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O e'e” jets and shapes (res. NNLO)
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Tembl neKuumn

1. CpaBHeHMe KBaHTOBOM 3neKTpoauHamuku (K3/1)
N KBAaHTOBOM XpomoaumHamuKu (KX1).

2. AKTUBHOCTb BaKyyma. Ero nonapusauua.
PeanbHOCTb BUPTYa/ZIbHbIX 4YacTUL,.

3. DKPpaHUPOBKA 3N1eKTpuyecKoro 3apaaa 8 Ko/
U aHTUIKPAHUPOBKA UBeTOBOro 3apaga B KXA.

4. AcmmnTtoTHUyeckasa csobopa
B CMJIbHOM B3auUMOAENCTBUMN.
HeBblneTaHue KBAapKoOB.

5. BHyTpU NnpoTOHa.
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B KX/ (Teopun cnnbHOro ssammopemcrasmus),
B otanume ot K3/
(Teopuun 3neKTpomarHUTHOro B3aMMOAEUCTBUSA),
umeetrca He o00uH (PoToH),
a soceMb NepeHOCYNKOB B3aUMOAEMNCTBUA — INTIOOHOB.
3TO CBA3aHO C Ha/IMMMEM UBETa U C TeMm,
4YTO CaMM TNIOOHbI (KaK U KBapKU) OKpaLLEHblI,
T.e. HECYT LUBETOBOM 3apAn, UCNOJHAKOWUNA POab
3apfAja CUIbHOro B3aMMOAEUCTBUA.
[NIOOHbI CaMM yYacTBYIOT B CMJIbHOM B3aMMOAENCTBUMN
He TO/IbKO C KBapKamMu, HO U C APYrMMM INTIOOHaMM.
[N0OHbI CNOCOO6HbI UCNYCKATb U NOI/IOLW,ATb [MTIOOHDI.




TpaaNLUMNOHHbIE BEePLUUHDI:
Cneyndunyeckme BeplUnHblI ™~
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B BepwiMHaX 3TUX FNOOHHbLIX AUarpamm Y S hbomon

BbINO/IHAETCA 3aKOH COXpPaHeHUA UuBeTa



Cymma guarpamm,
ONUCbIBAOLWMNX CBOOOAHDbIN IN1EKTPOH:

-

OaHa n3 BO3MOXHbIX AUarpamm,
oTBevyalLwmx csBob6oaAHOMY IN1EeKTPOHY:




KBaHTOBble (PAYKTyauum BaKyyma
(ero sanekTpomarHMTHas nonapusauua)

> 6y
BmecTo aneKkTpoHa (no3nTpoHa) B aTuxX

BaKYYMHbIX GNYKTyaLMAX y4acTBYIOT BCE
3apAXKEHHbIe YacTULbl U X aHTUYACTULLDI




Tpu Hanbonee oueBMAHbLIX CBUAETE/IbCTBA
peasibHOCTU BUPTYAJIbHbIX YacTuUL,
U aKTUBHOCTU BaKyyma (ero nonapusauum):

1. MarHUTHbIM MOMEHT 3/1eKTpoHa Ha 0,1% 6oablie TOrO,
KOTOpPbIM AO0/MKeH 6biTb Aana «ronoro» (AUPaKOBCKOro)
aneKkTpoHa. 1947 r. P. Kusch, Nobel Prize 1955.

2. PacwenneHune ypoeHeu 2s,,, U 2p, , aToma BOA0pOAa
(namboBcKnit caBur ypoBHei).
1947 r. W. Lamb, Nobel Prize. 1955.

3. 3ddPekr Kasmmupa (H. Casimir, 1948 r.). MputarkeHue
NPOBOAALLUNX HE3APAXKEHHDBIX TOHKUX METaNINYECKUX

Casimir



K91 — KBaHTOBasA 31eKTpPOoAUHaMMUKA,

Nobel Prize 1965 .,
TomoHara, LWBuHrep, PemHmaH

MarHMTHbIA MOMEHT 3/1eKTPOHa:
" = {1,001159652181(4) Hp <¢mmK3[
. =

1,001159652180(62 + 12) ug q

JKCNepumMeHT

be3 yyeTta KBaHTOBbIX PNYKTYaLUU BaKyyma
MArHUTHbIK MOMEHT 31IeKTPOHA [,
TOYHO paBeH 1 B marHeToHax bopa upg




B BaKyyme poXKAaloTCcA U Uc4e3aloT BUPTYyasibHble POTOHDI,
COOTBETCTBYHOLLME BCEM AIMHAM BOJH
3/1eKTPOMArHMTHOTO CNeKTpa.

OAaHaKo B NPOCTPAHCTBE meXxay 6/1M3KO pacnonoXKeHHbiMmu
NPOBOAALWMMMU NOBEPXHOCTAMMU CUTYALLUA MEHAETCA.

B HEM BO3MOXXHbI INLLb TaKMUe BOJIHbI, AJ/IMHbI KOTOPbIX Lenoe nau
noayuenoe YUCN0 pa3 YKAAAbIBAOTCA MeXAY NOBEPXHOCTAMM
(ponyctmbl ToNbKO Takne GpaAyKTyaumum sneKTPpoOMarHMTHOro nons,
3HAYEHUA KOTOPbIX PaBHbl HY/1I0 B MEeCTe PacnooXKeHusn
Ka)X40W NNacTuHbl). Bo36y)KaeHue BOJIH € Apyrmmu aIMHaMM
(a ux 6onblue) B 3TOM NpomerKyTKe NoaaBaseTcs,

TO-eCTb, NOAABNAETCA pOXKAeHMue
COOTBETCTBYHOLLMNX BUPTYA/IbHbIX GOTOHOB.

B pe3ynbrare,

AaB/ieHue BUPTYaNibHbIX POTOHOB U3HYTPU Ha ABe
NOBEPXHOCTU OKa3bliBaeTCA MeHblUe, YeMm AaBJ/ieHUue Ha HUX U3BHe,
rae poxaeHue GoToHOB HUYEM He OrPpaHUYEHO.
Yem 61unXKe gpyr K Apyry noBepxHoCcTu, TEM MeHbLUe
AJIUH BOJIH MeXXAYy HUMU OKa3blBAlOTCA B pPe30OHaHce
n 6osiblie — OKa3biBalOTCA NOAAB/EHHbIMM.

Kak cneacreue, pacTer cuia NnpuUTAXKeHusn
MmeXay noBepXHOCTAMM.
dddeKT noaTBEepPXKAEH dKCNEePUMMEHTANIbHO
C TOYHOCTbIO 1-3%.



dddeKT Kasmumunpa ato npamoe
MmexaHu4deckoe npoasneHue GpayKTtyauum BaKyyma
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Cuna Kasmmupa: — =
P~ = 24042

Ona nnactuH B dopme urpanbHbIX Kapr,
OTCTOALLMX APYr OT Apyra Ha pacctoaHun 10~ cm,
cuna Kasmmupa paBHa secy 00OHOU Karsau pocsl




AHanorus

dddeKT, aHanormuHbin 3pPpekry Kasmmupa,
Habnopanca ewé B XVIIl Beke ppaHLy3CKUMU MOPAKaAMMU.
Korpa pBa Kopabnsa, packauuMBaloWMXCA U3 CTOPOHDI
B CTOPOHY B YC/N0BUAX CU/IbHOIO BOJIHEHMUS,
HO cnaboro Betpa, OKasbiBa/IMCb Ha PaCCTOAHUMU
MmeHbwe npubnausmntenoHo 40 meTpos,
TO B pe3ynbrate YMeHbLUeHUA YNCaa TUNOB BOJH
B NPOCTPAHCTBE MeXAy Kopabnamu BonHeHue 3aTuxano.
YcnoKouMHoOe mope mexay Kopabnamu cospasano
MeHbllee AaB/ieHne, YemM BOJTHYloWeecs ¢ BHELWHUX CTOPOH.
B pe3ynbTate BO3HUKa/NA CUNA, CTPEMALLAACA CTONKHYTb
Kopabaun. B KauectBe KOHTpMeEpbI, PyYKOBOACTBO NO
mopenaaBaHMio Havana 1800-x rogoB peKomeHA0BaNO
obounm Kopabnam nocnatb no watonke ¢ 10-20 mopAaKkamm,
ytobbl pacTtankuBatb Kopabnmw.



JKpPaHUPOBKA 3NeKTpuyeckoro 3apaaa 8 K34

OaHa n3 BO3MOXHbIX AMarpamm,
oTBeyalLwmx csBoboaHOMY 3N1EKTPOHY:

Mo3utpoH B netne (e~ e'-annone) pacnonaraerca 6anxke
K pOAUTENbCKOMY 3/1EKTPOHY.
Takum 0bpa3om, BO3HMKAET TaKaa Nnonsapusauun
e~ et-punonei, npn Kotopom
X NONIOXKUTENbHbIE CTOPOHDI (T.€., NO3UTPOHDI)
pPa3BepPHYTbl B CTOPOHY POAUTE/IbCKOrO 3/1EKTPOHA.



JDKpPaHUPOBKA 3/1eKTpuyecKkoro 3apapga 8 Ko/

Mpo6HbIN

< Aunarpamma
® 3KPaHNPOBKU

TabanyHoe 3HaYeHue
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JKpPaHUPOBKA U QHTUIKPAHUPOBKA
uBetoBoro 3apaga B KX -

«CtaHpapTHbIE» g 4 g
KBapPK-rNMIOOHHbIE ANarpammMbl: s -; W
NPUBOAAT K 3PP eKTYy IKPaHNPOBKHU

LBETOBOro 3apfaaa, aHa1I0rM4yHoOMy q
3P PeKTy IKPAaHUPOBKHU
o-

3/1eKTPUYECKOro 3apaaa, . y
co3paBaemMoMy guarpammamu: s o

B TO e Bpemsa

YUCTO FNIOOHHbIE npuBop,ﬂT K adpdekKry,
AWarpaMmmbl: mes) 06paTHomy
3KpPaHUPOBKe

LLBEeTOBOro 3apaaa.

BanaHmne 3tux auarpamm (p,uarpaMM aHTUIKPAHUPOBKMU)
npeobnapaer Haa BAUAHUEM AUArPaMM IKPAHUPOBKU U
33 CYET HUX LLBETOBOM 3apAA4, KBapKa, Usmepaembii
NPO6HbLIM LUBETOBbIM 3apAA0OM, YMEHbLUAETCA
c npubnunkeHnem npobHOro 3apAaga K KBapKy.



BO3HMKHOBEHMUeE
3KpPaHMPOBKMU
Anarpamma LLBETOBOro 3apsapa:
3KPaHUPOBKM K

u,BeTOBoro 3apapa:

MOM_H nafi

2e/TIOOHbI CO CKPpbIMbIM yeemom

BO3HUKHOBEeHMe
AHTUIKPAHUPOBKMU

Anarpamma LLBETOBOro 3apsaaa:
aHTUIKPaHUPOBKU .

LLBETOBOro 3apsAaa:




Bo3HUKHOBEHUEe AHMU3KPOHUPOBKU
MOXCHO 0b6bACHUMb
C nNomMouwbro cneoyrouwje2o0 paccyrcoeHus:

LiBeTOBOM 3apAaa, KBapKa BbIHOCUTCA ITIOOHOM
BO BHELUHIO 061aCTb.
[NOOHDbI «pa3masbiBaloT» (pacwennaioT) LBEeToBOM 3apaa
NO OKpyXKawwen ero obnactm npocTpaHcTsa,

TaK YTO LBETOBOM 3apAa,
coaeprKawmmca B 1106oun chepe, oKpyKatoLein KBapK,
YMEHbLUAEeTCA C YyMeHbLleHnem paguyca chepbl.
Mpo6bHbI UBEeTOBOM 3apAa, NPOHMKAA Braybb obnaka
pa3masaHHoro (pacwennéHHOro) uBeToBOro 3apaAaa KBapkKa,
pocturaer chepbl BCE MmeHbLUero paauwyca,
coaeprKawen BCE MEHbLUMWU LBETOBOW 3apafn, BHYTPMW,

U NO3TOMY CW/a LUBETOBOro B3aMmopgencrsus
yMeHbLUaeTca ¢ npubaunkeHmem npobHOro 3apaga K KBapKy.
LiBeTOBbIE 3apAAbI, KaK U 3N1EKTPUUYECKUE,

BHE AOCTUTHYTOM cdepbl He 0Ka3biBalOT HUKAKOro BAUAHUA
Ha B3aumoaeucTBue BHYTpu cdepbl.



BapuaHT ¢ pa3masaHHbIM
LLBEeTOBbIM 3apAa0M

PasmasaHHbIUN .
aHTUIKPaHMPOBKOM
LBETOBOM 3apAa KBapKa

MpobHbIN
uBeTosou
3apag
AHMUMaUUNA
Ha Jlekumn ‘




BapuaHTt c pacwenneHnem
LBEeTOBOro 3apapga

PacwiennéHHbin
AHTUIKPAHUPOBKOM
LBETOBOMU 3apAa, KBapKa

Mpo6HbIN
LLBETOBOM

3apag,

AHUMaUNA

Ha JleKunwu




AHMMaUMA Ha JleKuunm AHTUIKPAHUPOBKaA

P —" LBeToBOro 3apaaa B KX
LBETOBOU 3apPAA KBAPKaA

,f.
-

--="" Mpo6HbIii
LuBeToBOM 3apAa
KBapKa

. Aunarpamma
U3mepeHHbIN AHTUIKPAHUPOBKMU
LBETOBOM
3apAag,

dHepruA
0 >T




3a CYET IMIOOHHbIX AMarpaMmm LBETOBOM 3apAa KBapKa,
nsmepaembii NPOoOGHbIM 3apAaaAOM, YMEHbLUAETCA
C npubnnxkeHnem npobHOro 3apaga K KBAPKY.
Cbnunxkanacb, ABa KBapKa 6byayr «4yyBCTBOBATb»

BCE 6onee ocnabneHHble uBeTOBbIE 3apAAbI APYT ApYra
U CU1a UX LLBETOBOro B3aumoaencrema byaer ocnabesarb.
B npepene oyeHb ManbiX PacCTOAHUMN
KBAapKM MepectaloT B3auMOAEeUCTBOBATb
n Beayt ceba Kak csoboaHble.

B atom cyTb ABnAeHMA acumnmomuyecKol ceobo0bi
B CUWIbHOM B3aMMOAENCTBMMN KBAPKOB.
O6paTtHOU CTOPOHOU acummnmomu4yecKol ce0600bI
ABNAETCA POCT 3HEPrun NPUTAXKEHUA ABYX KBAPKOB
C yBe/IMMEHMUEM PaACCTOAHUA MEXAY HUMM,
NPUBOAALLMIA K HEBbIZIETAHUIO KBAPKOB U3 aAPOHOB.
JTO ABNeHUe Ha3blBaeTcA
naeHeHuUem wnan KoHgaluHmeHmom (confinment) Keapkoes.



3KCI'IepMMEHTaIIbHaﬂ 3dBUCUMOCTDb

KOHCTAHTbl CUJIbHOIO B33MMOAEECTBMH

OT 3Heprum (PaccToaHUA MeXKay KBapKamu)
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YMeHbLUeHMe 3Heprum MeXKKBapKOBOro B3aMmMoAeucTBuA
C YMeHbLUeHUemM PaACCTOAHUA MeXAY KBapKamu
9KBUBAJIEHTHO YMEHbLUEHUIO KOHCTAHTbl CU/IbHOrO
B3aMMOLENCTBUA (I, C YBe/IMYMEHUEM SHEeprum KBapKoOB.
KoHcTaHTa a, = 1 oTrBe4yaeTt 3Heprun KsBapkos =~ 100 MaB.
Mpu pocte aHeprun KeBapKoB A0 100 3B KOHcTaHTa o
ymeHblaerca go 0,12. AcmmnroTnyeckaa csobopa penaer
KX/ Teopuen, npuroaHoum ana KONMYeCTBeHHbIX BbIYMNCAEHUMN.

B 2004 r. D. Politzer, D. Gross un F. Wilczek ypocroeHbl
HobeneBckon npemun «3a OTKPbITUE AaCMMMNTOTUYECKOM
cs06oabl B TEOPUN CUNbHbLIX B3aUMOAEUCTBUINY»

Wilczek
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Ha npegbiaywiem chavae nokasaHa 3aBUCUMOCTb
NOTeHLUMaNa MEXXKBAapPKOBOro CU/JIbHOrO B3auMoAencTams
OT PACCTOAHUA MEXAY KBapKaMMu.

Ero Ha3bIBalOT NOTEHLMANOM TUNA KBOPOHKUY.

Ha paccroaHuax r > 0,5 ®m OoH pacTétr AnHeunHo.
Ecan npoanuTtb 3Ty TEHAEHLUUIO
A0 MAaKPOCKONMMYECKUX PAacCTOAHUMN (CaHTUMETPbI),

TO NONIY4YMM, YTO ANA TOrO YTOObI pa3aBMHYTb ABa KBapKa
Ha paccTofaHune 1 cm HyXKHa PaHTacTUYECKaA SIHeprus
~ 1013 B = 1,6-103 A
9Ta 3HepruA, 3aTpauymBaemasn NPbIryHOM B BbICOTY
ANA NPeoaosIeHUA NJIaHKK Ha BbicoTe 2 M.



YaaneHMe B3aMMOAENCTBYIOWMX KBAapKa M aHTUKBapKa
APYyr oT Apyra npuBOAUT K OEeNeHUIo
ux TpybkoobpasHoro uBetoBoro nons
C POXAEHMEM HOBbIX KBapK-aHTUKBApPKOBbLIX MNap

Me30oH

—&——o—>
q Me3oH q q Me3oH q

Cpra<
aApoOHOB

Cutyauua HanomMmunHaeT NonbITKYU
oTOpBaTb APYr OT Apyra nosoca MarHuta



AHanorom Tpeka KBapka (wam rniooHa), Bbinetatow,ero us obnactu
CU/IbHOroO B3aMMOAENCTBUSA, ero ciegoM, ABAAETCA MHOMOYaCTUYHbIN
CryCTOK 6GbICTPbIX aAPOHOB — aAPOHHaA CTPYA. ITY CTPYIO MOXKHO
OTOXXAECTBUTb C CAMUM KBAapKOM B NOJIHOM aHa/IOTUK C TeM,

¢ @ KaK Lenouky Kanenek B kamepe BMAbCOHA OTOXKAECTBAAIOT

R ° C YyacTuuei, Bbi3BaBLUEN 3Ty LLeNOYKY Kanenek.

N

Touka _—
peakuuu

C
Py,

CTpyn appOHOB OT CTONIKHOBEHUA ABYX
NnpPoToHOB B AeTteKktope ATLAS

konnaiigep LEP, CERN bonbuoro AApoCI-IIEI-I-!(?\IrO Konnanpepa,

TpéxcTpynHoe cobbiTue,
1990 r., peteKktop ALEPH,



Paguyc cunbHoOro B3ammopaemncrTsmsA

Be3maccoBOCTb I/1II0OHA, Ka3anocb 6bl, A0NXKHA AaBaTb
6ecKOHeUYHbIN paguyc CMNbHOTO B3aUMoaencTBumA
(KaK aneKTpoOMarHUTHOro Mam rpaBUTaLLMOHHOTO).

OAHaKo, BMeCTO Aa/IbHOAENUCTBYIOLLLETO CU/IbHOIO NOAA

Mbl Habntlogaem KOpOTKOAEUCTBYIOLLLME CUDbI,
paguyc Kotopbix =~ 1 ®m, T.e. orpaHMYeH pasmepom aApoHa.
Camu agpoHbl, COCTOALLME U3 LLBETHbIX KBAPKOB,
nuuwleHbl uBeta. OHu «b6enbie» n He MoryT 6bITb
UCTOYHUKOM IMTIOOHOB. X NCTOYHMKOM MOryT 6bITb
NIVLWb UBETHble KBapKU. HO OHM 3anepTbl BHYTPU
6ecuBeTHbIX a4POHOB N BHYTPU 3TUX 0O BEKTOB,
NIULLEHHDbIX C TOYKU 3pEeHUNA BHELWHEro Habatlogarens uBeTa,
WHTEHCUBHO 06MEeHUBAIOTCA LBETHbIMMU IMTIOOHAMM.
Taknm ob6pasom, ocHoBHaA obnacTtb
CUNbHOrO (LBETHOro) B3ammoaeucTsms
orpaHuyYyeHa pasmepamm agpoHa (& 1 Pm) m
He MOXET Aa/IeKO PacnpoCTPAHATLCA 3a ero npeaenbi.



AApoHU3auunA

Ha npumepe pacnaga AT - p +

KBapK-aHTUKBApPKOBaA NeTna

pa3pbiB

. KBapK-aHTUKBapPKOBOM

AT -pe3oHaHC NeTan n pactackMBaHue NPOTOH
KBapKa WU aHTMKBapKa




UccnepoBaHue CTPYKTYPbl MPOTOHA C MOMOLLbIO
paccessHNA Ha HEM BbICOKO3HEPruUYHbIX 3/1eKTPOHOB

e

[ANnHa BONIHbI BUPTYanbHOro ¢otoHa: 4 = —

—

g — MMNyNbC BUPTYaNbHOro GOTOHa,
nepeaaHHbIA UM NPOTOHY



ConocTtaBneHue onbita Pesepdoppaa c rnyboKoHeynpyrum paccesHmem
3/1eKTPOHa Ha HYK/oHe

a 1911 r. 1969 .
e
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3
BupTyanbHbIii $OTOH ®
cA = 0,1 DM

@ -saseHmHolli KeapK (U uau d)

@@ - napa keapk-anmukeapk
sws - 2/1H00H

Jlonn BHyTpeHHero umnynbca BupTyasbHbIH QOTOH
(maccbl) npoToHa, KOTOpPYIO HecyT cA = 0,010m
KBapPKu U rnooHbl (g = 3 MPB/c):

U-KBapKn —33%,

d-keapkn —16% OKono 50% maccbl HYK/I0Ha
IHOOHbI —46%’ NPUXOAUTCA Ha IMIOOHbI!

AaHTUKBapPKKN — 5%



B 1968 r. B BbICOKO3HEPrM4YHOM pacceaHUU 3/IeKTPOHOB Ha
npotoHax B CtaHpopae (CLLUA) obHapyKeHa TaK Ha3biBaemas
NAapPTOHHAA CTPYKTYPA HYK/IOHA (MapPTOHbI — KBAPKU U TNTIOOHDI).
9T™n nccneposaHua B 1990 r. ypoctoeHbl Hobenesckoun npemum.

S B |
Jerome |. Friedman Henry W. Kendall Richard E. Taylor
The Nobel Prize in Physics 1990 was awarded jointly to Jerome I.
Friedman, Henry W. Kendall and Richard E. Taylor "for their
pioneering investigations concerning deep inelastic scattering of
electrons on protons and bound neutrons, which have been of

essential importance for the development of the quark model in
particle physics”.



Kak dopmupyerca macca npoToHa

MPOTOH COCTOUT U3 ABYX U-KBAaPKOB 1 04HOTO d-KBapKa,
B3aMMOAEUCTBYIOLWUX mexKay cobon nocpeacTsom
CUZIbHOrO NOAA, NEePEeHOCYUKAMU KOTOPOro ABNAIOTCA
6e3maccoBble [MIOOHbI.

CymmapHaa macca NOKOA HEB3aUMOAENCTBYIOLLUX
(ronbix) KBapKoB NpPoOTOHA paBHa

2m, +my~ (2-2,2 +4,7) MaB/c? ~ 9,1 MaB/c?

4yTo cocTtasnsneT ~1% maccbl npotoHa (938, 3 MaB/c?).
T. e. oK0n10 99% maccbl NpoToHa (M HeuTpoHa) popmupyerca
332 CYET KUHETUYECKON SHEPrumn KBapKos
WU SHEepPrum rMiooHHOro nons.
U TO 1 pgpyroe — pe3ynbrat CUIbHOro B3auMoaencTeums.



KaK mbl Tenepb 3Haem
npupoaa Mmaccbl CaMuX ro/ibiXx KBapKoB Apyras.
OHM He NMeloT BHYTPEHHEN CTPYKTYPbl U NO3TOMY UX MacCbl
He MOTYT BO3SHMKATb 3a CYHET KUHETUYECKOM
U NOTEHLMUANIbHOU SHEPTrMn 06 beKTOB 3TOU CTPYKTYPDI.
AHanornyHas cMTyauua UMeeT MecTo
U C Maccou Bcex apyrnx PyHaameHTaNnbHbIX,

T. €. 6eCCTPYKTYpPHbIX, YacTuy, (nenToHOB U KBAHTOB NONeN).
OTBeT Ha BONPOC 0 npupoae macc PyHAaMEHTAIbHbIX YacTuUl,
6bin paH CtaHpgaptHoi Moaenbto.

CornacHo et maccbl pyHAaMEHTa/IbHbIX YacTUL,
ABNAIOTCA PE3y/IbTaTOM UX B3aMMOAENCTBUA C
Xueacoeckum nonem.

KBaHTOM 3TOro nonsa asnaerca 603oH Xurrca.
9TO none NPUCYTCTBYET BClOAY BO BceneHHOM.
fnaBHaAa ponb nona Xurrca —
obecneuntb maccobl
Bcem (dyHAAMEHTa/IbHbIM 4YacTUL,AM.



Echu 6bl none Xurrca ncuesno,
TO mbl ¢ Bamu ctanu 6bl nerue
BCero npumepHo Ha 1 Kr
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