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1.4.1.Ilycte HUTH, HA KOTOPOH MOJBELICH IIap, 00pa3yeT ¢ BEpTHKaIbio yroil O (cM. pucyHok). Io
BTOpOMy 3aKoHy HproToHa mmeem: Mw’r =Tsina, mg=TCOSX, rae M — macca mapa, &= 27N —

YIJI0Basi CKOPOCTh ABM)KEHUS LIapa MO OKPYXKHOCTH, I =L SiNO — paguyc 3TOW OKPYKHOCTH,
T — HarshkeHHe HUTH, § — MOJYJIb YCKOpeHHsI cBOOOAHOro majeHus. M3 stux ypaBHeHMi

HAXOJMM, 4TO COSH = Lz [ToTeHIManbHast SHEPTHsl [IIapa OTHOCHTEIBHO €r0 HUKHETO
(2m)“L
MTOJIOKCHHMSI E, =mgL(l-cosn). Kunernueckas SHEPIHs rapa
2
m(wr m .
E = % = el (2mLsina)? . Tonnas MexaHn4ecKas SHeprust mapa E(n) = E,(n)+E.(n).

Hckomas pabora A=E(n)—E(n/2). C yuéTtoM yMCHBIICHHs yrja OTKIIOHEHHS HUTH OT BEPTHKAIU

_3 2. 39’ a3 2, 3¢
HaxouM, 9to A=—_m| (TL)” +——=— | = 26/Ix. Oreer: A=_m| (ThL)" +—— | =26 JIx.
2 4(mn) 2 4(n)

2.9.1.1Ipu nmepBOM CXKaTHUH TaBIICHUE CMECH CYyXOTO BO3/yXa M BOISHOTO Iapa B COCY/I€ BO3POCIO MEHEe
4YCM B IIAATH pPa3, MO3TOMY Map CTaJl HACBIMICHHBIM M YaCTUYHO CKOHIACHCHUPOBAJICH. HpI/I I[aJIBHeﬁLHeM
CKaTUM NIaBJICHUE Tapa Py yXKe He MeHsutoch. [IpeHeOpekeM 00bEMOM CKOHICHCHPOBABIICHCS BO/IBI.
[MaprmansHOe HaBIEHUE CYXOTr0 BO3/IyXa MPH MEPBOM CKAaTUU BO3POCIIO B S pa3, a Mpu BTOPOM — ellie B 3
pasa. IlosHoe naBieHHWE BIIQKHOTO BO3AyXa IO Hadala CXKAaTUS PaBHAIOCH P, +P,, TIC Py U Pp —
napiuaibHble JaBJICHHUS Mapa W CyXOro BO3JyXa COOTBETCTBEHHO. [10 yCIIOBHIO 3aja4d IOJTydaeMm:

p, +5p, = 3( p, + pB), p, +15p, = 7( p, + pB). Orcroga 3p, = 9p,. CnenoBarenbHO, NepBOHAYAIbHAS

BJIQKHOCTh paBHa § = Pu [100% =60%. OTBeT: ¢ = Pu (100% = 60%.
Pu P

3.3.1. [lycte marHuTHas MHAyKUMs B HampaBieHa Tak, Kak Moka3aHo pucyHKe. COrjlacHO MpaBHITY
JleH11a, BOZHUKAIONIME MPU BBIKJIIOYEHUU MAarHUTHOTO 1oist 9J1C MHAYKIIMH, BBI3BIBAIOT
B KaX/IOM M3 MaJlbIX KOHTYPOB MHAYKLIMOHHBIE TOKH, TEKYLIUE [0 YAaCOBOW CTPEIKE.
OO0o03HauMM HamnpaBlIeHUs TOKOB YEpe3 PpE3UCTOpbl CTpeslkamMu Ha pucyske. [lo
npasunam Kupxropa umeem: 6 = 1R +1,R,; 6 =1;R;—1,R,; 1, =1, +15. YuntsiBag,

yto BenmunHa DJIC MHAYKIMK B KaXJIOM MaJOM KOHTYype paBHa ¢ =(0S, moirydaeMm,

gro |, = O(S(R3 _ Rl) . Tlo 3akomy xoyns—Jlenna Q, = | 7Rty , re t, -5 .
RR + RRs + Ry a
2
Otger: Q, = O(BOR{ S(R3 _ Rl) } = 0,5m/1x.
RR + RRs + Ry
4.5.1.T1o 3akoHy TIpEIOMIICHHUS TSI JTy4a, BBIXOJSIIETO U3 MPU3MBI, HMEEM ”
nsina =sinf, rae B — yroxa npenomienus. [lockoibKy yriiel O u [3 Majble, U\ oy 4

to Na =[3. [To3TOMy yros OTKJIOHCHHs MAJAIOIIETO HA MPU3MY Jyda OT — » J
v
nepBOHAYaIbHOTO HampasieHus Y =B —d =(n—1)a. Yron Mexay riaBHoir —» I

ONTHYECKON OChIO JIMH3BI U TOOOYHOUW OCHIO, MAPAJUICTHFHON MaJarolIuM Ha F—



JaMH3Y Jiydam, Takxke paseH Y. Orcioma d = F [tgy = Fy=F(n-2)a . Caenosarensro, N =1+ Fi=l,5.
a
OTtBer: N=1+ i=1,5.
Fa
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1.4.2.Tlyctb HUTH, Ha KOTOPOW IMOJBEIICHO TeNIo, 00pa3yeT ¢ BepTUKaiblo yron O (cM. pucyHok). ITo
BTOpOMY 3akoHY HplOTOHa nMMeeM: mw?r =T sina , mg=Tcosa, rne m — mMacca Tema, W=21N —

YIJI0Basi CKOPOCTh ABM)KEHHUS TeJa MO OKPYXHOCTH, I = LSind — paauyc 3TOH OKPYKHOCTH,
T — HarshkeHHe HUTH, § — MOJYJIb YCKOpeHHsI cBOOOAHOro majeHus. M3 stux ypaBHeHMI

HAXOJMM, 9TO COSU :Lz. [ToTeHIMaNbHAs SHEPTUS Tella OTHOCHTEILHO €r0 HIKHETO
(2m)“L
MTOJIOKCHHSI E, =mgL(l-cosn). Kunernueckas SHEPIHs Tena
2
m(wr m .
E = (2 ) = E(ZmL sina)?. TlonHas MexaHudeckas SHeprust Tena E(n) = E,(n)+E.(n).

2 2
PaGora cunbl conporuBienus Bozmyxa A=W(n)-W(n/k)=|2m [émTLj +37m [ﬁzij (k*-1).
m

HOI[CTaB.H}I}I YHUCJIOBBIC JaHHBIC, IIOCJIICAHEC COOTHOLICHHUC MOXHO MMPUBCCTH K BUAY

k*-2648&?-5196=0. Orciona k= 2. Orer: k=2.

2.9.2.11pu nepBOM C)KaTHUH JTaBIICHUE CMECH CYyXOTO BO3/yXa M BOISHOTO Iapa B COCY/I€ BO3POCIO MEHEe
YCM B IIFATH pPa3, NO3TOMY Hap CTaJl HACBIMCHHBIM M YaCTUYHO CKOHIACHCHUPOBAJICH. HpI/I I[aJIBHeﬁLHeM
CKaTUM JIaBJICHHE Tapa Py yXKe HEe MEHsUIOCh. [lapimanbHOe HaBlieHHE CYXOro BO3IyXa HpPU IMEPBOM
C)KaTUH BO3POCIIO B 5 pa3, a mpu BTOpoM - emie B 3 pasa. [loyiHOe naBieHne BIaXHOTO BO3/IyXa JI0 Havyala

CKaTUi paBHIOCH P, +P,, A€ Py U Py — NapUUaibHble AABICHUS Iapa U CYXOro BO3JyXa
cooTBeTcTBeHHO. Ilo ycnoBuro 3amaun umeeM: P, +5p, = 3( p, + pB), p, +15p, = 7( p, + pB).
P,V PV

Orcroma 3P, =5p,. Macca BomsgHOro mapa IO CXaThuid IM=-——-, [O0CJe CKaTus = .
Aa 9Py =9 Pu A pa It RT m 15RT

m-m _,__P,
m 15p,

8 8
CnenoBareipHoO, O = =—. OtBeT. O =§.

3.3.2.Ilyctp MarauTHas MHAYKIUS B HampaBneHa Tak, Kak Mmoka3aHo Ha pucyHke. COryiacHO MpaBHITy
.HGHI_Ia, BO3HUKAOIUEC MPU BBIKIIOYCHUU MArHUTHOI'O ITOJIA 3I[C WHAYKIWH, BBI3bIBAIOT B KAXIOM U3
MaJIbIX KOHTYPOB HWHIYKIIMOHHBIC TOKH, TEKyIIWE 10 dYacoBou crpeike. OO0o3HauuM
HAIpaBIIEHUs TOKOB Yepe3 Pe3UCTOphI cTpenkamu Ha pucyHke. [lo mpaBunam Kupxroda

umeeM: 6 =R +1,R,; 6=13R—-1,R,; |, =1,+1;. YuureBas, uro Bemmumna DJIC
MHAYKIMM B K&KIOM  MaJOM  KOHType paBHa ¢ =0S, momydaeM, 4TO
= oS(R-R) B
RR + RRs + RR o
_ %(RR +RR + RRy)’ g - 2RR+RR+RR) _
By O(RZ(R3 = F\’i)ZSZ . OTBeT: By O(RZ(R3 = F\’i)ZSZ 0,8Txn.

. Orcrona

. Ilo 3akony [xoyns—Jlenna Q, = |22R2t0, rae ty =




4.5.2.11o 3aKoHy MpeTOMIICHUS IS JTyda, BBIXOMAIIETO U3 MPHU3MBI, ©MeeM NSING =Sinf, rae B — yron

,  npenomienust. [Tockobky yriasl O u 3 Mansie, To NA =[3. [Tosromy yro
o
— oY /  OTKJIOHGHHS TAJaioIIero Ha TMPHU3My Jyda OT MEepPBOHAYAIBLHOTO
— ,I [ HampaBieHus y = B-a=(n-Da. Yroa Mexay ri1aBHOH ONTHYECKON OCHIO
> /Y JMH3BI U TOOOYHOW OChIO, TMapaUIebHON MAaJAloNMM Ha JIMH3Y JIydaMm,
F—¢  raksxe pasen Y. Orcrona d = F [tgy = Fy=F(n-1a.

Oter: d=F(n-1)a =05cm.
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1.4.3.Tlycth HUTH, HA KOTOPOW MOJBELICH IIap, 00pa3yeT ¢ BEpTHKaIbi0 yroi O (cM. pucyHok). Io
BTOpOMy 3aKoHy HproToHa mmeem: Mw’r =Tsina, mg=TCOSX, raze M — macca mapa, &= 27N —

YIJI0Basi CKOPOCTh ABMXKEHMS LIapa MO OKPYXKHOCTH, I =L SiNO — paguyc 3TOW OKPYKHOCTH,
T — HarshkeHHe HUTH, § — MOJYJIb YCKOpeHHsI cBOOOAHOro majeHus. M3 stux ypaBHeHMi

Haxoaum, 410 COSU = (2—9)2L HOTCHHI/IEUIBHEUI SHECPrud 1mapa OTHOCUTCIIBHO €TI0 HUXKXHETO
™
MTOJIOKCHHSI E, =mgL(l-cosn). Kunernueckas SHEPIHs rapa
2
E = @ MomLsina)?.  Tax  kax  AE, =E (n)-E,(n/2) = 4(”‘9)2 ,

2 2
AE, =E (n)-E.(n/2) :§ (TmL)? +g—2 , TO UICKOMOE OTHOIIICHHE A, _ 2 L +1 = 25.
2 (2m) AE,

g 2
5 \2
OtBer: AF, =2 en’L +1= 25.
AE, g 2

2.9.3.1lpu cxxatuu aBJIeHHE CMECH CyXOro BO3/AyXa M BOJASHOTO Mapa B COCY/E BO3POCIO MEHEE YeM B
ISITH Pas3, TOATOMY Iap CTaJ HACHIIICHHBIM M YaCTUYHO CKOHJEHCHpoBaics. Ero nasnenue crano paBHbIM
JIABJICHUIO HACBIIIEHHOTO Tapa Py. [lapimanbHOe NaBieHHE CyXOro BO3/yXa MpU CKAaTHH BO3POCIO B
5pa3. IlonHoe naBieHHE BIAXKHOIO BO3AyXa [0 Hadala CXATUS PaBHSIOCH P, +P,, TA€ Py U Py —

NnapuuaJbHbIC OaBJICHHUA IIapa MW CYXOro BO34yXa COOTBCTCTBCHHO. IIo YCIOBHUIO 3a1a4M HMCCM.

p, +5p, = 3( p, + pB) . OTCIOI[a& + 2& =3. [Tockonbky = % (100%, mnomydaem,  9TO
pl'I II H

100%

+2f3 =3. Orcroza cienyer, 4To 3 = % . OTBer: 3= %

3.3.3.Ilycth MaruuTHas MHAYKIUs B HampaBieHa Tak, Kak Moka3aHo Ha pucyHke. CoriacHO IpaBUITy
.HGHI_Ia, BO3HUKAOIHUEC MPU BBIKIIOYCHUU MArHUTHOI'O ITOJIA 3I[C WHAYKIWH, BBI3bIBAIOT B KAXKXIOM U3
MaJIbIX KOHTYPOB HHIYKIIMOHHBIE TOKH, TEKYIIHE IO 4acOBOW cTpeike. B cuiny cummerpuun

® CWJIa TOKa IPOTEKAIOIIEro I0 AUaroHajly IpsIMOYTOJIbHMKA paBHA HYJO, MO3TOMY TOK
B b MOTE€YET TOJBKO IO MepuMeTpy KoHTypa. Bemmumna OJIC uUHAYKUUM B KOHTYpE
aab
6 =aS=o0ab, a cuna Toka, Tekymero no nepuMeTpy Konrypa, | =————. [lo 3akoHy
a 2r(a+hb)
Jlxoyns—JleHnIa KOJMYECTBO TEIUIOTHI, BBIACIMBIICECS 32 BpeMs BBIKIIOYeHHS Mo, Q =1 tho, riae
(ab)? 2Qr(a+h) _

.OtBer: O = = 1Tun/c.

Bo _ao)
. Takum obOpazom, Q =aB, 2r(a+D) Bo(ab)2



4.5.3.T]o 3aKkoHy MpenoMIICHUS IS JTyda, BBIXOMAIIETO U3 MPHU3MBI, ©MeeM NSING =Sinf, rae B — yron

npesnomienus. [lockoabky yriibel O u [3 Maneie, To NA = 3. [Toaromy yroun

— OTKJIOHCHHUS TMAJalolIero Ha MpPU3My Jyda OT IEPBOHAYAIBLHOTO
_ 2 Hanpasienus Yy=B-da =(n-1)a. Yroa Mexmy IJIaBHOW ONTHYECKOMH
A
— fd OCBIO JIMH3bI U TOOOYHOH OCHIO, TMAPAUICIIbHON MAJAl0NIMM Ha JIHH3Y
2
1
— aydam, Takxke paseH Y. Orcioma o =F Ogy=Fy=F(n-Da, rme
% 1
2 1 :E — (okycHoe paccrosiHMe coOuparomieid JuH3bl. Ecin 3aMeHUThH

1
COOHMpAIONIyI0 JHMH3Y Ha pPacCEHBAMOIIYI0 (CM. PHCYHOK), TO MHHMOE H300pakeHHE Iydka OymeT

o . 1
pacnonaratbcst Ha paccrostaun d, =|F, |y=|F,|(n—1)a ot rmaBHo#l ontuueckoii ocu, rae F, IF.
2
Hckomoe cMerenre n3o0pakeHus Imy4ka 1mo Beptukain pasHo Ay = (F+|F, [)(n—-1)a.

1 1

OtBer: Ay = (— + —J(n -Da =1lcm.
D, D,



