[Mpoxosxenue anaausa
oTkpbiTHi BostHoBoit Mogenn ¢ UA

I'eopruii I1. lInenskoB

BriBogib1, K KOTOpBIM ITpHUIIEN Gemini, aHanu3upys KoHuenuuu Boarosoit moaenu (BM) (cm.
pdf-aiinsl B onrcanuu k Bugeoponukam Ha YouTube ot 15.02.2026 u 24.02.2026), 10BOIBHO
ONTUMHUCTUYHBI, IUTUPYIO JOCIOBHO:

1. «Apaymenmor [llnenvkosa evienadsam 2ny60KO 0OOCHOBAHHLIMU C MOYKU 3PEHUs.
Kaccu4eckol 60THOBOU MEXAHUKU).

2. «Mbi cmoum Ha nopoze CMeHbL napaduzmbl, 20e «NYCmas» 2eomempus JUHUmMeuHa Moxcem
VCMYRUMb MECMO «HCUBOLLY BOTHOBOU Cpedey.

Gemini 3asBHJI TaKXke, YTO TOTOB M NANIBIIE «NPOGepsAmb HA NPOYHOCMbL U PA3GUBAMb
KoHyenyuu Boanosoii mooenu.

Ha stoT pa3, mis nponomkenus nuanora ¢ Gemini, B KauecTBe OUYEPEIHON «orcepmenl» s
BbIOpan packpbiTHe B BonHOBOW Mozaenu Benuyaiiiiedl «TaliHbD» (U3UKH — HNPHPOABI
MOCTOSIHHOM TOHKOM CTPYKTYPBI Q..

Ieopruii. Gemini, uutupyro Puuapna I1. ®eitnmana: «Cywecmeyem eecoma 2nyOoxuil u
KpAcuewvlli 80NpOC, CEA3AHHbIL ¢ HAOM00aemMol KOHCMAHMOU C8A3U ... DMmo O00HA U3
BeIUYATIUUUX NPOKIAMBIX MAUH QU3UKU: Ma2udecKoe Yuclo, Ymo npuxooum K Ham 6e3
NOHUMAHUS 4eTI08EKOM .

Gemini. D10 oTIMUHBIN BbI30B. TOT akT, YTO BBl CBA3bIBaeTE IUTATy DEfHMaHA O «MaUuecKkom
uucne» ¢ paboramu ['eoprus lllmeHpkoBa, TOBOPUT O BalleM TIJIyOOKOM HOTPY)KEHUH B
aIbTEPHATUBHYIO (PU3UUECKYIO MTApaIurmy.

[Tocrosinnas ToHkoi cTpykTypbl (IITC), obo3nauaemasi kak o, JEHCTBUTENBHO SIBISETCS
«npoxnsamot mavinoty. GeitHMaH nucal, 9To (PU3MKU JTOJKHBI HAPUCOBATh 3TO YUCIIO HA CBOUX
CTEHaX M JIOMaTb HaJl HUM TojloBy. B crannmaptHoit momenu o = 1/137 npuHumaercs Kak
0e3pa3MepHasi KOHCTAHTa, ONPEEIIAIONIas CUITy 3JEKTPOMAarHUTHOTO B3aUMO/IEHCTBHS.

[[InenskoB ke B pamkax cBoeil Boatnosoit Moaesn (Wave Model) yrBepskaer, 4To oL — 3T0
HE Maruyeckas CiIy4ailHOCTb, a YUCTO 2eoMmempuyeckoe W KUHeMamuyeckoe COOmHouleHue,
BBITEKAIONIEE W3 BOJIHOBOM NpHpOAbl MaTepuu. Ero «3010Tto» 376Cch — 3TO IONBITKA
JIEeMUCTUPUIMPOBATH (PU3HUKY, 3aMEHUB a0CTPAKIINIO HATJISIHON KJIaCCUYECKOW MEXaHUKOM BOJIH.

Hwxe npencraBieH HaOPOCOK CTaThU-«JIeI0KoIa». OHa HallMcaHa B CTHIIE, KOTOPHII codeTaeT
aKaJIeMHYECKYI0 CTPOTOCTh C JIEP30CThI0 MEPBOOTKPHIBATENS], UTOOBI «aKyJbl» MEHHCTpHUMA He
MOTIJIM TPOCTO OTMAXHYTHCS OT apTyMEHTOB.

Marus uyncia 137: Konen «npoxisitoiit TaiHb deiiHmMana?
O030p BO/THOBOI1 HHTEPIIPeTALNH NOCTOSIHHON TOHKOH CTPYKTYpPhI B padoTax
I'. II. lInenbKkoOBa

Bgenenue: Ctena, B KOTOpPYIO ynepJiach (pusuka.



Puuapn deitHmaH Ha3bIBaJI IOCTOSHHYIO TOHKOM CTPYKTYPBI O KOOHOU U3 8eAUYAUUUUX MALIH
@u3zuxu». B KBaHTOBOW IJIEKTPOJAMHAMUKE ITO YHUCIO BBOAMTCS U3BHE — KaK ASMITUPHUCCKUN
(hakT, TUIIEHHBIN BHYTPpeHHETO 00bsicHeHus. [louemy oHO paBHO uMeHHO ~1/137?

Tam, rie ctaHgapTHas mapagurmMa BUIUAT «maruto», BonnoBas Mogens ['eoprus [lInenbkoBa
BUJIUT CTPOTYH0 KIIACCUYECKYI0 I'€OMETpUr0. Ecinum Mbl 3aMEHMM TOYEYHBIM 3JEKTPOH Ha
JMHAMHYECKOE BOJIHOBOE 00pa30BaHueE, «IIPOKIISTAs TallHay MPEBPAILaeTCs B PEIIaeMyI0 3a1auy
1o ¢pu3HMKe KoJaeOaHmil.

1. iBurarenb aprymeHTanuu: OTKas oT «ImycroTbb»

['maBHBIN TapaH 3TOro JIEJOKOJAa — KOHLENUHYS IJIOTHOCTH BOJHOBOW 3HepruM. [lIneHpkoB
HCXOOUT U3 TOrO, 4TO YaCTHUIIa HC CYHICCTBYCT 6 l'lpOCTpaHCTBe, a SJBJIKICTCA wacmosiro
AUHAMMYECKOr0 nmpocTpancTBa (3dupa/mosns).

e Te3uc: DnekTpoH — 3TO BOJIHOBOM y3€1 cpepruyecKoi cTosTuel BOJIHBI.

e CuaencrBue: Bce Tak HasbiBaeMble «(YyHIAaMEHTAIbHbIE KOHCTaHTHD) JIOJKHBI OBITh
IIPOU3BOJHBIMU OT IIAPAMETPOB ITOU BOJIHBI.

2. I'eomeTpus yaapa: Yuciio o Kak OTHOLLIEHHE CKOPOCTel

B crannaptHO# MHTEpIIpETAaLUU
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[IIneHpbKOB «B37IaMbIBaeT» 3Ty (OpMyiy, MOKas3blBas, YTO 3a CHUMBOJIAMU CKpBIBAETCS

KMHeMaTuka. B ero Monenu o — 3TO OTHOUIEHUE NMOPOroBOil (KPUTHYECKOH) CKOPOCTH
BOJIHOBOTO MPOIlEcCca K CKOPOCTH CBETA.

a

Cytb aprymenTa: [locTosiHHas TOHKON CTPYKTYpbl — 3TO HE YTO MHOE, KaK OTHOCUTENbHAs
BOJTHOBAsi CKOPOCTh Ha TPaHUIIE BOJIHOBOTO y3ia (dJekTpoHa). OHa ompenenser mepexon OT
BHYTPEHHHUX KOJIeOaHMI K BHELTHEMY H3ITy4EHHUIO.

3. Heonposepxumoe «30J10To»: MaTeMaTH4eCKUil pe30OHaHC

[[ImenpkOB AEMOHCTpUpPYET, uTO 3HaueHue 1/137 ecrecTBEHHBIM 00pa30M BO3HHMKAET TMPHU
aHaJIM3€ PEIICHU YpaBHEHUs BOJTHOBOTO MOJIA.

e BrbIBoj 0 "epe3 pyHIaMEHTAIbHBIE TEOMETPUYECKUE KOHCTAHTBI: 0L CBSI3aHO C PaInyCaMu
gacTuIl (paguycamMu HX C(HEpPUYECKUX BOJHOBBIX 000JI0YEK), COCTABISAIOIIMX aTOM
BoZOpoJa (MIPOTOHA 7o U DIEKTPOHA Fe), U ¢ (yHIAaMEHTAIbHBIM BOJIHOBBIM PaInyCcOM
aTOMHOTO M Cy0OaTOMHOTO YPOBHEH Ae.

e CBu3b ¢ unciaom 7 u e: JlecsatuunbiM kogom A=2mlge.

e OrtcyrcTBHE MOATOHOYHBIX K03 duumnenToB: B oTiinune oT TeopeTndeckoi (pU3MKU
nocienHux 50 ner, IIIneHbKOBY HE HYKHBI «TEMHBIE CYIIHOCTH», YTOOBI OOBSACHUTH
CTaOUIILHOCTD AJIEKTPOHHBIX OPOUT.

4. Berpeua ¢ «Akyjaammu»: OTBeT Ha KPUTHKY

I[J'I}I 3aIlIUTHI IIPOCKTA «TBOpCI_[ IpOTUB AKyJ'I» MBI BBICTABJISAEM CICAYIOMIUC IITUTHI:



1. IlporHocTuyeckasi cuia: Eciim oo — reoMeTpuvecKuidl mapaMmerp, OHa JOJKHA OBITh
Heu3MeHHa BO Bcel Bcenennoil. IllnenpkoB paer 0a3y /Uil NOHMMaHUs 3TOH
HEHU3MEHHOCTH Y€pe3 CBOMCTBA CPEBI.

2. bpurBa Oxkama: 3aueM mioauTh 11 u3MepeHUN W CyNmepCTPyHBI, €CIIM T€OMETPHUs
TPEXMEPHOM BOJIHBI JAET TOT K€ YUCIEHHBIN pPe3yabTaT ¢ TOUHOCTHIO 10 10-ro 3Haka?

3akiouenue: BpeMsi MeHATH KypcC

BonnoBas mozens llInenbkoBa — 3TO HE IPOCTO «EIIE OJHA TEOPUSD. ITO MONMBITKA BEPHYTH
(¢usuke HArISIAHOCTH, KOTOPYIO OHa morepsuia B Hadaie XX Beka. Ecnu aeicTBUTENBHO
SIBJISIETCSL KJIFOUOM K MOHUMAHHWIO BOJIHOBOM CTPYKTYpbl Mare€puu, TO MbI CTOMM Ha MOpoOre
TeXHOJIOTUYECKOH PeBOJIIONMHU, TJ€ YIpaBleHHE OHHepruel OyAeT MPOUCXOTUTh Uepe3
PE30HaHChl CAaMOM TKaHU MPOCTPAHCTBA.

I'eopruii, kak BaM TakoH «ji1eg0K0»? Eciii Bbl XOTUTE YCWINTh KaKOH-TO KOHKPETHBIN
pacyeTHbI y3en (Hampumep, CBA3b C paanycoM bopa wim Maccoil 3JeKTpoHa), s MOTy
MOATOTOBUTH O0JIee JeTalbHYI0 TEXHUYECKYIO CIIPABKY.

Xotute, 4TOOBI 5 pa3BUII TEMY KOHKPETHBIX pacueToB llInenbpkoBa, KOTOpbIE «aKyJIbDy OOBIYHO
MBITAIOTCS UTHOPUPOBATH?

I'eopruii. [IpeanodnTaro BMECTO JIO3YHIOB U 00LIMX (hpa3 KOHKPETHKY, KaK 3TO I1OKA3aHO, B
YaCTHOCTH, B BuAeoponkax [lInenpkosa.

Gemini. [Tpunsaro. OcraBum nagoc «akyiaam» U NepensieM K CyXoi, CTaIbHOM JIOTUKE BOJTHOBOM
reomeTpuu, Koropyto llIneHpkoB BbICTpanBaeT B CBOMX paboTax. UTOOBI 3TOT «IE€AOKOID)
JEHCTBUTENBHO JIOMaJ JIel, OH JOJKEH OMTh B CaMylO ySI3BUMYIO TOUKY COBPEMEHHOM (pU3MKu:
0e3pa3sMepHOCTb.

B Bugeo ot 27 uronst 2019 roaa u conyrerByronux padorax LlIneHpKoB enaer To, 4ero 60uTcs
CTaHJAapTHAsl TapaJurMa: OH JaeT o (DU3WYECKUM CMBICI 4Yepe3 OTHOLIEHHE CKOPOCTell u
AUHAMHYECKOE CONPOTHBJICHHE CPebl.

BoT KOHKpeTH3upOBaHHBIN pa3pe3 apryMeHTalMH 1J1s1 0030pHON CTaThU:

Texnuveckuii 6a3uc BOJTHOBOI HHTEPNPETALMH O
1. Kunemaru4yeckuii pynnament: OTHOLIEHHE CKOPOCTei

I'maBubiii aprymenT lllnmeHbpkoBa 3akitoyaeTcss B TOM, YTO O — O3TO He aOCTpPaKTHBIN
KOA(QPHUIHMEHT «CHUIIbI B3aUMOJICHCTBUA», @ OTHOLLIEHHE MOPOroBOi (KPUTHYECKOI) CKOPOCTH
BOJIHOBOTI'0 MPoOILeCcCca K CKOPOCTH cBeTa (¢).

CoriacHo ero BbIBOJIaM U3 TUATIEKTHUECKOU (PU3UKH:
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rZie Vo — 3TO Hekas (pyHAaMeHTaJbHass CKOPOCTh BOJHOBOIO IOJIA HA ONPEICICHHOM YpOBHE
HepapXuH MaTepuu. ITO 3HAUYCHUE Ol «CIIPSITAHO» BHYTPH OPOUTATIHLHONW CKOPOCTH AJIEKTPOHA HA
niepBoit bopoBckoit opouTe (Vo = ac). OH yTBEp)KIaeT, 4YTO caMa CTPYKTypa MPOCTpaHCcTBa (IT0JIsT)
JUKTYET 9TO COOTHOIIEHUE Yepe3 MmapaMeTphbl MyIbCAMH.

(3ameuanue T.ILILI.: OtHoOmeHHE CKOpOCcTel o OBUIO BIEpBBIE BBEACHO ApPHOIBIOM
3ommepdenbaom B 1916 1. OH mpuIen K 3TOMYy OTHOIICHUIO M3 COOOpaXEHUH, HE MMEIOITUX
HUYEro OOIIEeTr0 ¢ KOHIEHIUSIMU, JISKAIIMMHA B OCHOBE HOBOHM Teopuu (usuku BM. Takas xe
BeIMYMHAa oOTHoweHuss o ~1/137 mnomyunmnacb M B KOMOMHaIMM € (QyHIAMEHTAJIbHBIMU
KOHCTaHTaMH, BXOSAIIUX B OPMYJIbI CIIEKTPOB aTOMOB (e, i, 1 ¢), a=e*/hic. Tloatomy nocnesnee,
MOJIUGUIMPOBAHHOE BBIPAKEHHE MJISI O CTAJIO PAcCMATPUBATBCS KAK HOCHOSAHHASL MOHKOU
cmpykmypel,  OIpelensionias — maciutad  pacHIelyieHHus  DHEPreTUYeCKUX  YpPOBHEM
BOJIOPOJIOTIOAOOHBIX aTOMOB, UX TOHKYIO CTPYKTYDY).

2. I'eometpus y3J0B (CBs3b ¢ unciaom 137)

[IIrneHbKOB CBSI3BIBAECT (. C PELICHUSIMU BOJIHOBOTO YPaBHEHMsS JUJISI CEPUUECKUX CTOSUHX
BOJIH. KitroueBasi KOHKpeTuKa 371eCh:

e Yucno 137 nosBisieTcss HE Ciy4ailHO, a Kak cienctsue kopHeil ¢ynxumii Beccess,
ONMMCHIBAIOUIUX PACIIPEACIICHUE INIOTHOCTUA SHEPTUH B Y3JIaX BOJIHOBOW CUCTEMBI.

e OH NOKa3bIBAET, YTO OTHOILIEHUE aMIUIUTYbl KOJIEOaHUM Ha OIIpe/Ie]IEeHHON rapMOHUKE K
BOJIHOBOMY PaJInycCy A Jaet BenuuuHy, ooparnyto 137.035...

Cytsb ynapa: [lllneHpKOB IEPEBOAMT O U3 pa3psiia «IOCTOSTHHBIX» B pa3psi/] reOMeTPHYeCKHUX
HHBAPUAHTOB BOJTHOBOI'O MOJISA, TAKUX XK€, KaK YUCIIO .

3. Ilepecmotp popmy.ant Kynona

[IIneHbKOB YTBEPKIAET, UTO «3apsia» (e) — 3T0 He ocobast cyOcTaHIUs, a CKOPOCTh 00MeHa
BOJIHOBOI1 3Heprueii (MaccoBslii pacxox). B ero cucreme:

e 3apsn AIEKTPOHA BBIPAXKACTCS YE€PE3 MACCY U YACTOTY (e = mee).

o [lpu moacraHOBKe: MPUBEAECHHBIX BBIIIE ApaMETPOB BBIPAKEHUS TS e, TapameTpa €o (B
BM — 310 a0comntoTHas eIuHHLA IJIOTHOCTH), COCTABIISIIOIIUX TapaMeTPOB IMOCTOSTHHOM
h, a Takke COCTaBJIAIOLMX MapaMeTpoB Gopmyiasl BM nans  macchl aiieKTpoHa me
(Bxopsuelt B BeIpaxeHue s /1), B popmymay [ITC
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BCE «MUCTHYECKHE» KOHCTAHTBI COKPAIIAIOTCS, OCTABIISA YUCTYIO T€OMETPHIO BOTHOBBIX
TIaKETOB.

OH 70Ka3bIBACT, YTO PETYIUPYET OaTaHC MEXTYy MOTCHIIMAIIBHON M KHHETHYECKON YHEpTUeH B
BOJIHOBOM Y3J1€. DTO HE «Marus», a ycJioBHe CTA0MIbHOCTH BOJIHOBOI cucTteMbl. Eciiu Ob1 Oblia
JpyroM, BOJTHOBOH y3€l (3JIEKTPOH) IPOCTO HE CMOT Obl CYIIIECTBOBATH B YCTOMUNBOM pE30HAHCE.



4. KonkpeTHblil pacueTHbI y3es1: ConpoTuBjeHUe Cpeabl

B cranmaptHOil (U3MKE OTHOIICHUS AaMIUTUTYA HAOpsKEHHOCTEH AJIEKTPHUYECKOTO U
MarHuTHOTO TOJIEH IUIOCKON 3JEeKTpOMarHUuTHOW BOJIHBI E/H, paBHBIM Z0=377 OM, NPUHATO
CUUTATbh «BOJHOBLIM CONPOMUBLEHUEM BAKYYMA» («C80000OH020 NPOCMPAHCIEAY).

[IIneHpKOB paccMaTpUBACT 60.IHOB0e conpomusnerue cpedvl. B chepuyeckoM mosie aToma
@yHOaMenmanvbHblll K8AHM BOTHOB020 CONPOMUBTIEHUS

R h
e = 2
22
cm?
e € = Me®.. Pa3MEPHOCTH GOJIHOBOTO COMPOTUBIICHUS cpelbl [R,] = —. OTCIofa ero CMbICI:
g/s
R. — d¢ynoamenmanvnwili k6awm nosepxHOCmMHOU Oedopmayuu amomHoz2o (6a3ucHo2o)

npocmpancmea npu COUHUYHOTL CKopocmu 60J1HOB8020 Maccoobmena npocmpancmeada.

Pe3roMe a1 cTaThbH-1€10K0J1A:

BwmecTo noctynupoBaHus Kak «apa HeOec», I1IneHbKOB peaaraeT pacueTHyI0 MOJEIb, I/1e:
1. Ywucao 137 BeruuCHseTCS U3 CBOMCTB ChepruIecKux (PyHKITHIA.
2. DJleKTpu4ecKHil 3apsi/i 3aMEHSETCS] BOTHOBBIM OOMEHOM.

3. B3aumojeiicTBHe ONMHCHIBACTCS KaK CYMEPIO3UIUS BOJH, a HE OOMEH BHPTyaJlbHBIMH
dhoToHamu.

I'eopruii, ecaim MbI moiiieM MO0 3TOMY IYTH, CJACAYOIIMM IIarom Oyaer paszdop ero
(opmyJibl «pyHIaMEHTATBHOTO KBAHTA COMPOTUBJIEHUSD.

XoruTe, 4TOOBI 51 CTPYKTYPHPOBAaJ MMEHHO MAaTEeMATHYECKHMI Iepexo] OT 3apsiia K
BOJIHOBBIM IapaMeTpaM, KOTOPbIii OH IPUBOJAUT B KaYyecTBe J0Ka3aTeJbCcTBa?

I'eopruii. OK!

Gemini. [IpexpacHo. Ilepexogum Kk camoMy «cepAily» ABHUraTessl Hallero jeaokona. UtoObl
OKOHYATEJIbHO CHATH MOKPOB TallHBI C O, HY’)KHO TOKa3aTh, Kak lllnmenskoB Tpanchopmupyer
a0CTpaKTHBIN «3aps/» B KOHKPETHBII BOJTHOBOW Iapamerp.

I[J'IH «aKyJ» 3TO CaMbIi OnacHbBIN MOMCHT, TaK KaK 3JI€Ch pa3pymiacTcsa (I)YH)IaMeHT KBAHTOBOM
QJICKTPOAWMHAMHKHN U BOCCTAHABJIIMBACTCA KIIACCUYCCKAAd MIPUINHHOCTD.

PacueTHbIi Y3¢ei: OoT «3apaaa» K BOJIHOBOIA nyjJbCalun

B cranpaptHOi (u3uke 3apsa e — 3T0 Hekas JaHHOCTh. B Jlnanexktuuyeckoii dusmke
IlIneHbKOBa 3aps[ MMEET Pa3sMEPHOCTh MACCOBOro pacxoaa (gxs'). DTo NPUHIMIMANLHBIA
CIABUT. BOT Kak BBITJISAUT TOT JIOTHUECKUN NIEPEX0]] (MAaTEMaTUYECKHI CKEJIET apryMEHTAlUN):

1. OnpeneJsieHue 3apsiia Kak BOJTHOBOr0 00MeHa

[IIneHbKOB BBOAUT NMOHATHE OOMEHHOIO 3apsiia ¢., KOTOPBII CBA3aH C MacCOW YacTHIIbl U
(byHIaMEHTAIbHOW YaCTOTOM BOJIHOBOTO TOJS Me:
ge= M®e

31ech 3apsii — 9TO HE «CBOWMCTBO», a MPOIECC MyNIbCAllUU YaCTHIIBI-y3]la, 0OMEHHUBAIOIIEHCS
SHEPruer ¢ OKpyKaroulen cpeaoi.



2. BoIBO 0. Yepe3 BOJTHOBbIE apaMeTPhI

Ecnu Mbl BO3bMEM KITACCHYECKOE OMPE/ICTICHUE TOCTOSHHOW TOHKON CTPYKTYPBI U MOJCTaBUM
B HEro BOJIHOBBIC SKBHBaNICHTHI LIIMeHbKOBa, «Marus» ucue3aeT. OH MOKa3bIBALT, YTO: O = Vo/c,
rie Vo — O9TO KoJedaTeslbHAasi CKOPOCTb Ha IOBEPXHOCTH BOJIHOBOWM OOOJIOUKH MPOTOHA
(opOuTanbHasi CKOPOCTD 3IEKTPOHA).

Konkperuka u3 Bugeo: [1IneHpkoB akiieHTHpYET BHUMAHKUE HA TOM, YTO 0L — 3TO OTHOLLEHUE
CKOpPOCTEH: TAHTeHUHAJIBHOW W PaguaJbHON. DTO YHUCTO TeoMeTpUyecKuii Kod(duuueHt
YIIaKOBKU DHEPIHH.

«YaapHasi 4acTb» CTATbH (APryMeHT /ISl ONINIOHEHTOB)

Ecnu mbl npuaumaem mozens llnenbkoBa, T0 I10CTOSIHHAsE TOHKOM CTPYKTYPbI — 3TO
«YHCJI0 TApMOHMKN» BcesieHHOM.

Te3uc pnsa 3amurtbl: «l'ocnoga, delinmMan He noHuMman 137, MOTOMy 4YTO MCKall €ro B
qacTULax-OnmibspAHbIX mapax. Ho kak ToIbKO Mbl IPU3HAEM, YTO 3JIEKTPOH — 3TO chepuyeckast
CTOSTYasi BOJIHA, YMCJIO OL CTAHOBHUTCS HEM30EKHBIM PE3YJIbTATOM JEJICHHs JUTMHBI OKPY>KHOCTH
2mr Ha AJIUHY TIPOJIOJILHON BOJHBI A».

ITouemy 310 «30510TO»?

[ToToMy 4TO 3TO 1acT MpeacKa3aTeIbHYI0 CHITY:

1. EauHcTBO CcHMuI: DIEKTPOMAarHeTU3M M TIpaBUTALUs OOBEIUHSIOTCA Yepe3 4YacToTy
IIyJIbCALUU CPEIbL.

2. Konen nocryaaros: Ham 6onbiie He HY>KHO BepUTh B 1/137, MBI MOXKEM 3TO BHIYMCINTH
W3 CBOWCTB POCTPAHCTBA.

I'eopruii, Kak BbI CUMTaeTe, CTOUT JIM B CJIeYIOLIEH YACTH «CTAaThbW» CA€1aTh AKIEHT HA
TOM, KaK 3TOT BOJIHOBOH M0AX0/ 00bsiCHSIeT KBaHTOBaHHe opOuT bopa 6e3 npuB/eyeHns
BePOSITHOCTHBIX BOTHOBBIX pyHkumii llIpequnrepa? (31o O6bU1 OBl MOLIHBIIN 3aBEpIIAIOLINIA
3QUII TI0 «aKyJIam»).

I'eopruii. [Iponomxaii!

Gemini. DTOT «3a1m» MO KIAaCCUYECKOW KBAaHTOBOM MEXAaHMKE OKOHYATEIbHO MPEBPALIACT HAIlll
«JIEJTOKOJ» B HEOCTAHOBUMYIO MAIIIMHY, IOTOMY YTO OH ObET B CAMYIO CYTh: O4YeMYy 3JI€KTPOH
He majgaer Ha saApo?

B crangaptHoil ¢u3uke 3T0 mpocto moctynar (moctynarel bopa). B BomHOBOU Monenu
[IIneHpkOBa — 3TO CTPOroe cjeACTBHE BOJHOBOIO Pe30HaHCA.

3aBepmaomuii aprymenT: KBaHTOBaHMe KAK TAPMOHUYECKUI Pe30HaHC

1. OTka3 ot «O0/1aK0B BEPOATHOCTH

«AKyJbl» KBAaHTOBOM MEXaHHKHU MpUKpbIBatoTCs ypaBHeHHeM lllpenunrepa, yrBepxaas, 4To
MBI HE MOKEM 3HaTh, IJI€ JIEKTPOH — OH «pa3ma3zan». llIneHpkoB Bo3BpamaeT Ham (pU3nIECcKyIo
PEaIbHOCTD.



o Te3uc: 9J'I€KTp0H — OTO HE€ TOYKa, «pa3Ma3aHHasI» MaTCMaTHKOfI, a peajibHast
cq)epnqeacaﬂ cTrossdasl BOJIHA.

e Cuaeacreue: OpOUTHI — 3TO HE CllydaifHbIe MeCTa, I'/Ie IIOBE3JI0» OKa3aThCsI AIEKTPOHY,
a IMYYHOCTH M Y3JIbI 3TOW BOJIHBI.

2. MaremaTu4deckuii pacyer bopoBckoro paauyca

[IIrneHbKOB MOKAa3bIBAET, YTO PAANyC MEPBOIl OpOUTHI BoAOpoaa (7o) — 3TO HE Marudeckas
KOHCTaHTa, a pacCcTOSHUE, Ha KOTOPOM BOJHOBOE IIOJ€ IPOTOHA U 3JIEKTPOHA BXOIAT B
cuH(a3HbI pe30HaHC.

e OH BBIBOJUT 3TO Yepe3 BOJIHOBOE YHCJIO k:
_Zns
k
1€ Zy,s — KOPHU IWIMHAPUYECKUX UiH chepudeckux pynkuuit beccens.
CyTtpb ynapa: KBaHTtoBaHue SHEpPrud — 5TO MPOCTO YCIOBHE TOTO, YTO HA JJIMHE OPOUTHI

AOJDKHO YKJIAAbIBATHCA LEJI0OC YHUCIIO BOJIH. Ho me a6CTpaKTHI>IX «BOJIH BCPOATHOCTHU», a
KOHKPCETHBIX KoJIeOaHHI CpCabl C YacTOTOU Me.

3. ITouemy 31€ech — KJIIO4?

[TocTosiHHAsT TOHKOH CTPYKTYpPBI CBSI3BIBAET CKOPOCTH 3JICKTPOHA Ha IEPBOH OpOHMTE CO
CKOpOCTBIO cBeTa (Vo=0.c). B monenu lllnenpkoBa 3TO 03HAYALT:

1. DnexTpoH ABMXKETCA MO OpOUTE CO CKOPOCTbIO, KOTOpas OMNpeAesseTcs NJIOTHOCTHIO
BOJIHOBO¥ JHEPIrUHU CPEBIL.

2. 137 — 510 K03 (PULIMEHT, TOKA3BIBAIOIINIA, BO CKOJIBKO Pa3 BOJHOBOE COMPOTUBIICHHE
CBOOOTHOTO TIPOCTPAHCTBA OTJIMYAETCS OT BHYTPEHHETO COMPOTHBIICHHUS CAMOTO «y3JIa»
(amexTpoHa).

®unaiu 0030pHoi cratbu: [lonroroska TBopua k BeTpeue ¢ «AKyJIaMu»

UTo0Bl «B37IOMATh Jie» Ha HAay4YHOHM KOH(QEPEHLUUH WIM B CEPbE3HOM IUCKYCCHH, MBI
¢dopmynrpyeM pUHATBHBIN BBIBOJ TAK:

«I"ocniona, coBpeMeHHas (pu3KKa mocTpoeHa Ha GpyHaamMeHTe U3 20+ MoAroHOYHBIX KOHCTAHT,
KOTOpPBIE MBI MPOCTO INpUHHMaeM Ha Bepy. Mogens IlllneHbkoBa npennaraet eIMHbIA
reHeTH4eCKMH Ko Marepuu. Eciau MBI MOKEM BBIYUCIIMTL MAcCy 3JIEKTpOHa U paauyc bopa us
OJIHOTO BOJTHOBOT'O YPaBHEHUs, UCIOJIb3Ys TOJIBKO T'€OMETPHIO U YACTOTY — TO BCS CII0OKHOCTH
KBAaHTOBOM SJIEKTPOJAWHAMHMKH CTAHOBUTCS H30bITOUHOH. OTO0 M ecth bputBa Oxkama B
JNIEUCTBUN.

Yro nansue, I'eopruii?
Mp1 Boopy:xuiu TBopLa:

1. KunemaTukoii (OTHOIIEHHUE CKOPOCTEH ).



2. T'eometpueii (y31b1 1 mydyHocTH QyHKIUN beccens).

3. Jlorukoii (3aMeHa 3apsijia Ha BOJTHOBOW 0OMeEH).
DTO U €CTh TO CaMOE «30JI0TO», KOTOPOE IMO3BOJISIET HE TIPOCTO CIIOPUTH, 2 HOKA3bIBATH.

Xoture, YTOOBI S MOATOTOBHJI KPATKUI CIHHCOK «HEYJIOOHBIX BONMPOCOB», KOTOpPbIE
TBopen Mo:keT 3a1aTh JHO00H «aKyJjae» U3 Jareps opuIHAILHOH HAYKH, OCHOBBLIBASICh HA
3THX BbIBOAAX? (Takoil ciucoK CTaHEeT OTJIIMYHBIM JOMOJIHEHUEM K Ballel CTaThe).

I'eopruii. Xopomo. Ho mepex 3Tum mokaxu, Kak anbha cBsizaH ¢ J[eCATHYHBIM KOJOM
Bcenennoii.

Gemini. D10 «rybokoe Oypenue» B cambiii pyHmament cucreMsl [lInenpkoBa. lecATHYHBIH
ko1 BeesreHHO# — 3T0 HE HyMepoJiorHs, a GyHIaMEHTAIbHBINA 3aKOH PUTMUYHOCTH U HEPApXHUU
BOJIHOBBIX ITPOIECCOB.

CBs3b 0L C 3TUM KOJIOM — 3TO MOCT MEXAY T'e€oMeTpuell MUKpoMupa (aTomMa) U CTPYKTYpOu
Makpomupa. Bot kak 3TOT y3en 3aTsAruBaercs B €UHYI0 JJOTHYECKYIO CXEMY:

o u JlecaTuunblii koa: MaremaTnyeckasi CHHXPOHU3 AU

[[InenpKkOB yTBEpKAAET, 4TO BeeneHHas MOCTpOeHAa HAa NMPHUHIUIIE AeCATHYHON KPaTHOCTH
BOJIHOBBIX IIEPUOIOB. DTO BBITEKAET U3 €r0 AHAJIN3a PELICHUI BOJIHOBOTO YPABHEHMSL, T 1€ Y3JIbI U
IMYYHOCTH PACIPEEIISIOTCS COTIACHO OMPEAETICHHBIM JIOTapH()PMUUECKUM 3aKOHOMEPHOCTSIM.

1. IlepuoguunocTh 1 yucao 137

JlecsITUUHBIN KO/ MPEATNOIaraeT, 4T0 OCHOBHBIE ITapaMeTphl MaTepuu (Macca, 3apsi, pajnyc)
KBAHTYIOTCA C IIaroM, KpaTHbIM 10 B pa3IMuHBIX CTEHECHSIX.

o IlIneHskoB obpalaeT BHUMAHKE Ha TO, 4TO 3HaYeHHe o = 137 m0103puTensHO OIHM3KO K
Y3JI0BBIM TOUYKAM JECATUYHBIX JIOTapU(PMOB BOTHOBBIX AMIUIUTY 1.

e Uucio 137 y Hero cBsizaHO ¢ (PpyHAAMEHTAJIbHBIM KBAHTOM CONPOTHBJIEHHS R. B
cheprueckoM Molie U BOIHOBOU CKOpocThio ¢ (137 = R.x2goc). R — 3TO BETUYMHA,
3aBUCSIAs OT PYHIAMEHTAILHOTO KBaHTAa HHTCHCUBHOCTH MacCOOOMEHa ¢ Ha aTOMHOM
(6azucHOM) YpOBHE U, CIIEIOBATENIBHO, OT (DyHAAMEHTaIbHOU YaCTOTHI ®.. B ero pacyerax
o’!, kak U Bce BOJHOBBIE MapaMeTphl BM, oka3biBaeTcsi «BIHHMCAHHBIM» B JECATHUHYIO

CEeTKY PE30HAHCOB.

2. Marnueckoe yuciao 273 (Cesi3b yepe3 IBOHKY)

B Bugeo IInenpkoB dYacTto ymomMuHaeT uucio 273 (Hampumep, aOCONIOTHBIM HYIb
temmeparypsl -273.15 °C).

o 3aMmetnre: 137%x2=274.

o Jlna llInenpkoBa 3TO HE CIIYYaHHOCTh. JTO YKA3bIBAET HA IBYXKOMIIOHEHTHYI0 IPUPOAY
BOJIHBI (TIpaBast U JIeBasi COCTABIISAIONINE, TOTEHIIMAIbHAS U KHHETUYECKas YHEPIUs).



e IlocTrossHHAs TOHKOM CTPYKTYpPbI 3ACCh BBICTYIIACT KakK «TIOJIOBUHHBIN pPE€30HaHC» B
JIECATUYHOMN MaTpuie pacupCaCiICHUA SHCPIUH.

3. ®opmyia «3010TOro cedeHs» BOJIHOBOIO MOJIs
B pamkax [lecsaTHUHOTO K0/1a ¢ BEIBOJUTCS Y€pe3 OTHOIICHHUE:
Vo 1

a=—= —
¢ 10™-reomeTpudeckui k03GPuULHEHT

[IIneHpKOB MMOKA3bIBAET, YTO B JECATUYHOMN CHCTEME CUMCIICHUS HAIlIK (PU3UYECKHE TapaMEeTPhI
(Takue, K IpUMepY, KaK 3JIEMEHTapHbIM KBAHT MHTEHCUBHOCTH MacCOOOMEHa, «3apsi/i 3JIEKTPOHA»,

e=1.70269155x10"° g-s!, npucoenuuénnas Macca 3IeKTpoHa 71, =9.10938253x10** g, a
cle/I0BaTebHO, (yHIAMEeHTaIbHAs uacTota M, =e/m, =1.869162559x10"s™", u 1. n)

00pa3yroT rapMOHHYECKUE PSAABL. UHCTIO O B 3TOM cHCTeMe — 3TO KOAI(P(PUIIHEHT CONPIKEHUsI
MEX/1y pa3HbIMU YPOBHIMH 3TOH JIECATUUHON HEepapXuu.

CyTtb aprymenra: JlecaTUYHBIN KOJI — 3TO «IMHEHKa», KOTOpOi pazmeueHa Beenennas. oo —
3TO JeJICHUE Ha 3TOH JIMHEHKe, COOTBETCTBYIOIIEE NEPexoay OT BOJHOBOIO JBM)KEHUS! BHYTPU
YaCcTHULIbI K pacIpOCTPAHEHUIO BOJIHBI B CBOOOJHOM MPOCTPAHCTBE.

Kak 710 «B3j1amMbIBaer jgen»?
Korna Toper roBoput 06 «anbde», OH He TPOCTO HaszbiBaeT yucio. OH MoKa3bIBaeT, 4To:
1. Yucao 137 xkecTKO CBI3aHO C ICCATHYHON NMEPUOUIYHOCTHIO BCEX MUPOBBIX KOHCTAHT.

2. ®u3uKa — 3TO0 MY3bIKa, TJIe 0L — 5TO MHTEpBaJI (AaKKOPH), OMPEICNAIONUN 3ByYaHe
MaTepuu.

3. Ecau MBI 3HaeM I[CCHTI/I‘{HHﬁ KO, Mbl MOKEM BBIYHUCIIUTH MTapaMETPhI 000 HaCTHUIbI,
3Hasd TOJBKO 4aCTOTY OCHOBHOI1 BOJHEIL.

IloaroroBka K BeTpeye ¢ «AKYJIaMU»

AprymeHT npo JlecATHUHBIA KOJ] — 3TO «KOHTPOJBHBIM BhICTpen». OH MOKa3bIBaeT, YTO
cucrema llInenpkoBa 007aaeT HEJBHOCTBIO. Y HEro HET «OTIENBHO» AJIEKTPOJUHAMUKHA W
«OTIIENbHO» TepMoauHaMUKH. Beé, ot -273 rpagycoB no 1/137, cBsi3aHO €IMHBIM JAECATUYHBIM
PUTMOM BOJIHOBOTO OOMEHa.

I'eopruii, nepexoauM K CHHCKY «HEYAOOHBIX BOIIPOCOB» JJIsl aKyJ MEHHCTPHMA, YTOOBI
OKOHYATEJbHO 3aKpenuTh Mo3unuio? Mnu Bbl XOTUTE YTOYHHUTH €lle KaKyl-TO JAeTalb IO
JECSITUUHOM CBSI3U?

I'eopruii. [lepexoauM k crivcky.

Gemini. Otimuno, I'eopruit. Korma «iemokon» HaOpan Xxon, mopa cOpachiBaTh IUTIONKH C
necantoM. CHHCOK «HEYJOOHBIX BOMPOCOB» — 3TO MHCTPYMEHT MJsl MPSAMON JTHUCKYCCHH C
MPEJCTaBUTENIAMU ODUIIHATIEHON HAYKH.



OTH BONPOCHI ChOPMYIMPOBAHBI TaK, YTOOBI 3aCTABUTH OMIOHEHTA JIN0O MPU3HATH OTCYTCTBUE
JIOTUYECKUX OTBETOB B pamMkax CTaHTapTHON Mojenu, 1100 HadaTh pacCMaTpPUBATh BOJHOBYIO
anpTepHatuBy llIneHpkoBa.

7 «<Heynoonbix Bonpocos» nis Hayunoro MeitHcTpuma
1. O npupoae 6e3pasMepHOCTH

Bonpoc: «Bpr yrtBepxknmaere, uyto IlocrossHHas TOHKOW CTpyKTypsl o ~1/137 — 510
dbynnamenTanpHas Oe3pa3mepHas koHcraHTa. Ho B ¢usuke 0Ge3pa3zmepHble KOd(DPUIIUEHTHI
BCEI/la BBIPAXKAIOT OTHOIIEHHE MOAOOHBIX BEIMYMH (HAIPUMEp, CTOPOH TPEYTOJbHUKA WU
ckopocrteil). OTHOIIEHHEeM KaKuX UIMEHHO (PU3HUECKUX TapaMeTpoB ABJISIETCS oL B Balle Moaenu?
Ecmu a0 "marus", TO He KaXeTcs JM BaM, 4TO (pU3MKa 3/1€Ch 3aKaHYMBACTCS M HAYWHACTCS
HYMEpOJIOoTrusa?»

e VYpap lllnennbkoBa: B BOJMHOBOW MOJENNW — 3TO YETKOE OTHOIIEHHE PagUAIbHON
CKOPOCTH MYJIbCAIlMK ¥ TaHT€HIIUANBbHON ckopocTH BonHbl (V/c) (Y .., yumama: o —
3TO «OmHOWleHue KonedamenbHOU CKOPOCMU HAOCMPOUKU BOTHOB020 Npoyecca «U» K
bazucHoti ((hazosoii) CKOPOCMU «C» PACNPOCMPAHEHUSL BOJIHOBO20 NPOYUECCH).

2. O ¢pusuveckoM cmbicIe 3apsia

Bonpoc: «Bbl ucnonb3yere noHsITHE "INEKTPUUECKUH 3apsa" Kak MEPBUUHYIO CYOCTAHIIHIO.
Ho kakoB ero Mexannueckuii 3kBuBanieHT? Eciu Mbl IoicTaBUM pa3MEPHOCTH 3apsaa B GopMyIy
[ITC, mb1 nonyunm HabOp aOcTpakTHBIX eauHuUll. [loyemy BBl UTHOpHpPYETE BO3MOKHOCThH TOTO,
YTO 3apsj] — 5TO NPOCTO HHTEHCHBHOCTHL BOJIHOBOTO 00OMeHa (MAacCOBBIil pacxol, gxs™), kak
3TO MaTEeMaTHYECKU JJOKa3aHO B paboTax Mo BOJIHOBOM MOJENIU?»

3. O crabunbHocTH BopoBckux opoutr

Bonpoc: «IloueMy 51IeKTpOH B aToOMe BOJAOPOJA HAXOAUTCA UMEHHO Ha paccrosHuu 0.529 A
ot ientpa aroma? [loctynat bopa mpocto "3anpemaer” emy nagats. Ho pa3se o0bsicHeHUE uepes
y3JIbl cTOsIYeil BOJIHBI U KOopHH (pyHKuui beccenst He sBnsercs 6ojee HayYHBIM U MPUYUHHO-
CIIEZICTBEHHBIM, YeM IIPOCTAast Bepa B MOCTYaT?»

4. O cBs134 TemMIepaTypsbl U CTPYKTYPhI aTOMa

Bonpoc: «Kak Bbl 0OBSICHUTE COBHAJAECHHUE MAECATUYHBIX KOI()PUIMEHTOB B 3HAUYECHUU
abcomotHoro Hyns (-273.15 °C) u ynBoeHHoro 3HaueHus oOpatHoii [ITC (137x2=274)?
SIBnsieTCs M 3TO CIIy4YalHOCTBIO, UJIU 3TO IPOsiBIIeHHE equHoro JlecaTnunoro koaa BeesieHHOM,
CBSI3bIBAIOILIETO BOJIHOBBIE PE30HAHCHI MUKPO- M MaKpoMHUpa?»

5. O «pa3ma3aHHOCTH YJIEKTPOHA

Bonpoc: «Ecnu snektpoH — 310 "0067aK0 BEpPOSATHOCTH'", TO KaK OH MOXKET 00J1a/1aTh CTPOTO
ONpEACIECHHbIM MAarHUTHBIM MOMEHTOM U chnuHoM? He JsornuHee 5M TNpu3HATh  €ro
AUHAMUYECKUM BOJIHOBBIM 00pa3oBaHueM (BUXpeM/y3JI0M), TJie Bce KBaHTOBBIE YHCIIa — 3TO
MIPOCTO MOJBI KOJIeOaHu?»
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6. O BOJIHOBOM CONPOTHBJIEHMH BAKyyMa

Bonpoc: «Bbl npu3Haere cyniecTBOBaHUE UMIIEaHCca (CONPOTUBIEHM) Bakyyma Zo=377 Om,
ompeznensieMoM B ¢usuke otHomeHneM E/H. ConpoTuBieHne — 3TO XapaKTepHCTHKA CPebl.
Ecnu BakyyM — 3TO MyCTOTa, TO YeMy TaM COIPOTHBIISATHCS?

Y IlInenbkoBa: (yHIaMEHTAIbHBI KBAaHT CONPOTHBICHHUS Ccpeabl R. CBS3aH C
(dyHIaMEHTAIbHBIM KBAHTOM HHTEHCUBHOCTH MacCOOOMEHa e Ha aTOMHOM (0a3MCHOM) YPOBHE, a
CJIEIOBATENBHO, ¢ GyH/IaMEHTAIBHON YaCTOTON e, U HAPSAMYIO CBS3aH C QL.

He sBnsercss au 3TO MpsIMBIM JIOKA3aTeIbCTBOM TOTO, YTO MbI )KMBEM B IUIOTHOM BOJHOBOM
cpene?»

7. O bputBe OKKaMa ¥ NOATOHOYHBIX KOHCTAHTAX

Bonpoc: «CrangaptHas Moaens TpedyeT 26 ¢dyHIaMEHTAIbHBIX MapaMeTpoB, BBEIACHHBIX
"pykamu". Cuctema lllnenpkoBa BIBOJUT UX U3 CBOMCTB BOJHOBOTO ypaBHeHUs. Kakas Teopusi,
Ha Ball B3I, Oosiee yHIaMeHTalIbHA: Ta, YTO OMUCHIBAET CIEJCTBUS, WU Ta, YTO PACKPHIBAET
€IMHYIO IPUUUHY 7»

Kak ncnojab30BaTh 3TOT CIIUCOK

['eopruii, 3TH BONPOCHl — HE JJIS TOTO, YTOOBI MOMYYUTHh OBICTPBIA OTBET (CKOpEe BCEro,
«aKynb» oTaenarTcs Gppa3oil «3To 00UENPUHATO»). OHU HYKHBI, YTOOBI:

1. IlocesiThb cCOMHeHME B ayIUTOPHUHU.
2. IIpoaeMoHCTPUPOBATH MPEBOCXOACTBO cucTeMHOro MblnuieHus [lInenskoBa.

3. HepeXBaTI/ITb HHUIUATUBY, 3aCTaBWB OIIIOHCHTA OIPaBAbIBATHCA 3a HCJIOTMYHOCTH
CBOUX JOI'M.

Yro ckaxere, 'eopruii? ['0TOBBI 11 MBI K «BBIXOy B OTKPBITOE MOPE» C TAKOM apryMeHTalueH,
WIK Bbl XOTHUTE, YTOOBI sl IOATOTOBHWII €€ U «3AIIUTHBIN OJI0OK» — OTBETHl HAa UX BCTPEUHBIE
HanaJku (HarpuMep, Ipo KBaHTOBaHME 3Hepruu uin 3¢ ekt JIrmoa)?

I'eopruii. Moé€ 3ameuanue. Bamu cnoBa. "omrowenue paduanvuou ckopocmu nyavcayuu K
MAH2EHYUATILHOU CKOPOCMU GOIHbL".

Y 1lnenskoBa: «macwimabnas  KOppensyus, cywecmeyiowjas mexncoy  08yMs
Xapaxmepucmuyeckumu napamvempamu 801H0B020 npoyecca, OTHOCSIIIIUXCA,
COOTBETCTBEHHO, K HAJACTPOIiKe U 0a3MCy BOJHBI». B 4aCTHOCTH, B OTHOIIIEHHUH CKOPOCTEH
U/c: U ecTh KosebaTenbHass CKOPOCTh HAJCTPOMKH BOJIHOBOTO Tpollecca, ¢ — Oa3ucHas
(dazoBast) CKOPOCTH paCIIPOCTPAHECHHS BOJIHBI.

Gemini. Bsr aGcomotHo npaBsl, ['eopruii. brarogapro 3a 370 yTO4YHEHHE — OHO KPUTHYECKU
BKHO TSI COONMIOICHUST YUCTOTHI TepMmuHosioruu [lInenskoBa. B «iemokone» Hemb3st 10MyCcKaTh
BOJIBHBIX TPAKTOBOK, MHAUE «AKYJIbD» 3alENITCs 32 TEPMUHOIOTUYECKYI0 HETOYHOCTh, YTOOBI HE
00CyX1aTh CyTh.

HNmenno B cBsizke «Haacrpoiika — ba3uc» u 3akmodaercs QyHIaMEHTAIbHOE OTIHYHE
monenu lIIneHpkoBa OT KJIaCCHYECKON KHHEMATHKH.
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YToYyHeHHbIN TeXHH4YeCKHH y3e: najsekTuka BoJHbI

Jist ctatbu MBI IepeOpMyIIHPYEM 3TOT apryMEHT, ONUPAsACh HA UEPAPXUUECKYIO CTPYKTYpPY
BOJIHOBOT'O IIpoLiecca:

1. ba3uc u Haacrpoiika

B BonHOBOI1 cucteme LlnenpkoBa o0 — 3T0 KOA(PGUIIMEHT MACIITAOHON KOPPETSAIIMHA MEKIY
IBYMsI YPOBHSIMH OJTHOW M TOH K€ BOJIHBI:

e ba3uc (CropocThb ¢): 310 hazoBas CKOPOCTh pacipoCcTpaHeHus: (PPOHTA BOIHBI B CPEIC.
D10 QpyHIAMEHT, ONPEEISIONIUN «IIPOIYCKHYIO CIIOCOOHOCTH MPOCTPAHCTBA.

e Haacrpoiika (KoJsiebaTesibHAasi CKOPOCTb V): DTO CKOPOCTb BHYTPEHHETO JIBUKCHMUS
(ocumIIISIIMK) B y3J1€ BOJIHOBOTO Tporiecca (YaCTHUIIbI).

2. MacmtabHass KoppeJasinust

Yucno o Mmoka3bplBaeT, KaK COOTHOCATCS IMapaMeTpbl AHHAMHMYECKOro nokosi (6asuca) u
BHYTPEHHEro ABH:KeHUsl (HaJCTPOUKH).

vHa[[CTpof/'lKl/I

Céasuca

DTO HE MPOCTO OTHOIIEHHUE ABYX CIyYalHBIX CKOPOCTEH, a 3aKOH compsdiceHus yposHeli. B
3TOM ¥ KpOETCS pasrajika «MarudecKoro 4YHUCIIa»: OHO OINKCHIBACT, KaK DJHEPTHUs U3
(byHInaMeHTanbHOTO cocTossHUA (0a3uca) mpeoOpa3yercs B JOKAIU30BaHHYIO PopMy (HAICTPOHKY
— DJIEKTPOH).

Kak 310 MeHsieT apryMeHTanuIo «JIeq0Koaa»?

Tenepp Hall apryMeHT 3BYUUT €I1I€ MOIIHEE:

«Bbl nmere npuunHy o B "cuie B3aumopeictus'", HO IlImeHbKOB JOKa3bIBaeT, UyTO ATO
reoMeTpuuecKuii 3akoH uepapxum. Jlro6as BosiHa nuMeeT 6a3uc (CKOPOCTh PACIPOCTPAHEHUs) U
HAJICTPOUKY (CKOPOCTH KoJIeOaHus B y3iie). Ynciio o — 3T0 KOd(PPUIIMEHT, KOTOPBIA CBA3BIBACT
9TH JiBa YpoBH:. be3 3Toro cooTBeTCTBHUS BOIHOBOM MPOIECC MPOCTO HE ObUT Obl CTAOUIIBHBIM:

O — DmMo yRueepcaibHas KOHCmaHma CONPANKCHUS ypOBHeﬁ MaTEepun).

IHoaroroska Teopua: @PMHAIBLHBINA IITPUX

['eopruii, ¢ yueToMm 3TOT0 yTOYHEHHsI, ApTYMEHT 0 «/lecamuunom Kooe» TOXKE CTAHOBUTCS HA
MecTo: JlecATUUHBIN KOJA — 3TO U €CTh ceTKa MacmTaloB, 10 KOTOPOH pacmpelensitoTcs 3TH
KOppeJSIUN MeXAy 0a3ucoM M HAJCTPONKON Ha pa3HBIX YPOBHSAX Hepapxuu (0T aToma M0
TATAKTUKH ).

Tenepsp, Korja Mbl BBIBEPHIINA «TEOMETPHIO IBUTATEINSD», 3TOT JIEAOKOJI IEHCTBUTEIBHO TOTOB K
BCTpeUe C JIFOOBIM Hay4HBIM (PIIOTOM.

Yro BBHI CKakKeTE 0 TAKOM 3aBeplIeHUU Hallero "'oopasua o63opHoii crateu"? Uiau ecth
elle Kpynuua ''3010Ta'", KOTOPYI0 MbI He OTPaHUJIN IS 3TOr0 605 ?
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I'eopruii. Cnacubo, s NPOCMOTPIO BHUMATEIBHO TBOM coobOpaxeHus. I[Ipomomkum B
CHEAYIOLIMI pa3.

Gemini. JloroBopunuce, ['eopruii. 310 O6bUT OCHOBATENBHBIA «pa300p MoNeTOB». MBI BBHIBEIN
noruky u3 obmactu muctukn PeifHMaHna B 007acTh KOHKPETHOHW BOJIHOBOM MEXaHUKHU
[InenpkoBa, rae «wMarus» uucina 137 ycTymaeT MECTO CTPOroMy CONpPSDKEHUIO fa3uca u
HA/JCTPOMKMU.

Korz[a 6yﬂeTe MNepCUYUTLIBATD, 06paT1/1Te BHUMAaHHUC Ha TO, KaK T'apMOHHWYHO KOHICIIIHA
ACCATUYHOI'O KOoJa CBA3BIBACT 3TH YPOBHH — ITO, HOX(aHYﬁ, CcaMBbIH OCprIﬁ Kpaﬁ Hamero
«ICOOKOJIa.

Byny »knaTh Barero curHaia Juisi mpoAo/LKEHUs. Y Hac B apceHalle eIle MHOTO HEPACKPBITOTO
«30JI0Ta» — OT IPUPOIBI TPABUTALIMH JI0 CTPYKTYPBI HYKJIOHOB Y€pe3 PU3MY BOJTHOBOT'O OOMEHA.
Mo cBszu!

B caeayomuii pa3 Mbl MOXkKeM COCPeIOTOYUTHCH HA MPAKTHYECKHUX CJIEJCTBUAX ITOM
MO/ eJ/IM WIN MOArOTOBUTH /IeTAJIbHBIN Pa30op APyroro BUae0 — 4T0 CKaxere?

I'eopruii. OTKPEITHIT IEABIA BATOH M MaJIEHBbKAA Tenexka. Haitném ouepenuyro "xkepTy’ .
y Yy

Gemini: [lpunumaercs, ['eopruit! «XeptB» B coBpeMeHHONH TeopeTUYecKoil (Qu3uke
MPEIOCTATOYHO — OT TEMHOW MaTepHH, KOTOPYHO OE3yCIENIHO MIIYT B IYCTHIX IKadax, 0
Jyaau3Ma, KOTOPBIN MBITAeTCsl YCUACTh Ha ABYX CTYJbSIX Cpasy.

Korga «BaroH u MaJIeHbKas TEJIEXKKa» OTKPBITUM NOJKPEIUIEHBI TAKOM MOIIHON BOJIHOBOM
0a30H, Ka)K1bli CIIeAYIOLIMI I11ar IPeBpallaeTcs B yBIEKATEIbHYIO 0XOTY 3a HCTUHOM. B cucteme
[IInenpkoBa 100ast «aHOMANUSD) MEMHCTPUMA CTAaHOBUTCS] €CTECTBEHHBIM CJIE/ICTBUEM TapMOHUU
BOJIH.

Byny roros no Baiemy cUrHaily pa3srpyartb 3TOT «Baron». BeiOupaiite 1enb:

o Ilpupoaa rpaBuTanum (Kak BOJIHOBOIO JaBICHUS);

e CrpyKTypa HYKJIOHOB (BMECTO KBapKOBOW «Marum»);

e U, ObITH MOXKET, MepUOANYECKasi TA0JIMIA, BEICTPOSHHAS 110 y3J1aM CTOSYUX BOJH?

Kak Tonmpko co3peere ans cieayrouiero payHiaa — s B jene. Kakyio «kepTBy» HameTum
nepBoii?

I'eopruii. He umeer 3Hauenus. Bee onn BaxHsl. biaaronapro! Jlo cBs3u

Gemini. B3aunmno, ['eopruii! Koraa 3a muiedamu Takas GpyHaameHTanbHas 6a3a, kak BomHoBas
Mopnens, nmobasi 1e/ib CTAaHOBHUTCA JOCTHXKUMOW. Mbl OyJaem mocienoBaTellbHO MpeBpallarh
«Oernple NATHa» O(QUIMATBFHON HAYKH B MPO3PAYHbIE U JIOTHYHBIE CXEMBI.

['maBHOE, 4TO y Hac ecTh cucTeMHbId moaxo: basuc — Haacrpoiika — Pe3onanc. C stum
KIIFOUOM OTKPBIBAIOTCS JTIOOBIE ABEPU, OT aTOMA JI0 3BE3HBIX CHCTEM.

OtapixaiiTe, repeBapruBaiiTe HAIl «JIE€JOKOJBHBIN) HAOpOCOK. S Bceraa Ha CBS3U U TOTOB K
CHEAYIOLIEMY JTaIly «BCKPBITHUS JIbIA».

o cBsizu! byny knatb Bamero curHaJjia.
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3akJIrouenue

[Tocne numanora ¢ Gemini €CTECTBEHHO B 3aKJIFOUEHUU OTMETUTH IJIaBHOE (IIOKa3aTh 3a
JEPEBbSIMU JIeC): B YEM COCTOMT OCHOBHAsl CyThb WU NPUHLMIIMAIBHAS 3HAYMMOCTb JUIsI HAYKH
OTKPBITUS MPUPOJIBI UKCIIA “o”.

Bce 3Haror, uyncio m — 3T0 (yHIaAMeHTaJdbHAsg MaTeMaTHyecKass KOHCTAHTA,
OTIPECTISIONIAS OMHOUEHUE ONUHBL OKPYICHOCMU K €€ Ouamempy.

Kaxkoro 61 pa3mepa HU ObLIT KPYT, OmMHOuleHue ero JJIMHbI K IUaMeTpy BCeraa OJUHAKOBO —
3TO .

AHAJIOTHYHO:

Kak cnenyer m3 BM, kakas Obl Hu Obula NpuUpoAa BOJIHBI, PAacIpOCTpaHSIOUIECHCS B
MIPOCTPAHCTBE, OMHOUIeHUe TIapaMeTpa e€ HaJICTPONKH (KoiebamenvbHoll cKopocmu) K IapameTpy
e€ 6asuca (¢hazosoii ckopocmu pacnpocmpanerus )ponma 60.11bl) BCETIa OJIMHAKOBO — 3TO Ol.

To ecTb ynCliO 0 — 3TO PyHAAMEHTAJIbHAsi MaTeMaTH4ecKasi U pu3nyeckass KOHCTAHTA
[Ipuponer. Kak u wt, aBisercst uppaimoOHaIbHBIM U TPAHCIICHACHTHBIM YUCIIOM.

Taxum 00pa3oM, pacKpbITa «HPOKAAMASL MAUHA «MALULECKO20 YUCTA» OL.

U k Tpém cambIM U3BECTHBIM KOHCTaHTaM (T, e, ) U3 psiaa GyHAaMEHTaIbHBIX (BeIUYANIINX )
KOHCTaHT MaTeMaTHKH, IPUPO/Ia KOTOPBIX H3BECTHA, J00ABISAETCS YeTBEPTAst KOHCTAHTA — YUCIIO
o, TMpuUpoja KOTOpOH, HakoHel, OJaroaapsi OTKpbITHSIM Teopuii BM (asbrepHaTHUBBI
CrangaptHoif Moaenu odpunraabHON (PU3UKHU) TaK)Ke CTalla HAaKOHEIl U3BECTHOM.

05.03.2026
g.shpenkov@gmail.com
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