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Н9=FDOA4 Н9 ІEAGRFP
�8EGFA4S ЭA9D7іS S> �8зіAO �B>4з ІEA464AAS !9=FDOA4

 - 3QF0 Q?5>FDOKA0 A5=FD0?PAOS K0EJіJO, S>іS C5DL0C0K0F>B20 1O?і
704G@0AO S> CDOAJOCB20 A52OSў?S?PAOS, іEAGRKOS FB?P>і S> @0FQ@0FOKA0S
A501IB4A0EJP. �07A5= K0EJіJO 1O?і 2OSў?5AO ўE>BEA0, L?SI0@ 2O@SDQAAS

«04EGFA0= QA5D3іі» CDO 7'Sў?5AAі іALOI K0EJіJ G EіEFQ@5.

!5=FDOA0 K0EF0 0CіE20RJJ0 S> « », C0>B?P>і SAO @B3GJP CD0?SJ5JP
CD07 @0FQDOR A570ў206A0, CDO 3QFO@  G DB7AOS
@0E02OS 20DOSAFO, S>іS >0DQ?RRJP 7 @0E0= K0EJіJ, LFB 7'Sў?SRJJ0. "Q0DQFO>і
@SD>GRJP, LFB A5=FDOA0 @B3GJP GFDO@?і20JP >?RK 40 D07304>і HGA40@5AF0?PA030
«'0@G» >BE@0EG.
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!CDB54 �4з597AGFP «�SE>BAF4= �48з9?PA4EFі»

�QFO 2OC040> 2OS2іJP, LFB  1O?0 C0EFG?іD020A0 ў 403@0FOKA0=
ECDB15 C07153AGJP 9 :.

# 1920-I 3040I Hі7і>і A07іD0?і, LFB  , S>іS 7'Sў?SRJJ0
CDO , 1Oў «15EC5D0COAAO@». �QF0 C0DGL0?0 

, C0>B?P>і 07A0K0?0, LFB QA5D3іS @03?0 1OJP C0475?5A0 1SE>BAJ0.

!5=FDOA0 701SEC5KO?0 ECBE01 «C07153AGJP» A0EFGCEF20ў 1SE>BAJ0= C0475?PA0EJі і
7D01і?0 A501IB4AO@ @0FQ@0FOKA05 C0ASJJ5 « », S>B5 CD04EF0ў?5A0

.

 BJA05 ў705@0475SAA5 1O?B C0EFG?іD020A0 CD07 5 304Bў C0E?S A5=FDOA0 S> ?03іKAO
2OAі> ECDB1O C07153AGJP 1SE>BAJ0= C0475?PA0EJі.

$і?0EBHіS @05 3іEFBDOR 40E?54020AAS і4Qі 1SE>BAJ0= C0475?PA0EJі CD07 DB7AOS
2S4B@OS Hі?0EBHE>іS Q>EC5DO@5AFO 4G@>і, G>?RK0RKO , 

,  і  �5DFD0A0  0E5?0.

�B?PL 3?O1B>05 40E?54020AA5 ECD02O @B60 40JP 3?O1B>іS Hі?0EBHE>іS 2OEAB2O.

! 5=FDOA0

K0EJіJO-CDO2і4O
0EJO?RRKO (FD0AEH0D@GRKOES)

K0EJіJ0 A5=FDOA0
∞ 1SE>BAJ0= C0475?PA0EJі

QA5D35FOKAO EC5>FD Q?5>FDBA0ў
S475DAO@ 1QF0-D0EC0475 CDOAJOC

70I020AAS QA5D3іі

E0@B= 4DB1A0EJі
@BJAO@ G705@0475SAA5@

�0D04B>E ЗSABA0 �0D015?P
"QE5S �0D04B>E !0DOF0 �D3G@5AF �SE>BAJ030  Q3DQEG
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«�8EGFA4S ЭA9D7іS» S> �8зіAO �B>4з ІEA464AAS
!9=FDOA4

�B>07O іEA020AAS A5=FDOA0 3DGAFGRJJ0 2O>?RKA0 A0 і4Qі «04EGFA0= QA5D3іі», і 3QF0S
QA5D3іS F03B 6 FOCG, LFB і 99% «04EGFA0= QA5D3іі» G �  , S>0S Aі1OF0
9C5D0ABEіJJ0 A5=FDOA0:, 01B 99% QA5D3іі, S>0S CDOCіE205JJ0 

.

 � З � З � �  1 . 3 .

�54DBA4 $ізі>і !9=FDOA4

�0E?S 6BDEF>0= 4OE>GEіі E0 ECDB10= GPT-4 010D0AіJP , SA0 CDO=L?0
40 2OEAB2O:

�0L0 EJ2SD46QAA5 [LFB 047іAO@ 4B>070@ 7'Sў?S5JJ0 «04EGFA0S QA5D3іS»]
40>?04A0 04?REFDBў205 EGK0EAO EF0A Hі7і>і A5=FDOA0:

'E5 @5F04O 2OSў?5AAS A5=FDOA0 ў >0AK0F>B2O@ 2OAі>G 010CіD0RJJ0 A0 ўE>BEAOS
2O@SDQAAі і @0FQ@0FO>G.

�QFOS ўE>BEAOS 2O@SDQAAі HGA40@5AF0?PA0 70EA020AO A0 >0AJQCJOі «04EGFA0=
QA5D3іі».

)BJP іEAGRJP DB7AOS 7'S2O, A07іD05@OS ў DB7AOI Q>EC5DO@5AF0?PAOI GEF0ABў>0I
(EBA5KAOI, 0F@0EH5DAOI, DQ0>F0DAOI і 3.4.), іAFQDCDQF0JOS 3QFOI 7'Sў S> 4B>070ў
іEA020AAS A5=FDOA0 ўEё SLKQ 2OAі>05 7 C5DL0C0K0F>B20= CD01?5@O «04EGFA0= QA5D3іі».

�10DBA0 >0AJQCJOі A5=FDOA0 K0EF0 ў>?RK05 C0ASJJ5 9DQ0?PAOI 7'Sў:, F0>іI S>
K0E02OS EG04ABEіAO і >0DQ?SJOS C0@і6 A07іD0AAS@і і C0475S@і. !0CDO>?04,

 Aі1OF0 «2OS2іў ».

З Hі?0EBHE>030 CGA>FG 3?5460AAS A5 @05 7A0KQAAS, Jі іEAG5 7'S20 4?S F?G@0KQAAS.
�OF0AA5 ў FO@, Jі CD020@5DA0 C0EFG?іD020JP K0EJіJG A5=FDOA0, і 3QFO 2OC040>
2OS2іJP, LFB 047іAO@ 4B>070@ іEA020AAS A5=FDOA0 ў >0AK0F>B2O@ 2OAі>G
7'Sў?S5JJ0 FB?P>і «04EGFA0S QA5D3іS».
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�іEFBDOS !9=FDOA4
1920-I 3040I Hі7і>і A07іD0?і, LFB QA5D35FOKAO EC5>FD Q?5>FDBA0ў, S>іS
7'Sў?SRJJ0 CDO S475DAO@ 1QF0-D0EC0475, 1Oў 915EC5D0COAAO@:, 0 A5
4OE>DQFAO@ >20AF020AO@ QA5D35FOKAO@ EC5>FD0@, S>і K0>0ўES A0 C04EF025

70I020AAS QA5D3іі.

72OLAB20=
@BJA0@G

ў705@0475SAAR

Hі7і>G A5=FDOA0

Q>EC5DO@5AF �BўQA0- Q=AE0 0AFOA5=FDOA0 7 S475DA030 DQ0>F0D0



9�5EC5D0COAA0EJP: A07іD05@030 QA5D35FOKA030 EC5>FD0 04ABEіJJ0 40 F03B H0>F0, LFB
QA5D3іі Q?5>FDBA0ў GF20D0RJP 3?04>і, 15EC5D0COAAO 4OSC07BA 7A0KQAASў, 0 A5
01@S6Bў20RJJ0 4OE>DQFAO@і, >20AF020AO@і QA5D35FOKAO@і ў7DBўAS@і. #
@0FQ@0FOJO 3QF0S EіFG0JOS CD04EF0ў?5A0 «E0@B= 4DB1A0EJR», >0AJQCJOS=, S>0S
JSC5D 2O>0DOEFBў205JJ0 S> 0EAB20 4?S і4Qі >20D>0ў (4DB1AOI Q?5>FDOKAOI 70D040ў)
і S>0S E0@0 C0 E015 9ёEць: FO@, LFB A07O205JJ0 @BJAO@ G705@0475SAA5@.

"QD@іA «QA5D35FOKAO EC5>FD» @B60 1OJP A5>0?P>і C04@0A?і2O@, C0>B?P>і ёA 1B?PL
HGA40@5AF0?PA0 72S70AO 7 A07іD05@O@і 7A0KQAAS@і @0EO.

�BD0AP CD01?5@O - 7A0>0@іF05 ўD0ўA5AA5 �?P15DF0 Э=ALFQ=A0 E=mc², S>B5
ўEF0A0ў?і205 Q>2і20?5AFA0EJP C0@і6 QA5D3іS= (E) і @0E0= (m), 0C0EDB4>020AGR
IGF>0EJR E2SF?0 (c), і 403@0FOKA05 40CGLKQAA5 >0DQ?SJOі @0FQDOі і @0EO, S>іS D070@
701SEC5K20RJP 0EAB2G 4?S і4Qі 70I020AAS QA5D3іі.

 0E0 Q?5>FDBA0, S>і 7'S2іўES, 1O?0 @5AL0= 70 DB7AіJG @0E C0@і6 C5DL0C0K0F>B2O@
A5=FDBA0@ і >0AK0F>B2O@ CD0FBA0@. �QF0S «04EGFA0S @0E0» 1O?0 A5ў?іKBA0=, LFB
C04>0720?0 іEA020AA5 K0EJіJO A5=FDOA0, S>0S Aі1OF0 «C5D0ABEі?0 QA5D3іR
A570ў206A0».

�QF0S CD01?5@0 «04EGFA0= QA5D3іі» 1O?0 2OD0L0A0 ў 1930 3B475 0ўEFDO=E>і@ Hі7і>0@
�B?PH30A30@ �0G?і 7 S3B CD0C0AB20= A5=FDOA0:

«/ 7D01іў 60I?і2GR DQK, S C0EFG?іD020ў K0EJіJG, S>GR A5?P30 2OS2іJP.»

# 1956 3B475 Hі7і>і  і  D0ECD0J020?і Q>EC5DO@5AF 4?S
A5C0EDQ4A030 2OSў?5AAS A5=FDOA0, 2OD01?5AOI G . ІI
Q>EC5DO@5AF G>?RK0ў D07@SLKQAA5 2S?і>030 DQ75D2G0D0 7 
CB10K 7 S475DAO@ DQ0>F0D0@.

�0?і  A5=FDOA0 Aі1OF0 ў705@0475=AіK05 7 CD0FBA0@і (
) G , 3QFOS CD0FBAO @B3GJP CD0IB47іJP CD0JQE, S>і

A07O205JJ0 . # 3QF0= DQ0>JOі 
ў705@0475=AіK05 7 CD0FBA0@, GF20D0RKO  і . �07іFDBA, GF2BD0AO ў
3QFO@ G705@0475SAAі, IGF>0 0Aі3і?R5 7 Q?5>FDBA0@, GF20D0RKO 420 .
З0FO@ 30@0-CD0@SAі ў705@0475=AіK0RJP 7 @0FQDOS?0@ EJOAFO?SF0D0, 2O>?і>0RKO
ўECOL>G 10KA030 E2SF?0 ( ).

#F20DQAA5 A5=FDBA0ў G CD0JQE5 0420DBFA030 1QF0-D0EC04G CD04EF0ў?S5 C025?іKQAA5
@0EO і C025?іKQAA5 EFDG>FGDA0= E>?040A0EJі EіEFQ@O:

, LFB 2S475 40 1B?PL E>?040A0= S475DA0=
EFDG>FGDO.

'2S475AA5 , >B6A0S 7 S>іI @05 E205 ўAі>0?PAOS ў?0EJі20EJі.

З015ECSKQAA5 .

�?0=4 �BўQA $DQ4QDO>  Q=AE
S475DAO@ DQ0>F0DO

204>і@ EJOAFO?SF0D0@

E?0105 ў705@0475SAA5 S4D0@і
2040DB4G EJOAFO?SF0DO

0420DBFAO@ 1QF0-D0EC040@ 0AFOA5=FDOA0
C07іFDBA A5=FDBA

30@0->20AFO

EJOAFO?SJOR

�025?іKQAA5 >B?P>0EJі K0EJіJ G S4DO

і70FBCAOI 20DOSJO=

1B?PL LODB>030 4OSC07BAG S475DAOI G705@0475SAASў і CD0JQE0ў



«�4EGFA0S QA5D3іS» 7-70 C025?іKQAAS @0EO 1O?0 HGA40@5AF0?PAO@ C0>07KO>0@, S>і
CDO2ёў 40 2OEAB2O, LFB A5=FDOA0 C02іAAO іEA020JP S> DQ0?PAOS Hі7іKAOS K0EJіJO.
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«�8EGFA4S ЭA9D7іS» �4-D4A9=H4@G �8зіAO �B>4з

�0AJQCJOS «04EGFA0= QA5D3іі» C0-D0A5=L0@G 70EF05JJ0 047іAO@ 94B>070@:
іEA020AAS A5=FDOA0.

!GK0EAOS 4QFQ>F0DO, F0>іS S> FOS, LFB 2O>0DOEFBў20RJJ0 ў Q>EC5DO@5AF0I C0
0EJO?SJOі A5=FDOA0, C0-D0A5=L0@G 010CіD0RJJ0 A0 DQ0>JOR 1QF0-D0EC04G,
C04B1AGR 40 0DO3іA0?PA030 Q>EC5DO@5AF0 �BўQA0- Q=AE0.

# �0?0DO@5FDOKAOI �O@SDQAASI, A0CDO>?04, >0AJQCJOS 2OSў?5AAS «04EGFA0=
QA5D3іі» 72S70A0 E0 7Aі6QAA5@ EFDG>FGDA0= E>?040A0EJі, A07іD05@0= G CD0JQE0I 1QF0-
D0EC04G. ЗAі60A0S @0E0 і QA5D3іS >0AK0F>B2030 EF0AG ў C0D0ўA0AAі 7
C5DL0C0K0F>B2O@ A5=FDBA0@ - 3QF0 FB5, LFB CDO2B47іJP 40 QA5D35FOKA030
4OE10?0AEG, S>і CDOCіE205JJ0 A5A03?S405@0@G 0AFOA5=FDOA0, S>і Aі1OF0 «04?SF05
A570ў206A0».
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99% «�8EGFA4= ЭA9D7іі» G �  З6OHAB64=

99% QA5D3іі, S>0S Aі1OF0 «7Aі>05» G , 2OSў?S5 >BD0AP CD01?5@O.

�0?і 7BD>0 EF0AB2іJJ0 72OLAB20=, SA0 4D0@0FOKA0 і Q>EC0A5AFA0 C02S?іK205 E20R
, LFB C02іAA0 >0DQ?S20JP E0 7A0KAO@ 2O?GKQAA5@

. �4A0> A07іD05@0S J5C?020S QA5D3іS E>?0405 @5AL 70 1% 04 K0>0A0=
QA5D3іі. �01 D0EF?G@0KOJP 0EF0FAіS 99% K0>0A030 2O?GKQAAS QA5D3іі, 0EFD0Hі7і>0
CDOCіE205 3QFGR «7Aі>LGR» QA5D3іR A5=FDOA0, S>іS Aі1OF0 S5 2OABESJP.

З 40C0@B30= Hі?0EBHіі ?ё3>0 D0EC07A0JP @0FQ@0FOKAO 403@0FO7@ G ECDB15 «EI020JP
99% QA5D3іі C04 4O20A» 7 40C0@B30= A5=FDOA0.

# D07475?5 CD0 A5=FDBAAOS ✴ 7BD>і 1G475 C0>070A0, LFB A5=FDOA0
2O>0DOEFBў20RJJ0 і ў іALOI @5EJ0I 4?S F?G@0KQAAS 7Aі>A5AAS QA5D3іі. 

 4Q@0AEFDGRJP IGF>05 і Q>EFDQ@0?PA05 0I0?046QAA5 C0E?S іI H0D@іD020AAS ў
72OLAB20=, і «7Aі>L0S QA5D3іS», G?0EJі20S 3QF0@G 0I0?046QAAR, Aі1OF0 «2OABEіJJ0»
A5=FDOA0.

# D07475?5 CD0 �  72OLAB2GR CDO2B47SJJ0 1B?PL C04D01S7AOS 725EF>і CD0
EіFG0JOR 7 3D02іF0JOS= G 72OLAB20=.

72OLAB20=

3D02іF0JO=AGR @0EG ў S4DO
J5C?02B= QA5D3іі

!5=FDBAAOS
7BD>і

https://be.cosphi.local/#neutron-stars
https://be.cosphi.local/#supernova
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99% «ЗAі>H4= ЭA9D7іі» G  BFAO@ #з49@48з9SAAі

 Aі1OF0 «72S7205  (K0EF>і Q?5>FDOKA030 70D04G) D070@ G
».  07475? CD0 Q?5>FDBAAO ❄  ?ё4 C0>07205, LFB @BJA05 ў705@0475SAA5 ёEFP

, LFB 07A0K05, LFB @BJA05 ў705@0475SAA5 7'Sў?S5JJ0
.

 BJA05 ў705@0475SAA5 1O?B C0EFG?іD020A0 CD07 5 304Bў C0E?S A5=FDOA0 S> ?03іKAO
2OAі> ECDB1O .

 BJA05 ў705@0475SAA5 Aі>B?і A5 A07іD0?0ES A5C0EDQ4A0, 0?5 CD07 
 A02G>BўJO EёAAS 25D0JP, LFB SAO 7@B3GJP 2O@5D0JP S3B 7 40C0@B30=

1B?PL 40>?04AOI іAEFDG@5AF0ў, S> E254KOJP CG1?і>0JOS 2023 3B40 ў K0EBCіE5
Symmetry:

ЗаAа4Fа @а?B5 4?я AазіDаAAя
«�0E0 >20D>0ў 04>07205 FB?P>і 70 >0?S 1 CD0JQAF0 ,» >060

, Q>EC5DO@5AF0F0D, S>і CD0JG5 ў 
, 475  - K0EJіJ0-C5D0ABEKO> @BJA030 ў705@0475SAAS - 1Oў GC5DLOAR

04>DOFO ў 1979 3B475.

«�EF0FAS5 - 3QF0 QA5D3іS, S>0S 7@SLK05JJ0 ў . �0E0 @0FQDOі
2O7A0K05JJ0 QA5D3іS= @BJA030 ў705@0475SAAS.»

(2023) Ч4@G F4> E>?484A4 6O@9D4FP @BFA49 ў;49@48;9SAA9?
Source: Час>?іс Symmetry

 BJA05 ў705@0475SAA5 04>07205 70 99% @0EO CD0FBA0.

$і?0EBHE>іS 4B>07O ў D07475?5 CD0 Q?5>FDBAAO �  ?ё4 C0>0720RJP, LFB @BJA05
ў705@0475SAA5 7'Sў?S5JJ0 E0@B= @0FQ@0FOKA0= 4DB1A0EJR, LFB 07A0K05, LFB 3QF0S
99% QA5D3іS 7Aі>?0.

П48EG@Bў64RGO:
1. «ЗAі>L0S QA5D3іS» S> 4B>07 іEA020AAS A5=FDOA0.
2. 99% QA5D3іі, S>0S «7Aі>05» G �  72OLAB20= і S>0S Aі1OF0 2OABEіJJ0 A5=FDOA0.
3. 99% QA5D3іі, S>GR CD04EF0ў?S5 @BJA05 ў705@0475SAA5 ў 2O3?S475 @0EO.

�QF0 ўEё 04ABEіJJ0 40 04AB= і FB= 60 «7Aі>L0= QA5D3іі».

�0?і A5=FDOA0 2O>?RK0RJJ0 7 D073?S4G, A07іD05JJ0 9EC0AF0AA05 і і@3A5AA05:
7'Sў?5AA5 04@BўA030 Q?5>FDOKA030 70D04G ў 2O3?S475 ?5CFBA0ў (Q?5>FDBA0ў), LFB
>0DQ?R5 7 9CD0Sў?5AA5@ EFDG>FGDO: ( ) і @0E0=.

 BJA05 ў705@0475SAA5 >20D>і
CD0FBA5
9E0@0 4DB1A0EJP: (@0FQ@0FO>0)
@0FQ@0FOKA0= Hі>JOS=

C07153AGJP 1SE>BAJ0= C0475?PA0EJі

@0FQ@0FOKAO
403@0FO7@

@0EO AG>?BA0
�0JSDOA0 �іC>0 AS@5J>і@ 40E?54KO@ JQAFDO
DESY 3?RBA

DGIG 3?RBA0ў

C0D040> 7 A5C0D04>G

https://be.cosphi.local/#electron
https://www.symmetrymagazine.org/article/whats-so-hard-about-measuring-the-strong-force
https://www.symmetrymagazine.org/article/whats-so-hard-about-measuring-the-strong-force
https://www.symmetrymagazine.org/article/whats-so-hard-about-measuring-the-strong-force
https://www.symmetrymagazine.org/article/whats-so-hard-about-measuring-the-strong-force
https://www.symmetrymagazine.org/article/whats-so-hard-about-measuring-the-strong-force
https://be.cosphi.local/#electron
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�EFO?SFOі !9=FDOA4 (�9D4ўF64DQAAі)
06GJP, LFB A5=FDOA0 F0S@AіK0 0EJO?RRJP C0@і6
FDO@0 EF0A0@і E@0>G (Q?5>FDBAAO, @RBAAO, F0ў)
C04K0E D0EC0ўER4620AAS, 7'S20 2S4B@0S S>

.

�B>07O 0EJO?SJOі 3DGAFGRJJ0 A0 FB= 60 CD01?5@5 «7Aі>L0= QA5D3іі» G 1QF0-D0EC0475.
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