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AnHoTanus. Ha ocHOBe HETpaIUIIMOHHOW KOHIETIMH (POPMHUPOBAHMSI JTMHEHYATOTO CIIEKTPa aTOMa BOJIOPOIA
MOJyYeHO YpaBHEHHE, HEOOXOIMMOEe I KOMIBIOTEPHBIX PACUETOB JHEPIHH, H3Iy9aeMOW HIEKTPOHOM
IIPH TIepeX0/ie ¢ HEKOTOPOTO TEKYIIEro SHEPrOypOBHA 77, Ha paguyC-IPHEMHHUK ro. IlodydeHHOE pemreHue
SHEPreTUYECKOTO YPaBHEHHS ITO3BOJIWIIO BBIBECTH (DOpMaibHBIE COOTHOIICHHS, HEOOXOAMMBIE VI PAacUETOB
3HAYCHUH PallyCcoOB YPOBHEH aToMa BOJOPOJA M, COOTBETCTBEHHO, CKOPOCTEH 3JIEKTPOHA Ha TaHHBIX OpOUTax.
[IpuknanHoil acmeKkT pacCMOTPEHHON METOAOJIOTHMHM COCTOMT B HCIIOJIB30BAHUU PE3YJIbTATOB BBIMOJIHEHHBIX
pacyeToB AJis 3374 CUHTE3a U aHaJln3a KBAHTOBO-3JIEKTPOHHBIX CXEM.

KoaioueBnble ciioBa: aroM Bozmopona, neHrpoaduHHbIe MpocTpaHcTBa, JIopeH-hakTop, SHEPTUs M3ITyUYeHUs,
peNIATUBUCTCKAs Macca.
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Abstract. On the basis of the unconventional concept of the formation of the line spectrum of the hydrogen atom,
an equation is obtained that is necessary for computer calculations of the energy emitted by an electron during the
transition from a certain current energy level 7, to the receiver radius 7. The obtained solution of the energy
equation made it possible to derive the formal relations necessary for calculating the values of the radii of the levels
of the hydrogen atom and, accordingly, the velocities of the electron in these orbits. The applied aspect
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of the considered methodology consists in using the results of the performed calculations for the problems
of synthesis and analysis of quantum-electronic circuits.
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BBenenune

AHanmu3 TOPUHIMIIOB U COOTHOIICHWH, OMMCHIBAIOIIUX JIBXKEHUE DJICKTPOHA B MOJAX
1eHTpoapGUHHBIX MPOCTPAHCTB sApa [ 1], JaeT BO3MOKHOCTE C(hOPMUPOBATH PSIJT HCCICIOBATEILCKUX
HalpaBJeHUI B 3amadax CHHTE3a HOBBIX MHKPOAJICKTPOHHBIX YCTpoWCTB. Ilpm »TOM HE0O6X0mMMO
MMOMHHUTh, YTO OCHOBHAs Macca COBPEMEHHBIX JOCTMKCHHH B 00JacTH KBAaHTOBOM MEXAaHUKH M
SJIEKTPOHUKH HE TMO3BOJISIET MOJYYUTh CHCTEMHBIX pE3yJNbTaTOB NpU JalbHEUIIEM pa3BUTHU
TTOJTYICHHBIX TCOPETHIECCKIX 3aKOHOMEPHOCTEH, a TaKKE€ YETKO DKCIIEPUMEHTAIBHO IOATBEPIUTH
BBIIBUHYTHIC THUIOTE3HI [2, 3]. [JTaBHBIM MPENSATCTBHEM Ha ITyTH CHHTE3a JTOCTOBEPHBIX COOTHOIICHHI
B DOJICKTPOHHUKE SIBIISIETCS HE3aBEPLICHHOCTh MCCICAOBAHUI BHOBH IOJYYCHHBIX 3aBUCHUMOCTEH
B paMKax JIOTHYECKOU TIPOBEPKH HOBBIX PE3YJILTATOB C HECKOJNBKUX TOYEK 3pCHHS. YKa3aHHBIA (haKT
IIPH TIPOBEPKE TEOPETHUCCKUX BHIBOJOB TPUBOIUT, KAaK IMPABUJIO, K HEMOATBEPKICHHOCTH HOBBIX
UJeH TEOPUU DKCIICPUMEHTAMH WK MIPAKTUYCCKUMU UCTIBITAHUSIMH [4].

[Ipennaraemas B naHHOW pabOTE METOIOJIOTHS HUCCICHOBAaHUS (DU3MUYECKUX CHCTEM ITyTeM
PacCMOTPEHHUS SIBJICHHM C JBYX TOYEK 3pEHUS MO3BONIMIIA CHOPMHUPOBATH YPABHCHHUS, CBSI3BIBAIOIITHE
NPUPOSY B3aUMOACHCTBUS MaTEPHANBHBIX YacTULl Re-IPOCTPaHCTBA C YYETOM PEIATUBUCTCKUX
CKOpPOCTEH HAaHOYACTHI], COM3MEPUMBIX C KJIACCHYECKOW CKOpPOCTHIO CBeTa. B wacTHocTH, B pabote
MIpEeATIoNaraeTcs, 9To ABMKEHHUE DJIEKTPOHA B IOJIE SIpa OMPENEIsieT M3BECTHYIO DHEPTreTHICCKYIO
CBSI3b pealii3alldid MaTepuu PpPa3juYHBIX COCTOAHMM, a MMEHHO: W3JIydYaeMoM TIuIa3Mbl U
TBEPAOTEIILHOTO AJIEKTPOHA B (hOpME IHEPreTHUECKOro oObekTa BpamieHus. [Ipu 3TOM B penieHun
MOCTaBJICHHON 3a/ladydl YYHUTHIBACTCA, YTO KJIACCHUECKHE IIOAXOABl K COCTaBJICHUIO YpaBHEHUM
B TCOPETHUECKHUX HCCIEAOBAHMUIX «B CHIIY» HHEPIIMOHHOCTH B3TJIS0B M HEOUYEBHIHOCTH KBAaHTOBO-
MEXaHWYECKUX SBJICHHUN 3a4acTy) TPHUBOMAT K SBHOMY HapYIICHUIO (U3NKO-MaTEMaTHUCCKOM
CHUCTEMHOCTH B COOTHOIICHUSX U, COOTBETCTBEHHO, B PE3YyJIbTaTaX MPOBOIUMBIX UCIILITAHUI.

C TOYKM 3peHHS TCOPHU TPEJICTABISICTCS HEITPABOMEPHBIM TaKkke GOpMHUpPOBaHHUE YPAaBHEHUH
JUISL TIApaMETPOB BOJIOPOJIOTOAO0HBIX aTOMOB C WCIOJh30BAaHHEM KIACCUYECKON DIICKTPOTCXHUKH.
Benp nBmwxeHHE »HIEKTpPOHA XapaKTEpU3YETCsS B3aUMOJCHCTBUEM C TOJAMH f1pa, HUMEIOIIMMU
COBEPIIICHHO 0COOBIC CBOIMCTBA MO OTHOIICHHIO K BAKYYMY WM MaTepUU TPEThETO H3MEepeHUs. Takum
00pa3oM, OCHOBOM IS pacueTOB aTOMa BOJOPOAa MOXKET CIIY)KUTh TOJIBKO HH(POpMAIHS, TOTyYCHHAS
B pe3yibTaTe MPAKTUUECKUX U3MEPEHUMN, WIM KOCBEHHO-pacueTHble BenuuuHbl. COOTBETCTBEHHO,
Y TIPE/ICTABIICHHBIC B JAHHON pabOTe aHAIUTUYECKHE WCCIICIOBAaHHUS M BBHIBOJBI CHICTaHBI HA OCHOBE
KOHCTAHT U COOTHOUICHUI KBAHTOBOM MEXaHUKU C YUETOM YCTAHOBICHUS UX PEATbHOU MPUPOIBI U
(PM3UKO-MaTEeMaTHIECKOH CHCTEMHOCTH.

JHepreTHYeCKnil CMEeKTP aTOMa BOAOPOAA M YPABHEHHe 1JIsl JHEPTHH M3JIyYeHUsI JJIeKTPOHA

OCHOBO# JIs pacdeTa PHEPTUN B3aUMOICUCTBHSI DJIEMEHTAPHBIX M3IYyUEHUH, BRICTYIAIONTHX
B KAaueCTBE JIOTMYECKUX IMEPEMEHHBIX B 3JECMEHTaX KBAHTOBBIX KOMIIBIOTEPOB, MOXET CIIYXHUTh
(m3rKa U3TydeHUH B BOJAOPOAONOMOOHBIX aToMax. Tak, B 00meM ciayyae, H3BECTHO, YTO B TpoIiecce
COOCTBEHHOTO Re-TIPOCTPaHCTBEHHOTO JIBW)KEHHS Macca DJIEKTPOHA MOXKET HaXOTUTHCS Ha CTPOTO
OTIPEICTICHHBIX YHEProypoBHsIX IeHTpoadduHHOrO MpocTpancTBa sAapa. [Ipu 3TOM KiaccHyeckwuii
MEepPexoJl Ha PaJNyC-MPUEMHHK COMPOBOXKIACTCS (HOPMUPOBAHUEM Re-TIPOCTPAHCTBEHHOT'O CIIEKTPa,
OIMHChIBaeMOro o0o01eHHo hopmyoit baimemepa:
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R(1 1 .
0, =t ——1|, R =2,07-10°c", (1)
20\ m
rac W, — JaCTOTa U3JIYYCHUS DOHCPTHUU DBJICKTPOHOM IMpHU MHOEpeXoAc C ISHEProypoBHA }\4, n

Ha COOTBETCTBYIOMIHIT ypoBeHb cepuut Jlaiimana (1,1) wiiu ¢ ypoBHS A =1,n Ha GOPOBCKUI pamuyc 7, ,
R, — 3Ha4yeHne mocTosHHOM Punbepra. Ilpu sTOoM KOppekums paBeHcTBa (1) meneHMeM H3BECTHOM

moctossHHOW Ha 20 cBs3aHa C HEOOXOIMMOCTHIO YIOMSHYTOH BBINIC (PU3NKO-MATEMaTHUCCKOM
CHUCTEMHOCTH PE3yJIbTaTOB, TOATBEPIKIEHHON B X0/I€ BHIIIOJIHEHHBIX ITOCIEAYIONNX PACUETOB.

Henocratok pmanHoro QopManbHOro moaxona K (OPMUPOBAHUIO CIEKTpAa COCTOUT
B PACCMOTPEHUHM HYJICBOTO paaWyca Kak (UKCUPOBAHHOTO W HEU3MEHSAEMOTO Iapamerpa,
YTO IPOTHBOPEYUT BCEM MTPUPOTHBIM KOHIICTIIIUSM CYIIICCTBOBAHUS MATCPHH.

B paMkax He KJIacCHMYeCKOro MOAXO0Ja K PAacCMOTPEHHIO TPWHIINIA H3IIyYEHHUS DHEPTHH
ANIEKTPOHOM Oy/IeM CYHMTaTh, YTO HW3BECTHBIC «IIMHT-TIOHI» MEXaHH3Mbl B aTOME OTCYTCTBYIOT,
a TIepEMEHHBIM 10 BEJIMYMHE IapaMmeTpa SBJSICTCS caM HyJIeBOM pamuyc. PerynspHocts u
LMKJINYECKask IOBTOPSAEMOCTb Pafinyca 7, B PaMKaX NaHHOH KOHIENLHMH IPUBOAUT K OJHOIIATOBOMY

MEepPEeMEINCHNIO JIEKTpPOHA Ha OpOWTy-TpueMHuKa. OmpeneneHHas e NPHUPOAHAs PETyISPHOCTh
YKa3aHHOTO SIBIICHHS HAaBOAUT Ha MBICIb 00 M3BECTHOM «IUHT-IIOHI» MPOLECce H3IyUYCHUSI.
B chopmynupoBaHHBIX YCIIOBHAX TPHUTSHKEHHE aTOMHOTO S/Ipa ONpeleNseT H3TydYCHHE KBaHTOB
SJICKTPOHOM IIPU NEPEMCIUCHUH [OCIEIHETO C Pajuyca 7, , BCCrAa U TOJNBKO HA (IyKTyHpYHOLIUA

paauyc 7, . Ilpu stom qns A > 1 pamuyc-npueMHUK paBeH 7, = 7, ,a A1 A =1 — GOpoBCKOMY 7, .
WnpiMu  crioBaMu, €CIM TEKyllee H3Iy4YeHHE NPHHAUICKUT CEpUU C OOJIBIINM, 4YeM

KJIACCHYECKUH pajuyc 7, PaJlyCOM-IPUEMHHUKOM, TO CIEAYET CYUTATh, YTO BCSA DHEPIUS M3ITydaeTCs

IPH NEPEXO/IE€ Ha COOTBETCTBYIOLIYIO OPOUTY 7y, , @ O4YE€PEIHOE OOPETCHHME DHEPrMH Ha JaHHOM

0p6I/ITC OCYIICCTBILACTCA aHAJIOTMYHO MPOHCCCY IOIIOMICHMA 3HCPIrMM Ha paauyce v, . Ecmm xe

JTUHUH CTIEKTpa M3ITydeHUs MpUHAuIexKaT cepun JlaiiMaHna, To U3TydeHHE B TOYHOCTH 3aKaHUYMBAETCS
Ha OOPOBCKOM paanyce.

Ucnons3yss gaHHBIM NOAXOJ K aHAIKW3y MEXaHW3MOB JBIDKCHHSI DJIEKTpOHA B aTOME,
B COOTBETCTBHHM C PaBEHCTBOM Ui JHEPrHH, H3TydyaeMod cyOHaHO4YacTHIEH (PIEKTPOHOM WIIH
MIPOCTO HAHOYACTHUIICH), NBHXKYIICHCS OSCKOHEYHO MaJiblii KBAHT BPEMEHH 110 JUCKOBOH TPACKTOPHH

pammyca 7; , , MOXeM 3amucarh ypasuenue: E = E;

cum —E,, rne E,— 5T0 KMHETHYECKasl YHEPrus

N
pajmyca-ipueMHHKa 7, = 7, , MM paguyca bopa r, , a mapametp £ , npejcraBiser coboi sHepruio

CKOpPOCTH v, , Ha paguyce Vx n-

2
My wVa,
A,n = — : (2)
2

B coornowennu (2) macea m, , = myy, ,, rae Jlopenu-dakrop vy, , ONpeneneH ans CKOpoCTH
Vi = 27®, ,7; , Ha COOTBETCTBYIOIIEM SHEPrOYPOBHE A, 1, /1, — MAcca MOKOsI JICKTPOHA.
OnHako Ui HAaHOYACTHIBI, HAXONAINECHCA Ha pamuyce 7, =7, (mmm OOPOBCKOM )

HeHTpoadPUHHOTO MPOCTPAHCTBA SAOpa, HE MOXET OBITh 3allMCaHo aHaJorudHoe ¢opmyne (2)
cooTHomeHne. JlaHHBIH (aKT cliemyeT W3 TOro, 4To Ha paguyce-NMPUEMHUKE BCETAA BBIMOIHACTCS
HOTJIOMICHHUE SHEPTUH ABHKYIIUMCS SJIEKTPOHOM.

Takum oOpa3zom, oOliee ypaBHEHUE [UIS HEPTHH, M3IIy4aeMOil SJIEKTPOHOM IIpH Mepexojie
¢ A >1-if OpOHTBI HA NICPEMCHHYIO OPOUTY 7y =1;,, 7 3,...,7;,, HIH IUIsl L =1 IPH IIEpeXojie Ha panyc

,0

bopa r, , npunumaer Bua

2
_ mk,nvk,n

2
IIpu aToM st A > 1 umeem:

E

sum

— E,. 3)
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Ey= —“2 2y E(my), (4)

rac my, =my — MacCa 4YacCTUllbl Ha TCKYLUICM pPAaAUyCC-IIPUCMHUKC N a Via~ CKOpPOCTh,

OTIpEAETAIONIAs U3TyUYEeHHE SHEPTUM 3JIEKTPOHOM Ha yKa3aHHOM paauyce. OUeBHAHO, YTO 3a CYET
OTCYTCTBMSl DHEPIMM H3Iy4EHHUs MapameTp v, B (4) paBen Hymo, a E (mo);tO — coOcTBeHHas

SHEPTHs CYIIeCTBOBAHMS JIEKTPOHA.
Ecnu u3nydeHne BBIMOTHACTCSA C PATUYCOB 7, 5,7 3,..., 1}, cepun JlaiiMaHa Npu repeMerieHnu

JNIeKTpOoHa Ha OOpOBCKHM pamumyc r,, TO ypaBHeHue (4) TpaHchopMHpYyeTCS K BHUIY

0°

2
E :M+E(mo) rae m,,=m, — OTO Macca JJIEKTpoHAa Ha OOpoBCKOM pammyce, v,, =0

5 > 0.1 0 > Vo
CKOpOCTh M3Iy4eHHus ¢ ykazaHHoro pagmyca. Muanexc 0,1 ompexmenser A=0, T.e. cam paauyc bopa,
7 =1 rOBOPUT O TOM, YTO IIEPEMELICHUE OCYILECTBILIIOCH C YPOBHA A =1.

Hrak, KOHCTaTUPYEM, YTO OKOHYAHHUIO U3JIyYCHHMSI 3JIEKTPOHA BCETAA COOTBETCTBYET MOMEHT
nepexoja HAHOYACTHLB HA PajHyC 7, =7, WM OOpoBckuil paauyc r,. Ha nanHoit opbure mmeer

MeCTO OOpaTHBIN IMpoIlece, T. €. MOTJIOIICHHE SHEPrHH SIpa 3a CUET PENIATUBHCTCKUX BPAIIAIONIHX
MOMEHTOB TocienHero. Kak wW3mydaroniuii OObeKT Ha YKa3aHHOM paJNyce DSJCKTPOH MOXKET

2 2
My Vo1 mMyYy

2

2
M Vi

CUUTAThCA HC CYHICCTBYIOLIHM. Camo xe MMPpOU3BCACHUC NI ornpeacisacT

TOJIBKO IPOIIeCC 3apsijia dJICKTPOHA TIPU BUKEHUH 110 JJAHHOMY PajIycCy.
C TOYKM 3peHHs KIACCHYCCKON KBAHTOBOH TeopuH YypaBHeHHE (3) IOMKHO OBITH

SKBMBAJICHTHO M3BECTHOMY COOTHOIICHHMIO [uisi Heprun E =mc® . OIHAKO CIEAYeT YYHTHIBATH, UTO
«CKOPOCTh CBETa» ISl MaTePUAIbHBIX OOBEKTOB B Re-IIPOCTPAHCTBE, B TOM YHCJIC M JUIS ILIA3MbI
TPETHETr0 U3MEPEHHS, JOCTUTACTCsA, KaK MPABHUJIO, TOJBKO B MakpooObsekTax ((oTocepa COTHEUHOTO
iapa, HampuMep) I B HAHOOOBEKTaX, CYIICCTBYIOLIMX B paMKax TEOPHU «CTpyH». IIpu 3TOM
HEOOXOIMMO MTOMHHUTb, YTO UCIOJIb30BaHue JIopeHI-hakTopa is TOMPAaBKK UTHHBI BOJIHBI SHEPTUH,
H3JIy9aeMoOi CO CKOpPOCTBhIO ¢ =299792,458 kM/c, Henm30EKHO TPHUBEIET K IE€PEHAIPABICHHUIO

KBAHTOB B [ICHTP aTOMa U UICUC3HOBCHUIO U3BECTHOT'O Re—HpOCTpaHCTBCHHOI‘O CIICKTpaA.
B cBsa3u ¢ YKa3aHHbIM 00CTOSITEILCTBOM MOIKHO 3aKJIIOYUTh, YTO CKOPOCTH H3JIIYUCHHA
IJjiasMbl Ha paguyce ", 6y,Z[CT OMMPCACIIATHCA 3allaCOM SHCPIrUM Ha YKA3aHHOM YPOBHC, MpPUYCM

IJId HETIOCPEACTBEHHO I/I3quaeM0ﬁ OHEPIHUHU 6yZ[eT CIIPaB€AJIMBO COOTHOIICHUE
I .2 5
hmk,n = me,n (vk,n ) N ( )

rae * o3Ha4aeT NPUHAIEKHOCTL aPaMETPa NPOLECCY M3ITyUEH s BEUIECTBA C TEKYLIETO paauyca 7, , .
2F

* sum
Ucnonb3ys Teneps GopMyILy Aist SHepruH (5), MOXKEM 3amucath: " hn — ( . )2 ’
V.
An

Taxum 00pasoM, YHPOLICHHO Re-NPOCTPAHCTBCHHAs Macca OJeKTpoHa m, ,  Oyzer
OTIPEIEIATHCS ¢ YUYETOM JBYX COCTABIIOMMX: 1) ¢ y4eToM 3amaca dHEpPTryud, W3 COOTHOIICHHS (5),
OIPEENAIOMETO MACCy M3IIy9€HHUS /m, , ¥ 2) C y4E€TOM MACChI IIOKOs DIEKTpoHa 1, . ClieoBaTeNnbHo,
HE TPYJHO YCTaHOBMTH CBS3b MEXIY PEIATHBHCTCKOM Maccoi OpPOMTEI 7 , M H3Iy4aeMOH Maccon
B BUJIC

2F
0 -—m. + sum (6)

m = 0 P
B ) \
An V?»,n

rae B(v, )~ nonpaeka Jlopenua.

m,

Paccmotpum Tenepp dopmyisl (3), (5) u (6), © ¢ MX YYETOM 3alMIIEM COOTHOIICHHE
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JJI SQHCPTUU U3JIyUCHHA B BUJIC

2
.
1m0<v7»,n) +2Esum 2 7
= . (7)
An 2 L \2 An
(v1,)
rae E, , # E,, B COOTBETCTBUH C HEHYJIEBBIM PE3yIbTaToOM Ul F|, .
W3 cootHomeHus (5) MOXKHO cCHelaTh BBIBOJ, YTO B MPOLECCE HW3IYYCHUS BBHIOITHICTCS
2
o mk,nvk,n o
npeoOpa3oBaHie KBAHTOBO-MEXAaHUYECKOTO OOBEKTa C DHEprueii ————— B KBAHTOBBIH OOBEKT
2

c sHepruei (7), BKIIOYAIONIHA B ce0sl SJHEPreTUYEeCKU 0CTaTOK E (m0 ) .

* 2
E = —(m +m )v *
Hanee, uz ypaBaenus (7) ciemayer, 94to “An ) 0 A ) Van. Tlpu 3TOM CKOPOCTh Vi

orpeaciadacT (bOpMHpOBaHI/IC MacCChl IIOKOA m, Kak (1)YHKLII/II/I npeo6pa30BaHH$[ HCKOTOpOfI MacCChbl

wiasmMel m ,; B TBEPIOTENbHBIH OOBEKT mo:l f(Vx m 1) W Macchl M3NMy4eHus: ¢ sHepruen (5).
2 N/ ERNY /]

Kpome TOro, B ypaBHeHmH (3) HEOOXOAMMO OIPENCIUTH CBSI3b IApaMEeTPOB  BHUAA

1
Esum = Ek,n - hmk,n = hm}»,n; Esum = EEk,n = hm}»,n . Torz[a
2
E — 11 * + 2Esum 2 mhnvx’" + Esum 2
P/ 7f v)»,n’mpl 2 vX,n - 2 v?\,n .
212 o 4 *
A,n Vk,n
HpI/IBe,Z[CHHOC PaBCHCTBO MO3BOJIACT 3aKIIHOYUTH, YTO B IMPOHECCC H3IYUCHHSA BBINIOJIHACTCA
m V2
(usuueckoe M MaremaTmueckoe mNpeoOpa3OBaHHWE OSHEPTMHM BUIA fiw, , =—tnhn g Takke
’ 4

(opMupOBaHHE MACCHI TOKOS DIIEKTPOHA 17, ¢ COOCTBEHHON DHEPTUEN CYIIECTBOBAHMS

2
m, Vv

E(m0)=—“; S (8)

TO €CTh COOTHOLICHHE (8) oIpenensieT HHEPreTHKY CYIIECTBOBaHUS HAHOYACTHUIIBI B paMKax

MOCTH3TYYEHHOTO JBIDKCHUS TIOCIECTHEr0 K paguycy-NpHeMHHKY. JlaHHOE paBEeHCTBO ONpenesnser

Ipe/CTaBIeHHe 00 3JIEKTPOHE KaK O KBAHTOBOM 3JIEMEHTE, a TakKe KaK O TBEPAOTEIHFHOM OOBEKTE

Re- mpoctpaHcTBa.

.
Teneps st pewenyst ypaBHeHus! (7) OTHOCHTEIBHO CKOPOCTH v, , ONPEACINM apameTp Vv, ,,

KOTOpBIﬁ CUUTaCM MPUHOHUIIHAAIBHO HEU3BCCTHBIM, YTO CJICAYCT M3 HCOJHO3HAYHOT'O NPCACTABIICHUA
€r0 B MNCPUONUYCCKHUX HU3NAHUAX U, COOTBCTCTBCHHO, B pPACUYCTAX MHUKPOIJICKTPOHHBIX CXCM WJIN
JIOTUYCCKUX 3JICMCHTOB KBAHTOBBIX KOMIIBIOTCPOB.

CKopocTh IEKTPOHA HA GOPOBCKOM pajJlyce aToMa BOA0POIa

Bocnonb3yeMcs  KIacCUYECKUM  COOTHOLIEHHMEM I pajuMyca 7, M BBHIIOJHHM €ro

npeoOpa3oBaHue K BUILY
h2
oo ©)
mye

B naHHOM paBeHCTBE BMECTO 3HAYCHHS KBaJpaTa 3apsia JIEKTPOHA UCIIOIb30BAHO 3HAUCHHE
napaMeTpa B NEpBOW CTENCHH, YHCICHHO COBIAJAIOIISe C KBAJAPaTOM KJIACCHYECKOrO IapaMeTpa.
DTO CBA3aHO C TEM, YTO BBIPAKEHHbIE M3 HM3BECTHOTO COOTHOLICHUS A OOPOBCKOTO paamyca
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CANHULIBI U3MCPCHUS I |:e2 NOpOXKAAOT BHCCUCTCMHOCTD JIBYX BXOAAIIUX B COCTAB PABCHCTBA (9)

/ 3 cM
2| _ I'-CM _
[apaMeTpOB U UX €IUHULL I/IBMepeHI/ISIBCFCM:[ e J— 2 —[7 F‘CM]

OueBuAHO, YTO B NPUPOTHBIX MEXaHU3MaxX B3aUMOICHUCTBHS MaTepuu (B Pa3IUYHBIX
U3MEPEHMUSIX) HE CYIIECTBYET KOPHsS KBaJpPaTHOIO W3 MAacChl WM JUIMHBI, YTO U HpEAINoJaraert
CACIAaHHYIO 3aMEHy KBajpaTa 3apsia Ha IEpBYIO CTelneHb. VIHbIMM ClIOBaMH, IPHU COXpPaHCHHH
YHCJICHHOTO pe3yibTaTa B paBeHCTBE (9) MMeeM eOMHUIBI M3MEPEHUS 3apsaa dJIEKTPOHA BHIA

3
[ e] _|Ir-cm

C2

AHanoruyHas BHECUCTEMHOCTh MapaMETPOB MPOSBISETCS U B JPYTUX COOTHOIICHUSX,
WCTIONB3yeMbIX B (pu3uke aroma. Tak, HanmpuMep, M3BECTHBIN M3 OCHOBOIOJATAIONIUX PA0OT MarHETOH
Bbopa umeeT enMHATIB I3MEPEHUS BUAA

] =|—" {CMZ m} (10)

my(v=c) c

W3 pmaHHOTO «paBEHCTBa», OYEBHIHO, CIICAYET TPHUPOJHAS HEaJCKBATHOCTh 0a30BOTO
COOTHOINCHUS W (HU3UKO-MAaTeMaThieckas HEONpEIeICHHOCTh CaMoro MarHetoHa. Kpome Toro,
WCTIOJIb30BaHKUE B MPHUBEJCHHOW (OpPMyJie TOUYHOTO 3HAYECHUS JUISI CKOPOCTH CBETA Vv =c C y4eTOM
JlopeHn-akTopa CTaBUT TOJA COMHEHHE M PE3YJbTAThl, UCIONBL3YIOIIUE B KadecTBe 0a3bl caM
BHECHCTEMHBIN napameTp p, (10).

Teneps, yunTeiBas BBINIECKAa3aHHOE, JUIS ONPEACIEHHS CKOPOCTH DJIEKTPOHA HAa pajuyce 7,

paccMOTpUM  YUCJIICHHOC 3HAUYCHHC ITOCTOSIHHOH PI/IZ[6CpFa B CTaHAApPTHOM COOTHOUICHHUU
JJIs1 BOJIHOBOT'O  UHCJIA. TaK, HCIIOJIb3Ysd HM3BECTHBIC PE3YJIbTAThI pa60T, MOXCM 3anumcaTb

0 =i 32,2 ) TIPU 9TOM C y4ETOM pe3yIbTaToB [5] u [6] nmeem
An
2m,, e’ 1
5 =*—3=109677 cM (11)
Vinh

rae 0, , — IUIHHA BOJHEL, /i — HocTosiHHAs [TnaHka, v, ,— CKOPOCTh M3ITyYCHHS SHEPIHH IIEKTPOHOM
C pagumyca r, .. 3Ha4eHHE 3apsna DJIEKTPOHA C YYETOM JOPa0OTKM PAaBEHCTBA A OOPOBCKOIO

pamuyca B (11) mpuHATO paBHBIM e = 23,0708-10° Op.
BrmonaenHas koppekmust popmysl (11) mo oTHOMmEHUIO K padote [5], T. €. 3aMeHa CKOPOCTH
cBeTa ¢=299792,458 kM/c Ha CKOPOCTb H3Iyd4€HHS v, , CBA3aHa C TEM, 4YTO HCIIOJIb30BaHUE

KJIACCHYECKHUX TIapaMeTPOB TPH IOACTAHOBKE B cooTHOIICHHWE (9) HE MOATBEPKIACT HW3BECTHOTO
3HaUeHHA R,=109677 cm'. TIONbITKA yCTAHOBUTH PABEHCTBO IyTEM M3MEHCHHS BEIMUMHBI 3apsja

¢ nomotieio JlopeHi-akTopa MPEACTABISIETCSA HELEIeco00pa3HoH, TaK Kak JaHHBIH IapamMeTp
SIBIISIETCS] TIOCTOSTHHBIM M MPAKTHYECKH U3MEpEeHHBIM. byZieM y4nuThIBaTh Takxke, 4To paBeHcTBo (11)
MOJTyYCHO JKCIIEPUMEHTANBHEIM TyTeM [5, 7]. Takum oOpa3om, cCHOBa mosnarasi, YTo0 CKOPOCTh CBETa
MaTepHAIbHBIX 0OBEKTOB B Re-IPOCTPAHCTBE JOCTUTACTCS TOJNLKO B MaKpoOObEKTaX WM Ha HaHO-
YpOBHE, CUMTaeM, YTO M3ITyUCHHE KBAHTOB 3apsDKEHHBIM JJIEKTPOHOM XapaKTEpU3YETCS CKOPOCTHIO
JBIOKCHUS TEKyIIero IeHTpoaddUHHOTO TMpocTpaHcTBa sapa. COOTBETCTBEHHO, IOJICTAHOBKA
CTaHJIaPTHBIX apaMeTpoB B popmyiy (11) mo3BOIISET MOTYYUTh 3HAUYCHHE CKOPOCTH V;,n C TIOMOIIBIO

CICOAYIOINX YHNCJICHHBIX BEJIMYHH:

.3,14-23,0708 -107

-28

. 2.9,109-10
Vi = 27\3
109677 (6, 626-10 )

= 95,4824 -10° km/c. (12)

B  mpuBeeHHOM — COOTHOIICHHHM  WCIOJIB30BAHO  3HAYCHHWE  3apsja  DJICEKTPOHA
13 COOTHOMIEHUS (2), OTHAKO, TIOCTOSTHHOE JJIsT BCeX ypoBHel aTtoma [5]. M3 3akoHA e COXpaHCHHS
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DHEPTHU CIIEMYET, 4TO NPUOOPETEHHAs SHEPIUs MacCOd m, HAa HEKOTOPOM DaJuyCce BpaICHMSA
COOTBETCTBYET M3JIy4ECHHOH DSHEPTMM Ha paamyce r;,. Takum o0pa3oM, MOXHO yTBEPHKIAaTb,

YTO CKOPOCTh ((pakTHUECKH Havaja) U3IydeHUs KBAaHTOB (12) MPUMEPHO COOTBETCTBYET HEKOTOPOW
TICEBIOCTATHYECKONH CKOPOCTH Hadaja MpeoOpa3oBaHUs JIEKTPOHA W3 TBEPAOTEIHHOTO COCTOSHUS
C Macco# my, B INIa3MEHHBIA OOBEKT, YTO IS JFOOOT0 pajnyca MOIJIOMEHHs SHEPTUH, B TOM YHCIIE U

3 o
st pagdyca Bopa, maer cooTHomieHwe v, x v, ZVOI\/E =95,4824-10" km/c , TOE V,,; IUHEWHAA
CKOPOCTh HAHOYACTHILLI HA OOPOBCKOM PaJMyCe 7, .

[Ipu nomyuenHom B (12) 3HaYEHUH CKOPOCTH HECIOXHO PACCUUTATh W JPYTHe MapamMeTphbl
aToma, HeoOOXOAUMBIE JUIS BBITIOJIHEHUS MOCIEAYIOUIMX PACYETOB KBAHTOBO-3JIEKTPOHHBIX YCTPOICTB
U CUCTEM.

Pewnm teneps ypaBHeHue (7) M BBIYHCIIMM H3JTyYarOMIIe PaIiyChl aTOMa BOXOPOAA 7 , -

Pemenue YPAaBHCHUS 1JIfl JHCPIruv U3JYyYCHHUS JICKTPOHOM

s paBCHCTBA I CKOPOCTH V, , OIPCACIUM HNapaMeTp 7, , » BBIIIOJIHUB Hp€06pa3OBaHI/Ie

DHEPTeTUYECKOTO ypaBHEHUS (7) K CIICAYIOMIEMY BHIY:
. \2 . \2
2’(v7\,n) Ek,n = v)%,n |:m0(v7\,n) +Ek,rl:|‘ (13)

o *
YuautbiBasi, 4T0 SHEPrus E, , SIBIACTCS PACYCTHO-U3MEPEHHOW, a CKOPOCTH v, H V;,

nonpaBkoii JIopeHIia He KOPPEKTUPYIOTCSI, BBITTUIIIEM COCTABJISIONIAE JAHHOTO YpaBHEHUS (B CHCTEME
CI'CM) u ompenenuM NOPSIAOK YHCICHHBIX 3HAYCHHH, HWCIONB3yS TNpEACTABICHHE IapaMeTpoB

(HanpuMep, YIIOBOH 4aCTOTHI) B BUAE O, , = ®; , 10°¢™.
Taxk, B neBoit yact ypaBHeHus (13), ¢ yueTOM YMCIICHHBIX 3HAUYCHUH, UMEeM
2(v;n )2 hw, , =2-95,4824% 10" -1,055-10 " 0, -10'° =19,236-10° w} ,,.
IlepBrrit uen B ipaBoii yacTu (13) uMeeT BU
(v, ) 2 my = 95.4824% 10 22 (15, 107 (05, ) 107 x9,100-10% =16,393-10° (1, ) (@}, )’
Btopoe cnaraemoe B mpaBoii yactu (13), ¢ y4eToM CTaHAapTHOTO COOTHOIICHUS I SHEPTHH,
Gyzer pasho 2o, ,v;, =1055-107 (%)2 10" 27 (}3:,”)2 : 10‘16(03'“)2 10 =2,165- 106(m'm)3 (rk"n)z.

[lonyyeHHple 3HAYEHUs] MO3BOJSIIOT MEPEHTH K YNPOIIEHHOW (GopMe HHEPreTHYecKOro
ypaBHenus (13) Buna

19,236~ [163,93 o), +2.165(w}, )2}(% ). (14)

2
Ouesuano, uro 163,930, , >> 2,165(0)’%") , B cBs13W ¢ ueM u3 (14) nmeem

0,34255
B, ®—F— CM- (15)
. o,

N
2
B obwewm Buze peurenne (15) ypasrenust (7) ¢ yaeroMm 27w, ,v; , & 0 CledyeT U3 paBeHCTBA
b~ et
Wy BT Oy 1 Mg -
Otcrona nomydaeM:

h

1
}"k = [ .
T (D}\_’nmo

N

(16)
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Honcranoka 4actor o, ,, B (opmyny (13) maer Habop 3HaYCHHIl palnyCcoB, TPeOyeMBbIX
JUISL JNBHEHIIEro BEIUCIICHUS CKOPOCTEH: Vin = 2700y 1 -

Hcnonp3oBaHrWe MOMYYEHHBIX MApaMETPOB ISl  OMPENCICHUS DHEPTUU  H3IIyUCHHS
MOATBEPKIAET MPABIIFHOCTD BHIITOJIHEHHBIX PACYETOB MPH CPABHEHHUH C PE3YIbTaTOM (5).

IIpumep pacuera 3Heprum

ITycte A=1, a 3HaueHue n =2 XapaKTepU3yeT TEKYIIEEe PacLIMpEHHEe paauyca 7. JaHHbIM

napaMeTpaM COOTBETCTBYET TOYHOE 3HAUCHUE YTIIOBOM YaCTOTHI o, =7,7625- 10" ¢!, CoOoTBETCTBEHHO,

o ¢popmyie (15) mpu 5TOM HaxXoAUM: Ha & 03425 03425
T Jo,  \7,7625-10

C yuerom cootHOmEHns (15) J€rKo HaxXoOATCA TaKKE M 3HAYEHHSA CKOPOCTEH vy ,,

=1,2293-10 % cm.

COOTBETCTBYIOIINE NBMKECHHUIO DJIEKTPOHA 110 Op6HTaM 1, ATOMa BOJIOpOJIA. B gacTHOCTH, IS JTAHHOTO
PUMEPa UMEEM v, , = 21, ,7;, = 21+ 7,7625-10'* -1,2293-107°=0,599572 r.xm/c.
OHeprus u3ny4enns ho, , =1,05457-107%7-7,7625-10'* =8,1861-10™"* opr.

COOTBCTCTBCHHO, JUISA 3aI1aCCHHOM OHCPruM Ha JaHHOM paanuyce HMCEEM 3HAYCHUC

2
m, ,V, o
1212 _gQ1867-107" 5pr, YTO MPAKTHYCCKH COBMAIACT C SHEPTUEH U3ITyUCHHS.

3akiarouenue

BrllosiHEHHBIE  MCCIICAOBAaHUSA  IOKAa3ajiM, 4YTO JOCTH)KCHHE (DHU3MKO-MATeMaTHYECKOU
CUCTEMHOCTH B 0a30BBIX COOTHOIICHHUSIX KBAHTOBOW MEXaHHUKH TI03BOJISIET YTOYHHUTE Psijl B3TJISAOB Ha
MPUPONy SIBIICHUH B aToMe BOAOpOJa. Tak, MpaBUIIBHOE TOJIKOBAHWE W3BECTHBIX TEOPETHUCCKUX
PE3YNIBTaTOB U WX CBS3b C NPAKTUYCCKH HM3MEPEHHBIMU BEIIMYMHAMU TPUBOJHUT K JOCTATOYHO
TOYHOMY INPEACTABICHUIO O PaCUeTHO-U3MEPECHHBIX 3HAUEHHUSIX pealbHbIX MapaMeTpoB. B yacTtHOCTH,
aHaJIM3 KJIACCHMYECKOrO0 COOTHOIICHHS UIsi BONMHOBOro umciia (11) mokasan, 9TO HMCIOJIB30BAaHHE
MOHSATHS «CKOPOCTh CBETa» HE BCErja JOIMYCTHMO B BOIPOCAX OMUCAHHUS (PU3UUESCKUX MPOLIECCOB.
DTO CBsI3aHO C TE€M, YTO MOJACTAHOBKA YKa3aHHOTO 3HaueHUs B JIOpeHI-(hakTop HEM30EKHO BEICT
K MOSIBJICHUIO TPAKTUYECKH HE JOCTIKUMBIX 3HAYCHUI NapaMETPOB B pEAbHBIX CUCTEMax, M
B YaCTHOCTH «HYJISD» WIH «OCCKOHEYHOCTH» JUIs IeHTpoad(HUHHBIX MPOCTPAHCTB  sinpa.
ChopMynHpoOBaHHBIH KOHTPApryMeHT IS «CKOPOCTH CBETa» IpH aHaln3e (QU3NYECKHX 3a1ad
MO3BOJIMT CPOPMHUPOBATh OCOOBIM B3IV Ha CKOPOCTh IBIKCHHS JJCKTPOHA Ha paguycax Bon

C YUETOM HECIOKHBIX BBIUHUCICHUN U, KaK CIEICTBUE, OMNPEIACIUTh pANl MapamMeTpoB JaHHOU
HAaHOYACTHIIBI.

TIpuknagHoil acriekT pacCMOTPEHHOW METOJOJIOTMM COCTOMT B HCIOJIb30BAHUHU PE3YJIHTATOB
pacueToB B 3aJayax NPUMCHEHUS BOJOPOJONOAOOHBIX CHUCTEM JJISi CHHTE3a JIOTHKH KBAaHTOBBIX
KOMIBIOTEPOB [8, 9], a TakKe KOPPEKIMU KOMITLIOTEPHBIX MOJIEINIEH JTFOOBIX MHKPOIJICKTPOHHBIX CXEM.
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