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Meparornyeckune HayKun

Ponb nckyccTBeHHOro UHTennekTa B npodeccuoHanibHOM
obpasoBaHun

KeTtpoBa Anna AnekcaHppoBHa

npenojasaTtenb BbICIEN KBANN(PUKALNOHHON KaTeropmu,

KpacHosapckuit konneax pagnoanekTpoHUKM U UHGPOPMALMOHHbBIX TEXHONOTUIA,
Poccusg, r. KpacHosipck

CrechaHoBckasi EneHa OneroBHa

npenofasaTtenb NepBoi KBaNMEUKaLNOHHOR KaTeropuu,

KpacHosapckuin konneax pagnosanekTpoHUKN 1 MHGOPMaLMOHHbBIX TEXHONOTUIA,
Poccus, r. KpacHosipck

HelpoHHble CceTU MEeHSAIT TpaAuUMOHHbIe NpoddeccMn U COo3[aloT  HOBble  BO3MOXXHOCTU
B npogpeccmoHanbHoi capepe. OTkasbliBaTbCsl MNKU 3anpelartb 0by4yarowWwmMcsl CerogHsi MCrnonb30BaThb
HellpoceTn B 06pasoBaTeNbHOM MpoLecce He cuMTaeTcs BepHbiM pelweHueM. OHU Bce paBHO 6yoyT
MX UCMONb30BaTb, TOMbKO «B Kynyapax» W, BEPOATHO, HENPaBUNbHO. Jlydwe nx Hayuntb paboTaTtb C 3TUMMK
MalVHHBIMW anropuTMamu, 4Tobbl OHWM MOrNIN BblTb KOHKYPEHTHO-UHTEPECHBIMU HA pbiHKe UT-npodeccuii.

B poccuiicknx  obpasoBaTenbHbIX  YYPEXAEHUAX HEe  WCMOMb3YKTCS  HENpPOHHble ceTu
Ha doenepanbHOM ypoBHE 0hULManbHO, 0OHAKO He NMPUCYTCTBYET U HAA30pa 3a UCNONb30BaHNEM AaHHbIX
ceteir. [Ins BHeOpeHWUS HEWPOHHbIX ceTeil B 0OyyeHWM rpaxgaH HeobxoAuMMmo co3paTtb nnatopmy,
KoTopasi 6yneT npenocTaBnsiTb Bce HE0HX0AMMble OaHHble, Takme Kak:

1. C60p 1 NOAroTOBKA OAHHBIX;
2. ObyyeHune moaenu;

3. OueHka mooenu;

4. MNpuMeHeHne pe3ynbTaToB.

Takum 06pa3oMm, npuMeHeHue HelpoceTeir B 00pa3oBaTENbHOM y4YpexXIeHWM npu aHanmse
ycneBaeMoCTW CTyAEeHTOB MO3BONSET YNyyWMUTb KA4eCTBO 06pas3oBaHns, BbISBUTb NPOONEMHbIE MOMEHTHI
1 NOBbICUTb 3CPPEKTUBHOCTb y4yebHoro npouecca. CTOMT yunTbiBaTb, YTO YXE€ CyWecTBYOT NnaTgopMmbl,
KOTOpble MOTYT 3aMeHUTb nNpenogasartens (Ta xe nnatdopma Knewton [6] 3acnyxuBaeT BHUMaHNS).

Mcxons m3 cBOero onbiTa, MOXEM cKasaTb, 4YTO pe3ynbTaT WCMONb30BaHUS HelpoceTeit
B 06pa3oBaHMM HOCWUT MONOXWUTENbHbIA XapakTep (B 6onbwei cTeneHn). B yacTtHOCTW, NpuUMEHsieM
rpacuyeckune Herpocetn Kandinsky, lenespym Ha kypce rpadudeckoro gmsanHa n ChatGPT Ha kypce
NMPOEKTUPOBaHUS U pa3paboTknm WUHTepdelricoB nonb3oBaTenss Ans MNOoAroTOBKM  CheunanncTos
no paspaboTunke Beb-npunoxeHuin (cneumanbHocte 09.02.07 WHdopMauMOHHbIE  CUCTEMbI
1 NporpamMMmupoBaHune).

Takxe  HelpoHHble ceTu B 00pasoBaHWM  MOXHO  WCMONb30BaTb AN CO34aHWS
NepcoHanM3npPoBaHHbIX Y4ebHbIX NNaHoB. Takme nnaHbl MoryT 6biTb CO34aHbl HA OCHOBE aHanM3a OaHHbIX
0 npegployweM obyyeHun cTyneHTa, ero MHTepecax U ypoBHE 3HaHWW. DTO MO3BONSIET NpenonaBaTensam
co3naBatb 6onee apPeKTMBHbIE Y4eOHble MnaHbl, KOTOPbIE YYMTLIBAIOT MHAMBUAOYaNbHbIE NOTPEOHOCTM
Kax[oro cTyaeHTa.

Ewe ogHmMm npuMepom ncnonb3oBaHUA anropuTMoB MalWmMHHOIo o6yqu|/|;| sABNnseTcd oueHka 3HaHun
CTYyOEeHTOB. C nomoubto HempoceTem MOXHO aHannm3mpoeBatb OTBETbl CTYOEHTOB HaA TeCTbl N 3adaHuA,
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Meparornyeckune HayKun

yTObHbI onpenenntb, Kakne 3HaHN4A OHN NUMEKT N Kakne TeMbl Hy XX OatoTCcsa B JOMNONTHUTETIbHOU npopa60TKe.

HenpoceTn MoryTt 6biTb UCMONb30BaHbI AN aHanM3a OaHHbIX. Hanpumep, ¢ moMmolblo HeupoceTen
MOXHO NpOaHanM3vMpoBaTb JLaHHble O MOCeWwaeMocT CTyAeHTOB, 4Y4TOObl BbISIBUTb MNPUYMHBI HU3KOWU
ycneBaeMocTu 1 pa3paboTatb Nporpammbl Aas ynyyweHns pesynbTaTos.

HenpoHHble ceTu MOryT nomoyb B paspaboTke HOBbIX MeTomoB 00yyeHusi. Hanpumep, nx MOXHO
MCNonb30BaTb [ON5 CO34aHUS WMHTEPaAKTUBHbIX y4eOHbIX MaTepuanoB, KOTOpble MOMOramT CTyneHTaMm
nyydlwe noHUMaTb MaTepuan u 3anoMuHaTb ero.

A ewe Henpocetn MOXHO WCMONb30BaTbCAa AONd aBTOMatTM3auun npouecca npoBepkn 3adaHun
N TeCTOB, 4TO 3KOHOMUT BpeMsd npenogasatenen N CTyageHToB.

N ecnu npononxatb, TO 3TOT CMNMNCOK BO3MOXHOCTEMN 6yueT BeCbMa BHYWNTETbHbIM.

C 04HOW CTOPOHbI, HELOCTATKMN UCMONb30BAHUSI HEMPOHHbBIX CETEN HE 3aMeTHbI: 3T0 YA06HO Kak Ans
CTyOeHTa, Tak 1 4na npenoaasaTens, apekTMBHO, BbICBOOOX JAET MHOrO BPEMEHU ONS HAYYHOWN W/Mnn
TBOPYECKOI COCTaBNSIOWER 4eTaNbHOCTH.

OpnHako, CTOMT cornacuTcss C TeM, 4YTO WCNOMb30BaHWE HEMpOoHHbIX ceTei Tamt B cebe
CYLWECTBEHHbIE HeJoCTaTKM.

CornacHo nccnegoBaHusiM npogoeccopa YmbepTto JleoH [omuHreca [1], ucnonb3oBaHue HelipoceTe
ons GONbWWUHCTBA MbBICAIUTENbHBIX 3a4ady MOXET nNpuBecTM K noTepe Yy nogeid cnocobHOCTM
K CaMOCTOATENbHOMY PELWEHN0 KOrHUTMBHbIX 3aday. Co BpeMeHeM y niodeil BO3HWKHYT Cepbe3Hble
npobnemMbl ¢ HEXBATKOW KPUTUYECKOTO MbIWEHUS U KPeaTUBHOCTW, BeAb OHW MPUBLIKHYT MO3BONSATb
NCKYCCTBEHHOMY MHTENNEKTY BbINOMHATL BCIO YMCTBEHHYO paboTy.

B cBoeM wuHTepBblO paomo «Sputnik» Helponcumxonor Heponoroneauyeckoro uUeHTpa «Bbiwe
pagyrn» Kyb6at KaHMMeTOB cpaBHWN HEMPOHHYID CeTb C YHMBEPCaNbHbIM PEWeObHUKOM, C MOMOLWbIO
KOTOPOro MOXHO crnucaTb OoMawHee 3agaHwe no matemaTtuke WM COYMHEHME MO PYCCKOMY $A3bIKY,
npomenatb Ty Unu uHyto paboTy 6e3 ycunuii, 4To NpespallaeTcs B MeaseXxbto ycnyry [2].

Mpn atom KaHMMETOB MOOYEPKHYN, 4YTO Ha B3POCAOr0 YenoBeka WCKYCCTBEHHbIi WHTENNeKT
oKasblBaeT He Takoe cuibHoe BosnericTeue. Bonee Toro, camu nporpaMMmcTbl, KOTopble paspabaToiBaloT
HelpoceTW, MOCTOSIHHO pPAa3BMBAKOT TFONIOBHOW MO3r, ynpaBnsis paboTol mporpaMMbl U MPONUCHIBAS
COOTBETCTBYylOWME anroputMbl. Ho peub mOoetT o Tex, KTO MNPUMHMMAaeT HEMNoCPeACTBEHHee yvacTue
B pa3paboTke — a Te, KTO UCMO/b3YIOT HEMPOCETb HA PErYNSPHON OCHOBE NS PeleHns CBoMX 3aaay?

Bce BbllweckaszaHHOE MOXHO pe3loMMPOoBaTh TakK: HEMPOCETU MOXHO (M HYXHO, Ha Haw B3rnsan)
ncnonb3oBatb M B o06pas3oBaTeNbHOM Mpouecce, M B Apyrux cdepax A[esTENbHOCTU YenoBeka,
HO B BblIBEPEHHbIX [03upoBKkax. Ix npuMmeHeHne B 06pasoBaH MOXET 3HAYMTENbHO YNYUWNTb Ka4yeCTBO
00yyeHmns 1 NoBbICMTb 3P EPEKTMBHOCTb €ro npolecca.
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Building web applications based on microservice architecture

Ceprert Muxannosud YxamBaHoOB,
cTapwuin nporpamMmucT /paspaboTunk OnTym,
CWA, Can dpaHuucko

Sergey M. Ukhlivanov
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USA, San Francisco

E-mail: sergey.ukhlivanov@gmail.com

Keywords: web applications, development, microservices, architecture, deployment.

Abstract: The paper considers the peculiarities of building web applications based on microservice
architecture. Special emphasis is placed on the fact that microservices architecture offers significant
advantages for web development, especially for large and complex applications. It provides scalability,
flexibility, increased fault tolerance and encourages technological diversity. This article describes the
principles to be followed in the process of creating a microservice architecture and the basic steps of its
construction.

MocTpoeHune Be6-NpUNOXeHN Ha OCHOBE MUKPOCEPBUCHOW apXUTEKTYpPbI
KntouyeBble cnoea: Beb-npunoxeHus, paspaboTtka, MUKPOCEPBUCHI, apXUTEKTypa, pa3BepTbiBaHMe.
AHHOTaUMS.

B ctatbe paccMoTpeHbl 0COBEHHOCTU MOCTPOEHUsI BEO-NPMNOXEHWIA HA OCHOBE MMKPOCEPBUCHOWA
apxutekTypbl. OTAENbHbIA akUeHT choenaH Ha TOM, 4YTO apxuTekTypa MUKPOCEepPBUCOB npepnaraet
3HauMTeNbHble NpeuMywecTea aons Beb-pas3paboTky, ocobeHHO Ans HONbWNX N CNOXHBIX NPUNOXEHNIA.
970 obecneymBaeT MacwTabupyemocTb, rMOKOCTb, MOBBLIWEHHYIO OTKa30yCTOMYMBOCTb WM MOOWpPSEeT
TEXHONOrMYyeckoe pasHoobpasve. B ctatbe onuvcaHbl MPUHUMMBI, KOTOPbLIX ChemyeT npuaepXuBaTbCs
B MNpoUecce CO3OaHWS MUKPOCEPBUCHON apXUTEKTypbl, TakXe 00603Ha4yeHbl OCHOBHble laru
€e MNoCTPOEHUSI.

Millions of people around the world watch more than two billion hours of Netflix video every month.
Another example is Facebook, which had approximately 2.85 billion active users in the first quarter of 2021.
If you look at the work of the e-commerce giant Amazon, you can see that it receives more than
66 thousand orders per hour and 18.5 orders per second [1]. In light of these statistics, the question of how
these organizations manage to manage such a colossal flow of consumers on their websites and
applications is not trivial. How they allow millions of users to access their accounts, use available features,
and perform desired actions without any hassle or downtime.

The answer to these questions is scalability and microservice architectures. Microservices
architecture represents a refreshed approach. Instead of dealing with giant code bases, complex systems
are broken down into smaller, modular parts (see Figure 1). Each of these parts, known as microservices,
performs a specific task or function. This modular structure allows for cleaner, more manageable code,
making development easier.

EBpasuincknii Hay4Hbll XypHan 7
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Figure 1 Breaking a monolithic application into microservices

Microservice architecture follows the design of SOA service-oriented architecture. Some experts
argue that microservice is SOA 2.0 [2].

Taking into account the above, issues related to the study of microservices architecture for web
applications, its basic principles, and the possibilities of real-life applications have important scientific and
practical significance, which determined the choice of the topic of this article.

A comparison of monolithic and microservice architectures for creating web applications is carried out
in their publications by Kiryanov V.A., Butorin K.A., Sukhov A.A., Moiseichik E.S., Davidovskaya M.I.

The defining features of microservice architecture and its various styles are described by E.V.
Kryazheva, E.V. Amelin, O.V. Natrobina, V.Yu. Pashechko, A.S. Bekenova, Zh.S. Mutalova.

However, although a wide range of scientists and experts are interested in the problem under study,
some points require clarification and additional analysis. Thus, the issue of creating a well-functioning API
management platform that will eliminate the problems of microservice architecture and ensure its correct
operation deserves special attention.

Thus, the purpose of the article is to study the features of building web applications based
on microservice architecture.

First of all, it should be noted that microservice is a technique in which a single application
is developed as a collection of small services, each of which has the ability to run its own process without
depending on the others, and uses a lightweight mechanism for communication. These services share the
least centralized control. In addition, they can be developed in different programming languages and use
different technologies for storing data [3].

A microservices architecture requires careful planning and must be based on a set of core principles
that guide its design and implementation for web applications. These principles lay the foundation for
creating reliable, scalable and adaptable systems. Let’s look at it in more detail.

Single responsibility

Every microservice should have a clearly defined, focused functionality. This approach promotes
modularity, simplifies development and maintenance, and prevents changes to one service from affecting
the entire application.

8 EBpasnincknin HayuHblin XypHan
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Free connection

A microservices architecture for web applications communicates with each other through lightweight
APls, minimizing dependencies and encouraging independence. This makes it easy to scale and update
individual services without affecting others.

Independent development and deployment

Independently developing, testing, and deploying each microservice speeds up development cycles
and allows for smoother upgrades. This allows web developers to work on different services simultaneously
without affecting the entire application.

Technological independence

Microservices architecture for web applications supports multiple languages and technologies,
allowing developers to choose the best tools for each service. This makes it possible to avoid being tied
to a manufacturer and adapt to future advances.

Alignment with Business Domains

Designing microservices based on business domains promotes clear responsibility and accountability
for specific application functionality. This promotes better understanding and maintainability.

API-based communication

Microservices communicate with each other through standardized APls, providing a consistent
experience and facilitating seamless integration with other systems [4].

Fault isolation

A key benefit of microservices architecture is its inherent fault tolerance. This means that if one
individual service encounters a problem, it will not break the entire application.

The process of building web applications based on microservice architecture includes the following
steps.

Domain analysis. To avoid some common mistakes when designing microservices, you need to use
domain analysis to define the boundaries of the microservice. To do this, follow these steps:

1. Use domain analysis to model microservices.
2. Apply tactical domain-driven design tools.

3. Define the boundaries of microservices.
Designing services using a special methodology.

Operation in production. Because microservices architectures are distributed, reliable deployment
and monitoring operations must be ensured.

Thus, to summarize, microservices are a popular architectural style for creating web applications that
are fault-tolerant, highly scalable, independently deployable, and capable of rapid development.
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Lenb ctatbm oTpasuTb rnaBHoe u3 6onee yem coTHu nybnukaumin — natb npeacrasneHue MNpoekta
HOBOW (HononHuTenbHon) Gh/ck-unankm «cHapyXxu» CBETOBOro KOHyca.

MpoekT wmeeT  akcnepuMmeHTanbHoe (B nabopatopusix Mupa) u  HabnwpatenbHoe
(acTpogpmanyeckoe) 060CHOBaHMSI.

[MpoekT HEeBO3MOXEH, €ecnM MNO3UTPOHWA — neryamwmin aTtoM — WUMeeT TONbKO KBAHTOBO-
anekTpoanmHammnyeckoe obocHosaHme no . dupaky.

r|0,ﬂ,TBep)KD,§HHbII7I 3KCNepuMEeHTOM BKNnag OIHOKBAHTOBOW aHHurunsuum b*- NO3NTPOHNA B

KOHEYHOM COCTOSIHUM b*- pacnaga Tvna c yyacTvem cnaboro B3aumonencTsusi aenaet lMNpoekT

peanbHbIM.
NcxopHbiM  ocHoBaHveM [poekTa $BNSeTCA CTaTbs C 9KCMEpPUMMEHTaNbHbIMU - auarpammami

BPEMEHHbIX CMEKTPOB aHHUMMASILAM b* - pacrnafHbiX MO3UTPOHOB OT MUCTOYHMKA 22Na B psifly MHEPTHbIX
rasos C aHomanuen HeoHa [1]

P.E. Osmon. Positron Lifetime Spectra in Noble Gases.
Phys. Rev., v.B138(1), p.216, 1965.

1,4 atm 2.1atm 3.5 atm 2.7atm 3,4atm

3. .\ ',\ .:\\\ :R

Logl 32aim. 4,8 atm 6.8 atm 9.0 atm 20,3 atm
L
+ : \\ \\ . .
L] - L 11 t
XENON KRYPTON ARGON NEON HELIUM

FiG. 1. Shapes of representative lifetime spectra in the noble gases.

OcHOBHas npuymHa aHoManuu B ra3oobpa3HoOM HeoHe, HabnJaeMol No aTM omarpammam — 10T
haKT, YTO UCTOYHNKOM MO3UTPOHOB siBAsieTcs b + - pacnan 22Na. To, 4To aT0T dakT He Bbin OTMEYEH B
3aro/sioBKe aBTOPOM CTaTbW, MOXHO paccMaTpuBaTb, KaKk KOCBeHHoe cBuueTenbctBo — MN.E. OcMmoH He
3axoTenN yBMOETb aHOManio HeoHa.

B nocnepytowem, ¢ Hawel nogayn [2] aT0T ¢oakT Obin NOATBEPXAEH PAAOM SKCMEPUMEHTATOPOB Ha
3anape [3-5], Ho 6e3 nocnenyowero 06 bSCHEHNS aHOMaNMM B HEOHE.
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Mo Hawen Bepcun uMeeT MECTO NapagokcanbHas peanvsaums S4epHOro ramma pesoHaHca/AlrP —
atbgpekTa Méccbayapa

E‘++|.-'E ¥n

22Na(3%) 22"Ne(2) ra3006pasHblit HEOH C ~ 9% 22Ne(0%),

B pe3y/bTaTe Yero BO BPEMEHHbIX CeKTpax aHHUrunsumm b + - pacnaaHbix NoO3nNTPoHOB oT 22Na B
rasoobpa3HOM HeoHe B OTAMYME OT OPYrvMxX MHEPTHbIX rasoB McYe3aeT XxapakTepHasi 0COBEHHOCTb 3TUX
CMEeKTPOB, Tak Ha3biBaeMoe ‘nieyo’.

ST1oMy BOMNpOCy nocesileHbl (¢ 1967) 6onee COTHM HalWMX cTaTeill B akageMUyeckmx v 3NeKTPOHHbIX
M3JaHnsaX, HO OO CMX Nop HeT obpaTHOW CBS3M, €CNM He cuMTaTb COTEH 0OpalleHuid, CO BpeMeHwu
nyénukaumini B 9NEKTPOHHbIX XypHanax, K aeTopy Mo e-mail OT Opyrux 3NeKTPOHHbIX W3daHuin ¢
NPeanoXeHnsaMm o0 BO3MOXHOCTU nybnukauuii (2012-2024). 91n obpaleHns He MOTyT paccMaTpuBaTbCs
CEepbE&3HO, MOCKONbKY OHU MpeAcTaBneHbl OTBNEYEHHO, T.e. 6e3 KOHKPETHbIX BOMPOCOB, KOTOPble
paccMmoTpeHsbl B lNMpoekTe.

WNtak, o 4ém cBMaeTenbCTBYIOT AnarpamMmol us [1]7?
Mpex e Bcero, HaOo onpenennTb CylWeCcTBO aHOManun B HEOHE.

AHomanusa 6onee OTYETNMBO BMOHA, €CNMM MPOCMOTPETb AMarpaMMbl C KPOMKWM OTMevYaTaHHOro
nucta. BugHo, 4To Omarpamma B HEOHE HE UMEEeT XapakTepHOro Ans ApYyrux rasos manoma B obnactu tak
HasbiBaemoro ‘nneva’/’shoulder’, koTopbli HapacTaeT C POCTOM aTOMHOIr0O HOMepa MHEPTHOrO rasa (renui
- OTCYTCTBYET U3/IOM B HEOHE - aPrOH-KPUMTOH-KCEHOH).

Mockonbky BPEMEHHbIE CMEeKTPbl AHHUIMASUMM MO3UTPOHOB NPEACTaBNEHbl Ha Ouarpammax B
norapmgMmUYeckoli opamMHaTe, 3T0 O3HavyaeT, YTO MNe4Yo BPEMEHHbIX CMEKTPOB B HEOHE pPasMbiTo, T.e.
NpeacTaBnsAoT cobo 9KCNOHEHTY 6€3 XxapakTepHOro Ans APYrmx UHEPTHbLIX ra3oB U3noma.

MomeHT nonananus b *- NO3MTPOHOB B ra3 OeTEKTMPYETCH BPEMEHHbIM CMEKTPOMETPOM «CTapT» -
«CTOM» MO SAEPHOMY gn-KBaHTY («CTapT»), @ MO OAHOMY M3 aHHUTUNAUMOHHBIX Ja-KBAHTOB OTMevYaeTcs

«CTOMN».
To, 4yto aHomanusa B HeoHe cBuaeTenbcteyeT o0 AP gn-kBaHTa, MOATBEPXAEHO B NPSAMOM
aKcrepuMeHTe. CpaBHUBANNCL BPEMEHHbIE CMEKTPbl aHHUIMASLMM b *- NO3UTPOHOB OT UCTOYHMKA 22Na ¢

OByMsi 06pasLamMu HeoHa — €CTECTBEHHOTO M30TOMHOro coctasa (8,86% 22Ne) u HeoHa, 06€OHEHHOrO

n3otonom 22Ne (oo 4,91%). Ha BpeMeHHbIx cnekTpax BToporo obpasua nosiBuiock SIBHO BblpaXkeHHOoe
nneyo [6].

BosHukna npobnema o6bsSCHUTL 3Ty cBsiaky 22Na-22Ne B OTHOWEHWN NapanokcanbHoro apdpekTa
Méccbayspa B rasoBoil ha3e C eCTECTBEHHbIM COOepXaHWeM M30TONoB HeoHa B rase [1-6] npwm
Temnepatype nabopaTtopwuii.

MNMpn oTBETE Ha BO3HMKAIOWME OCTPblE BOMPOCHI HEBO3MOXHO 0060MTUCH 6€3 yHOaAMeHTanbHOM
+ —_
5 .\ e; e
rmnote3bl 00 OOHOKBAHTOBOW aHHUrUnsumMm b *-  no3uTpoHms/ . OTO TaKkxe npuBoaUT K

+ - + +
IBy3HayHocTW/ BCEX (PyHOAMEHTaNbHbIX CywHoOCTen ( Macchbl, aHepruu, umnynbca, +
9NEeKTPUYECKOro, + BapUOHHOrO W HENTPanbHOTrO NENTOHHOMO 3apsSO0B CTabunbHbix yactul pt -et -ng/

Ne). Ha atoii ocHoBe B lNpoekTe COCTOANOCH BKOYEHNE METAPN3NKN B PU3NKY — BOBMOXHOCTb ans b *-

et
no3nTpoHus/ B

e

- +
e
nmutrposatb PU3SNHECKOI O HABJIIOOATENA/®H (XxeHwmHa/ £ wmnn MYX4nHa/

), MOCKONbKY peanbHblil ®PH He MoxeT nNpebbiBaTb «CHApPYXWu» CBETOBOro koHyca/CK.

12 EBpasnincknin HayuHblin XypHan



dunsunko-marematmnyeckme HayKun

B kBaHTOBOW anekTpoamHamuke/KSL, ypPOBHW OCHOBHbIX COCTOSIHWA MNO3UTPOHWUS pacwenneHb.
OpTONO3UTPOHWUIA CO CMMHOM S=1 aHHUrMAMpPyeT Ha HEe4YyéTHOEe 4NCNO (g-kBaHTOB — 3, 5, 7,
AHHUrUNAUNMS Ha 1/08MH gg-KBaHT MCKOYEHA 3aKOHOM coxpaHeHus umnynbca. Mapano3utpoHuii (S=0)

"
aHHUrMANPYeT Ha YETHOE YNCNO gg-KBAHTOB. DHEpPrusa pacllienneHns ypoBHen aTux coctoaHmin AW — 8,4
104 9B.
m — T
AJ 1 ®

+
22 " Sk - Ep €
yacTHocTm, <“Na) o6pasyeTcsl CynepCMMMETPUYHbIN, MOMHOCTLIO BbIPOX AEHHbIN b - no3uTpoHuin/ ,

ese” >y°/2y

C yuyactnem cnaboro B3auMOOENCTBMS B KOHEYHOM COCTOsiHMM b *- pacnapa Ttuna

AHHUTNANPYIOWNIA MO MEXaHN3MY
roe g © —HoTOM «... BeamaccoBas yacTuua ¢ HyNEeBOM CNMpPanbHOCTbIO, AOMNOMHUTENbHAS MO CBOVUM
ceBocteaM ©OTOHY. Bo B3ammopdencTBMax HOTOM, Kak M (POTOH, NepeHocuT CrvH 1» [7];}: — KBaHT

«CHapyxw» CK ¢ IBy3Ha4HOIA * snepruen |[EY = 421074 3B .

+ f—
. gs e
370 menaeT BO3MOXHOI OOHOKBAHTOBYIO AHHUMMASLMIO b *- nosuTpoHus/ £ nocpencTBoM

HoTOo(hba. Bcnencteue OTCYTCTBUSA pacllenieHnss OpTOMO3UTPOHUS M napano3nTpoHus (AW = 0) npwu
. e}; e
OOHOKBAHTOBOW aHHUrunaumm ocuunnnpyet «Hapyxy» CK, umntupya ®H.

CynepcMMMeTPUYHOE BbIPOXAEHWE OPTOMO3UTPOHUS U MapacyneprnosnTpoHust [8] MoxeT ObiTb
peann3oBaHO NP AOCTATOYHO 6ONbIWOM 3HaYeHun n = N

_e'm,
~ 4)*N?

roe Wy — aHeprus ceasu N-ro coCcTosiHUS NO3MUTPOHKUS.

N =0,

+
. €, €
Bo3MOXHOCTb peructpauum Hotoa nNpyv OOHOKBAHTOBOMW aHHUrUAAuMn b *- noautpoHns/ (4 C
=S
aHeprueit Eg o — 1,022 M3aB BpeMeHHbIM CNEKTPOMETPOM B KaHane «CTomn», AETEKTUPYIOWMNM ga-KBAHTbI C
aHepruei ot 0,34 MaB po 0,51 MaB, peann3yeTcs aHTUKOMANTOHOBCKUM paccesHueM [9], Tak Kak € y4éToMm

_|_
ABY3HaYHOCTM — aHeprunm «cHapyxwu» CK, nonoeuHa oHeprum Hotopa Eg o KOMneHcupyertcs

oTpuuaTenbHOM COCTaBNAoWeENn.

O™  rmnotesbl  NpubalT  (PU3NYECKUIA CMbICT  KOHTPAPOOYKTMBHOW, B paMkax Teopuu
oTHOCUTENbHOCTK (cneunanbHoit/CTO n 0bwein/OTO), KOHUENUMN «TaxuMoH» — NyTEM peanu3aummn 3Tow
KOHLUEeNnuMn nocpeacTBOM HOBOro pHanbHogencTBusi (atom gpanbHogencTBusi/ALL), 4to ob6bsAcHsaeT
napapgokc AP B rase.

PacwupeHue npuHumna s3aumHocTu M. BopHa [10] no3sonset cgopMynnpoBaTb €CTECTBEHHOE
rPaHnyHoOE yCnoBme NOMHOCTbIO BbIPOX AEHHOr0 depMu-rasa ¢ rpaHUYHON aHepruen eg (ypoBeHb depmu)
[11] B AMCKPETHOM X-MPOCTPAHCTBE B BUIE

er=WN

2 (2 z
EF=(3H2]EIE.L.(N ) :(3H2]2;3_ﬁ__ 1

2mg v 2m, 4°

nockonbky N®) — uucno siueek B p-npocTpaHcTBe, 0TOBpaxaemoe B COEPUYECKWl OBBEKT X-
npocTpaHcTBa 06bEMa V NpocTpaHCTBEHHOMOAOGHO CTPYKTYpPbI «CHapyXu» CK.

EBpasuincknii Hay4Hbll XypHan 13



dunsunko-marematmnyeckme HayKun

OTO nocTtynat — nepexon OT NMHENHON NnocnenoBaTebHOCTM rNaBHOMO KBAHTOBOrO Yyucna B atoMe
(n=1,2,3, ..., N) K uucny N3 ayeek/yanos AL TpéxmMepHOro npocTpaHcTea B oopmyne o603HayeH N(3),

Monyyaem BENUYUHDI

yucno sveek/yanos AL «cHapyxu» CK

N® = 2 >1302-10%7

andax

H

2Ry — nuHeiHas npoTtsaxéHHocTb ALLL ¢ ueHTpOM B «Touke» b * - pacnaga.
Rm — 6opoBckuin pagnyc N-ro coctosiHust no3ntpoHus (= ALL)

2RhZN2
I'N =

~557-10* =R,

eZme
Ecnu Tenepb kaxnylo sdeiiky/y3en «3acennTb» CTAOW/IbHbIMA KBa3MyacTULAMU €CTEeCTBEHHOM

CTPYKTYPHOW eOnHULbl BewecTsa — NPOTOH/ p. 9NEeKTPOH/ €. HEeNTpuUHo/ Ve ¢ obuweii maccoin My, > 0, a

V

-_— _-_+-
KOMMEHCHPYIOLWY CTPYKTYpPY C Maccoih My < 0 COOTBETCTBYIOWMUMU aHTUKBA3UYaCTULAMM P& Ve 1o

MONy4YMM OBY3HAYHYO/ + maccy

29,-‘2

+M, =N® . (#m,+m . +m,,) = - (+m, +m_ +m,) =2,179-107°

3t -«
=+ - -
COHOCTaBﬂeHVIe nonyquHoro 3HA4YeHnd — Mm C NNaHKOBCKOWM Maccowu o4yeBngHO

+Mp, =+ /h-c/G= 2,177 1032

Mo akcnepvMeHTanbHbIM pedynbTaTtam [1-5] BO3MOXHa TemnepaTypHas 3aBMCUMMOCTb Bknaga b *-
e
no3nTpoHus/

. + . .
Taknm o6pa30M, oToxpoecTBneHnme 3Ha4dYeHuUsa OBY3HA4YHOU MacCChbl — Mm C MNaHKOBCKOM Maccowu

+
e, €
iMPf (c ToyHocTblo ~ 0,1%) npu peanusaumm cynepcummeTpum b *- nosuTpoHus/ 8 , korpa

HabnoaemMon CTaHOBMTCA HENOKANbHOCTb («COBUr»), @ CynepnapTHEpbl CKPbITbl OT HabnoaeHus
«CHapyxwu» CK, osHauaeT peanbHocTb [lpoekta HoBoW (mononHuTenbHon) Gh/ck-puanku «cHapyxu»
CBETOBOro KoHyca [12].

+ " o
MpoekT o6oCHOBbIBaeT  ABY3HAYHOCTb/ — , Bkaoyas @PH, n eavHyilo npupoldy TEMHOM
SHeprun/TEMHON matepuu.

MpakTnyeckn OOHOBPEMEHHO C  aKcrnepumeHToM [1]  6bina  ccopmynuMpoBaHa  Teopusi
BaKyyMonoaobHbIX COCTOSIHUMIA BewecTsa [13].

B rnobanbHom Mupe B nHTepecax ®H npmopnteT 06peTyT SKCTEHCMBHbIE TEXHONOIMM, B YaCTHOCTH,
XONOJIHbIN A0ePHbIA CUHTES.

CoepemeHHasa Teopusi MpocTpaHCTBa-spemeHn A. ORHWTeNHa — cheuvanbHas Teopus
oTHocutenbHocTU/CTO (1905) n obwas Teopusi oTHocMTenbHOCTM/OTO (1915) — B TOM cTaTtyce, KOTOpPYHO
OHa nonyyuna nocne 4etbipéxmepHon dopmynuposkn . MuHkoeckum (1907), ocTaétcs, no Hawemn
BEPCUN, HE3aBEPLWEHHOM OO CUX Nop.

Mbl ncxoomnun n3 akcnepumeHTa [1], B KOTOPOM 3KCMepTHOE COOOWECTBO HEe YyBMOENO aHOManuio B
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ra3oo6pasHoM HeoHe. Bepcuio MoATBEPXOAIOT TakXe MOBTOPEHUS SKCMEPUMEHTA C LEMblO MPOBEPKU
aHoOManuu HeoHa B Psifly MHEPTHbIX ras3oB [2-5],  mokasaTenbcTBO cBs3ku 22Na-22Ne ¢ aHoMmanuen B

ecTecTBEHHOM HeoHe (90,88% 20Ne, 0,26% 21Ne, 8,86% 22Ne) npw CpaBHEHWN C BPEMEHHBIM CMEKTPOM
+ —_
e, e
aHHUrMASILAN b *- noautpoHns/ # B HeoHe, 06eJHEHHOM 13oTonoM 22Ne (94,83% 29Ne, 0,26% 2'Ne,

4,91% 22Ne) [6].
MMockonbky HET OMPOBEpPXEHW 3TOW BEpCUW, CErogHS MOXHO yTBepXAaTb, 4TO A.DNHWTENH He

LOXUN OecATUNeTns OO BO3MOXHOCTM B3rNsHYTb Ha Auvarpammbl n3 ctatbu [1]. 910 nameHuno 6bl ero
OTHOLWEHMWE HE TONbKO K NpobnemMam on3nku.

Ho npepnctaBum, 4tO 9TO CAyyYnnocb paHee, Bckope nocne dhopmynmposkm OTO (1915). B
nocnegytolwee copokanetve ero HayuyHole ycunus 6binm 6bl HanpaBneHbl Ha TO, Y4TOObl MOHATbH CBSA3b
aHoOMasnuun B HEOHE C UCTOYHMKOM NO3UTPOHOB b T - pacnagna 22Na.

Mpn 3TOM, KOHEYHO, MOMHUM, YTO MaTemaTuyeckas POPMynMpoBKa MAEN «TaxmoHa» Obina
3asepleHa B 1939 roay, a adocpekT Méccbayapa 6bin oTKpbIT No3xe —B 1957-58.

Barnsn OnHWTENHa Ha ponb 3KCNepuMeHTa B hOPMUpPOBaHuM Teopun ctan 6ul opyrum. MameHmnoch
Obl M ero OTHOWEHMEe K KBAHTOBON MexaHwke B WHTeprnpeTauuu KoneHrareHckoi wkonsl H. Bopa,
NPUHATOW BNOCNEACTBMN COOOLWECTBOM (PU3NKOB.

Takoe pononHeHne (IMpoekT) K duamke npoCTpaHCTBa-BpeMeHn OiHwTeHa-MnHKoBCKOro
CylWEeCTBEHHO MeHseT €& NpukIagHon acnekrT.

BMeCTO MHTEHCUBHbBIX TEXHONOIUIA, MO HanpaBneHuto KOTOPbIX pa3BmBanacb Unsnnndaunsa Ha 3emne
BO BTOpOI7I nonosunHe XX ctonetus, npuopunTeT nonydnnn 6bl 9KCTEHCUBHbIE TEXHONOIrMnY, 41O padnkanbHO
MeHsAeT MMPOBYIO CTpaTernto B Noncke cbnuxeHns c Opyrmmm umsmnnmndaunsamm B oabHem Kocmoce.

B aTOM OTHOWeHWW, M3BECTHble oueHku acTpodmavka .. Lpeika («ypaBHeHue [peiika») ¢
nosuumii MNpoekta MOryT 6biTb NOABEPXEHbI KOHCTPYKTUBHOW PEBU3UN.

Bcé Havanocb ¢ mogenu atoma bopa (Mogenb bopa-Pesepdopna) — nonyknaccuyeckon momnenu
atoma, npennoxeHHon H. Bopom (1913), 3a OCHOBY KOTOpPO B3ATa NnAaHeTapHas MOAENb aTtoMma,
BblOBUHYTas 3. Pesepcopaom Ha H6ase akcnepumeHTa (1911).

Mo>XHO npeacTaBnTb, YTO MHGpopMauus Tuna [1] (avarpamMmmbl BPEMEHHbIX CNEKTPOB aHHUMUASLMN
b* - pacnaaHbiX NO3UTPOHOB OT UCTOYHMKA 22Na B sy MHEPTHbIX ra30B) NOSIBUNACL Ha NONBeka paHee (B
1915-M) 1 o6bscHeHne casskn 22Na-22Ne 6bin0 6bl nonyyeHo M. MnaHkom, A. SFHWITEAHOM U ApyruMu
co3gaTtensiMy HOBOM (PU3MKWN.

dakTnyeckn 6bino0 Hbl CHOPMYNMPOBAHO 3aBEpLIEHNE KBAHTOBOW Teopuw nons B gyxe [poekTta
HOBOW (JononHuTenbHon) Gh/ck-cpunankm «cHapyXxu» CBETOBOro KOHyca.

* * %

He BoaBasicb B KOHCMMpauMio, 3aMeyy, YTO He Cny4YaliHO OTCYTCTBME Kakon-nmbo peakuum ousmkos-
aKcrnepuMeHTaToOpoB 3anaga Ha MOATBEPXAEHWE aHOManuMu BPEMEHHbBIX CMEKTPOB aHHurunsumm b *-
pacnafHbix NO3UTPOHOB OT 22Na B psfy MHEPTHbIX ras3os B ra3006pasHOM HeoHe. Ha KONOHMAnbHOM

3anane npuBbiknu 3arpebaTtb Xap 4YyXuUMU pykamu. OTOT MeHTanuteT nepenaértcs KONNEeKTUBHbIM
6eccosHatenbHbIM (Mo K.-I". FOHry) n niogsam Hayku.

Hamu BbinonHeHa aTa paboTa 1 aKCNepUMeHTanbHO noaTeepxaeHa cesska 22Na-22Ne ansi HeoHa
€CTeCTBEHHOro usoTonHoro coctasa (1987). B nocnegyiowem cdopmynuposaH [lpoekT HOBOM
(mononHuTenoHomn) Gh/ck-puankun «cHapyxmu» cBeToBoro koHyca (1985-2008). MokaszaHa BO3MOXHOCTb
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peuHTepnpeTaLmm KOHTPNPOOYKTUBHON DEHOMEHONOMMUN «TaXUOH» («cHapyXxu» CK) B pamkax KoHuenuum
HOBOro AanbHOLENCTBUS (CTPYKTYPUPOBAHHBIA, S4ENCTbid aToM ganbHomencTeus/ALL ¢ obwum yncnom

N()

yanos N@) ~ 1,3 1019 n sgpom AL ~2,5109).

A. SitHwTelH, H. Bop [14] n A L. Caxapos [14] — Bbloatowmecs puanky n 6opubl 3a Mup. B MpoekTe
peannayeTcsa KOHUenTyanbHoe cornacme mexay A. SiiHwTenHoM (1879-1955) n KoneHrareHCcKom Wwkoiom
H. Bopa (1885-1962), onpenenueiuen scnepn 3a [1] cTpykTypy nononHutenoHon Gh/ck-conamkm «cHapyxun»
CBETOBOro0 KOHYyca.

A.Ll. CaxapoB ponyckan pelweHue OuMNeMMbl CTabUNbHOCTb-HECTAOUNBHOCTL MPOTOHA, B CUAY
HeonpenenéHHblx B TO BpeMsa (1967) pe3ynbTaToB 3KCMEPUMEHTA, Kak HECTabunbHOCTb MPOTOHA, U
NPeLnoXun Ha 3To OCHOBE pelweHne npobnembl 6apnoHHOK acummeTpumn BeenenHoit/BAB [15].

A.Il.C. ogHax bl ckasan:

«— Mosi 3aBeTHas MeuyTa — OOXMUTb OO TOrO BPEMEHW, Korga Bce OyneT SICHO C BPEMEHEM XU3HU
MPOTOHA...— U CTan geTanbHO OO DBbSCHATb NMPOEKTbl FMMraHTCKUX 9KCMEPUMEHTOB MO OnpeaeneHnto aToro
BpEMeHn» [16].

Mo COBpPEMEHHDbIM pe3ynbTaTaM 3KCNepnMeHTOB CBO60)J,HbII7I NPOTOH CT8.6VI}'IeH, 3KCnepmnMmeHTalbHble
nccnenoBsaHuAa He BbiABMNN HUKAKMX NPU3HAKoB ero pacnana.

Ecnu npenctasutb, uto A.L1.C. yBuaen (1966) ctatbio [1] n anarpammel (FIG 1), To Boi6op 6bin Obl B
nonb3y pyHOAaMeHTanbHON CcTabunbHOCTU nNpoTOHA, B pycne [lpoekTa, BKOYAlOWEro BMECTO

KOHTPNPOOYKTUBHOIO «TaxmoHa» CTPYKTYPUPOBAHHbIW, OBY3HAYHbIA/ + aToMm panbHogaeicTens/ALL (NG)

N

~1,31019) ¢ agpom ALL ~2,510°.

Ob6bscHeHMe eanHo Npupoabl TEMHOW aHeprun/TéMHon matepum n BAB 6bino 6bl Ha 6a3e HOBOW
HenokanbHoctm (A0 M) [17,18].
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