM Imapom. Jlo Havasa cToJIKHOBEHHI Bce OOJIbINHe mapbl HOKOMIUCh. [Ipn
9TOM IIOCJIe CTOJIKHOBEHHS OTJIeTaTh Oy/IyT KakK MaJIeHbKHE YaCTUIlbI, TaK U OOJIbIINE IaPbI.

2.1. ITosyuure BoIpazkenue g AuddepeHnnajIbHOr0 cedeHus pacceauns Ao MaJeHbKIX YaCTHUIL
(uepes x1, A)}) B pe3ysibrare UX CTOJKHOBEHUS C OOJIBINIUME IIAPAMH.

2.2. Tlonyuure BoIpazkenue st audepeHnuaabHOT0 cevueHns paccessiuust Agy OOTBIIX MAPOB
(depes xa, AQ)y) B pe3ysbraTe HaJeTa HA HUX MOTOKA MAJIEHbKUX YACTHIL.

Pemenune

Yactp 0. IToaroroska

0.1. HpeHe6peraﬂ BJINAHUEM IIO0JIA TAXKECTHU, ITOTCHIIMAJIbHAA SHEPTUA YaCTUIIBI 0 U IIOCJIE COYy/a-
peHnd IIOCTOdAdHHa, €€ MO2KHO CHUTaTb paBHOfI HYJIIO. Tak Kak ycjoBue 1JjiaJaKOCTu ITOBEPXHOCTHU
roBopuT O COXpaHCHHU MeXaHUYeCKON QHEepPIruu, IIOCTOSTHHOM OKa KeTCd KHUHETHYeCKad dHeprud,
OTKY/la CJIeJYyEeT COXPpaHEHUE MOIYJIA IIOJIHOM CKOPOCTHU YaCTHUIIbI 0 W IIOCJIE COYyJapeHudd.

['magkocTh MOBEPXHOCTH MOBOPHUT 00 OTCYTCTBUU KAKUX-JTHOO CUJI TPEHUS B MOMEHT COY/IapeHUs.
[Ipenebperasi cuioit TsizkecTH, eIMHCTBEHHAs CUJIA, JIEHCTBYIONIAs HA YACTHUILY, — CUJIA PEAKIUU CO
CTOPOHBI TIOBEPXHOCTH — HaIIpaBJIeHa 110 HOpMaJu K Heil. Vcrob3ys 3aKOH COXpaHeHUsT UMITYJ/Ib-
ca B MPOEKINN Ha TOBEPXHOCTH, MPUXOANM K BBIBOJLY, UTO MPOEKINS CKOPOCTH YaCTUIIHI HA ITY
MIOBEPXHOCTH OYIET COXPAHATHCS.
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Nz006pasum BEeKTOPBI CKOPOCTEll YacTUIlbl BMECTe ¢ uX npoeknusamu Ha pucyake 1. Tak kak AO =
OC u BO = OD, npsamoyrosibabie Tpeyrosibauku ABO u C' DO paBHbI, OTKY/1a CJIe/lyeT PABEHCTBO
yrioB ipu Bepiuaax A u C, To ecTb PABEHCTBO YIVIOB MAJIEHUsI (0 M OTpazKeHus .

0.2. N3 pucynka 1 Jjierko moJiyauTh pe3yjbraT X = T — 2¢ B pajauaHax jmbo Y = 180° — 2¢ B
rpajycax.

Baxkuo npaBuibHO n300pa3uTh YroJl pacCesHud X Ha PUCYHKE C YIeTOM TOT'O, YTO 3TO YTOJI MEXKTY
HAIPABJICHUSIME, HO HE YTOJI MKy TPACKTOPUAMU JI0 U Tocsie coyaapenusd. J[s Toro 4Tobsr ero
6e30MnO0THO OIIPEJIETNTH, MOXKHO N300Pa3UTh BEKTOPHI CKOPOCTEl YaCTHUIIHI JI0 U MTOCJIe CTOJIKHO-
BEHUs HEMOCPEJICTBEHHO B ToUKe (). YTOJI Y — 9TO YyroJI MeXKJy YKazaHHbIMU BekTopamu. Hakonerr,
IIOJICKA3KOl CIIY2KUT PUCYHOK 1 B yCJIOBUM 3a/1a4U.

Yactp 1. IIlap 3akperien

1.1. U3 tpeyrosbauka O AB Ha puCyHKe 2 BUJIHO, UTO MPUTIE/IBHOE PACCTOSHIUE p CBI3aHO C YTJIOM
MaJeHns (© CJIEIYIONM BblpakeHneM: p = Rsing. U3 pesynprata mynkTa 0.2 moxydaem, UTO

¢ = (m— x)/2, oTKyna ciejyer:

p = Rcosy/2
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MozkHO 1o/iyunuTh 1 00paTHOE BbIPAXKEHUE:

p
-9 Ll
X arccos 7

MunnMaIbHOE 1 MAKCHMAJIbHOE 3HaUEHUE IIPUIIE/IBHOTO PACCTOAHUS p JI7Is TOIO, YTOOBI IIPOU3OIILIIO
cToIKHOBeHUe, paBHO 0 n R, coorBercTBeHHO. [lomydennas cBA3b Y U p sBJIAE€TCI MOHOTOHHOI Ha
3TOM HMHTepBaJie. Tora, BEIYHUC/IAA YyIoJl paccesHIA Ha TPaHUIlaX MHTepBaJla, JejlaeM BBIBOJ, YTO
OH MOKET NIPUHUMATh J1000e 3HaYEHNe, TO eCTh JiexkaTh B Juanasone or 0 go m (180°).

A

S

1.2. VI3 mosry9eHHOrO BBIPayKEHUsT BUJINM, 9TO CBSI3b P W X OJHO3HAYHAS, TO €CTh KaXKJIOMy 3HAa-
YEHUIO MPUIETHLHOI0 PACCTOSTHUS COOTBETCTBYET CBOE 3HAYEHHE yIJia paccesHud. Lorga MOKHO
YTBEPKIATh, IYTO B MAJIOM JIHAIIA30HE YIJIOB OT Y JI0 X + AY PacCemBAIOTCS T€ YaCTHIIBI, KOTOPBIE
HOIa/Ly T Ha IIap B JUAIIA30HE [IPHUIEJIbHBIX pAaccTossHuil or p 10 p + Ap (pucynok 3). [lonepeunoe
CedeHre MOTOKA TAKUX YACTHIL IIPEJICTAB/ISIET COO0M TOHKOE KOJIBIIO PAJIMYCOM p U TOJIUHON Ap.
[Lroma e Takoro KoJibila, yauThiBas Majgoctb Ap, paBaa AS = 2mpAp. YuuTsiBas onpejiesieHne
IJIOTHOCTHU TIOTOKA YACTHUI] U3 YCJIOBUS 389l U PE3y/abTaT IMyHkTa 1.1, mosydaem, 9TO MCKOMOE
YHUCJIO YACTHIL, KOTOPBIE PACCEUBAIOTCS B €JIMHUITY BPEMEHU, PABHO:

AN, = 27mjR cos %Ap

B nannoit opmyste nam mensectHa Besmanna Ap. U3 pucynka 3 ee MOXKHO BBIPDA3uTh Kak Ap =

AB cos ¢. YunrbiBasg MajocTb Ap U, COOTBETCTBEHHO, XOPbl A B, MOC/IEHIOI MOXKHO IIPUMEDPHO

saMmeHuTb Jyroii: AB = RAp. Hakoner, u3 cBsi3u, moydeHHoil B myHKTe 0.2, JIEMKO MOJIYYUTh:
_ _ X2 T—x1 _ xi—x1 _ _ Ax

Ap =y —p; = 752 — 754 = M4 = — =X BHaK «MHHYC» 3/IeCh O3Ha4aeT, YTO C POCTOM yTJa

0 yroJI X yMeHbImaercd. Jljisg Hammx pacyeToB JUIMHBI oTpe3Ka Ap 3TOT 3HAK HE HYKEH, ITO3TOMY

MbI OyJieM OpaTh BbIpakeHnue 110 Mojryso. O0be/InHss BHIPDAXKEHNUS, IOy YaeM:
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RAx RAY . x
Ap = cosp = sin =
2 2 2

OTKyIa HCKOMOE YUCJI0 YaCTHIL, PACCEUBAIOIINXCS B €JIUHUILy BPEeMeHH, PaBHO:

2
AN, = jrR*Ax cos Xgin 2 = jﬂ sin y Ay

2 2 2
1.3. Ilycrs Ha gerexkTop MaJioit mwirorau AS, paciooKeHHbBIN Ha PACCTOSHUN [ OT TIapa, majIaioT
JACTHIIBI, KOTOPhIE PACCENBAIOTCS B IMara3oHe yriioB oT X 10 Y +Ax. Ha nerekrop monaser b
JaCcTh TAKUX YacTUIl. B o0IeM cirydae cedeHune MOTOKa BCeX TAKUX YaCTHIl B HEKOTOPBI MOMEHT
BpeMeHU OyJ/IeT IMpeJICTaB/IsATh coDOil KOJIBIO, BbIpe3aHHOe Ha moBepxHOCTH cdepbl (pucyHOK 4),
KaK U OTMedueHo B ycjoBun. Haitjiem 1ioma b 9Toro KoJsblia.

BayTpennuit pagnyc yKazaHHOIO KOJIbIla, KaK BUJIHO U3 pucyHKa 4, paper AB = [sin y. ®urypa
BbIpe3aHa Ha cdepe 1, BooOIIe roBOps, He JIEKUT B IJIOCKOCTH, OJIHAKO B CHJIY MAJOCTH BEJTUINHDI
AS, a, ciaenoBaresibHO, 1 AY IMPUMEPHYIO ILIOMAJIb KOJIbI[A MOXKHO JIEFKO PACCUUTATH aHAJIOTUIHO
pacdery B myHKTe 1.2. YUnTbhiBasi, 9TO TOJIIIHA KoJiblla paBHa BC = [ Ay, ero miomanb Oymer
OIIPEICIATHCA BhIPAZKEHUEM:

AS, =271 - AB - BC = 2rl*sin y Ax
[Tostarasi, 970 B yKa3aHHOM TOHKOM KOJIBIIE ITOTOK YaCTHUI[ MOXKHO CUUTATH TPUMEPHO ITOCTOSTHHBIM,

KOJIMYECTBO YaCTUll, IIOIIa/Jal0UX B €JUHUILY BPpEMEHHN Ha JCTEKTOP, MO2KHO OIIPEAE/INTDH HpOCTOfI
IPOITOPIUAEH:
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AS  R*AS

ANg=AN,— = j— —
° XAS, T4 P
1.4. TlomcraBuB moJIyYeHHBIN pe3yabTaT B Gopmyny Ao = Aj—.N U OpOU3BE/Id 3aMEHy % Ha A,
[OJIy YaeM:
R2
AO' = IAQ

[Tomyuennsiit pe3yabTaT HE 3aBUCAT OT yIJIA PACCETHHSA Y. DTO TOBOPUT O TOM, UTO B JIIOOOM
HAIIPABJIEHNN Oy/IeT PacCemBATLCA OJHO W TO K€ KOJUYIeCTBO dacTull. VHade rosops, momernas
JETEeKTOP YacTHI] Ha OJJHOM M TOM K€ PACCTOdHUM C PA3HBbIX CTOPOH OT Iapa, B €JIMHUILY Bpe-
MeHHn OyJieT Beeryia (pUKCHPOBATHCH OJMHAKOBOE KOJUYIECTBO JacTull. Takoe paccesHre HA3bIBAKOT
M30TPOIHBIM, TO €CTh He 3aBUCSIIUM OT HallPABJIEHUSI.

1.5. @opmyiia, oydeHHAA B IIPEIbIIYINEM IIYHKTE, OIPeIesaeT KOJMIECTBO YaCTHUIl, PACCEHBAIO-
MUXCsl Ha, MaJIblii JTHAIla30H OKOJIO0 HEKOTOPOTO BBIOpAHHOTO yria Y. Ec/im Mbl XOTUM ITPOCYMMHU-
pOBaTh YACTHUIIbI, BBLIETAIONIME 110/l BCEMU YIJIaMU, MOCTOAHHaA Beauauna R2/4 Gyxer

BBIHOCHUTBCSI 38 CKOOKM Kak ob0mumit MHO)KHUTEIb. CyMMa MO0 BCeM MAJIbIM TejecHbiM yriaam A
JIACT TIOJTHBIH (pa3BepHYTHIN) TeJIECHBII yToJ1, KOTOPbIii, KaK CKa3aHO B YCJIOBHUU 3aJ1a9i, PaBeH 47 .
[Tonyaaem:

RQ
o=A0y, +Aocy, + Aoy, +--- = I47r:7rR2

JlaHHbIfl pe3yIbTaT JIErKO OObSICHUTD, €CJIM OT CEYEHUs] PACCEesHUsI BEPHYThCH K KOJMYECTBY dYa-
CTHII, TO €CTh YMHOXKHUTD €ro Ha IJIOTHOCTD I0ToKa j. I1o Bremmemy Bumy dpopmyisl jmR2, MoxHO
CKa3aTh, YTO TO KOJUYECTBO YaCTHIL B I IAIOIIEM ITIOTOKE, IIPOJIETAIONINX Yepe3 IO/ Ib I1olIepey-
Horo cedennss mR%, To ecTh Yepes OKpy:KHOCTL pauycom R. Ho Begb UMEHHO CTOIBKO YaCTHUIL U3
[aIAIOIIEro MOTOKA 1 MOIAJIal0T XOTh B KAKYI0-HUOY Ib TOUKY HIapa ([olepedHoe cedeHne mapa Kak
pa3 mpeJicTaBisier coboit OKPYKHOCTh pajmyca R). Ipyrumu cjioBaMu, MpoCyMMHPOBaB KOJIHYIE-
CTBO YaCTHUII, BbLIETAIONINX BO BCEX BO3MOXKHBIX HaIlPpaBJIEHUAX, Mbl IIOJIy YUJIA IIOJIHOE KOJIUYECTBO
JacTull, nagaomux Ha map. [lornMmass, 9To HEYEro Apyroro He JOJZKHO OBLIO HOJIYyYUTHCS (BCe
aIAFOIIIe YACTUIIbI JIOJIKHBl OTJIeTeTh OT Iapa), Mbl MOJATBEP/ N MPABIJILHOCTD MOJTY Y€HHBIX
pe3yIbTaTOB.

B Teopun paccestHusi BeJIMunHa 0 HA3bIBAETCsI MTOJIHBIM CEYEHHEM PACCedHHUs U UMeeT CMBICT -
dEeKTUBHOI ILJIOIMIA N TOM 00JIACTH IOIEPETHOTO CeUeHUsl I1a/Ial0IIero MoTOKa YacTHIl, B KOTOPOIt
ITPOUCXOIAT B3aUMO,ICHCTBHE.

Yactp 2. IIlap He 3aKpenJieH

[Ipexxie Bcero, orMeTuM, 9TO HE CTOUT OOATHCS OOJIBITION0 KOJTUIECTBA IIIAPOB BMECTO OJHOTO. DTO
CJIeJTAHO JIMIIH JIJISI TOTO, YTOOBI MO-TIPEYKHEMY OOIBINOe KOJIMIECTBO JACTHI] MOTJIO CTOJKHYTHCS C
mapom (mapamu). Beab ecii 66l map ObLT OJIMH, TO MOCJIE COyJIaPEHHil ¢ TIePBOii JKe JacTuIleil oH
OTJIeTeJI, U, COTJIACHO YCJIOBHIO, OOJIbINE He CTOJIKHYJICA HU C 0JiHO# yacturieit. C 1pyroii CTOpOHBI,

10 knacc. Teoperudeckuit Typ. 7



CTOJIKHOBEHHUE C JIIOOBIM U3 MIAPOB, IIEPBOHAYAIBLHO MOKOUBIIUXCS, OIMUCHIBACTCS (DOPMYIaMU CO-
BepPIIIEHHO OJMHaKoBO. 1JoaTOoMYy eme pa3 moguepkHeM, HE CTOUT OMAcaThCs OOJIBIIONO KOJTMIECTBA
apOB.

Jlanee oTMeTHM, YTO M3MEHUTCH B PENIeHUN 3aJa4dd 10 CPaBHEHUIO C MePBOi dacTbhbio. Konedno
’Ke, TO-JPyTroMy OyAeT IMPOUCXOAUThH CTOJKHOBEHIE YaCTHIILI ¢ MAPOM, BeIb IMOC/IEIHII Terephb He
3akpelieH. B cuty ylnpyroctu moBepXHOCTH MeXaHUYeCKasi SHEPIHsl CUCTEMBbI ITO-TIPEeKHEMY CO-
XpaHdeTcd, 0OJJHAKO YacTh KMHETUIECKON SHEPTUN Ta Iafoleil YacTUIlhl mepelieT B KUHETUIECKY IO
SHEpruio oryiererirero mapa. CjemnoBaTenbHO, YTBEPKIEHNE O COXPAHEHUN MOJTIYJIsT CKOPOCTH Ya-
CTHIIBI TTOCJIE CTOJIKHOBEHUSI Y2Ke He UMeeT MecTo ObITh. [losrydaeM, 4To Terepb Mbl ©MEEM JIEIO0 C
«HEOIITUYECKUM» CJIydaeM: YyroJ IajeHus He paBeH yriy orpaxkenusi! [Tosromy B 3700t 9acTu 3a-
Jlaun HeOOXOIUMO ITOBTOPHUTDH BCE JICHCTBUS, IIPOJIe/IaHHbIE B 9acTh 1, ¢ caMOro HadaJIa Jijisg HOBOIO
MeXaHU3Ma B3anuMOJIeiCTBUS.

2.1 m 2.2. IToBepxHOCTB MIapa, MO-TIPEKHEMY, TVIaJIKAs, TIOITOMY CHJIa B3AMMOJICHCTBUAST MEXKJTY Ia-
POM U JaCTHIEHl MOXKeT OBITH HAIIPABJIEHA TOJHKO 110 HOPMAaJIU K MIOBEPXHOCTU B TOYKE COYIAPEHS.
Otrcrosia ciejryer, 9To CKOPOCTH OOJIBIIIOTO IIapa MOXKET ObITh HalpaBjeHa TOJIHKO

BJIOJIb HOPMAJIH, TO €CTh II0J] YIJIOM TIaJICHUS (0 K HAIIPABJICHUIO T1a IAIOMIeHl JacTUIbl (PUCYHOK 5).
Ho Besib 910 11 ecTh yros paccesuusi Xo 00JIbIIOro mapa. Toria MOKHO Ipo/jie/iaTh BCe Ollepaluu,
aHaJlorudno myHktaMm 1.1-1.4 njis Oosibinux mapos. [lepBbIM 1maromM HaiijieM CBSA3b NPUIIETHHOTO
PACCTOSIHUSA TAJAOIIEH YacTUIIbI p U YIVIOM PacCesHus Iapa Xs.

p= Rsiny = Rsin x»

[IpurnenbHOE paccTosinre MOXKET MpUHUMAaTh 3Hadenud ot 0 10 K. Ha sTom nntepsaJe nosydeHHas
CBsI3b sABJIsIeTCst MOHOTOHHOI. Torma yrou paccesiaust Gyjer Jjiexkarh B guanazone ot 0 jgo 7/2. To
€CThb HU OJINH 1Iap HE OTJIETUT TI0J] yIJIOM PACCesiHusl, GOJIbIINUM, 9eM 7T /2, 4TO, B IPUHITUIIE, IOHATHO
U3 WHTYUTUBHBIX COOOPaKEHUII.

Anajiorugao nyHKTY 1.2 MOYXKHO HANTH KOJIMIECTBO IMAPOB, OTJIETAIOININX B HEKOTOPOM 33JIaHHOM
nuana3one yriioB. CBA3b p W Y2 3/1€Ch UCIOJB3YETCS B TOM CMBIC/IE, 9TO HA KaXK/IYIO A a0y 0
ITOJI IIPUIIEJBHBIM PACCTOAHNEM p YACTHUILY NPUXOAUTCH OJUH IIap, OTJICTEBIINN IO, YIJIOM X32.
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AN,, = 2mjRsin xoAp = 2mj Rsin xo RAp cos ¢ = jmR? sin 2y, A2

Brorancienusi, mpoussejieHubie B IyHKTax 1.3 u 1.4 nipeaplayieit 9acTu 3a/1a9u, HUKAK He CBA3aHbI
¢ XapaKTepoM B3anMOJIEHCTBUS — OHU YHUBEPCAIbHBI JIJIs1 JTI000i 3agaun pacceanns. O0benHIM
UX B OJTHO BbIparKeHwue:

ANys AN, AS _ AN,AQ
. 2m2sinyaAys  j2msin yaAys

Haxkomner, mojcraBiisisi pe3y/IbTaT MepBOrO BhIPayKeHWs BO BTOPOE, IMOJIyIaeM OTBET I ITyHKTa
2.2:

R2cos xo Ay, 0< xo < 7/2

Aoy =
? 0, X2>7T/2

Bropas cTtpoka B 9TOil 3ammcu HeceT CMBICT y?Ke OMOBOPEHHOrO (hakTa, UTO HU OJUH IIap He
OTKJIOHUTCS Ha YT0JI, GOJIBINNA, deM 7 /2.

s Toro, 9TOOBI HANTH yroJI pacCesdHrs HAJICTAIONINX YACTHUIL, 3AITUIIEM 3aKOH COXpaHEeHUs HEP-
I'UU 1 3aKOH COXPaHEHUs UMITYJIbca B poeKIusax. Och T HAIIPABUM BJIOJIb HAIIPABICHUS JTBUKEHUS
YaCTHUIIHI JIO CTOJTKHOBEHUS, OCh § — MEePIEHIUKYJISTPHO MTEPBOM B IJIOCKOCTA PUCYHKA.

2 2 2
mug muy + mus
2 2 2

MUy = MU71 COS X1 + MUs COS X2

0 = muwy sin x1 — My sin xo

m — Macca JaCcTHUIbI U mapa (OHU PaBHBI JIPYT JIPYTY [O YCJIOBHUIO), Uy — CKOPOCTH YaCTHUIIBI JI0
CTOJIKHOBEHUSI, U1 — CKOPOCTH YaCTHUIIHI TIOCJIE CTOJKHOBEHUS, Uy — CKOPOCTH OTJIETAIONIETO Iapa.
YdauThiBasg paBeHCTBO MAaCC YaCTHUIBI U ITapa, BhIPaXKeHNe MOXKHO IIPeodpa30BaTh K BHLY

2 _ .2 2
vy = Vi + U3

Up = V1 COS X1 + U2 COS X2

0 = vy sin x1 — V9 SiN X2

[TomyunTh MCKOMBII YOI paccesdHus X1 U3 JIAHHON CUCTEeMBbl YPaBHEHUI MOXKHO PA3JIMIHBIMU CIIO-
cobamu. [IpesaraeM Bo3BeCcTH BTOpOE U TPEThe yPaBHEHUE B KBAJIPAT U CJIOXKUTDH JIPYT C JIPYTOM:

2 _ .2 2
vy = V] + U3

V2 = v} + V3 + v V(oS X1 COS X2 — Sin i Sin X2)

Boranrag ogHo us Japyroro, moJrydaeM:

0 = vy cos(x1 + X2)
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OTKyj1a ciiejtyer, 9o X1+ Y2 = 7/2. DT0 U3BECTHBIN PE3yJIbTaT JIJis OUJIbsIPIHBIX [IIAPOB, UMEIOIIIX
PaBHYIO MacCCy: IOCJe CTOJIKHOBEHUS OHU Pa3JIETAIOTCS IO/ IPAMBIM YIJIOM APYT K JIPYTY.

[Tormmas, 9TO Ha KarKIbI OTJIETEBIINI MO/ YITTIOM Y3 IMap MPUXOIUTCS OJIHA OTKJIOHUBINAACT Ha
)

YIOJI X1 = /2 — Y2 YaCTHIA, Mbl MOYKEM IIPOCTO BBIPA3UTH OJIMH YIOJI Ye€pe3 APYTOil B IOy IEHHOM

BBIIIE BhIpaykeHnu it AN,, U HOTyIUTh KOJTUYECTBO paccedHHBbIX dactun AN,,

AN,, = jrR?sin(m — 2x1)Axq = jmR?sin 2y, Axy

3/1eCh MBI YUJIU, 9TO, B CUJIy TOJYIEHHON MeXK 1y yriiamu cBsa3u, Ay u Ays PaBHBI IPYT JPYTY C
TOYHOCTBIO JI0 3HaKa. TaKyKe U3 CBSA3M CJIEJIYET, YTO YIOJI PACCETHUS YACTUIL X1 U3MEHSIETCS B TOM
JKe JMara3oHe, 9To u Xo: or 0 mo 7/2. To ecTh HE ojiHA YaCTHUIA MOC/E COYJIAPEHUs C MIApPOM He
OTJIETUT Ha3a/]I.

Kak u nj1g 601bmux MapoB, CIPpaBeJTIBO BhIPAXKEHHE:

AN, AQ;

Aoy = ——
o1 j2msin x1Ax1

Orciona monydaem auddepeHIuaabHOe CeaeHne paccesTHusl 11 HAJIeTAIONNX Ha Iaphbl TacTHIL:

RZCOSX1A91, OSXI §7T/2

AO’l =
0, X1 > /2
MpbI IOy YM/IM MHTEPECHBIIT PE3YJIbTAT, YTO B PE3YJIbTATE ONUCAHHBIX CTOJKHOBEHUIT pacipe/iese-
HUE OTJIETEBINNX IMIAPOB M PACIpEJeJICHIe YaCTHI| 10 yIJIaM paccesiHus OyJer ojmHakosoe. IIpu
9TOM KOJIMYECTBO YACTHI[ MJIM MAPOB OYJIeT YMEHbIIATHC C YBEJMUEHUEM YIJIa X, 1107 KOTOPBIM
PACIIOJIOKEH JIETEKTOD.
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