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AHHOMauusi

lNpusodumcsi ymoyYHeHHbIl 3aKkoH ms2omeHusi HbromoHa, 8 KOmopoMm 2pasumayuoHHasi MOCMOsIHHAsA 3a8ucum om CKo-
pocmu mena u riosiengemcs mMarsnbili 00rnonHUMersbHbIl YrieH, obpamHo nponopyuoHabHbIl Kyby paccmosiHus. lNpudu-
HOU Ms20MeHUs 518MISI0MCS HerpepblgHbie Mynbcayuu Muposol cpedsl. [pu "nozpyxeHuu" men 8 Muposyio cpedy OHU
ucKaxxalom 3mu pasHoOMepHbIe Myfbcayuu, Ymo npueodum K 603HUKHOBEHUIO OCPEOHEHHOU CUslbl MPUMSKEHUS.

B konne XX Beka Mpou30ILI0 OCO3HAHUE CIOKHOCTH, HEMPEICKAa3yeMOCTH PEaIbHOr0 MHUPA,
ero HenuHenHocTH. [Iponsonuia cMeHa HaydyHOU napaaurMel Hayku. Hosas mapagurma — ecth na-
paaurMa HeJIMHEHHOCTH.

B paborax [1,2,3,4]0bu yTOYHEHBI (PU3NUECKHE CBOMCTBA MUPOBOM CPEIbl M MOJTYyYCHBI ypaB-
HEHUsI, TIPEJICTABIIAIONINE CO00N HeMMHelWHOoe 0000IeHNe ypaBHEHUH MakcBeta ais BaKyyma ¢
Y4€TOM BO3MOKHOCTH IEPEMEIIEHNUS] MUPOBOU Cpezibl, AOIOJIHEHHbBIE YPABHEHUEM HENPEPHIBHOCTH
u hopMyJIoi ISt CKOPOCTH cBeTa. B pabore [4] oTH ypaBHEHHUs s Ha3BaJl YpPaBHEHUSMH CIUHOU
TEOpUU TIOJS, XOTS B HACTOSIIEEe BpeMsi, OOJbIIE CKIOHIIOCH K HA3BAHUIO — yPaBHEHUS TUHAMUKH

BaKyyMa.
[IpuBenem ypaBHEHUS TUHAMUKY BakyyMa, oiydeHHsie B [1,2,3,4]

(1)

3neck V — BEKTOp CKOPOCTH JBIKCHUs (PU3UYECKOrO Bakyyma ¢ mpoekuusmu — V,,V, ,V, i n —
IUIOTHOCTh (D)U3MYECKOTO Bakyyma, ¢ — CKaJIpHBIM NOTEHIMald, C — CKOPOCTh CBeETa,
0> 9>  0o°
2 + 2 + 2
ox° oy° 0z
B at0it cucreme w3 mectu auddepeHIHanbHbIX ypaBHEHUH (IIEpBOE BEKTOPHOE ypaBHEHUE
TIPE/ICTaBIISET COOON TPH CKATAPHBIX), HeM3BeCTHBIX 6 Bemuuun — V,,V,,V,,¢,n ,C.

0% =

— nuddepeHnmanpHbI oneparop Jlamnaca.

[Monubie pousBoaHbIe B (1) comepkar HENMMHEHHBIC YWICHBI M PACTUCHIBAIOTCS
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d’¢ _0°? 0
j’ o (v Eﬂ]) "’ (—Eﬂ])¢+(V m)(v ), 3)
dt> ot?
dn _dn
=1+ (vmh, 4
o o V@ @)
.90 .0 0 y
rne U =i—+ J— + k— — muddepeHumanbuelii onepatop Haba.
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[TepBoe ypaBHeHue cucTeMbl (1) omHChIBa€T PACPOCTPAHCHHUE MOMEPEUHBIX BOJIH B MHPOBOM
cpene. Bropoe ypaBHEHME ONUCHIBAET MPOOJIbHBIE BOJIHBI HANPSKEHUs. TpeTbe ypaBHEHHE CHC-
tembl (1) npeacrasisier co00M ypaBHEHHE HEITPEPHIBHOCTH MUPOBOI cpe/ibl. UeTBepTOE ypaBHCHHE
ONpelensieT CKOPOCTh CBETA B MUPOBOM Cpelie — BaKyyMe Kak CKOPOCTb PaclpOCTPAaHEHHS BO3MY-
IICHUH.

[Tpu npeobpazoBanusix OyaeM UCHOIb30BaTh B JajbHEHIIEM BCIIOMOTaTelbHOE YpaBHEHUE, 10-
JYYCHHOE B MPOIIECCE BHIBOIa OCHOBHOM crcTeMbl ypaBHeHuH (1)

dnVv
—— = —grad). 5
m g (5)

MupoBasi cpena — QU3NIECKUN BaKyyM, COCTOUT U3 AJIIEKTPOHOB, KOTOPBIE COXPAHSIOT OJIMK-
HUH MOPAJIOK, T.€. 3TO IEHCTBUTENIBHO CIUIOIIHASI HETpepbIBHAs cpena. CienoBareiabHO, MIIOTHOCTD
MHUPOBOM CpeJIbl PaBHAETCS IJIOTHOCTH 3JeKTpoHa. B paborax [1,2,3,4]moka3aHo, 4TO IIOTHOCTH
ANEKTPOHA U, COOTBETCTBEHHO, MUPOBOW Cpebl CACAYIONINM 00pa3oM COOTHOCHUTCS C TUIOTHOCTBIO
MPOTOHA U PaBHA

n:énp = 242010"%kr/™m*, (6)

rze 1, —IWIOTHOCTh NPOTOHA.

Oco0eHHOCTh MUPOBOH Cpebl 3aKII0YaeTCs B TOM, YTO HA MaKpOypOBHE OHA MOIBUXHA, B TO
BpeMs KaK Ha MHKPOYPOBHE OHa MPECTABISAET COO0M JUANEKTPHUK. B 3TOM MpOSIBISAIOTCS €€ Heu-
HEWHBIC CBOMCTBA.

MupoBas cpena — cxumaema. Haliném, mo aHamoruu ¢ ruapOIuHAMUKON, KOI(PPUIIUEHT CxKU-

MaeMocTu 3, u Moayib ynpyroctd G MUPOBO#i Cpeibl

1 dn 1 1 -34 2
=S=—=—= = 46010 IH, 7
P ndd nc® 24200° Q3010°%)° M (7)

G =Bi =nc? = 24200° {300°f = 218M0° Hiw?. @)
[0

Jlns cpaBHeHHs npuBenéM Kodddumment cxumaemoctn 4,7107° m?/H u Momyms ympyroctn

213M10° H/m? Boabl. Takum 00pa3zoM, C)KUMAaeMOCTh MUPOBOM CPEJIbl 3HAYUTEIILHO MEHBIIIE CXKH-

C. C. BopoHkoB
YTOUHeHne 3aKoHa TAaroteHus HoloToHa
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MaeMOCTH BOJBI M B HEKOTOPBIX CIy4asiX €€ JOIMYCTHMO MPHUOIMKEHHO pacCMaTpUBATh KaK HEC)KH-
MaeMyro.

B pabote [4] noka3aHo, uTo ypaBHeHUs (1) SIBISIOTCS UCXOIHBIMU U BKIIFOYAIOT B ce0sl ypaBHe-
HUSI DJICKTPOJJMHAMHUKHE MakcBelia v 3aKOHbl MexaHuku HeioToHa, penstuBucTckue 3hGeKTsl, 3a-
KOH BCEMHUPHOTO TSATOTEHHsI, OCHOBHOE YpaBHCHHE KBAHTOBOW MeXaHHMKH — ypaBHeHue lllpenunre-
pa u 1p. B kadyecTBe mpuMepa MpUBEIEM BBIBOJ] 3aKOHA BCEMUPHOTO TATOTCHUS M3 YPaBHCHUM JH-
HaMHKH Bakyyma (1).

Beimuiem BTOopoe ypaBHeHHE cucTeMsl (1) Uisi CKalIsIpHOTO MOTEHIMala, MOICTaBuB grady us3

(5) B mpeamnonoxxeHuu N = CONS , ¥ pa3JIeNIuB JICBYIO M IPaBYIO YaCTH ypaBHEHUS Ha c?
19% 2V oV
¢ 2V Y ryra 9 _n v

0% =—
¢ c? ot? t c? ot

)? —izaa—\t/ [{rotV x V) —
C
)

DO tgrad™ ) + LV CoradV rach).

MupoBas cpefa HaXOAUTCS B HEMPEPHIBHOM ABWKEHUU. Kak10l TOYKE MUPOBOM Cpeabl COOTBET-
CTBYIOT KAaKHUC-TO 3HAYCHHUA MNYJIbCAIHUOHHBIX COCTABJIAIOIMIUX CKOPOCTH, NOTCHIHAJA, CKOPOCTU
cBeTa. [IpencraBum ckopocTh, MOTEHIIMAN, CKOPOCTh CBETA KaK CyMMY CPEIHHUX M MYyJIbCAIlMOHHBIX
COCTAaBJIAOLINX

V=V+V,0=9+¢', c=c+cC. (10)

IIpoBenem ocpenHeHne Mo BpeMeHu ypaBHeHus (9) Ha uHTepBaie T, 3HAYUTEIHHO MPEBHIMIAOIIEM
NEePUOJ MyIbCAUOHHBIX COCTABISAIOMMX. B nipaBoii yactu ypaBaeHus (9) 10cToBepHO OyneT OTIIH-
YCH OT HYJIA 4JICH

1 t+T avr
2 ()t (11)
c-T ot

t

[IpuHuMmas ero Bo BHUMaHue, peHeOperas BeIMYMHAMHU 0oJiee BBICOKOTO MOPSJIKA MAJOCTH, OC-
peIHEHHOE 110 BpeMeHH ypaBHeHue (9) 3anuimercs

t+T

0% = j (—) dt. J12

B nanpHeiiem yepTy HaJl NEPEMEHHOW OMYCTUM, IOHUMAs MO/ IEPEMEHHOM €€ OCPETHEHHOE 3Ha-
YCHUC.
[TpenmonoxuM, 4To npaBasi yacth ypaBHeHus (12)ocraercs nmoctosiauHol. O003HaunM uepe3 C,

t+T

j (—) dt= (13)

Torna ypaBaenue (12)3anuimercs
0% =-nC,. (14)

C. C. BopoHkoB
YTOUHeHne 3aKoHa TAaroteHus HoloToHa
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PaccmorpuM B3aumoneicTBue MeXAy ABYMsi IPOTOHAMH B MUPOBOM Cpesie, pacloJIOKEHHBIMU Ha
paccrosgHuu . Halimem nmoTeHumai, co3qaBaeMblii OJHUM U3 MIPOTOHOB Ha paccTosiHuM I. [ToTeHu-
ai1, cornacuo (14),onpenenurcs [5]

0=-Co [, (15)

rae V, = 411 |3 — 006beM MPOTOHA, I, —paanyc NPOTOHA.

C yuerom (6) moayunm
p=- 2 (16)

Haiinem gradd B cepruecknx KOOpAMHATAX HPHU HEHTPATLHON CHMMETPUT

(17)

grady =" =

6r2

Hamnewm cuiy, A€HCTBYIOIYIO Ha BTOPOM IPOTOH B I10JI€ IOT€HIUaNa ¢ , IIPH YCIOBUH, YTO Iy << T

o C,m 1lr+r C. m_m
Slyra er—— 212 O = 18
j ‘grad ¢ LT M e (18)

rje S= 4117 —miomaas MOBEPXHOCTH MPOTOHA.

OxoHuaTenbHO I CUiIbl F B3anMoaelcTBHUA MEXAY ABYMs IIPOTOHAMM ITOJTYYUM

F=-v, — P, (19)
rac yO — €CTh I'PaBUTALITMOHHAA IIOCTOSIHHAA
CO t+T r
= ~—)2dt. 20
Yo =g 6nc = j & )’ (20)

3nak munyc B (19) 03Hayaer, 4To 3Ta CHIIa — CUJIa IPUTSDKEHHS. DTOT 3aKOH €CTh HE YTO MHOE, KaK
3aKOH TAroreHust HeroToHa.

Amnanmu3 Boipaxkenuit (19) u (20) moka3eiBaeT, 4TO MPUYUHON TATOTCHUS SIBISIOTCS HETIPEPHIB-
HBIE TyJIbCAIIM MUPOBOM cpenbl. [Ipu "morpyxeHun” Tea B MHPOBYIO CPEy OHHM MCKAKAIOT ATH
paBHOMEpHBIE MTyJIbCAIlMH, YTO MPUBOJAUT K BOSHUKHOBEHUIO OCPETHEHHOW CUIIBI PUTSIKEHHUS.

[Monyuennsiit 3akoH Tsarotenus Herotona (19) u3 ypaBHeHHI auHaMuku Bakyyma (1) siBisiercst
nepBbIM npubImkenueM. Haiinem cnenyromee npuOnmxeHne u MOCMOTPUM, YTO HOBOTO OHO BHO-
CHUT B 3aKOH TSTOTEHUS.

PaccmoTrpuM, Kak U Ipexnae, B3aUMOJCHCTBHE MEXKIY ABYMsS IIPOTOHAMH B MUPOBOM Cpele,
pacnosoKeHHbIMU Ha paccTosiHuU I. [IycTh mpu 3TOM OJUH U3 MPOTOHOB ABMXKETCS C MOCTOSIHHOM

ckopoctbto V. Toraa, mpoBess ocpeHEHHE IO BpeMeH! ypaBHeHus (9), momydynm

C. C. BopoHkoB
YTOUHeHne 3aKoHa TAaroteHus HoloToHa
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a-p)0g=-11 [ L

2dt, 21
(Rl at) (21)

rae B=V /C.

B nanpHeimeM yepTy HaJ NEPEMEHHOM OIYCTUM, MOHUMA O]l IEPEMEHHON €€ OCPEIHEHHOE
3HauYEHHUE.

[IponenaB BBIKJIAIKK, AHAJIOTMYHBIE TMPEABIAYIIEMY BBIBOAY 3aKoHa TAroreHus HproToHa,
OKOHYATCJIIbHO IJIs1 CHUJIBL F BBaHMOHeﬁCTBHH MCKAY ABYMs NPOTOHAMU MOJYYUM

F [ yO umP , (22)

IZie Y, —IpaBUTAllMOHHAS TOCTOSIHHAS TIPU CKOPOCTH MIPOTOHA, paBHON HYIIIO.
O6o3HaunM KO3 puuueHT B popmyiie (22), KOTOPBIi SBISETCS TPAaBUTALUOHHON MOCTOSHHOM,

Y

(23)

Torga nomydeHHBIN pPe3ysbTaT CBUAETEILCTBYET O 3aBUCUMOCTH TPABUTALIMOHHOM IMIOCTOSSHHOM OT
CKOPOCTH JIBHYKEHUS IIPOTOHA.
OTHOCHTENBHOE U3MEHEHUE TPaBUTALIMOHHON ITOCTOSIHHOM OIIpeenuTCs

Vol - oy -1

0

By _Y=Yo _ \1-F° ~ B2, 24
Yo Yo Yo

Haiinennoe cootHomenue (24) coBmagaer ¢ pe3yinbraToM, nonydeHHsiM P.Jluke [6] u3 apyrux
COOOpaKEeHHUIA.

OueHUM BapHaIMU TPABUTAIIMOHHON MOCTOSIHHOW ISl TJIAHET COJNHEYHO# cuctembl. CpemHsis
opOuTanbHas CKOpoCTh A1t Mepkypus cocrtasisert [7] — 47,86km/c, mis [lnyrona — 4,74xm/c. To-
raa

25010 <2 < 25107, (25)

Yo

I'umore3sl 00 M3MEHEHHWH TPABUTAIIMOHHON MOCTOSIHHOM 00Cy»matorcst 1aBHo [6,8]. DTo mpen-
MOJIOKCHUE BIEPBbIC OBUIO BbICKa3zaHO A. DHHINTEHHOM [6] M TO3Ke aKTUBHO pPa3BHBAIOCH
IT.Tupaxom [9]. TIpoBOIUIUCH MOMBITKH SKCIIEPUMEHTATBHOTO OOHAPY)KEHHS M3MEHCHHUS IPaBHUTa-
1UOHHOM mocTosiHHON. Tak, JI. Mukkenscon u M. Hptomen mokasanu [8], 4To ¢ OTHOCHUTENIbHOU
tounocteio 107 TpaBuTanMOHHAs TOCTOSHHAsS HE MEHSETCA C pPACCTOSHHEM B HHTepBale
0310%km <r <3MA0%km . HaiileHHBIH HAMH JIHMAIIA30H M3MEHEHHS IPaBUTAIIMOHHOW TTOCTOSTHHOM
(25) nexxuT 3a mpeneraMu TOYHOCTH HabmoaeHui J[. Mukkenscona u M. Heiomena.

[Mpumenum nonydeHHy0 Gopmyny (22) K aHaIM3y TPaBUTAIMOHHBIX CHJI TPU TEPEMEHHOI
CKOpOCTH Teja. Takoi MoaXo ] TOMYCTUM MPU HE3HAYUTEIbHBIX U3MEHEHUSIX CKOPOCTEH.

OnpenenuM U3MEHEHUE TPABUTALIMOHHON MTOCTOSIHHOM ISl 3eMIIM B TEUCHHE TO/1a TIPU €€ JBU-
KEHUU 10 opourte. B mo00i ToUKe IIMNTHYECKON OpOUTHI HA PACCTOSIHUY ' OT IIEHTPAIBHOTO Te-
Jla CKOPOCTb TUIAaHETHI paBHa [7]

(26)

C. C. BopoHkoB
YTOUHeHne 3aKoHa TAaroteHus HoloToHa
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rae V, —cpensss opOuTaiIbHas CKOPOCTh, & —00JIbILast IOJIYOCh OPOUTHI.

MakcumarnbHasi CKOpOCTh JABHXKCHHUS 3eMiid 1Mo opoute — B nepuresiuu I = = a(l—-e), roe e —
AKCIEHTPUCUTET IUTUNTHYeCKON opouThl (11t 3emuu €=0,0167)

V, =V, 2 -1=V, 1,017 7§2
all-e)

MuHumanbHast ckopocts —B adenuu = Q = a(l+e)

Vo=V, &z -1=V,[0,983 (28)
all+e)

YuuThIBast, 4TO CpedHssT OpOUTaIbHass CKOpPOCTh 3eMim cocrtaiser [7] 29,78 km/c, oTHOCH-
TEJIBbHOC N3MECHCHUC FpaBHTaI.[PIOHHOﬁ MIOCTOSIHHOM JJIA 3eMIIi B TEUECHUE roza onpeaciInTCA

095M10°® < Ay . 102010°8 92

Yo

Bapuanuu rpaBUTallMOHHON MOCTOSHHOM, KaK OTMe4aeTcsi B [6], MOTYT CyIIECTBEHHO BIIUATH
Ha CEMCMUYECKYIO0 aKTUBHOCTb.

PaccmoTpuM, y4WTHIBaeT JIM TOJYYCHHOE NPHOJKEHUE 3aKOHA TsAroTeHus Hprotona (22)
cMmenienne nepurenns Mepkypus. st sToro mpeobpasyem Boipaxkenue (23), MOJCTaBHB B HETO
ckopocTh u3 (26)

2a 21
Y= Yo ~Yo 1+B§(__1j =yo(1_[3e21 1+i2_ ,
o 22 r @-pa)r
Vi—-1 a
GE (30)
1- o2
rae B2 =VZ/c.
C yuerom (30)3akon Tsrorenus HproToHa (22) nepenuriercs
1 232 1
F=—yo\L-BZMm| = +-——2-— |, 31
yO( Ba) (rz (1_B§) r3j ( )

3necs M —macca ConHia, M —Mmacca miIaHeThl.

[Tomumo wiieHa, 0OpaTHO MPOMOPIMOHATIBLHOTO KBAApaTy PACCTOSHUSA, B 3aKOHE TATOTEHUS
Herorona B 3ToM npubmmkernn (31) mosABIIsIeTCS MabIi YieH, 00paTHO MPOMOPIMOHATIBHBIA KYOy
paccrostaus. Kak ussectno [10,11], B TakoM BH/e 3amKChIBal BHIOM3MEHEHHBIN 3aK0oH HbroTOHA
Krnepo mist o0bsicHeHHsI IBUXKEHUST TyHHOTO Tiepuresi. Bnocneactsun Kiepo ot 3Toro 3akoHa oTka-
3ascs [11].

PaccmoTpuM, K KakOMy CMEIICHUIO mepurenuss MepKypusi IpuBeJeT Majblii J0OaBOYHBIA Ky-
Ounueckuit wieH B 3akoHe TsaroTenus Heiotona (31). Heroton mokasan [12], uro mpu cuiie mpurs-
xeHus F, mponopuuonanbHOM

bE™+dO"

P

(32)

C. C. BopoHkoB
YTOUHeHne 3aKoHa TAaroteHus HoloToHa
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rae b, d, m, N KxoHCTaHTBI, CMEICHUE NIEPUTENNS OIPEICITUTCS

B [ b+d _
6<|)—360°( o 1} (33)

Enununer usmepenust y Herorona [12] BeIOpaHbl TakuM 00pa3oM, 4TO MaKCHMAalbHOMY pac-
CTOSIHAIO MEXJy TEJIOM M CHJIOBBIM LIEHTPOM cOOTBeTCTBYET I =1. C yuyeToMm 3TOro mepenuiieM
(31) B BuzE

:_vo(lz—Bi)l\ilm(%+ 2 3] (34)
a“(l+e r- @1-p)@a+er

rae T =r/(all+e)).

B namewm cnydae
2

28
b=Lm=1n=0d=— 2
Em=tn )1+ o)

Cwmemenne nepurenus Mepkypus 3a onuH 000poT, yuuTsiBasi, uto €=0,2056,cornacHo 3aKoHy
(34) u (33), onpenenutcs

= Z—Bs_ = Bazl - -610 — —2\n
5¢—360°[\/1+(1_B§)(1+e) 1} 360° B+ 9 (7,6140107°)" = (274010°°)". (35)

Cwmenenue nepurenust Mepkypust 3a OIMH 3€MHOM I'0Jl COCTaBUT
o, =45 = 011 (36)
Cwmemenne nepurenus Mepkypus 3a cTojeTue 0yaer
0 ,,, =1003¢, =11". (37)

Ha nBmwxkenue nepurenust Mepkypus CyIIeCTBEHHOE BIHSHHE OKA3bIBAIOT TUIAHETHI COTHEYHOMN
cucrembl, HO B "185%., —kak otmeuaercs B [10], —JleBepbe oOHapyskuiI, uTo HabIIOIaEMOE CMe-
mieHre nepurenus npumepHo Ha 39" B croierne GOJBIIE TEOPETHYECKON BEIMYHMHBI, PABHOM
527" ". Teoperuuecku Ompe/elicHHAas BelWunHa B 527" CKIAABIBACTCS M3 BO3MYIICHHH IUTAHET
COJIHEYHOU CHCTEMbI Ha JBIKeHUE nepurens Mepkypus [10]

ITmanera Bxnan
B CMEIIIEHUE TICPUTEITUS

Benepa 2806"
3emitst 836"
Mapc 2,6"

FOnmrep 1526"
CarypH 72"
Ypau 01"

Bcero B cTonerne 526,7"

C. C. BopoHkoB
YTOUHeHne 3aKoHa TAaroteHus HoloToHa
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VTOUHEHHOE HEYYTEHHOE cMeleHue repureians Mepkypus cocrasiser [13] 43" . CnenosarenbHo,
MOJyYCHHBIH HaMH pe3yabTat (37) mpuMepHO B 4 pa3a MeHbIIIe Ha0IF01aeMOrO.

Ho 3A€Ch CJICAYCT OTMCTHUTD, YTO BJIUAHUC IJIAHCT HA JIBUKCHUC TICPUTCITUA MepKypHﬂ, IIpUBC-
JIEHHOE B TaOJUIE, PACCUMTHIBAJIOCH 0€3 ydeTa CKOPOCTH WX JBWIKEHHUS M caMO TpeOyeT yTouHe-

HUH.

BrIBOaBI

1. IlpuunHON TATOTEHMSI SABISIFOTCS HENPEPBIBHBIE MyJIbCAllMM MUPOBOM cpeasl. Ilpu "nmorpy-
KEHUU" TeJl B MUPOBYIO CPEy OHHM UCKAXKalOT 3TU PABHOMEPHBIE ITYJIbCALIUH, YTO IIPUBOJIUT
K BO3HUKHOBEHUIO OCPEIHEHHON CUJIbI IPUTSKEHUS.

2. YTOYHEH 3aKOH TAroTeHus HproTOHA, B KOTOPOM I'paBUTALIMOHHAS MOCTOSHHAS 3aBHCUT OT
CKOPOCTH TeJla ¥ MOSABISAETCS Malblil JONOJHUTENbHBIA WiIeH, 00paTHO MPOMOPIMOHATBHBIN
KyOy pacCTOsTHUSA.

w N

8.

9.
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