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AvnnoMnpoBaHHbIN UHXEHepP
Cnacoe Bnaunu

OTpaXxeHne YNCTOro 3aKoHa Yymcen
B 3aKOHax pu3nyecKkoro mmpa




Benukun connocod
Ummanyunn Kant (1724-1804),

OAMH U3 CaMbIX 3HaYUTESIbHbIX (PU3IUKOB
Ucaak HbroToH (1643 - 1727),

OAVH U3 Benn4yanwinx nsobpetareneu
Tecna Tecna (1856-1943)

npuHagnexar K YACAY TeX, KTO cuuTarn, YTo CyLlecTBYyeT COKpbITOe
BoXbe yCTPONCTBO MUPA, OCHOBaHHOE Ha 3aKOHaX, OTIIYHbIX OT TeX,
KOTOpble HaM 3HaKOMbI.

NMoooOHbIe pa3mbiwneHna BeayT K nudaropeMcKUmM nNoHATUAM O
«4Y1UCTOM 3aKOHEe uuncen n CUMMeETpPUnN».
ATOT 3aKOH — Npoobpa3, coaepXaHne KOTOPOro oTpaxaeTcs B 3aKOHax
cdm3nyeckoro mupa.




- MpuHumaa Bo BHMMaHMe noAobHble B3rnsAbl, Mbl MOXeEM
NnpPeanorioXXuTb: YNCTbIN 3aKOH Yncest OTHOCUTCS K
3aKOHOMEepHOMY pacnpeneneHuro Ymcen, KOTopoe, Kak
npoobpa3s, oTpaxaeTcs B nNpaBusiax, 3akoHax U Ha4yanax
donsnyeckoro mupa.

«Tom, kKmo,cesi>xem Mamemamu4yecKkue rmMocmMosiHHbIe C
d)U3U‘IGCKUMU, mom cesi’>kem ebicluue USMepeHuUsi ¢ HUwumu,

CMbICJ1 — C MPUYUHHO-C/Ie0CMEeHHbIMU C85135IMU, CO3HaHuUe — C
_Mamepueu, ¢ noMouwbro 4uces1 comeopum 4yado » (I.Mllnuxm)

Mbl oOHapyxunm 3ty cBsisb U pa3pabaTbiBaeM ee Ha NpaKTUKe C
NOMOLLLIO TEXHONIOrMU Co3HaHUsA. Mbl NpennonoXunu, YTo 3To
OTKpbITUE UMeeT rnybokoe coaepxaHue, CBA3aHHOeE C
oTpaxeHunem «Hucrtoro 3akoHa yncesn» B 3aKkoHax ouanyeckoro
MMpa, YTO AaeT BO3MOXHOCTb NONYy4YeHUs1 HOBbIX 3HAHUU U
TEXHOSIOrUMN.




B aToun paboTte Mbl paccmaTtpuBaem obLiyto opmyny, Kotopas
npUBOANUT K MaTeMaTU4YECKON B3aUMO3aBUCUMOCTH

Cambie 3Ha4YumersribHble MamemMamu4ecKue nocmosiHHbIe:

— Yucno IT («nu», Pi) = 3,14 — matemaTnyeckasa KOHCTaHTa, B

Bblpa)karoLlasa OTHOLUEHUe ANNHbI OKPYXXHOCTU K ANINHE eé
anameTpa;

-

— yucno € (uncno Aunepa) = 2,718 — matemaTnyeckass KOHCTaHTa,
OCHOBaHMe HaTypanbHOro norapudgma, TpaHCUeHAEHTHOE YUCIo

—y4yucno | — MHUMana eanMHML A — KOMMJIEKCHOE YNCNO, KBaagpaTt
KOTOPOro paBeH oTpuuaTteribHOU eanHULUE, TO ecTb i2= -1

— yucno P — «3onotoe uncno» = 1,618 (3onoroe ceuveHue,
30510Tad nponopuunsa, «0oXxecTBeHHas nponopumua») —
COOTHOLUEeHue ABYX BEJINYUH, PaBHOE COOTHOLUEHUIO UX CYMMBbI K
oonbLien U3 AaHHbIX BENMUYMH.




Camble 3Ha4umesibHble MOCMOsIHHLIe K8aWMOoeoul hU3UKU:

— h —TocTosaHHaA lNnaHka (KBaHT AeUCTBUS) — OCHOBHasl KOHCTaHTa
KBaHTOBOW Teopinu, K03bpuLMeHT, CBA3bIBaIOLLA BeNMYNHY 3HEeprum KBaHTa
3NeKTPOMAarHUTHoOro MsnyHeHym orero Yactortoin..ht = 6,626-10-34 x-c

— G FpaBMTauMOHHaﬂ nocmﬂHHaﬂ G = 6,674:10""1 m3-c™2 -kr~', unm
H M Kr_2 X . l‘

— R - MocTosHHas Pun6epra — BeNMYmMHa, BXOASLLAs B ypaBHeHUe AnA
BCeX YPOBHEMN 3HEepruuy u CneKTpanbHbIX NUHUK R = 109737,3 cm—1-

— Lp — lNnaHkoBckas p,nuHa cbyH.qameHanbH-aﬂ-e.qMHMua AlNWHbI B
NNaHKOBCKOM CVICTeMe envHuL; Lp 1 ,6- 10 35 meTpoB. :
C — CkopocTh cBeTa B BaKyyme — a6como=r|-1aﬂ Benuqm-la CKOpoCTH
pacnpocTpaHeHus 3neKTpOMarHVITHbIX BOJIH B BaKyyme C =300 000 000 m/c
(3x108 m/c). :

A Takxe .D.pyrue cdnsnyeckue NOCTOSIHHbIE M OCHOBHbie MaTemaTn4eckue
- - .
eauHuubl (1, 0-1), nepBoe npocme 4mcno (2). . .




OpHo 13 AoKa3aTesnibCTB YKasaHHbIX NpeanoriodXeHUU Mbl
OTbICKanu B COOTHOLUEHUN MaTeMaTU4YeCKUX NOCTOAHHLIX K -
NOCTOSAHHbLIM pusnyecknm. Tak, npocpeccop aokrtop CuHua
Bnauy oTKpbIy1 ypaBHEHUE, KOTOpOe ¢ NOMOoLLbIO Yucna 2,18
CBA3bIBaeT yKa3aHHble MaTeMaTuyeckme u pusanyeckue

cocTaBsnsioLme: .

FiFi — Pl . 1n2 = h'C'R = 2’18 . (10-18 D

JT1a hopmyria NPUBOANUT K MaTeMaTUYECKOUN
B3aMMO3aBUCMMOCTU CaMble 3HaYUTENbHbIe MaTeMaTUYecKme
nocrtosiHHble (Pi, e, i), 3aTeM OCHOBHble MaTeMaTU4ecKkue
eavHuubl (1, O, -1), nepsoe npocToe 4ncno (2) u 3onoTtoe

' ceueHue (Fi). .

C TOYHOCTbIO, AOBEIEHHOW A0 ThICAYHbIX
(2,178) 3pecb AnAa AByX COCTaBNAKOLWMNX
(Fi, 2) npeB3onaeHa sHameHuUTas
dopmyna dunepa.




® OO6Luyto dopMyny Ans NOCTOSHHbLIX MOXXHO pacLUMPUTL |
TakK, YTO OHa OXBAaTUT 30JI0TOE CevYeHue, BaXXHeuLlme
MaTeMaTn4Yeckme NoCTosiHHbIE, BOSIbLLUUHCTBO
dM3nNYECKNX MOCTOSIHHLIX U BCE YPaBHEHUS,
cogepaLine 30noToe cevYeHue N 3T NOCTOAHHbIE.
Ecnu 9T0 ypaBHEHNE Mbl PELLUXM MO C N NpoU3BEeOEM
3aMeHy B 00LLEM ypaBHEHUN AN NOCTOAHHbIX, TO
NONyynm: '

BykBon «j» ' 0603Ha4YaeTcss COOTBETCTBUE
COpa3MepHOCTU Mexay MaTteMaTUY4eCKUMn u
dm3nyeckumun cocrtasngowmmn. Ecnm 3a ocHoBy
pacyeToB B3sTb 3onoToe cevyeHue (Fi=1,618034, Toroa c
TOYHOCTbLIO [0 LLUECTOro 3Haka nofiyvyaem: j =
0,999704:10-18 J




Ata ¢popmyna npm_éop,m K MaTeMaTn4eckomn
B3aMMO3aBUCUMOCTM CaMble 3Ha4YMUTeNbHble MaTeMaTuyecKkue
noctosiHHbIe (Pi, e, i), OCHOBHbIE MaTeMaT4eCKMe eauHNLbI
(1, O, 1), nepBoe npocToe Ynucno (2) n sonotoe ceyeHue (Fi).

C TOoyHOCTBIO, AOBEeAEeHHOMN A0 TblCFl‘-IHBI.X (2,178) 3pecb ansa
AByx coctaBnsaowux (Fi, 2) npeB3ouageHa 3HameHUTan
dopmyna dunepa.




Ecnu B ypaBHeHMe 2 BHECTU (hu3anyeckme NoCcTosiHHbIE,
TO nonyvyaem:

B cpaBHeHuu ¢ cpopmynon 2, hopmyna 3
pacluMpeHa Ans cneayrowmnx hnanyecknx
nocTtosiHHbIX: h, ¢, R. ®opmyny 3 Mbl Ha3Banu
- ob6Lwen chopmynon ANA NOCTOAHHbLIX. OHa OTKPbLITA
ANA fanbHenLWwero paclumpeHus.




CnepoBaTtensHO, MaTeMaTU4yeCkue NOCTOSIHHbIE,
~ 3onoToe ceyeHue U (pusnyeckue NoCTosiHHbIE
o6nanarT CBOUMU 0COBLIMU 3HAYEHUAMU, KOTOPbIE B
TO XXe BpemMst 00 beANHSIOT 3HAaYeHUA apYyrux
MOCTOSIHHLIX U 30510TOro cevyeHusi. Hanpumep, npm
peweHuu no Pi Mbl nonyyaem:

Fi2F.j  4,7442743

P =2 h-c R 15101494

= 3,141593




Ucnonb3ys o6uyto ¢opmyiy, Mbl C MOMOLLLI N36paHHOM
OCHOBbI MOXXeM BeCbMa - NpPoCTO paccyuTaTb BCe .qpyrue
- 3HaveHua: V=v-K. (4)
rae V — uckomoe 3|-|aL|e|-w|e - e
V.— 3Ha4eHwue, B3ATOE HaMVI 3a OCHOBY. : -
K- FIOCTOHHHaﬂ Bb.IBe.quFlaﬂ W3 COOTHOLLUEHUA BCEeX NPOUYNX
3Ha4YeHUn' Yo

anpumep, ecnu Mbl 0OepeM 3a OCHOBY 3Ha4Ye€HUue
3onotoro cevyeHus Fi,
TO nony4vyaem:
Fi=Fi-1,000000=1,61803
Pi=Fi*1,941611 = 3,141593
In2 =Fi-*0,4283884 = 0,693147
h =Fi-*4,095135°10-34 Js = 6,626068 » 10-34 Js
c =Fi*1,85281920 - 108 m/s = 2,99792458 » 108 m/s

R F| e 0, 6778447 107 m-1=1,096776 - 107 m-1




-

Ecnu mbl crpynnupyeM B 66wen doopmyne anst MOCTOAHHbIX
MaTtemMaTtuniveckue n dusnyeckne NOCToAHHbIE, TO NOMYYUM
oowyro (Km) n oOLyro mateMmaT4ecKytro noctosiHHyo (Km) u
obulyo pn3unydeckyro NnocTossHHyo (Kf):

FiZFi
K== 3179330
M= bi In2 4

]
h-c- R
TaKVIM o6pa30M obwas cbopmyna A1 NOCTOAHHbLIX CBOANTCA. K

cnenyrou.l,ém
Km_ Kf=1 {y -

Kf = = 0,4588566

O6Lwasn maTemaTuyeckas NnocTosiHHas (Km) i o6was dmsnyeckas
noctosiHHan (Kf) Haxoaatcsa Bo B3aUMHbIX OTHOLLEHUSX.
OTHOLLUEHNA He MEHsHOTCSA U B TOM cnyqae, ‘écAmn ‘obwan cpopmyna
NOCTOAHHbIX PacLUMPSETCS 3a EYET KaKMX-NU6O APYrux 3Ha4YeHUM.




. PacumpeHme o6weii ob'oprmbl

YpaBHeHUe, KOTopoe NPUBOAUT K. MaTemaTqucxou B3a1MO33BUCMMOCTH
NOCTOSIHHYIO Mnaxka (h), MnaHkoBcKyto AnNuHy (Lp), rpaBUTALIMOHHYIO
nocTosiHHyto (G) n cKopocTb cBeTa (C), BbIrMAAMUT Tak:

O6wyto chopmyny ans nOCTOFlHHbIX MOMHO pacluMpUTb TaK, YTO OHa

OXBaTUT 30/10TOE CeYeHNe, BaXkHeilune MATEMaTMYECKME NOCTOSIHHbIE,
6ONbLINHCTBO (PU3UYECKUX OCTOSAHHbIX U BCE yPaBHeHMs, conepxalume
30M10TOE CeveHne ¥ 3TN NOCTOosIHHbJe. Ecim 3To ypaBHeHMe Mbl pelumm no ¢
M NpousBeAeM 3aMeHy B 06GLEM YPABHEHUYN AN NOCTOAHHBIX, TO NOMYYUM:

Fi2F1.Pi-Lp?-c*j
In2-h?R-G




U3 npuBeaeHHOro BUAHO, 4TO obLwasa coopmMmyna Ansa noCToOsAHHbIX
MOXeT BbIrnsaaeTb Tak: :

CnepoBaTenbHO:

B FiZFi ._FiZFi-Pi-lpz-c?’ |
“Pi-ln2’ T In2-h-G

—E




Ha ocHoBaHuU npuBeAeHHbIX POPMYN Mbl MOXeEM
npeAnonoXutb: MaTeMaTMyeckass B3aMmmMo3aBMCUMOCTb
NOCTOSAHHbIX, 3HEPrMMn U Macchl yKa3biBaeT-Ha 3epKarbHoe
oTpaxeHue Yucrtoro 3akoHa ymncen u qumi\neTpuu B 3aKOHaXx
cdm3nyeckoro mupa.

1. YNCTbIN 33KOH yucen, KOTOpbIX He NoAYNHAETCS
NPUYNHHO-CNEeACTBEHHbLIM CBA3IM B YeTbIpeXMepPHOM
NnpocTpaHCcTBe-BpeMeHn Pu3nveckoro Mmupa.

2. YNCTbIN 3aKOH YUcen n CUMMEeTPUU, KOTOPbIN Yepe3s
OespasmepHbie 1 pa3mepHble Y1cna oTpaxaeTcs B 3aKoHax
donanyeckoro mupa.

3. UNCTbIN 3aKOH Yncest U CUMMETPUN, KOTOPbIN KakK
npoobpa3 ¢ NOMOLbI0 YKa3aHHbIX Yucern ¢ hnamvyecknmm
onpepeneHUsMM oTpaXaeTcsl B 3aKoHax pusnveckoro mmpa.




. JTO 03HayaeT, YTo YMCTbIN 3aKOH Yncen u
~ CAMMETPUM CBA3LIBAET BbICLLME U3MEPEHUS C
HU3LWUMU

OH TIIacur:

BHYTPEHHUIU NOpPAaoK 6e3pa3Mép_Hb|x yucen
3aKOHOMEPHO OTpaXKaeTCcs B OTHOLUEHUAX MexXxAay
SIBNEeHMSIMM MaTepuanbHOW AeNCTBUTENbHOCTMH,

BbIpaXXeHHbIX C MOMOLLbIO 0e3pa3MepHbIX Yucen u
4yucern, CBA3aHHbIX C db13nyecKkumMm mepamu.




3aknoveHue.

Ha ocHOBaHMN U3NO0XEHHbIX OTKPbLITUA Mbl BbIHOCUM
npeAanonoXeHus, KOToOpble MOryT yKasaTb HanpaBneHue AaribHenLwWwux
nccnenoBaHUM: ' : ;

1..MaTemaTuyeckmne n pusnyeckme NocTossHHbIe( KOHCTaHTbI), KakK U
3Heprusa anekTpoHa y aToMa BogopoAa o6nanaloT CBOMMU 0COBLIMM
3HaYeHNAMMU, KOTOpPble 00 bLEeaANHAIOT 3HaYeHUs APYrnxX nNoCTOAHHbIX
Takum obpa3oMm, YTO Kaxaas OTAeNbHO B3siTas MOCTOAHHAA UCXOAUT U3
BCEX NPOYMX. :

2. O6wasa Ans NocTosiHHbIX bopmMyna AeMOHCTPUpPYyeT eAUHCTBO
ocoboro 1 obuiero, 4acTu u Lenoro, a Takke cBUAeTeNbLCTBYET O
npeacTosiLeM NepepacTaHuM Xxaoca B NOpsiAoK. ITOT npumep*
Haxo4uUTCA Ha NNHUK XONUCTUYECKn-ppaKkTanbHOro nogxoaa.

3. O6wasn cbopmyna Ans NOCTOAHHbLIX NPUBOAUT K crneaylowemy:
obwme maTemaTu4Yeckue NOCTosiIHHbIE N obLwne husnyeckue
NOCTOSIHHbIE HAXOAATCSA BO B3aUMHbIX OTHOLLUEHUSAX.




4. O6wan dpopmMyna AnA NOCTOAHHbLIX OXBaTbIBaeT ypaBHeHUSA,
CBfi3aHHbIe C AaHHbIMU NOCTOAHHbLIMMU, @ TEM CaMbIM U 3aKOHbI, O
KOTOPbIX FOBOPSAT 3TU ypaBHeva

5. MaTemaTn4yeckue -nOCTOsAHHbIE U 30510TOE CeYyeHue HaxoasTCs B
uMdpoBON B3aUMO3aBUCUMOCTU C (hbM3M4eCcKUMMM NOCTOAHHbLIMU, a BCe
BMecCTe — C 3Hepruen, Maccou u Apyrumu cpusntieckumm cpakropamm.

6. O6bwasa hopmyna Ansa NOCTOAHHLIX U ee CBA3b C 3Hepruen
YKa3bIiBaeT Ha OTpaXXeHue CMbICIOBbIX OTHOLUEHUW NATOro U3MepeHus
B YeTbIpeXMepPHOM NPOCTPaHCTBE-BPEMEHN NPUYNHHO-CNEACTBEHHbIX
cBA3en. ATO U OTPAXXEeHMe pacyeToB B U3MEPEHHbIX NoKa3aTensx.

7. OQHAM 13 OCHOBHbIX Havyan NpUpoAbl MOXeT ObITb OTpaXeHue
YuncToro 3akoHa unMcen m CUMMETpUM B 3aKOHax (husnyeckoro mupa.




lNMpeanonaraembie cuny u aHepPruro, KOTopble
obecne4ynBaloT 3TO OTPaXXeHue, mbl Ha3Banu Yucmou
cusiou u aHepaueu 4ucesi. B HeKOTOpbIX ABFIEHNUAX OHA
coBnagaeT C CUJION U 3Hepruen 3Ha4yeHus, ¢ NOMOLbLIO
KOTOPOU NPOUCXOOUT COBMNadeHne MbICIIM U coObITUA, TO
eCTb CUHXpPOHU3ayusi KOH2a.

O6wasa chopmyna ons NOCTOAHHLIX, SHEPIrUU U
oTpaxeHuna Yucrtoro 3akoHa ymMcen u CUMMeTpPUU
cBsi3aHa, CKopee Bcero, ¢ eAuHbIM NosriemMm cus, a To, B
CBOIO o4yepeab, C CUITON 3HAYEHUSA U C TaKUM
coAepXXaHueM CO3HaHUA, KaK MbICNN, MbICIIEHHbIe
KapTUHbI, HAMEpPEeHMUS...




Lenb amux uccsiiedosaHuli — HoOBble TexHonorun. OgHa U3 HUX —
TEXHONMOIMA CO3HaHUA, KOTOpasa C MOMOLLLI MbICJIEHHbIX
ob0pa3oB CTPEeMUTCA NPaAaKTUYECKU UCcnosib3oBaTb «4YUCTyro
3HepPruro Yncen» N curny 3Ha4eHUa Ans Toro, YTobbI no
XerlaHuo Bbi3biBaTb OAHOBPEMEHHOE COBNnageHue MbICNu U
COObLITUSA, KOrA4a OHU He ABMAKTCA MPUYNHHO-CIIeACTBEHHOM
CBA3bIO.

[Ipakmu4eckue ornbimbi NO BJINAHNIO MbICNU, TOYHeeE,
3Hepruu Usrly4yeHMn Mo3ra, Ha coobITUSA Mbl NPOBOAUM B
«MexayHapooHOM LeHTpe uccnegosaHnm Hacneaus Hukonbl
Tecnbi» (Benrpapn).

3ATU OoNbITbl NPOAOITKAKTCA YXXe Oornee roaa, B HUX y4acTBYHOT
Oonee ABYyX C NOYIOBUHOM ThicAY YerioBeK. OHU u ABNAKOTCA
cBuaeTesnIAiMn yCnewHoro NpUMeHeHUA TeXHONOrMmm Co3HaHusA B
noBceaAHEeBHOM XXU3HMW.




HayaTtasa nudaropenuamm n oKkpenwias B
coBpeMeHHOU (pu3nKe CoO3HaHUA, TEXHOJIOrnA
yucen, Kak BeTBb TEXHONMOrMmM CO3HaHus,
yCOBEpPLUEHCTBYET Hallu BO3MOXHOCTU U

no3BOJIUT HenocpeaAcTBeHHO 3Hepme|7|

MbICnu (U3Ny4YeHUSAMU MO3ra) ynpaBnsTb

CUJMiaMu, aHeprmsmMmmM 1 coObITUSIMU B

domnsnvyeckom mupe.




