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SPECIFIC FEATURES OF STRUCTURAL SOLUTION OF
LOW-RISE PASSIVE HOUSE DWELLINGS IN UKRAINE

Abstract: typological requirements to structural design solutions of low-rise passive houses dwell-

ings have been developed in 6 architectural-construction climatic zones of Ukraine.
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Problem statement. With complex approach to
designing one may reduce costs significantly to main-
tain comfortable conditions in its premises. Houses
built pursuant to standard “Passive House” [1] con-
sumes about 80% less heating energy in comparison
to that building similar in volume and floors planning
design. Yet, in terms of Ukraine, reduction of costs for
cooling of premises in summer is also very important.
But typological requirements to such buildings in dif-
ferent climatic conditions have not been developed
so far, what hampers their designing and construction
and energy-saving buildings built according to such
standards are not properly embodied in scientific
architectural-construction publications.

Analysis ofrecentresearches and publications.
Several researches describing overall strategies and
theoretic base related to structural design solutions
and interrelation of planning solutions takes into
account climatic conditions, especially targeting
scientists: V.S. Buravchenko, G.M. Vasilchenko,
V.L. Martynov, V. G. Mykhaylivna, A. L. Podgorniy,
S.O. Sakhnovskaya, O.V. Sergeychuk, V. G. Sokhi,
E.G. Farenyuk, G.G. Farenyuk, Yu.V. Fursov,
O.B. Chumurina, Ch. Chen, B. Feran, E. Heiduk,

B. Jerome, A. Kowalczyk, I. Krylov, I. Manel, C. Mi-
chael, H. Rivard, K. Oy, W. Wang, R. Zmeureanu.

Task statement. The task of the article is to pres-
ent the results of research on agreement of require-
ments to structural design solutions of low-rise Pas-
sive House dwellings that meet standard “Passive
House” with climatic specific features of different
areas of Ukraine.

Main part. A new architectural-construction cli-
matic zones of the territory of Ukraine [2], isolates
6 climatic areas. This division is the basis of develop-
ment of typological requirements to Passive House
dwellings in Ukraine.

Basic typological requirements to structural
design solutions of low-rise dwellings in different
architectural-construction areas of Ukraine.

I climatic zone is characterized with high values
of heating degree-days (HDD) over the heating
season and high requirements to thermal insulation
characteristics of the components of the building
envelope. Optimum value of heat-transfer resistance
for walls 5,0 m?.K/W, for roofs 5,9 m?.K/W, for
floors 3,9 m*.K/W and for translucent structures
1,2m?.K/W{3]. To achieve similar resistance values, a
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Section 1. Architecture

heat-insulated glass edge and low-emission double
glazed windows with polymer spacer frames and kryp-
ton or argon-krypton filling should be applied. Argon
filling is allowed for windows of small geometric di-
mensions. Separate glazing with spaced glass panes is
another way to achieve required characteristics and in
this case serviceable inter-glass space, fit to install in-
ter-glass solar shading systems, is formed [4].

The amount of liquid and solid precipitation is
average, the optimum roof slopes is 30-45. The pe-
riod of overheating is not long, regulated sun-pro-
tecting devices may be placed in inter-glass space or
from inner side of translucent structure.

II climatic zone is distinguished with mild cli-
mate requirements to thermal insulation, but more
stringent requirements to sun protection and ven-
tilation. The recommended heat-transfer resistance
for walls — 4,5 m?*. K/W, for roofs — 5,6 m*- K/ W,
for floors — 3,6 m*. K/W, and for translucent struc-
tures — 1,1 m?*. K/W [5]. Optimum slope of sloped
roofs is 30-45°.

Translucent structures of tenant space may
be equipped with regulated inter-glass or exter-
nal solar shading systems. It is recommended to
provide with ventilation openings with total area
up to 1/50 of wall area in the walls of non-heated
premises.

II1a climatic zone is characterized with the low-
est heating degree-days (HDD) sum and the biggest
amount of atmospheric precipitations on the terri-
tory of the country — liquid in warm season and
snowfalls in winter, what necessitates actions to pro-
tect buildings against thereof and reinforce bearing
structure to resist wind and snow loading.

Values of heat-transfer resistance should make
at least: for the walls — 5,0 m*- K/W, for coatings —
5,9 m*.K/W, for floors — 3,9 m?. K/W and for trans-
lucent structures — 1,4 m?*- K/W. Sloped roofs should
be steep — 45-60° to facilitate removal of rain water
and snow. It is not always reasonable to subtract some
heated tenant space from the total floor area, these can
be used as buffer spaces, e. g. store-rooms. Solar shad-
ing systems may be internal or inter-glass.

IIIb climatic zone has milder climate. The fol-
lowing values of heat transfer resistance suffice for
enclosing structures: for walls — 4,5 m*. K/W, for
roofs — 5,6 m?*. K/ W, for floors — 3,6 m?- K/W and
for translucent structures — 1,1 m*. K/W. Optimum
slope of sloped roofs is 30-45°. Solar protection de-
vices may be internal or inter-glass.

IV climatic zone is characterized with high in-
coming solar radiation. Therefore, it is recommended
to consider the natural ventilation and solar shading
systems at the early stage of design. In general, rec-
ommendations are similar to recommendations for
the zone II. The main difference is the roof shape.
Due to smaller amount of atmospheric precipita-
tions, flat and horizontal sloped roofs with slope
angle up to 15° are optimum for construction on the
southern coast of Crimea. Solar shading systems are
only external.

V climatic zone in general is similar to area IV,
but here overheating is less characteristic as a result
of influence of height above sea level and active wind
pattern. Requirements to ventilation and solar pro-
tection are less stringent, there external, as well as
movable inner and inter-glass solar shading systems
are allowed here.
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Abstract: The methodology of studying the architectural-construction systems of objects of

conservation is formed; the information and logical models were created on the basis of structural

and system analysis for research of the objects of conservation as well as the problems and methods

of conservation on hierarchical levels.
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of conservation, protection objects.

The methodology of studying the architectural-
construction systems largely coincide with scientific
methods. The choice of research methods was de-
fined by the research agenda and research problems.
Mostly all traditional methods of study of conserva-
tion is based on field surveys of the attractions (pri-
or to any restoration and recovery work), complex
architectural, archaeological and geological surveys
of the attractions and adjoining territory, besides,
archive iconographic and written sources are the
basic sources for justification of restoration work
(especially in case of partial or complete destruc-
tion of the object or numerous rearrangements and
loss of authenticity).

The tasks put require the involvement of inno-
vative scientific methods to allow the formation of
complete picture of conservation in Ukraine. There-
fore, the list of the main chosen methods was cor-
rected a little bit.

This structured approach to conservation was
used not for the first time. It should be noted that in
1995 Kiev NDITIM Institute developed a system
of information protection of monuments of architec-
ture and urban planning of the city of Kyiv and Kyiv
region with the development of the database struc-
ture, operational documents describing the technical

facilities, requirements for software and information
tools promoted by maintaining protection of monu-
ments of urban planning and architecture. This sys-
tem includes the system of classifiers, for example,
according to the location of the object, its primary
function, the authors, catalogs of archival sources,
and so on. The developed automated information
system provided the illustrated register of monu-
ments with an open system where a visual analysis of
the attractions was the implemented multilevel hier-
archical data processing subsystem composed of vi-
sual analysis tools and databases containing map in-
formation (location of the attractions on the map),
text and graphic information for each object. The
register attractions should include information on
the location of the object, topography, soils, build-
ing background, network engineering, information
on space-planning and design features, architectural
and structural components and parts, decoration of
the interior and exterior, construction and finishing
materials, as well as historical information, biblio-
graphical data, archival data, architects.

The system developed by NDITIAM provided
such list of data of conservation activities. It was
noted that the use of monuments is a database of in-
frastructure monuments and its environment, the
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base for the analysis and assessment of the attrac-
tions, calculation of the required parameters, calcu-
lation to optimize the tourism function, determined
by certain factors.

So, we can say that the NDITIAM information
system of 1995 was the basic foundation for the pres-
ent study.

The study used a method of systematic and struc-
tural analysis for the development of information and
logic models for the study of the problems of monu-
ment protection and conservation industry and meth-
ods [1, 3]. Systematic conservation approach just
allows us to consider this scientific field as the cur-
rent integrated system, and system analysis allows to
explore all methods and ways of solving a particular
problem (in this case — methodological principles
of formation and development of conservation in
Ukraine), the method of system and structural analy-
sis including the development of general models.

To determine the methodological principles
of formation and development of conservation in
Ukraine the research method was offered based
on systematic and structural analysis that identifies
objects from the total number of individual build-
ing vehicle conservation functions and separation
of internal and external look on individual parts
[1]. The building in general was considered without
a specific function selection (residential, public, re-
ligious or industrial), which is reflected in the list of
components of different hierarchical levels [1].

Structural analysis involves the separation of
an integrated system (object conservation as the
main exponent of nature restoration) into separate
components (also exponent signs of restoration).
Information and logical model allows us to stream-
line restoration types on the main components of the
building, gives an idea of the list of elements, compo-
nents subject to restoration because of problems and
accidents according to developed technology and
can analyze the complex process of restoration of
architectural objects, which includes the restoration
of all elements and components and restore individ-

ual item. It is the basis for the creation of information
structure peer evaluation system and methodology
restoration monitoring system monuments.

The first general scheme represents aspects of
restoration study: object restoration — building
aspects are the main part of the building: exterior,
interior, equipment, monumental and decorative art.

The objects of restoration are the major structur-
al elements of the building: roof, walls, foundations.
On the basis of systematic and structural analysis in-
formation and logical model for protection were de-
veloped which include the roof, end walls, founda-
tions, and in the case of internal space — roof, wall,
equipment, floor. So, the subject of the protection
(and therefore restoration) are the surfaces.

Such a systematic and structured approach to
research and restoration industry allows to compare
the methods of restoration, to show features of res-
toration of some parts of the building in different
cases, therefore, create a coherent system-structural
model which represents the restoration of Ukraine.

Structural and logical model divides the exter-
nal surfaces of the protection object — the outer
surface — into hierarchical levels: external surface is
zero, the first level is a structural part of the build-
ing (roof, end walls, foundations), which, in turn,
is divided on the components of the second level
(monumental and decorative art is represented by
a separate structural and logical model), as a part
of the roof - the spire, roof, bath, chimney, dormer,
parapet, consisting end — attic, gable, as a part of the
wall - gable, entablature, column, arch (if they fulfill
bearing function), window, balcony, bay window,
balcony, porch, entrance, entrance, ground floor, in
the warehouse basement — ledge height outsole. The
third level is a smaller elements, components of the
second level. The same set of structural and logical
model of internal surfaces, interior surfaces is zero,
the first level ia a structural part of the building (ceil-
ing, wall, equipment, floor), the second level — the
components of the ceiling (vaults), walls (doors,
windows) equipment (laying heaters, pipes, ceramic
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cladding, metal doors), flooring (ceramic tile floor-
ing, logs, iron plates). These components include
elements of the third level.

Certain structural and logical model is designed
to monumental and decorative art, which marked
relief, sculpture, painting, mosaic, stained glass and
metal art. This series examines all molded parts, re-
liefs, columns, arch (if they perform purely decora-
tive function), mosaic compositions on walls and
ceilings, mosaic floors, painting on interior and ex-
terior surfaces. Every element is a component devel-
oped and restored by restoration techniques.

Analysis restoration problems are also produced
by the method of system and structural analysis and
according to the information developed models.
These models serve as the semantic content of in-
formation structure of the expert system restoration.

Conclusions

Arrangement of the restoration objects based on
system and structural analysis and element-arrange-
ment of restoration methods allowed to organize res-
toration kinds of objects according to their hierarchy
and to provide a comprehensive picture of the state
of the elements of the building subject to restoration,
systematized methods of restoration work on certain
types (classical restoration through preservation,
restoration with a new device, restitution). Creating
content information and logical model also allowed
organizing the consideration of issues of emergency
condition of the building as a whole and its individu-
al elements and the restoration actions on individual
elements of the building.

The horizontal elements connection was de-
signed (according to the functions) as well as

the vertical (elements composed of elements), the
arrangement of the restoration objects of different
years both abroad and in Ukraine was conducted on
the basis of systematic and structural analysis.

This research helped to identify the main causes
of the damage rates of the buildings and its individ-
ual elements, the consequences of negative effects
namely external features of destruction and nature
of the damage, to determine the whole list of existing
restoration measures for the buildings in general and
the specific elements and formulate the basic criteria
of the advantages of the method of restoration in spe-
cific circumstances and its possible shortcomings.

To ensure the needs for information content of
the information structure of the expert system of res-
toration works were systematized — on one side — the
elements of the building under the hierarchical lev-
els, on the other — problems of the damage rates with
signs along the concrete elements — components,
from third part the restoration techniques applied
at specific elements for the elimination of the dam-
age state. This combined matrix allows you to select
the availability of certain features state of damage at
the individual elements level on one side (under the
manifestations algorithm) to determine the estimat-
ed cause of the damage, and the second — to choose
from a list of general restoration techniques most
suitable for specific conditions [2; 4]. For example,
you can predict the cause of the damage taking into
account the nature of the cracks direction (vertical
or horizontal) and their location, the nature of the
drawdown of the building displays for becoming
soaked walls, etc., which will speed up the time and
cost of pre-survey [2; 4].
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IKOJIONMMYECKAY COCTABJIAIOLWLAA PA3HbIX TUIMNOB
ATPNYMOB B COCTABE XXWUJ1bIX 30AHUN

AHHOTaI.II/ISI: B cTatpe PaCCMaTPHUBAIOTCA IIPUMEPDI AT PUYMHBIX MaAO- 1 MHOTO3TaXXHbIX JKHMABIX

3A&HH§I} MHXPOKO IIPHUMEHAEMbIE THIIDI aTPHYMHBIX IIPOCTPAHCTB; SKOAOTHIECKHE CBOMCTBaA aTpHUyMOB

B CTPYKTYpe€ 3AaHHMSL.

KaroueBbie cAOBa: ATPUYMHOE ITPOCTPAHCTBO, JKMAO€ 3AAHNE, 9KOAOTHIECKAS COCTABASIOIIAL.

OCHOBOIOAQTAOIIMM BeKTOPOM IIPOrPECCHBHOTO
PasBUTHS Y€AOBEYECTBA IBASIETCS COXPaHEHHE 9KOAO-
TUYeCKOTO PaBHOBeCHS 3eMAU. AKTYaAbHBIMU CTAaHO-
BATCS 3aAAQYU IO PALIMOHAABHOMY HCIIOAB30BAHHIO
3eMASIHBIX 1 BOAHBIX PECYPCOB, 00€eCIIeqeHHUIO YHCTO-
TbI aTMOCEPbl U OPTraHU3AITMH MEPOIPHUATUI Kaca-
TEABHO YTHAU3AIIUHI OTXOAOB 0€3 Bpeaa 9KOCHCTEME.
IToATBep)KAECHHEM 9TOTO €CTh OOABIIOE KOAUYECTBO
MTOATIMCAaHHBIX MEXAYHAPOAHBIX A€KAQPaIiHii, TPOTO-
KOAOB, a TaK)Xe, IPUHSATHIX 3aKOHOITPOEKTOB, HAaIIPaB-
AEHHBIX YBEAOMHUTD YEAOBEYECTBO O HEOOXOAUMOCTH
Gepeds IPUPOAHYIO CPeAy CBOEro OOUTAHHSL

Ha ceropHsmumt AeHb, OAHOM M3 TAABHBIX HAE-
OAOI'MH ABASETCS KOHIIENIUs YCTOMIUBOTO Pa3Bu-
Tost obmecTBa. CyTb AQHHOM KOHIJEIIIIUH COCTOUT
B HEOOXOAMMOCTH AOCTIDKEHHsS 0aAaHCA MEXAY

YAOBAETBOpPEHMEM COBPEMEHHBIX HYXA 00IjecTBa
U 3AIUTON NHTEPECOB OYAYIIMX IOKOAEHHI. ApXH-
TEKTYPHO-CTPOUTEAbHAS A€ATEAPHOCTD, 3, UIMEHHO,
€€ dKOAOTHM3alUs SABASIETCS OAHUM M3 IIPEAECABHO
BOXKHBIX ACIIEKTOB IO COOAIOACHHIO M PeaAU3ALUN
BBINIEYKa3aHHOTO.

OTHOCHUTEABHO OOABLION PA3HOIAAHOBOCTH
U BApHaOEAPHOCTH apXUTEKTYPHBIX, KOHCTPYKTHUB-
HBIX M MEDKEHEPHDIX peIleHUH, SKOAOTUIECKasl apXH-
TEKTypa MMeeT MIMPOKUM CIIEKTP CPEACTB K METOAOB
npoexTrpoBaHusa. OAHMM 13 METOAOB AOCTIDKEHHS
BBICOKHMX 9KOAOTUYECKHX IIOKA3aTEAEH €CTh BKAKO-
YeHHe aTPUYMHOI'O IPOCTPAHCTBA B CTPYKTYPY 3Aa-
Hus. B xavecTBe mpoTOTHIIA COBpEMEHHOIO aTpuy-
Ma, AQHHBIN 00BEMHO-TIPOCTPAHCTBEHHBII 9AeMEHT
cGOpMUPOBAACS B COCTaBe APEBHETO JKUADS, B BHAE
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BHYTPEHHETO ABOPHKA [1]. Hay4uno-TexH1UYe cKuit
nporpecc Hayaaa XVIII Beka AQA TOAYOK AASI ITHPO-
KOT'O HCTIOAB30BAHHS CT€KAQ  METAAAOKOHCTPYKIIUH
B cTpouTeAbcTBe. B aT0 Bpems arpuym npuobperaer
OTIpeAeASIIOIIUI NPU3HAK B Ka4eCTBe COBPEMEHHO-
IO 9KOAOTHYECKOTO apXUTeKTYPHOI'O dAEMEHTa, a,
MMEeHHO, CTEeKASIHHOE ITOKPBITHE Ha METAaAAMIeCKOM
KapKace IIOKPHIBAOIee 1/ HAM OIPaXKAAIOL[ee BHY-
TpeHHee MHOTOYPOBHEeBO€ IIPOCTPAHCTBO.

Ha ceropHsmHuit AeHb, aTpUyMHbIe 3AQHHS CO-
CTaBASIFOT 3HAYUTEABHYIO YaCTh MHPOBOH apXUTEK-
TYPHOM IIPAKTUKH. 3AQHUS OOLIeCTBEHHOTO Ha3Ha-
YeHUs 3aHMMAIOT OOABIIYIO AOAIO B 9TOM YaCTH, HO,
He CMOTPSI Ha 9TO, )KHAAS aTpPUYMHAs apXHTEKTypa
Pa3AMYHOM 9TAXXHOCTHU CTPEMUTEABHO HabUpaeT I1o-
ITYASIPU3AIIUIO.

OKOAOTHYECKasl COCTABASIONIAS] aTPHyMHOM apXH-
TEKTYPBI IIPOSIBASIETCSI B CHOCOOHOCTH 0becIiedeH s
3AQHUS AOIIOAHUTEABHBIM OCBEIlleHHEM, MHCOASIHEH
IPHUAETAOIIHX IIOMeIIeHHH; B CO3AAHHHU YCAOBHI AAST
€CTeCTBEHHO-IIPUHYAUTEABHOM BEHTUASILINHY, 060rpe-
Ba M OXAQKACHUS, TO €CTh, B YAYUIIEHUH MUKPOKAH-
MaTHUYeCKUX ITOKA3aTEAECH 3AQAHMS BIIEAOM.

OAHEM U3 TNPUMEPOB aTPHUYMHOTO MAaAO-
3TAXKHOTO XXHAOTO AOMa MOXXET CAYXXUTb 3AAHUE
«Hollerstauden>» B repmanckom ropope MHroas-

«Behnisch & Partner»
B 2008 roay. l'opu3zoHTaAbHYI0 KOMMYHHUKAIIHIO obe-

IITAAT, IOCTPOEHHOE
CIIeYMBAIOT TaA€PEH OIOSCHIBAIOIIME aTPUYM, Ha KO-
TOpPbIe BBIXOAAT KBapTHUPbL. O CHOBHBIMH QYHKITHAMU
aTPUYMHOTIO IIPOCTPAHCTBA AQHHOT'O 3AQHMSI BBICTY-
IAIOT OCBEIjeHUe, UHCOASIINS, a TAKKe, peKpeariysl.

JKuaont xommaexc «Arpuym>»> B lBaHTeeBke
(Poccus), nocTpoeHHbIA B 2012 roay sABAsgeTCSA IpH-
MepOM MHOTO3Ta)XHOTO aTPUYMHOIO 3AaHHS. JKO-
AOTHMYECKON KOHIIEIILIMENR YXHAOTO KOMIIAEKCA SIBAS-
eTCsl AByXCTOPOHHSS MHCOASALIMS M €CTeCTBEHHOE
OCBellleHre KBaPTHP, AOCTUTaeMble 3a CYeT aTpUyMa
BBICOTOM B 16 aTaxker.

O6rpepuHsonIent XApAKTEPUCTUKOM BBIIIEYIIO-
MSIHY THIX SKUABIX OOBEKTOB €CTb €AMHBIN TUII 00b-
€MHO-TIPOCTPAHCTBEHHOMN OpraHU3allMM B CTPYK-
Type 3AQHHS — BCTPOEHHbIN OAHOCTEHHBIN aTPUYM.
IIpenmymecTBOM AQHHOTO THUIIA ATPUYMA SBASETCS
CO0COOHOCTD K AOTIOAHUTEABHOM MHCOASILIUU U OC-
BellleHUH TPUAETAIOIUX IIOMeIlleH!H 3a CYeT Kak
BEPXHErO TaK X H0KOBOT'O OCTEKACHUS [2].B CTpaHax
C YMepeHHbIM U XOAOAHBIM KAMMATOM aKTyaAbHbIM
OyAeT OpHeHTALMS OCTeKACHHUS ATPIyMa Ha FOXKHY0
CTOPOHY C IIeAbIO aKKyMYASIITUM X COXPaHEHUs TeAa
B 3paHMU. B 5kapkHX cTpaHax peKOMEeHAOBAHO OpH-
€HTHPOBaTh aTPUYM Ha CeBep.

Tum 1. BcrpoenHsiit

lepmarnsa. aronpmranr. Apx.
«BEHNISCH & PARTNER» 2008T.

Poccus. BanTeeBKa.
Apx. C. HenoMHAmmii 2012r.

OJIHOCTEHHBIN

Figure 1.
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CaeayromM MpUMepOM MAAOITAKHOH aTpH-
YMHO! apXUTeKTYPBl MOXKET SIBAATbCS YaCTHBIN
xuaoit poom «Lollipop House» mocrpoenHsiit
B 2012 roay B IOxno#t Kopee. 3panue cocro-
UT U3 TPex dTaKel, BePTHKAABHO IPOHU3AHHBIX
aTpUyMHBIM IpocTpaHCTBOM. C MOMOIIBIO Bepx-
Hero OCTeKAeHHUs obecrednBaeTcs AOCTATOYHBIN
YPOBEHb MHCOASIIUU U OCBeIjeHUs BHYTpPEeHHHUX
MOMeEIeHUH )KUAOTO AOMa.

B 2006 roay B MockBe 6bIAO 3aBepIIEHO CTPOU-
TEABCTBO 8-MHU 9TQXKHOTO ATPHYMHOTI'O KHAOTO AOMa
o MpoeKTy apxurekTopa A. basbikuna. KBapTupsr
B 3AQHHH PACIIOAOKEHBI BOKPYT TaAepeii OIOsIChIBAO-
IUX aTpUyM. B kauecTBe BepTHKaABHBIX KOMMYHHUKA-
IIMi1 B aTPUYMHOM ITPOCTPAHCTBE BBICTYIAIOT IIAHO-
paMHbIe AUPTHL. ATPHYM AQHHOTO apXHUTEKTYPHOTO
06peKTa, a, TakoKe, xuaoro pooma «Lollipop House»
cHOpPMHPOBAHBI IO EAUHOMY THITY — IIeHTPAABHOTO
PACIIOAOXKEHHUS B 00BEME 3AQHMSL.

LleHTpaAbHBIN THII aTPUYMa SBASIETCSI OAHUM
U3 CAMBIX PACIPOCTPAHEHHbIX B APXUTEKTYPHOM
IMpaKTUKe U IPHMEHSIEeMOM KaK B XOAOAHOM, TaK
U JKApKOM KAHMMaTe. YUHThIBasi pakT TOTO, UTO
BepxHee OCTeKAeHHe 0becreyrBaeT HaHOOABIIYIO

MHCOAMPOBAaHHOCTb, HEOOXOAMMO TIJATEABHO
IPeAyCMOTpETh TPaHCYOPMUPYEMYIO CHUCTEMY
COAHIIe3amuThI [3].

ATpHyM LIeHTPaABHOTO THIA MOXET TPOAYK-
TUBHO pabOTaTh B Ka4eCTBE BEeHTUASIIMOHHOTO Ka-
HaAa B 3AQHHUAX PACTIOAOXKEHHDIX B TETIABIX H XKap-
KUX KAUMATUYECKUX YCAOBHSX, &, TAK)Ke, B KA4eCTBE
060rpeBaroIero BHyTPeHHEro MPOCTPAHCTBA B XO-
AOAHOM KAMMATe. AAS TOBBIMIEHUS Ka4ecTBa pabo-
TBI [0 YAYUIIEHHIO MUKPOKAMMATUYECKHX YCAOBHUIL
3AQHHSA B aTpUyMe HeO6XOAUMO YCTaHABAMBATD HH-
JKeHEePHO-TEXHUYECKUE MEXaHU3MbI B TIOABAABHBIX
IIOMeI[eHUAX UAH Ha IIOCAEAHHX 3TaXKaX BO3AE CTe-
KASIHHOTO TIOKPHITHSL. B 3aBUCUMOCTH OT $pyHKIIHO-
HAABHOTO Ha3HAYeHHs AaTPUYMHOTO IPOCTPAHCTBA
IPUHUMAIOTCS OTIPeAeAeHHbIE COOTHOMEHHUS Mapa-
METPOB BbICOTBI, IIUPHHBI, AAUHBL U T. A. L]eAb Mak-
CUMaAbBHO OCBETHTb BHYTpEHHEe NMPOCTPAHCTBO
B XOAOAHOM KAMMATE MPEANIOAAraeT paclIupeHue
NapaMeTpoB aTPUyMa, B TEIAOM — IPSIMO TIPOTHBO-
MOAOXHO. B aTrpuyme 1jeHTpaAbHOrO TUMA TaKKe
BO3MOKHO OPTaHM30BBIBATh 30HY PeKpearjuy Ha-
TIOAHEHHYIO O3eACHEeHHEM U APYTHMU [PHPOAHBI-
MU KOMITOHEHTaMH.

o

o\
(]
[/

Tun 2. llenTpaneHbIin

I0xHnasa Kopesa. Kénrupo.
Apx. «MooN HooN» 2012r.

Poccusa. Mockea.
Apx. A. baBukuH 20081

Figure 2.
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Eme opHMM nprMepoM 4acTHOTO aTPHyMHOTO
JHABS SIBASIETCSI AOM B Yaabce (Bputanus) paspa6o-
TaHHBIA apxuTeKTopoM OysHOM AAOHAOM U HHXe-
HepoM DHAPI0 ToMacoM. ATpyyM BBICTYTIaeT B POAU
CBSI3YIOIIETrO OOIero IMPOCTPAHCTBA MEXAY ABYMS
KPBIAbSIMHU XKHAOTO A0Ma. OCHOBHBIMU ero GpyHKIU-
OHAABHBIMM XapaKTePHCTUKAMU €CTb CO3AaHHe pe-
KpealjMOHHOM 30HbI M OpPraHU3aLMU 3UMHET0 CaAQ.

ITopobHYIO KOHIennuio GopMOOOpazoBaHUs
MMeeT MHOTO3TAXXHbIM aTPHUyMHBINA AoM Bo PpaH-
1uu B ropoae bopao, mocrpoennsiit B 2014 roay
apxurexTopoM Hukoas MumaeH u ero KoMaHAOM.
ArpuyM 06beAHHSIET ABA XKHABIX KOPITYCa U CAY-
XKHUT OOLIeCTBEHHBIM NPOCTPAHCTBOM AASI BCEX
xuTeaent ooma. Ero komMyHHKanmoHHas GpyHKITHSA
COCTOUT B O0eCIIeYeHUN CBSI3H U AOCTYIIA K KBap-
THpaM. PexpealinoHHOe Ha3HAYEHUs PeaAU30BbI-
BaeTcsl 3a CYeT OPTraHMU3AILUHN 3UMHETO CaAd, 00y-
CTPOMCTBA AETCKHX IAOIIAAOK U 30H AASL OTABIXA
B3POCABIX. DKOAOTHYECKasl COCTABASIONAs aTPUyMa
XapaKTepU3yeTcsl BBICOKMM IOKa3aTeAeM YpPOBHS

MHCOASIIIUN U €CTECTBEHHOIO OCBEIleHHSs, BEHTH-
ASIUE ¥ 000rpeBa MPHAETAIONMUX IOMEI]eHHIL.
CxaapuaTple CTeKASTHHbIE KOHCTPYKIMH aTpHYy-
Ma UMEIOT MHTeTPUPOBAHHbIE COAHEYHbIE MTAaHEAH
C IO)KHOU CTOPOHBI, C CeBEPHOM — MeXaHHUYeCcKue
OTKPBIBAIOIIMECS IAEMEHTDI AAS BBIITYCKA HarpeTo-
ro BO3AyXa HapyxXy. B suMHMIT meprop cOAHeYHbIe
AY4IH IPOXOAST CIEITMAAPHO HaIlPABACHHbIM ITyTeM
C IIeABIO 000TPeTh 3eMAIO U PACTEHHUSI 3UMHETO CaAQ.
OrnpepereHHOE KOAMYECTBO TeIAA AKKYMYAHPYeT-
Csl BO BHYTPEHHHX CT€HAX 3AaHUS U BBIMOII€HHBIX
B aTpHyMe IIeLIeXOAHBIX AOPOXKKax. Takum o6pasom
IIOAAEPKMBAETCS CTAOMABHBII TEMIIEPATyPHBII pe-
KM Y HCKAIOYAIOTCS GOABIIINE [IeperaAbL.

ArpuyM ABYX BblIIeyKa3aHHBIX 00DeKTOB GOpPMHU-
PYeTCs 10 THITy ITacCaXka U OTHOCUTHCA K CKBOZHOMY
TrIry. Mo>keT HCIIOAB30BaThCs B AF0OOM KAMIMATE, HO,
TaK KaK UMeeT OOABIIYIO IAOIIAAD OCTEKACHUS Tpe-
OyeT BKAIOUEHMS AOTIOAHUTEABHbIX HH)KEHEPHO-Me-
XaHUYECKUX CUCTEM 1 00OPYAOBAHUSI AASL YAy LICHISI
KOHTPOAS MUKPOKAMMATA 3AAHHUA.

Tun 3. CkBosHoI1

Bpuranusa. Yannc.
Apx. Oysn Jlnoip 2o09r.

®parnusa. boppo.
Apx. Hukonsa Mumnen 2014r.

Figure 3.

Ha ceropnsmuuii AeHb aTpUyMHasl )KHUAAS ApXU-
TEKTypa yBepeHHO HAOHPaeT MOITYASPHOCTH U IIHPO-
KO IpakTH4YecKoi peaausanuu. IIpoanasusuposas
HEKOTOPbIE U3 IIPUMEPOB MAAO — U MHOTO3TAXKHBIX

ATPHUYMHBIX JKHADBIX SAaHI/II;I MOJXHO CAC€AATb BBIBOA
06 X BBICOKOM CTE€NeHU 9KOAOTHIYHOCTH U aKTYaAb-
HOCTH IIPUMEHEHIM B apXHUT eKTypHOfI IIpaKTHKe.
FpaMOTHoe BKAIOYE€HHE aTPUYMHOI'O IIPOCTPAHCTBA

12



ECOLOGICAL COMPONENT OF DIFFERENT TYPES OF ATRIUMS IN RESIDENTIAL BUILDINGS

B CTPYKTYPY 3AQHIS, BBIOOP IPABUABHOM pOPMBL, AO-  3AQHHE BBICOKUMH 9KOAOTHYECKUMU U 9HEProdadpex-
MOAHEHHe U OCHAIlleHe MeXaHNYeCKUMH CUCTeMaMH, ~ THUBBIMU ITOKA3aTEeASIMH, @ TAKOKe CO3AAAYT OAaromnpu-
OAOOpKa OOAUIIOBOYHBIX MATEPHAAOB OOeCriedaT  SITHYIO IICHXO-IMOLIMOHAABHYIO arMOCdepy.
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ARCHITECTURAL STRUCTURE OF AK SARAY IN SHAKHRISABZ

This article comprises and analyses some new information
about architectural construction of Ak saray in Shakhrisabz.

Abstract: According to historical facts, Ak-Saray palace’s history in Shakhrisabz can be imagined
as: the total width is front facade which is more than 52 metres they entered the second door through
central path which is about 8 metres distance. According to the records of Clavijo and Bobur door
way was broad and ornamented with white marble, azure and tiles of very fine workmanship.

In the middle of it was a large pool, on both sides there was a chamber of Amir Temur’s sons and
Temur’s own chamber room. In the center of it fountains, streams, ponds and landscape design and
architectural buildings which is peculiar for Temurid’s Chorbog Art traditions. But, so far this age his-
torical facts about Shakhrisabz’s internal structure and Ak-Saray architectural researches are carried out
and signboards are opened which can be found, based on our announcement materials and graphic
project, the landscape (traditional pond, stream, tree, bush, flower, blossoming meadow and others)
which is peculiar for Temurds age is set up, the historical importance of the city would become stronge.

Keywords: Madrasa, cupola, portal, the green city, veranda, arch, closet.

Central Asian architecture of the Timurids’ era
has two palaces: a big one is in Shakhrisabz another
smaller one is in Samarkand. Both buildings were
extensively studied, but there are different scientific
opinions about their architectural structure So far,
in the literature it is described as a huge rectangular
building [9, P. 136].

Sharafuddin Ali Yazdi described the palace in
Shakhrisabz as: “there is not such a great pavilion in
the world” [ 10, 88].

Amir Temur’s Ak saray arch in Shahrisabz, is not
only the ancient city of Kesh, but also the Timurid
empire’s administrative (court) Office. At the be-
ginning of the fourteenth century until the fifteenth
century, Ak saray occupied a very large land. Now a
complex ensemble of the palace buildings is saved
the only residue of the roof.

You can know about the first structure only in
the medieval written sources. The archaeological re-

search just discovered remainder of the foundations
which occupied not a big territory of main entrance
portal of Ak Saray. However Spanish ambassador
Ruy Gonzalez de Clavijo, who visited Ak saray,
when Amir Temur was alive, described this building
as wielded enormous building.

Zakhritdin Muhammad Babur, said: “Sna
Kewr Buaositupyp. CaMapKaHAHUHT SKaHYyOHAAYP,
TYKKM3 HHFOY HMYAAYD. CaMapKaHA 6maa Kem
opacuaa 6up Tor Tymy6Typ. FiITMak AO6OHM AepAap,
CaHITAPOIIAVK KHAYP TOLIAAPHH TaMOM Oy TOFAMH
aAtapaap. baxopaap caxpocu Ba maxpu Ba 6omu Ba
ToMU XY0 cab3 6yayp yuyH llaxpucabs xam aepaap.
Temypbexnunr 3opay 6yau Kemaun yuyH, maxp
Ba IOMTaXT KUAYPHFa KyII Cabid Ba OXTUMOMAAp
KUAAM, OAHET uMmopaTaap Kemrra 6uno xuapu. Yaura
AE€BOH VATYPYpP YIYH 6Hp YAYF MEIITOK Ba sSIHa YHI
€HHAQ Ba CyA €HHMAQ TaBOYU OeKAapu OrAa AeBOH
OexAaapu YATYpyb A€BOH Cypap yIyH UKKU KIIUKPAK

14



ARCHITECTURAL STRUCTURE OF AK SARAY IN SHAKHRISABZ

IEIITOK KHAUOTYp. SIHa CaBpyH 9AM JATYPYP YIyH
6y A€BOHXOHAHUHI Xap 3MABMAQ KHYUK — KUYMK
TOKYaAap KMAMOTYp, MyHYa OAUI TOK OAAMAQ KaM
HUIIOH Gepypaap. Aepaapkum, Kucpo toxuaus
6y 6uitnkpakryp. Sua Kemaa mappaca Ba Makbapa
Kuan6Typ. JKaxonrmp wmupso Ba sHa 6abp3u
aBAOAMHMHT Maxkobupu aHpapyp. Uyn Kemnuur
KoOnAMsATH maxp 6yamoxka CaMapKaHAYa 9MAC 9AH,
oxup mouTaxT yuayH Temypbex CamMapKaHAHH — V3
nxTuép Kuapu” [11].

Means that Amir Temur had idea to make Shah-
risabz capital. However, Amir chose Samarkand as
the capital city, and create Ak saray as a secondary
residence where he could base with his sons and
noblemen. The administrative position of the pal-
ace is after the Kok saray in Samarkand, however its
size is extremely great. Babur wrote about it “Kucpo
toxupas 6yrox” (It is huger than the mountain Kis-
ro). Clavijo said that the inner of the yard was equal
to the wide 300 steps:

“Next Friday the ambassadors was brought to
watch the construction of the palace by the com-
mand ofking. They said that it had been building for
twenty years. Even in these days, there were many
masters were working. The entrance of the palace
was long, the gate was very high, and there were
decorative brick arches on the left and on the right.
There were small rooms without doors under these
arches, their floor was mosaic and built deeply. The
kings spent their time there. There was another gate
behind this gate, the land of the yard was covered
with white stove-paved and decorated luxuriously,
from there you can path to a yard which surround-
ed with patio gallery. There was a large swimming
pool in the middle of the yard, this yard occupied
the width of three hundred steps, through it you can
enter into the largest room in the palace. The door
of this room is large and painted with golden, blue
colors and decorated with mosaic and all of these
were great works. On top of the door was described
the lion and on the lion was the sun. there are the
same pictures at the edge of the facades. Thisis alo-

cal Senora’s emblem (badge). This palace was built
by Temurbek’s order, but I suppose that the previ-
ous king built it before. Because the image of the
sun and lion was the emblem of the king of Samar-
kand. Temurbek’s emblem was consisted of three
circles (circle): ©

This anthem means that he was a king of three
continents, the king ordered to target all the coins
and things. That is why I think other king before
Temurbek built this palace. These three circles as let-
ter “O” were also in the seal of the king, he ordered to
pattern coins like this to the nations who paid taxes
for him.

By this (third) door you can enter to square-
shaped hall, the walls are decorated with gold and
blue paint, ceiling tiles treated with the gold-plated.
From here ambassadors were invited to the top
floor. All rooms are decorated (covered) with gold
(plated), so many rooms and buildings were shown
to them, it is difficult to describe in words all. All
the rooms were decorated with gold, blue and other
colored paints, and even well-known masters of Par-
is would be struck by them. Even they would have
found a great job.

After that, the king’s (Amir Temur) and his wives
(concubines) rooms, which the walls, the ceiling and
the floor were decorated, very luxurious were shown.
A lot of master worked under the restoration of this
building. Then the ambassadors were brought to the
hall where the king spent the time with his wives
(concubines)in the parties. The hall is magnificent
and designer. In front of it, there is a garden with fruit
trees and decorative trees. There are a variety of pools
and artificial grass” [12].

Nizomiddin Shami “Zafar”, reported that:

“Mrs. Saray Mulk Honim, brothers and Amir-
zoda Shohrux greeted Amir Temur, and the hon-
ored him by kissing the carpet and were happy
from meeting each other. (Amir Temur) stayed a
few days in Ak sarai in Kesh, and spent his time with
joy and held wedding. Then he left to Samarkand,
died there”.
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So far, almost all researchers have been writing
that Amir Temur wanted to make Shakhrisabz the
capital city, because it was his native city. However,
our research has shown, Sharafuddin Ali Yazd wrote
that, the reason of prosperous of former Kesh has
beautiful and fascinating nature during the spring,
and mainly for this reason that the three great engi-
neers’ footsteps.

Historically, from engineers, three imams chose
this town as their native town: Abu Muhammad Ab-
dulla bin Hamid Nasr al Koshy, Abdulla bin Abdur-
rahman al Dioramic as Samarkand, and Abdullah
Muhammed bin Ismail al Bukhara. The education
was developed here, so there were touch bases with
Abdul Husain Muslim bin Hamid Koshy, later Kesh
was nicknamed as “Ky66at ya nam Ba aa apa6”. There
was green grass which horses like. In spring roofs,
mountains, around covered with vegetables. Amir
Temur built buildings for these honor of the scien-
tists, and named these green city Shakhrisabz which
means — “The green city”.

In fact, according to the instructions of the
Amir Temur “all wise men and masters were
moved here in Kesh. Next spring year (March
1380), Amir Temur built a palace. Based on Yazdi
and Clavijo recent archaeological observations,
it is possible to reconstruct Amir Temur’s Ak sa-

ray in Kesh. According it, you can enter a bigger

yard through the main portal. Left and right side
of this yard was covered with concaves and floor
was covered with mosaic, it was planned for king’s
sons and noblemen. Then again, you can enter into
another yard which width of 300 steps. The length
of this yard is unknown and Amir Temur’s devan
was stayed there.

There was a pool in the middle of the second
yard. So, Ak saray was the biggest building, and it
was lied to the madrasa Cho’bin, which is saved our
present time. In 2014 during the reconstruction of
the center of the city there were found remains of the
foundations of the rooms belonged to the period of
Amir Temur and original size was 28x28x6 cm.

Thus, it is possible to reconstruct Ak saray in
Shakhrisabz. There were written that the total width
was 52 meters on the front facades of more than
8 meters about the central corridor through the sec-
ond gate, Clavijo and Bobur wrote that on both sides
of this long corridor and a brick archway (Arcata)
adorned with the prompt.

After that three hundred yards wide, white mar-
ble pavements courtyard. The middle of the pool,
on the side of the two sons of Amir Temur Recep-
tions and four Amir rods. The size of the building,
whether it is in terms of decorations is also unique in
the world. It came down to the roof and interior (air-
frame) Poll saved, we need to guard like our eyes.

Figure 1. Project Ak Saray in Shakhrisabz (prof. M. K. Axmedov.
Senior scientific researcher N. Tukhboeva)
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Figure 2. Plan of Ak Saray in Shakhrisabz (prof. M. K. Axmedov.
Senior scientific researcher N. Tukhboeva)
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Abstract: In this article, the correlation between the indices of physical development and the
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living in the territory equated to the conditions of the Far North is studied. The used materials and
methods, and also the results of the research are in detail described.
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XAPAKTEP KOPPEJIILMOHHBbIX CBA3EN MEXAY NOKA3ATEJIIMM
DPUSUNHECKOIO PASBUTUA U DYHKLUIMOHAJIbHbIM
COCTOAHUEM CEPAEYHO-COCYAUCTOWU U ObIXATEJIbHOWU
CUCTEM OETEWN (XAHTOB), MPOXXUBAIOLLUX HA TEPPUTOPUMN
NMPUPABHEHHOW K YCNTOBUAM KPAMHEIO CEBEPA

AHHOTaI.H/I}I: B AaHHOfI CTaTbh€ U3YIaeTCs KOPPEAILIMOHHA CBsI3el MEXAY ITIOKA3aTCASIMHU (I)I/ISI/I-
YE€CKOT'O pa3BHUTHS (IJYHKI_II/IOHaAbeIM COCTOSHHUEM CepAe‘IHO-COCYAHCTOﬁ u AbIXaTeAbHOfI CHUCTEM
YIaIHuXCsa MAQAIIIETO MKOABPHOT'O BO3PacTa (XaHTOB), ITPpO’KHBAIOIINX HA TEPPUTOPUH HpHpaBHeHHOﬁ
K YCAOBIIM KpaﬁHero CeBepa. HOApO6HO OITMCHIBAIOTCS MCIIOAB30OBAaHHDBIE MAaTE€PHAAbI 1 METOADI,

a TAKOKE ITOAYI€HHDIE PE3YADPTATDI B XOAC HCCACAOBAHH .

Karouesplie cA0Ba: pusndeckoe pa3puTHe, PyHKIMOHAABHOE COCTOSIHHE, CePAEYHO-COCYANCTas

CHCTeMa, AbIXaTeAbHas cucTeMa, XaHThl, Kpaitauit Cesep.

OAHNM 13 CcyIIecTBeHHBIX IIOKa3aTeAel COCTOs-
HUA 3A0POBbs A€TEH U IIOAPOCTKOB, ITPO>KUBAIOLIMX
Ha TeppUTOPHH, IPUPABHEHHON K ycaoBusaMm Kpaii-
HEro ceBepa sABAdeTCs PU3NIeCKOe Pa3BUTHE — HH-
AMKATOP, KOTOPBIM OY€Hb YyBCTBUTEAEH K Pa3AnY-
HbIM U3MEHEHMSIM OKPY>Kaloll[ei CpeAbl, KOTOPbII
OTpa’kaeT MPOLECCHI Pa3BUTHA U POCTa OPraHM3Ma
Ha 3Tamax oHToreHesa. Ksyyas ¢usuyeckoe passu-
THE, AO CHX IIOP OCTaIOTCS HEAOCTATOYHO M3y4YeH-
HBIMU ITPOLIECCHI Pa3BUTHSA U POCTA ITOAPACTAIOLIETO
ITIOKOAEHHS B 3aBUCUMOCTH OT HAaIJMOHAABHOM, Paco-
BOY IIPUHAAAEXKHOCTH, OT CPeAbl OOUTAHMs, YTO SIB-
ASIETCSL OAHUM M3 aKTYaAbHBIX BOIIPOCOB IIPH yYeTe
KAMMAaTHU4€CKHMX YCAOBHSX IIP OXKUBAHMSL.

Kpowme BAnsHNS Ha pu3ngeckoe pasBUTHE AeTel
U IIOAPOCTKOB, KAUMaTHYeCKHe YCAOBHUS CIIOCO0-
CTBYIOT Pa3BUTHIO B OPIraHM3Me MHOTUX IIepPeCcTpo-
eK B QyHKITMOHAABHBIX CUCTEMAX (B 9aCTHOCTH Cep-
AEIHO-COCYAMCTOM 1 AmxaTeAbHoﬁ), 9TO PUBOAUT
K AAAIITUPOBAHHOCTH OPTaHU3MA.

CeBepHble perHOHBI C 6OTaThIMU IPUPOAHBIMH pe-
CypCaMH 3aHUMAIOT OKOAO 64% TeppHUTOPHU CTPAHbI
U SIBASIFOTCSI )KU3HEHHO HeoOX0AUMOI 30HOM Poccun.

N3ydeHne 0cobeHHOCTel aHTPOIOIKOAOTHIECKUX
YCAOBUI1 CEBEPHBIX TEPPUTOPHUIL, CBSI3aHO C HEOOXO-
AMIMOCTBIO ONITHMU3ALIMU CPeABl OOMTAHMS YeAOBEeKa
B YCAOBUSIX KOHTHUHEHTAABHOT'O KAMMATa, OTAMYAOIIe-
rocCsl HAAMYHMEM YKECTKOI'O M AAUTEABHOTO XOAOAOBOI'O
BO3AEHCTBHA Ha OpraHu3M YeAoBeka. XaHTbl-MaHcwii-
CKHMI1 aBTOHOMHBIN OKpyT — IOrpa oTHOCHTCS K AMIC-
KOMOPTHO-3KCTPEMAABHBIM TEPPUTOPHUSAM, IPUPAB-
HeHHBIM K paitoHaM Kpaiinero Cesepa.
DyHKIMOHAABHOE COCTOSIHHE OpraHuM3Ma de-
AOBEKa 3aBHCUT He TOABKO OT 9HAOTE€HHBIX IIpOoljec-
COB, HO M OT YCAOBHUI OKPY>Karollleil CpeAbl, KoTopas
OKa3bIBaeT He MeHee 3HAUNTEAbHOE BAMSHIE Ha ITOA-
HOIleHHOe (YHKIIMOHHMPOBAaHHE IIOTE€HIIMAABHBIX
BO3MOXXHOCTEH opraHusMa. B opAHuX cAydasx aTu ok-
30reHHbIe (paKTOPBI 06eCIIeYNBAIOT HOPMAABHOE Pa3-
BUTHE, 3 B APYTUX — HAaIIPOTUB, MOT'YT 3aTOPMO3HTb
AeSATeAbHOCTb OPTaHM3Ma U BbI3BAaTh B HEM II€ABIH PSIA
CABHUI'OB, YTO MOXXET IPUBECTH K IIATOAOIMYEeCKHM
mporeccaM U 3aboaeBanusIM. B ycaosmsx xxe Cesepa
OpraHHM3M 4eAOBEKa IIOABEPraeTCs BAUSHHIO He TOAD-
KO KAUMaTHYeCKHX (paKTOPOB, HO ¥ TAKMX HETaTUBHbIX
BOBAEMCTBHI KaK 3arpsisHeHHe BO3AyXa BPeAHBIMU
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BellleCTBAMH, BCAGACTBHE HePTeAOOBIH 1 ra30A00bI-
49U ChIPbs], IPUYEM AeHCTBYIOIUX MHOIOKPATHO.

He cocraBasger comHeHus, 4TO QpyHKI[MOHAAD-
Hble BO3MOKHOCTH HapopHocTeil CeBepa Bbllle,
4yeM y IPHUIIAOTO HaceAeHHs. DTO yBeAHYeHHe pe-
3epBHbIX BO3MOXXHOCTEH CHCTEMbI BHEIITHETO AbI-
xaHUs U 60Aee 9P PeKTUBHOE ABIXAHIUE, YCHACHUE
nepupepruieckoro KpPOBOTOKA, aAAANTAIMOHHAs
IepecTporiKka TepMOPEryAsI[UY, BbIpajkarouasics
B yBEAUYEHHUH yPOBHS OCHOBHOTO OOMEHa, CHIDKe-
HUU KOXKHBIX TeMIlepaTyp, YBeAUYeHUH TepMope-
T'YASITOPHOM POAY KOHEYHOCTe! U $OpPMHUPOBaHHU
crnenupUIeCcKO CTPYKTYPhI TEIIAOOTAAYH.

ITeAp nccAeAOBaHUS: U3YYUTb KOPPEASIIMOHHYIO
CBSI3b MEXAY ITOKa3aTeAsIMH GpU3NIeCKOro pa3BUTHUS
U QpYHKIMOHAABHBIM COCTOSIHHEM CEPAEYHO-COCYAHU-
CTOM M ABIXaTEAbHOI CHCTeM OpraHu3Ma AeTeill (XaH-
TOB), IPOXKMBAONIMX HA TEPPUTOPUM IPUPABHEHHOI
k ycaoBusaMm Kpaiinero Cesepa.

3aAauu UCCAEAOBAHMS:

1. OnpeaeAuTsd ypoBeHb GU3HMIECKOrO Pa3BUTHUS
U $YHKITMOHAABHOTO COCTOSIHUS CEPAEYHO-COCYAU-
CTOM M ABIXaTEABHOM CHCTEM OpraHM3Ma ACTeH MAAA-
IIero MKOABHOTO BO3PACTa, IIPOKUBAIONIHMX Ha TePPHU-
TOpUU ITpUpaBHeHHOM K ycaoBrsiM Kpatinero Cesepa.

2. DKCIIepIMEHTaABHO 000CHOBATh KOPPeASIIIH-
OHHYIO CBSI3b MEXAY IOKa3aTeAsiMH PpHU3NYECKOTro
pasBUTHA U QYHKIMOHAABHBIM COCTOSIHHEM CepAed-
HO-COCYAUCTOM M ABIXaT@AbHOM CHCTeM OpTaHH3Ma
AeTeil (XaHTOB), MPOKUBAIOIMX HA TEPPUTOPUM
npupaBHeHHOM K ycaoBusaM Kpaitnero Cesepa.

B axcnepumeHTe MpHUHAAU y4acTHe y4aljuecs
CEAbCKOTO HaceAeHHUs moceaka Yryt (rpymma 1,
n = 69) u pAepesun Pycckunckoit (rpynma 2, n = 62).
B onenxe ¢pusnyeckoro pasBUTHs y4aIUXCs OIpe-
AEASIAVICh OCHOBHBIE aHTpOIIOMeTpHYecKue MoKa-
saTean (pocT, Bec, OKPYXXHOCTb TPYAHOI KAETKH
(OI'K), amnautypa OT'K). IIpousBoauAuch pac-
4eThl Macco-pocTroBoro uHaekca Kerae, mapexca
OpucmaHa, napekca [IuHbe, mAOmaAU TOBEPXHOCTH
Teaa. Taxoke onpeaeAsAnch pusroMeTpudecKue 1o-
Ka3aTeAH CepAETHO-COCYAUCTOM chcTeMbl (YacToTa

CepAEUHBIX COKpaIlleHHIl, apTePHAAbHOE AABACHHE ),
ABIXaTeABHOH CHCTeMbl (’KU3HEHHAs eMKOCTH Aer-
KUX, >KU3HEHHBIN UHAEKC) U TP OBOAMAUCH QYHKIMO-
HaAbHble Tpo6bI IlITanre u [enun. CraTucTrdeckuit
AHAAU3 IIOAYYEHHBIX Pe3YABTATOB IIPOBOAHAU C HC-
noab3oBanueM nporpammbl « STATISTICA version
10> u MHTErpupOBAHHOTO IaKeTa IPOrPaMMHOTO
obecreuenns: «Excel». ITpoBepka Ha HOpMaAb-
HOCTb PAaCIpeAeAeHHUs OCYIIeCTBASAACH TECTOM
IManupo-Yuaka. B cayuyae HopmaabHOTO pacmpe-
A€ACHHUS ITepeMeHHbIX IPUMEHSIACS KO PHUIUeHT
panrosoii koppeasanuu CrnupmeHa.

B xope iccaeAOBaHUS OBIAO BBISIBAEHO, YTO 9KC-
IepUMeHTAaAbHASI TPyIa 1 U 9KCIIepUMeHTaAbHAS
rpymnmna 2 1o BceM CpaBHHBAaeMbIM IIOKa3aTeAsM
HUAEHTHYHBI, [I09TOMY MbI OOBEAMHHAU UX B OAHY
TPYIITY U PAa3ACAHAH IO TeHAEPHOMY OTAMYHIO. Pe-
3yABTaThI IIPEACTABACHBI B Tabauax 1 u 2.

3 TabAUIIBI BUAHO, YTO y MAABYMKOB HabAIOAQ-
eTCsl CBA3b MHAEKCa JpucMaHa U uHAekca [Iunbe
c po6oit lenun u xxu3HeHHBIM HHAEKCOM. MHAEKC
Kerae 1 maomapb MOBEPXHOCTH TeAA KOPPEAUPYIOT
C )KM3HEHHO! eMKOCTBIO A€TKUX, ITyAbCOBBIM AABAe-
HHeM M )KH3HEHHBIM HHAEKCOM. AMIIAUTYAQ 9KCKYP-
CHU TPYAHOM KAETKHU B3aMMOCBSI3aHa TOABKO C IIPO-
60it Terrau (P< 0,01 ). BsauMocBs31 MexAY 4aCTOTOM
CepAEYHbIX COKpAIeHUH U pU3NIECKUM PA3BUTHEM
MaABYHKOB He o6HapysxkeHo. ITpob6a IllTanre Takke
He HIMeeT CBS3H C UHAEKCAaMHU, OTIPeACASIOUMH Qu-
3MYeCcKOoe pa3BUTHeE YJaIuXCsL.

Y AeBoueK ke ITPOsIBASIETCS CBSI3b MHAEKCA JPHC-
MaHa U MHAeKca ITuHbe C IMyAbBCOBBIM AaBA€HUEM
u xxu3HeHHbIM nHAeKCOM. MHpAekc KeTae 1 maommans
IIOBEPXHOCTH TEAQ, TaK ke KaK M Y MAABIHKOB, Ha-
XOASITCSL B 3aBUCUMOCTHU C JKU3HEHHOUM €MKOCTBIO
AeTKUX, ITyAbCOBBIM AQBA€HUEM U XU3HEHHBIM HH-
AEKCOM. AMIIAUTYAQ 9KCKYPCHUH I'PYAHOM KATKH B3a-
HMOCBSI3aHa TOABKO C poboit [enun. Baanumocssizu
MeXAY 4acTOTOM ceppeunbix cokpamenuit (UCC)
U QU3HIECKUM Pa3BUTHEM AeBOUYEK He OOHAPYIKEHO.
ITpo6a IllTanre nMeeT TeCHYIO B3aUMOCBSI3b C IIAO-
maabto osepxaoctu Teaa (P < 0,05).
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Tabnunua 1. - KoppenaumoHHas CBs3b Mexay rnokasarensamMmm pusndyeckoro
pasBUTUS U GYHKLIMOHANBbHBIM COCTOSIHUEM CEPAEYHO-COCYANCTON
M ObIXxaTenbHOW cucTeM ManbyimkoB (n = 60), r

Kn q -
SHEHHaA ITyabcoBoe acrota cep ITIpo6a IIpo6a |>KusHeHHDIH
ITokasareAn e€MKOCTb A€YHBIX COKpa-
. AaBAEHHE . IIITanre Tenun HHAEKC
AErKux e HH
"
HACKe 0,077 0,157 0,232 0,16 20,269* | —0,273*

OpucMasa
" I1u-
HbHeAeKC B 0,139 0,209 0,2 0,134 0,27* 0,396
Hupexc Ketae 0,334** 0,297* 0,084 -0,029 -0,228 -0,516™
TTaomapp
IIOBEPXHOCTH 0,38** 0,3* 0,051 0,009 -0,217 -0,505**
TeAa
AmnanTypd
Srckypentt 0,175 0,154 0,11 0,016 0,342 ~0,209
TPYAHOI
KAETKHU

Ipumenanue: *— naruuue 3asucumocmu (P < 0,05); **~ naruuue 3asucumocmu (P< 0,01)

Tabnuua 2. — KoppensumoHHas CBsS3b Mexay nokasartensimm guanyeckoro
pPas3BUTUSA U PYHKLMOHASIbHBIM COCTOSIHUEM CEPAEYHO-COCYaMNCTON
M ObIXxaTesibHOW cucTemM aeBsoyek (n=71),r

Kuns-
3 YacroTa JKuznen-
HeHHas | ITyabcoBoe IIpo6a | IIpob6a -
IToxa3areAun CepAEYHBIX HbII MH-
€MKOCTb AABACHHE . IITanre Tenun
. COKpaleHHi AEKC
AETKHX
Nupexc Opucmana 0,068 0,404** -0,035 0,094 0,052 -0,431**
Unpexc ITunbe -0,016 -0,449** 0,03 -0,12 0,078 0,51**
Unpexc Ketae 0,575 0,472** -0,028 0,197 0,177 -0,407**
TIa .
OUAADTIOBEPX™ | ggg* 0,436** 0,007 0230 | 0216 ~0,299*
HOCTH TeAa
AMIIANTYAQ 9KC-
KYPCHH [PYAHOM 0,079 -0,007 0,12 0,080 0,467**| -0,121
KAETKHU

Ipumeuanue: *~ naruuue 3asucumocmu (P < 0,05); **~ naruuue sasucumocmu (P < 0,01)

Takum 06p3.30M, B XOA€ NCCACAOBAHN BBIIBUAOCD, T'O IKOAPHOTO BO3pacTa (XaHTOB) y IIPOXXUBAIOIHX

4TO KOPppPEAIIHOHHAA CBA3b O6Hapy>i(I/IBaeTC5I MEXAY Ha TEpPPUTOPUHN HpPIpaBHeHHOfI K YCAOBHSIM Kpalee-
OTACADHBIMU ITOKa3aTCASIMU (]?HSPI‘-IGCKOI‘O PasBUTHA Tro CeBepa, YTO AA€T HaM OCHOBAHHE Ha paspa60TKy
u (1)YHKLII/IOHaAbeIM COCTOSTHHMEM CEPAEIHO-COCY- u anpo6aumo KOMITAEKCA CPEACTB 1 METOAOB ITOBBIIIIE-

AHCTOfI u AbIXaTeAbHOfI CHUCTEM YYaIllTMXCS MAAAIIIE- HII YPOBH: 3AOPOBDBSI IIOAPACTAIOIIETO IIOKOACHHU.
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ON A CERTAIN PROBLEM OF THE OPTIMAL CONTROL
WITH INTERMEDIATE SINGULAR POINTS

Abstract: A linear-quadratic optimal control problem is considered in which the minimized func-
tional depends on the value of the state variable at intermediate points when the trajectories and
controls are discontinuous at the switching points. The case when the jump of the trajectory of a
function at a fixed point is known and the value of the state variable is known at the initial instant of
time is known was considered. The solvability of the problem was proved, necessary and sufficient
conditions for optimality of control were determined, an asymptotics was constructed using a direct
scheme and estimates of the asymptotic expansion were obtained.

Keywords: optimal control, non-linear functional, discontinuous trajectories, singular perturba-
tions, asymptotic approximations.

Introduction 1. Asymptotics of the solution of optimal con-

Controlled processes are systems that contain in
their description, in addition to the main process
parameters, an additional parameter, a function
called control. In the manual [1, 410-487], the
authors consider the general methods of obtaining
necessary and sufficient conditions for optimality.
The monograph [2, 128-136] is devoted to the in-
vestigation of optimal processes for discontinuous
control systems. A survey of papers devoted to the
application of a direct scheme in disjoint prob-
lems is given in [3, 1-43].

trol problems
Using direct-way let find asymptotic solution for
the problem P, of minimizing the functional [4,
87—96].
]s (MI’MZ) = g(%xl (tl)_él’ﬁ (‘xl (tl)_él)-‘r

X, (1)=&, E(x, (t)— &)+ &x,(t) + hx, () + (1)

2

! x(t) W(t) SO x,®)) (d®))[(x@)
+j + , dt +

] M(t) S(t R®) \u(t)) \q,®)) \u(t)

1

2

1
+—

+f %0 (W) SO)(x0) (d©) (x0))
2 ) LSO RO Nw®)) g0 ) u@) '
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On the trajectories of the system

—2=A(t)x,(t)+B(t)u,(t)+ f,(¢), 0<r<t,

x,(t)eX,u eUsW, =

(W) SO L w0 el
‘[s;(t) R,.(t)J’Af( )-W.(r) € L(X),B,(¢),5,(¢)

e L(U,X),R (t)e L(U,),t €[t »t,],t, €[0,T] fixed,
i=1,2,t,=0,t,=T; X;U, — real finite-dimensional Eu-
clidean spaces; operators F,F,,W,R, are symmetric
operators W,(1)>0,R (1) > 0;elements x°, p,£ ,&,,g,h e X
are defined; all the coeflicients are supposed to be con-
tinuous, other operators and functions f,(),d,(),q,(r)
are discontinuous by t. Acceptable controls
u(t),t €[0,T], are piecewise continuous functions con-
structed by the discontinuous functions u,(t),u,(t),
defined when ¢ €[0,¢,] and ¢ [¢,,T] respectively. As the
corresponding trajectories x(t),t €[0,T], piecewise
continuous functions constructed by x,(t),x,(t), de-
fined when t €[0,#,] and t €[t,, T] respectively.

Here ¢ >0 — small parameter, all the other con-
ditions are the same as earlier. The functions that
make up the solution of the perturbed problem are
found in the form of series [ S, 71-82]:

u (t,e)= Zsiuij(t),
X, (t,e)= Ye'x,(t),j=12,
which substitute to (2), after which the coefficients
are equated at the same powers ¢, the minimized
functional (1) is written in the form
INUNSEDI VA
2. Estimation of the asymptotic expansion
Suppose that solutions of the problems P, where
k=0,1,2..n were found. Let denote them by
(ujk,xjk), j=12. Let estimate the closeness of the ap-
proximate solution

n
~ k ~
i, = ;g u,(t),%, =

k
€ x,(t)

=~
i
o

to the exact solution (u',x") of the initial problem P,

(1).
T ()= (1) =80 (x (1) -8 ) +

(t)-ELE(x,(t)-&)+&x ) +hx,E )+ (3)

[ ”J(W J[ o) ol

+| = dt +
20w, (1) ) S (¥) R(t) u(t) q,(t) ) \u,(t)

1 x(t) W,(t) St SOMNM

E S; (t R (t u (t) qz(t ww )

U1, ) —> min.

]c (u]’uz):_x](tl)_él’E(S)(xl(tl)_§])+

b2 (1) =B (5,(6) - &) + Eox () +hox, )+ (4)
4 [ 1(x (t w (1) St >][xl (r)j (dm] (xmn

+| = + , dr +
0 2 u (t S ) R N\u() q,() )\ u,(f)
(i e )

+| = + , dt,
I\ 2\, () ) S (1) R(0) N u,t) q,®) ) \u,(t)

], (ul,uz) — min.

redefining E(e)=¢F,E(e)=¢E,§(¢)=eg,h(e)=¢h

in the formula with the parameter (4) the function-

al takes the form of the theorem on the necessary and

sufficient optimality condition, the exact solution
was found from the system

4 (1) ()4, (1) ()4 £ (1)1, <1<,
x,(0)=x",
x(t,)=x(t,)+d,
dy (1)

v (1) = wi (1) =2E,(x,(t,) =&, )+ eh+eF (x, (1) =& )+ &

Theorem. For all t €[0,T] and quite small ¢ >0
estimations can be written [6, 20-53]:

i (0) -, ()] e (1) -5, (1)
], (8, i, ) < ce™",
where ¢ does not depend on ¢ and ¢.
Proof:
Let introduce the notations:

A ()=, (1), (1),

1
”chrw ,
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where

v, = gskt//jk,
v, — conjugate variable for the problem P,. Then
Ax (t),Au,(t),Ay, () are the solutions of the system

dAx
dt

L= AAx,+B, (t)Au,t, <t<t,
j j j j27i j

Ax,(0)=0,
Ax,(0)=0,
dAy,
dt
=S;Ax;+B/Ay, — R Au, =0,
Ay,(T)=0,
Ay, (1,)-Ay,(t,)=eFAx, (1,)+eFAx, (t,)—o(e™).

=WAx, —A Ay, +SAu,

Note, then forall r €[0,T], when & >0 is small in-

equalities are true:
Il Ax,()11< ce™ Il Au (1) 1< ce™ Ay () 11< ce™.

Let take control function comprised of function

u,(t)te [tj,l,tj],j =1,2
A =], (i1, ) =T, (v 1),

Then AJ = o(gz('”‘) ) When &3>0 is quite small,

then the inequalities:
T (i, ) < T, (il 1Ly, )i = 1,2
3. Numerical experiment

Consider the problem P minimizing the func-
tional [7, 101-136]

J. = g((x1 (1)+ 1)2 +(x2 (1)+ 1)2)+%i‘(xf +uf)dt +%_:[u22dt

on the trajectories of the system

dx,

dt
x,(0)=0,
dx,
=x,+u,,
dt
x,(1)=x,(1)+3.
When ¢ =0.1 the exact solution of the problem
will be:

x, (1)

U,

_ —0.4e
1.4¢* +0.6

_ —0.4e
1.4e* +0.6

(e' —e’t),ul(t)

(er —e"),t <1,

x,(1)= 3.8¢" +2.2 .
e(1.4e* +0.6)
J, (u,,1,)=0.153299.
Similarly, for the problem P,
x,(£)=0,u,,(£)=0,¢ <1,
x, (t)=3e"u, (1) =0,1 <1,
], (uw,uzo) =0.2.
Thus, expressions can be written

Luy(1)=0,1>1,

u, =u,+eu, =0.1u,,x, =x,+ex, =0.1x,,

~ _ s _ t—1
i, =u, +&u, =0.1u,,x, =x, +&x, =3¢ +0.1x,,

Values x

Xt ,u, are determined from the
problem P,
—4e —4e
x (t)= e —e')u, =——(e'+e’ )t <],
11() e2+1( ) 1 62+1( )
4(1-¢%)
x (t)=——¢",u (t)=0,t>1.
21( ) €(€2+1) 21( )

As aresult,

. —0de,, .\ . —0.4e,,
u11262+1(8 te )’xllzez+1(e —e )’t<1’
L 344260,
u, ZO,XZ] zﬁe JE>1.
ee

J, (@i, ) =0.157633.
Thus, when ¢ = 0.1 the values if the functional are:
J, (,1,,)=0.2,
J, (fi,y» i1,y ) =0.157633,
J, (u,,u,)=0.153299.

——
1 1 1 1 1 1 1 1

0 02 04 06 08 1 12 14 16 18 2

Figure 1.

Figure 1. shows the dependencies of the trajecto-
ries on time. Solid is the trajectory in the case of the
zeroth approximation, the dashed one is the exact
solution, the dashed one is the first approximation.
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Figure 2.

Figure 2 shows the dependencies of controls on
time. Solid is the exact solution, the dashed one is

the first approximation. The exact solution for £=0.05
will be:

x,(1)

—0.2¢ P
:1.2e2+0.8(e —¢" (1)

X, (t) _ 3.4€°+2.6
e(1.2¢* +0.8)
In this case, the corresponding functional takes
the value equal to 0.0867815.
For the zeroth approximation, the following tra-
jectories, controls, and values of the functional are
x, (1) =0,u,,(£)=0,¢ <1,
x, (1) =3e"u, (t)=0,¢ >1,
], (um,um) =0.1.
The first approximation
i, =0.05u,,%, =0.05x,,,
i, =0.05u,,%, =3¢ +0.05x,,.
Using previously found representations for

_ —0.2e
1.2¢"+0.8

Ju, (1) =0, >1.

(e’ +e”),t <1,

212

U, %,,,U,, %, , it can be found:

11274112 "1

- —0.2e,, .\ -~ —0.2e,,
. = e +e’),x, =———(e'—e'),
! ez+1( ) ! ez+l( )
3 . 2.8¢+32
u2]:0’x21:2—
e(e’ +1)

In this case, the corresponding functional takes
the value equal to 0.0870882.
Thus, for £=0.05, the values of the functional are:
], (uw,uzo) =0.1,
J, (ik,,,11,, ) = 0.0870882,
J, (u,,u,)=0.0867815.

——
1 1 1 1 1 1 1 1 1

0 02 04 06 08 1 12 14 16 18 2

Figure 3.

Figure 3 shows the dependencies of the trajecto-
ries on time. Solid is the trajectory in the case of the
zeroth approximation, the dashed one is the exact
solution, the dashed one is the first approximation.
Note that here the curves of the first approximation
and the exact solution actually coincide.

0.1 T T T T T T T T

_02 1 1 1 1 1 1 1 1 1
0 0.1 02 03 04 05 06 07 08 08 1

Figure 4.

Figure 4 shows the dependencies of controls on
time. Solid is the exact solution, the dashed one is
the first approximation. In the case when £=0.01, the
exact solution looks like:

—0.04e . —0.04e P
u(t)=—— e +e¢ )x,(t)=—— (e —e ),
{0 1.04ez+0.96( ) (0 1.04e2+0.96( )
3.08¢" +2.92

(1) =0x, (1) = e(1.04¢” +0.96)
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On an exact solution, the functional J takes
the value equal to 0.0194087.
Trajectories and controls in the first approxima-

tion are:
N —0.04e,, _,\ -~ —0.04e, ,
i, = 1 (e +e ),x11=—ez+1 (e —e ),
- - 2.96¢” +3.04
i, =0,X,, =ez—(e’ —e).
e(e +1)

In this case, the corresponding functional takes
the value equal to 0.0194093.
Thus, when ¢ =0.01 the values of the functional
are:
], (um,uzo) =0.2,
J, (@i,,,i,, ) = 0.0194093,
J, (u,,1,) =0.0194087.

Wy
1 1 1 1 1 1 1 L

0 02 04 06 08 1 12 14 16 18 2

Figure 5.

Figure 5 shows the dependencies of the trajec-
tories on time. Solid is the trajectory in the case
of the zeroth approximation, the dashed one is
the exact solution, the dashed one is the first ap-
proximation. Note that here the curves of the first

approximation and the exact solution actually co-
incide.

-0.02

002F -
00241 -
0026 f= = ] -
0028} ~a -

003 F \\ .
0032F N .
-0.034 F h E
0036+ AN .

-0.038 N -

_004 1 1 1 1 1 1 1 1 1 AN
0 0.1 02 03 04 05 06 07 08 08 1

Figure 6.

Figure 6 shows the dependencies of controls on
time. Solid is the exact solution, the dashed one is
the first approximation.

Conclusion

Alinear-quadratic optimal control problem is con-
sidered in which the minimized functional depends
on the value of the state variable at intermediate points
when the trajectories and controls are discontinuous
at the switching points. The case when the jump of the
trajectory of a function at a fixed point is known and
the value of the state variable is known at the initial in-
stant of time is known was considered. The solvability
of the problem was proved, necessary and sufficient
conditions for optimality of control were determined,
an asymptotics was constructed using a direct scheme
and estimates of the asymptotic expansion were ob-
tained. [llustrative example was constructed.
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COUUAJIbHO-OEMOIPA®UYECKUE OCOBEHHOCTH
XWUTEJIEN I'. BAKY, CTPAOAIOLLUX HAPKOMAHMEMW,
npPoxoamnBinx CTALULMOHAPHOE JIEHEHME
B HAPKOJIOTMYECKOM LLEHTPE M3 ASEPBANO)KAHCKOM
PECNYBJIUKU B NEPNOA 2011-2015Tr0A0B

A.HHOTaI[I/Iﬂ: B crarpe AHAANBHUPYETCA HEKOTOPbDIE BOIIPOCHI HCCACAOBAHI MEANKO-COITHAADHbBIX
HOCAeACTBI/Iﬂ, BbI3BAaHHBIX HOTpe6AeHI/IeM HapKOTHKOB H AAKOI'OAS, HY6AHKaHHﬁ, 11O AaHAAN3Y IIPHUYHH,
CHOCO6CTBYIOH.[I/IX PacCIIpOCTpaHEHHIO 3THX TSKEADBIX COLJHAAbHDBIX SIBAEHUM U OIE€HKE OKOHOMHNYECKO-
INO) yluep6a, HaHOCHUMOTIO O6H.I€CTBY HapKOMaHHeﬁ 1 aAKOI'OAM3MOM.

KaroueBbie caoBa: HapKOMaHHMI, aAKOTOAN3M, SKOHOMUKA, CTAIIMOHAPHOE A€IE€HHNE, COITMAADHO-
AeMorpaqmqecxoe COCTOSIHME OOABHBIX.
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Ileap mccaepoBaHus. B cBsA3M C oTUM Hamu
ObIAA [TOCTABACHA II€Ab U3YYUTh HEKOTOPBIE COIIU-
aApHO-peMorpaduyeckre ocobeHnocTr 2954 60Ab-
HBIX, )KUTeAeH I. baky, cTpaparomux HapKOTHIeCKOH
3aBHCHMOCTBIO, TIPOXOAUBIIHX CTAIJHOHAPHOE Aede-
uue B Hapkoaoruueckom Llentpe M3 Asepbaiia-
xaHckon Pecrry6Aankn.

Pe3yabraTsl nccaepoBanusi. 113 o6mero uncaa
6oabHbIX 2833 (95,9%) yeAoBeKa COCTABHAH AMITA
myskckoro, 121 (4,1%) — skeHCKOro moaa.

B nporjecce nccaep0BaHUSI GOAbHBIE ITO BO3PACTY
OBIAM PaspeAeHbI Ha S rpyri (BO3PACTHOI UHTEpBAA
cocraBua S aet). Paciipeaeaenue 60AbHBIX 110 Bp3pa-
CTy MOKa3aHo B HIXKecAeAytoleit Tabaute (Taba. 1).

Tabnuua 1. — PacipeaereHre GOABHBIX II0 BO3PACTY

Topa 2011 2012 2013 2014 20158
Bospacr | Yncao % Yucao % Yucao % Ynucao % Yucao %
15-20 S 2 22 S,7 10 2,0 14 1,8 14 1,3
21-30 99 39,6 136 35,1 162 32,5 238 30,9 315 30,0
31-40 100 40 157 40,5 241 48,4 349 45,4 474 45,1
41-50 39 15,6 65 16,7 80 16,1 144 18,7 216 20,6
S1+ 7 2,8 8 2,1 S 1,0 23 3,0 31 3,0
Bcero 250 100 388 100 498 100 768 100 1050 100

W3 TabAUIbI BUAHO, 9TO HOAbHBIE, HAXOAUBIIIHU-
ecsl Ha CTallMOHAPHOM A€YeHHHU B TeUeHHe S AeT
HAXOAMAWICh B BO3PACTHOM AHara3zoHe 15-56 aer.
Hanb6oaee wyacTo oTMeueHBI GOAbHBIE B BO3pacTe
30-34 ropa (23,3%). Cpeanuit BO3pacT GOABHBIX
cocraBuA 32,5 AeT. B Toxxe BpeMs BBIABAGHO, YTO
B Teuenue S aer 60oaee 40% OGOAbHBIX, HAXOAMBIIHX-

Cs1 Ha CTAIIMOHAPHOM A€4EeHUH OTMEUeHbI B BO3pacTe
31-40 aer, T. e. HauboACE IIPOAYKTHBHOM BO3pacTe,
M OTOT ITIOKA3aTEADb C KaXKABIM TOAOM UMEET TEHAEH-
1m0 K Bospactanuio (ecau B 2011 roay ata kareropus
60ABHBIX cocTaBAsiAa 40%, To k 2015 roay — 45,1%).

PacripepeaeHne GOABHBIX I10 BO3PACTY IIPEACTAB-
A€HO Ha HIDKECACAYIOIeH AuarpamMme.

B CpegHee

E CpegHe-cneymansHoe
Bbicliee M He3aK. BbiCLlee

B HenonH. cpegHee

W HavanbHoe

Ounarpamma 1. PacnpegenerHue 60/bHbIX MO0 06pas3oBaHMIO

113 ArarpaMmbl BUAHO, 9TO OOAbHbIE, OOPaTHBIIN-
ecsl 32 CTALMOHAPHOM ITIOMOII[BIO, IT0 YPOBHIO 0bpa-
30BaHMSI OBIAM PaCIIpeAeAEHbI CACAYIOLINM 00pa3oM:
HaYaAbHOE 1 HEIIOAHOe CpepHee obpasosaHue — 0,4%,
cpeatee — 53,6%, cpepHe-cIieIinaAbHOE OOpa3OBaHue —
26,1%, He3aKOHYEHHOE BBICIIIee U BbICIIee 0Opa3oBa-

Hue — 19,9%. Takum 06pa3oM, XOTs GOABIIMHCTBO CO-
CTaBUAU OOABHbIE CO CPEAHHM 0Opa3oBaHHEM, B TOXe
BpeMsI YUCAO DOABHBIX C 0Opa30BaHKEM BBILIE CPEA-
HEro ObIAO AOCTATOYHO BHICOKUM — 45,9%. Bce aro
II03BOASIET IIPEATIOAOYKUTD, YTO YPOBEHb HHTEAAEK-
Ta He SIBASETCS OCHOBOIIOAATAIOIIUM B PasBUTHU
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HApKOTHYEeCKON 3aBHCcHMOCTH. Hapsiay ¢ arim,
u3 2954 o6caep0BaHHBIX 60ABHBIX 2796 (96,7%)
He OBIAY 3aHSITHI IIOCTOSIHHOM TPYAOBOIL A€SITEABHO-
cTbio 1 AMIIb 158 yeroBek (3,3%) Ha MOMeHT obcae-
AOBQHIISI IMEAH [IOCTOSIHHYIO Pabory.

OAHMM U3 BXHBIX KPUTEPUEB, BAUSIOLIVX
Ha $OPMHPOBAHME HAPKOTUYECKOI 3aBUCHMOCTH,
SABASIETCSI CEMEHMHOEe IOAOXKEeHHe O06CAeAOBAHHBIX
OOABHBIX, YTO HALIAO OTOOPasKEHUE B HIDKECACAYIO-
mreit Tabamte (Tabanma 2).

Tabnuua 2. — CemelnHoe nonoxeHne obcnenoBaHHbIX 60JbHbLIX MO rogam

Toaa 2011 2012 2013 2014 2015
rg)ib({);ﬁ:{(:e Yucao % Yncao % | Yucao % Yucao % Yucao %
XKenar 158 63,2 214 552 | 246 49,4 406 52,9 552 52,6
Xoaoct 89 35,6 151 38,9 151 42,0 312 40,6 428 40,8
PasBepen 2 0,8 21 5,4 21 8,0 46 6,0 67 6,4
Baosen 1 0,4 2 0,5 2 0,6 4 0,5 3 0,2
Bcero 250 100 388 100 | 498 100 768 100 1050 | 100

13 TabAMIIBI BUAHO, YTO B TeUeHUE S AeT Haps-
AY C yBeAMIeHHEM AMI], UMEIOIIUX CEMbIO OTMEYeHO
BO3PACTAHHE YHMCAA AUL] HE)KEHATHIX U HAXOASIIHX-
cs1 B passoae (B 2011 roay — 35,6% u 0,8%; B 2015~
40,8 u 6,4% COOTBETCTBEHHO).

B nporecce nccaep0BaHUS OBIAO BBIIBACHO, YTO
B TedeHHe 5 AeT U3 00Ijero YrcAa HAPKOIOTpeOu-
TeAe, 0OPaTUBIINXCS 32 CTAIJOHAPHOM IIOMOIIIBIO

MMOAABASIIOIIee OOABIIMHCTBO (98%) IIPOXOAUAH
AedeHHe Ha AOOpPOBOABHON OCHOBe U AMIIDb 2%
(60 60ABHBIX) MO PENIEHUIO CYAOB HAXOAMAHMCD
Ha IPUHYAUTEABHOM AedeHHH. IloMrMo aTOro BbI-
sIBA€HO, 4TO B mepuoa ¢ 2011 mo 201S roast ot-
MEHHO yBeAHYeHHe YHCAA AUI], KaK BIIePBbIe, TaK
U IOBTOPHO OOPATUBIIUXCS 32 CTALIHOHAPHOM IIO-
mompio (Tabamma 3).

Tabnnuya 3. — Yncno nvy, BNnepBble 1 MOBTOPHO 06paTUBLLUMXCA 32 CTALMOHAPHOW NOMOLLILIO

Topa 2011 2012 2013 2014 20158
O6pamenne | Yucao % Yucao % | Yncao % | Yncao % Yucao %
[epBuanO 84 33,6 165 42,5 157 31,5 279 36,3 346 33,0
IToBTOpHO 166 66,4 223 57,5 | 341 68,5 489 64,7 704 67,0
Bcero 250 100 388 100 498 100 768 100 1050 100

MsyueHne moxasareAsi, KacaloIerocsi OTHoIIe-
HUsI 00CA€AOBAHHBIX OOABPHBIX K BOMHCKOM CAyXKOe
BBISIBHAO, UTO YKMCAO AUII, IPOXOAMBIINX 0053aTEAD-
HYIO BOMHCKYIO CAYXOY M YHUCAO HEIIPH3BAHHBIX
B apMuio 6bIA0 TIpUMEpPHO OpMHaKOBbiM (54,6%
1 45,% COOTBETCTBEHHO).

B popmupoBaHnH HapKOTUYECKOH 3aBUCUMOCTHU
U ee AAAbHEMIIeM Pa3BUTHHU CYIeCTBEHHYIO POAbD
UTpaeT AAMTEAbHOCTH IpHeMa HapKOTHYeCKHUX Be-

mecTB. B HameM nCCA€AOBAaHUU AQHHBIN ITOKA3aTEAD
KoAebaacs B ipeperax 1-20 aet u Boimre. Hanboaee
4acTO HabAIOAQEMbIiT ITeprop cocTaBua 6—10 aer.
CpeaHSIS IPOAOAKUTEABHOCTD IIPHEMa HAPKOTH-
4eCKHX CPEACTB cocTaBHAa 8,5 AeT. AAUTEABHOCTD
IpreMa HAPKOTHYECKUX CPEACTB OOABHBIMY,
IIPONIEAIINX CTaljuOHapHoe AedeHHe B LlenTpe
Hapxoaorum nmpeacraBaeHa Ha AMarpamMme.
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m bonee 20 ner
= 16-20 net

oT 10 go 15 net
moT 6 Ao 10ner

moT 1 go 5 nert

2015 -
2014 -
2013 |
2012 -
2011 -
0 1I0 2I0 3I0 4IU

Onarpamma 2. InntenbHOCTb Npuema HapkoTUYekmnx CpeacTs

Hapsiay ¢ 9THM AOCTaTOYHO BaXKHYIO POAb HIPa-
eT BO3PacT, B KOTOPOM OOAbHbIE BIIepBble HAYaAH
MOTPebAATh HAPKOTHYECKUE CPeABTBa (Tabamria

4).

Tabnnua 4. — Bo3pacT, B KOTOPOM OOJbHbIE
BNepBble yrnoTpebunnm HapkoTU4eckue cpeacTea

Bospacr Yucao %
<18 822 27,8
19-24 1148 38,7
25-29 470 15,9
30-34 313 10,6
35-39 123 4,2
40-44 39 1,3
45-49 24 0,8
S0> 10 0,7
Bcero 2954 100

Kax BUAHO 13 TabAUIIBI 6OABIIMHCTBO OOABHBIX,
OOpaTUBIIUXCS 32 CTALHOHAPHOM  ITOMOIIBIO
BIIEpPBble HAYAAU YIIOTPEOASITH HAPKOTUYECKHE
BelljeCTBa B MOAOAOM BO3pacTe (1970 6OABHBIX —
66,5%), us nux 822 60abHbIX (27,8%) HavaAM 3TO
A€AaTb B IIOAPOCTKOBOM Bo3pacre. B ator mepuoa
yKasaHHble OOAbHbBIE ITOTPEOASIAU pasHblEe BHADI
HAPKOTHYECKUX U CHABHOAEHCTBYIOLUX BELIECTB,
YTO HAIIAO OTPAXKEHHE B HIDKECACAYIOIel TabAmIle
(Tabamma S).

3akarouenne. Takum o6OpazoM, usydeHue
HEKOTOPBIX IIOKa3aTeAell HAPKOMOTpeOuTeAer,
IIPOXOAMBIIUX CTaIlOHapHOe AedeHHe
B Pecrrybankanckom Hapxoaorugeckom llentpe
M3 AsepbaiipxaHckoir Pecrry6AMKH  BBIIBHAO
HIDKeCAeAyIolIiee: OOABIIMHCTBO U3 HUX COCTABUAM
AWIIa MYXCKOTO ToAa (Ha KaXABIX 8 My>XYMH
IIPHXOAUTCS OAHR SKEHIIMHA ), AMEIOIHe B OCHOBHOM
CpeAHee U CpeAHe-CIleJHaAbHOe OOpa3oBaHUe,
He HMeIOIMe IIOCTOSHHOTO MecTa paboTsl,
B BospacTe 30-34 roaa (CpeAHMIT BO3PAcT GOABHBIX
cocTaBuA 32,5 AeT), B OCHOBHOM norpebAsromue
KOKOC (aIleTUAMPOBAHHbIN TePOUH), AK60 KOKOC
BCOYETAHHN CAPYTHMH3CUXOaKTHBHbBIMHBEIIIeCTBAMH
ITyTeM BHYTPMBEHHOTI'O BBEACHHA OT 1 A0 2 MHbeKIIUN
B AeHb (74%). Usydenme rpymmbl 6OABHBIX
HApKOMAaHHAMH, TOCITUTAAU3HPOBAHHBIX B LleHTp
Hapxoaoruun M3 Asepbaiipxanckoit Pecrry6ankuy,
CBUAETEABCTBYET O IIHUPOKOM PacIIpOCTPAHEHHOCTH
CpeAM HHUX PHCKOBAaHHBIX MOAEAEH ITOBEeACHHS,
CBSI3aHHBIX C WHDBEKIIMOHHBIM YIOTpebAeHHnEeM
HAapKOTUKOB, BHICOKOM YPOBHE PacIpOCTPaHEHHOCTH
BHWY-undexiuuy,
B u C.Pesyaprarsl usydeHus obpamaeMocTu

IIAPEeHTEPAABHBIX ~ T'eIlaTUTOB
MAIlHeHTOB 3a HAPKOAOTH-YeCKOH ITOMOIIBIO
YKa3pIBAalOT HA 3HAYMMOE YyBEAHYeHHe YHCAA
MHDbEKIJMOHHOTO
c2011 mo 2018S.

yIoTpeOAeHHsT  HAapKOTHUKOB
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Cnucox anTeparyppr:

3axon Asepbaiipxanckoi Pecrrybanku ot 28 uronst — 2005 roaa Ne 959-11Q «O6 obopore HapkoTHye-
CKHX CPEACTB, IICHXOTPOIIHBIX BEIleCTB M UX IIPEKyPCOPOB> (C M3MEHEHUAMH U AOTIOAHEHHSIMH TIO CO-
crosiHmo Ha 28.10.2014 1)

«Tocyaapcrsennoit ITporpammsl 1o 60pb6e ¢ He3aKOHHBIM 060POTOM HAPKOTHYECKHX CPEACTB, IICHXO-
TPOIIHBIX BEIIeCTB U MX MPeKypCcopoB U HapkoMmaHuel Ha 2013-2018 roppr>», yrBepsxkaeHHOM Paciops-
xxerneM IIpesupenTa Asepbaiipxanckoit Pecrybanku ot 24 urorst — 2013 ropa N 2966.

O BHeceHHM u3MeHeHH B «[IpaBuAa 1 yCAOBUS BHEAPEHHS AAbTePHATUBHBIX Ae4eOHbIX IIPOrPaMM, HC-
IIOAB3YEMBIX B AC4€HUH AULI, OABHBIX HAPKOMaHUe >, yTBepkAeHHble [TocTanoBaeHnem Kabunera Mu-
HUCTPOB Azepbaiipkanckort Pecrrybanku ot 26 siBapst — 2006 ropa Ne 21. ITocranoBaenue Kabunera
Munucrpos Asepbaiipxanckoit Pecrrybanku ot 22 ¢pespaast — 2016 ropa Ne 76.
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3Aer paccMOTpeHa 3apada O MHHHMYMeE
$yHKIIMOHaAA
JV)=[[[P, ()=, ()] dsdec+ pf [ P,. (x)] dsdes (1)

0 Sy
IIPU YCAOBHSIX
D(t)=a(t)D(t)+ F(t), te[0,T), (2)
DO)=V. (3)
V ynpaBaeHue ¢ a -ypoBHeM V“(t)e M, o €[0,1].
Tak kak V HedeTKOe MHOXECTBO, PelIeHUe 3aAaH
(1), (2) Takxe 6yaer HeYyeTKUM MHOXECTBOM
C oa-ypoBHeM D*(t)eM,a<[0,1],t<[0,T]. Kaacc
yIIpaBA€HHI IMeeT BUA
K={V: V' eM:V"cVv eV’ acl01]}, (4)
V@ VY e M — 3apaHHbIe HEYEeTKHEe MHOXECTBA.
AASI9TO 3aAQ4H ITOAYYEHO YCAOBHE OIITUMAABHOCTH.
HanmmeM 3T0 ycAOBHe B OTKPBITOM BHAE
jjp*(a,x)[Per (x)-P, (x)ldsda>0, ¥V ek, (5)

05,
TAe

pla0)=B(P, (x)=P.(x))+2uP (x), B=e"

Ha ocrose $popmyasl (5) MOXKHO PEAAOXKHUTD
CACAYIOIIUI YMCACHHDIM AATOPUTM AASL PelIeHUs
sapaun (1)—(4). OrMeTHM, YTO, eCAM MHOXKECTBO K
HMeEET BUA (4), TO ycAOBHE V € K 9KBUBAAE€HTHO
caepyromemy ycaosuo [ 1; 2]

P”(x)<P,(x)<B“(x), 2 €[0,1], x€S,.

yepe3d  P(x), B(x)
$yHKIIUM o -ypOBHsA
mHOXecTBa V', V", durypupyromue B (4).

3AeCh, COOTBETCTBEHHO

00603HaYeHBl  ONOpPHbIE

ITar 1. Boibop HavaabHON obOAacTH V,
C a-ypoBHeM V' e M, a €(0,1], yAOBAETBOPSIOIEHN
orpauuyenuio (4). Canraem, uro V, € K,
m=0,1,2,... y>ke U3BeCTHO.

Iar 2. Pemas sapauy (2), (3) mpu V=V,
HaxopuM D, (t), Tounee D (T),

IIar 3. HaxoauM BBbIITyKAbIE ITOAOKHTEABHO
OAHOpOAHBIEe YHKIUU P™(a,x), Kak pelIeHHe
3apauu

“p"“)(a,x)PVu (x)]dsdac — min, (6)

0 Sy
IIpHU YCAOBHAX
B)(a)(x)spva(x)spl(“)(x), (xe[O,l], XESB (7)

rAe
p(est)=B(P,, , (x)= P, (x)+ P, (x).

Ilar 4. o — ypoBeHb BCTIOMOTaTEABHOM 00AACTH
V.,.(t) HAXOAUTCA KaK cybAupPepeniuas GpyHKIUU
P"(a,x) BTouke 0eR" ([1;2]), T.e.

Ve =0P"(a,0)=
={ll@)eR": P"(a,x) 2 (l(),x), VxeR"}. ®)

Ilar S. a - ypoBeHb cAepyromieit obaactu V,

OIIPEAEASIETCS U3 CACAYIOIEr0 COOTHOUIEHHUS

Ve ==y WV +y Vat), 0<y <1, (9)
TAE Y, BbI6I/IpaeTCH nus3 yCAOBI/ISI MOHOTOHHOCTHU
JV,.)<JV,).

I/ITepau;nﬂ MPOAOAXKAETCS  AO  BBIITOAHEHHS
HEKOTOPOTIO KpUTEPHA TOTHOCTH.

KpnTepHeM TOYHOCTH MOXKET OBITh
v.,..0)-V, @) <& Vte©O,T),

m+1

vy < gvy

TA€ € >0 3aAQHHOE YHCAO.
Mo ormetuan, uto 7, B (9) BbIGHpaeTcs
U3 yCAOBHSI MOHOTOHHOCTH. OAHAKO IIPHU PeaAU3aI[ UK

<g,

AATOPUTMA YAOOHO HCIIOAB30BATh APYTHeE CIIOCOOBDL.
Aas
BBIOMPAeTCs U3 YCAOBHS MUHUMYMA QYHKITHN
J,)=T(A=y, )V, +7,Va(6) > min, 7, €[0,1].
B HEKOTOPBIX YACTHBIX CAYYAsIX YAAETCSI HAHTU

obecrieyeHrs] MOHOTOHHOCTH, 7,

U3 9TOTO YCAOBHUA SIBHOE BhIpa)keHHe A4 ¥, . MoxHO

3aAaBaTh y, QAHAAMTHYECKH, YAOBAETBOpsIOIlee
YCAOBHIO

0< y,<1, limy, =0, Yy, =o.
m=0

m—»o0

Hanpumep, y 1 YAOBAETBOPSIET 3TOMY
" om+l

ycaosuto. [Ipu TakoMm Beibope yAOOHO peaAn3oBaTh
aaropurM. OAHAKO, B 9TOM CAy4ae, BOOb1Iie FOBOpS,
He BBIIIOAHSIETCS] yCAOBUE MOHOTOHHOCTH. APyTHM,
IPaKTUYHBIM BKHBIM CIIOCOOOM BbIOOpa 7,
SIBASIETCSI CACAYIOLIIee:

3apaeTcss ¥, U TIPOBepsieTCS  YCAOBHe
MOHOTOHHOCTH, €CAY OHO He BBIIIOAHSIETCSI, APOOUTB
¥, AO BBIIIOAHEHUSI YCAOBHSI MOHOTOHHOCTH.

B OTAMYHMM OT KAQCCHYECKOM ITOCTAHOBKH 3aAad

MHHHMH3AIHNH, 3A€Ch B KAXKAOM IIAare pemniaeTcsa
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HeueTKas 3apada, B mare 2 pemraercs HeueTKoe
AudPpepeHIMaAbHOE YPaBHEHHE, A B IIare 3 pelraeTcs
HeyeTKass  3apayda
IIPOBOAMTD KQXKABIH IIar' B 3TOM aATOPUTME TPYAHO.

muHuMu3anuu.  ITosromy,
Terepp KpaTKO OCTAaHOBHMCS Ha peaAHM3allUu
mara 3 — MuHMUMuzanuu QyHkiuonasa (6), mpu
ycaosusax (7).
Kax Mbl OTMeTHAH, €CAM MHOXXECTBO K HMeeT
Bup (4), To 97O KBUBaAeHTHO ycaoBHio (7). B aToM
CAyd4ae, B 3aBUCHMOCTH OT 3Haka p"’(a,x), MOXKHO

Hantu P, (x). Ae#icTBuTeAbHO, ecan, p™(a,x)=0,

TO MHHUMYM AOCTHraercs npu V*“=V"(a),
B IIPOTHBHOM cAy4ae V* =V (a), T.e.
e :{V“ =V a), p('"’(a,x)ZO.
Ve=va), p"(a,x)<0

OAHAKO TIOCTPOEHHOTO IO STHM IIPaBHAAM
MHOKeCTBa V* — o — yPOBHS HEYETKOE MHOYECTBO
V, BooOIe roBopsl, He SBASIETCS BBITYKABIM. AAs
o6ecredeHns yCAOBHUS BBITYKAOCTH, MUHUMHU3ALIUIO
dynkumonasa (6) HaAO TPOBECTH TaK, KaK ITO
caeraHo B pabote [2] AAS KAaccudeckoil 3apadH.
Auckperusupys ¢ynxiponas (6) mo a u no x,
3aMeHseM ero AuHelHoN ¢yHkiuei. OrpaHnyeHue
(7) Taroke GYAET AMHEMHBIM, T. €. IOAYIaEM 3aAQqy
AVIHEHOT'O IIPOrPAaMMMPOBaHUAL.

B cayuae, ecan MHOXeCTBO K HMeeT APYTyIO
cTpykTypy, pemenme 3apaan (6), (7) moxer
ocaoxHATbCs. Hampumep, mycrp MHOXecTBO K
COXpaHSeT U MHTerpaAbHble OrpaHudeHus. Toraa,
AOGABASS 9TH OTPAHMYEHHNS C TOMOIIBE0 MHOXKHTEAEH
Aarpamxa dynkimonasy (1), MOXHO npuBecTH ee
K U3y4eHHOMY.

Takoke OTMETUM CAydYail, KOIAQ HeYeTKoe
MHOKECTBO V SIBASIETCSI HE4eTKUM 9MCAOM. B aToM
CAy4ae o — ypOBEHb YIIPaBAeHHs V GYAET OTPe30K

Ve =[L,(a),L(@)], @ €[0,1].

Torpa pemenwue 3apaun (7.2), (7.3) Tawke 6yaer

HEYeTKIM YUCAOM
D(t)=[L,, ()R, ()], o €[0,1].

PaccmaTpuBaeMblil PyHKITMOHAA B 9TOM CAyvae

OyAET UMEeTb BUA

1

J(V)= j Ly (@)=L, (@) +(Ry,, (@) - R,

0

(o)) Mo +

+§j'(L2V(a)+R§(a)da.
Haxopum Bup PpyHKIIMOHAAQ ( 6) O603HaUNM
pla)=B(D(T),Z)+2u(V,0)=(BD(T)+uV,BZ)=
= ([BL, (@) +2uL, (@), BR,, (@) +2uR, ()],
(BL,(a),R,(a)]).
B oroM caywae B mare 3 MBI AOAXKHBI
MI/IHI/IMI/ISI/IPOBaTb $YHKIIMOHAA

Wﬁl o(@)+2uL, (@)-BL, (@)L, (a)do +
(10)

+HW&H4m+um ~BR, ()R, (a)der.

MHO)KGCTBO K B OAHOMEPHOM CAydYae HMeeT BHA
(a6 <L, (@), L ()] c[a®,b], ae[0,1] (11)
3HauMT B OAHOMEPHOM cAy4ae 3apaua (6), (7)
6yaeT okBuBaAeHTHa K 3apaue (10), (11).
Tenepb paccMOTpUM MPHUMEHEHHE HelPOHHBIX
ceTell K pelIeHHIO 3aAaY.
ITycrtp Tpebyercst MUHUMU3ALMS GYHKIHOHAAQ

(12)

JW)=|D(T)=Z| + pf|[VE)] — min,
IIPH YCAOBHUAX
D(t)=a(t)D(t)+ V(t),t €[0,T],
D(©0)=D,.
3aech HOpMmB! |D(T) - Z|
WDGM»<ZOM—MDm

(13)
(14)

u ||V(t)||2 03HAYaIoT

x)]2 ds,

||V t)|| = J[ " (x)] ds.

Kaacc ympaBaeHuit siBAsieTcst 00AaCTb-PyHKIHS
V=V(t), B xotopou V(t)e M,te[0,T], 3pecp M
COBOKYTIHOCTb BBIITYKABIX 3aMKHY TBIX OT PaHUYEHHbBIX
MHOXecTB B R". Apyrumm caoBamm, Ha Kaacc
yIpaBACHUH He HAAATAIOTCSl HUKAKUe OrPaHUYeHHs
U IIPEATIOAAraeM, 4TO pellleHHe pacCMaTpHBAaeMOM
3aAa4M, B YKa3aHHOM KAacce, CylecTByeT. B aTtom
CAy4ae U3 YCAOBHS ONTHUMAABHOCTH ITOAyYaeTCs

(18)

COOTHOILICHHE
(t) D(T)( ) + zupv(,)(x) = C(t)Pz(x)}

J. (7)de
TAe c(t)=e
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TakuMo6pa3oM, ONTUMAABHASTIAPAOTIPEACASETCS
cootnomenueMm (12)-(15). Kak BupHO, Bce atm
COOTHOIIEHHS 3aAAFOTCS PABEHCTBAMH. 3HAUHT,
MBI MOXKEM IIPEATIOAATaTh, YTO IIPH eCTeCTBEHHbIX
ycaoBusx, pemenwue 3apadn (12)—(14) nenpepbisao
3aBHCHUT OT HCXOAHBIX AQHHBIX. Taxoke HU3BECTHO,
4TO MOXXHO IIOCTPOUTDH HEHPOHHYIO CeTh, KOTOpasi
aNpOKCUMHPYeT HeIpepblBHOEe OTOOpakeHHUe
C AI06071 TOYHOCTBIO. MICIIOAB3YS 9TO, pellraeM 3aAa4H
(14)—-(15) c nomMombIO HENPOHHBIX CETEH.

AAsL 9TOTO CHadaAa BBIOMpPaeM MHOTOCAOUHYIO
HEHpPOHHYIO CeTb U OIIpeAeAsieM ee BeCOBbIe
Aas

B OCHOBHOM ABa 1opxoAa. [lepBblit- aHaAMTHYeCKMIA,

KO9QPUIINEHTBHI. 9TOr0  MCIIOAB3YEeTCs
B KOTOPOM BeCOBble KOI(QPHIIMEHThI 3aAAI0TCA
I10 KaKMM TO pOPMYAAM U APYTOH, B KOTOPOM BECOBbIe
KO9¢$PUIIMEHThl BOCCTAHABAMBAIOTCS B IIpoIiecce
obyueHust. 3AeCh MbI GyAeM HCIIOAB30BATh BTOPOM
HOAX0A. B aTOM MopAX0A€ TOYHOCTD pelteH s 3aBUCUT
OT KOAWYECTBA BXOAHBIX U BBIXOAHBIX AQHHBIX
U criocoba obydeHNsI HEMPOHHBIX ceTeil. Bribop
BXOAHBIX U BBIXOAHBIX AQHHBIX SIBASIETCSI CaMbIM
TPYAHBIM M aKTYaAbHBIM 3TAllOM IPH NPUMEHEHHH
HEHPOHHBIX CETEH.

AAs npYMeHeHNs HeHPOHHbIX CeTeH K peIleHHIO
3aAQUM  ONTHMaAbHOro ympasaenus (12)-(13),
HaM HY>KHbI B AOCTaTOYHOM KOAMYECTBE BXOAHBIE
U BBIXOAHbIE AQHHBIE AASI ITporiecca obydenus. Kak
HAaXOAUM 3TU AAHHbBIE?

3aech MbI OypaeM IIpepAaraTb CXeMy, AASI
OIPEAEACHUS B AOCTATOYHOM KOAMYECTBE BXOAHBIE
U BBIXOAHBIE AQHHBIE.

VcxopHble AaHHBIe AAS 3apaun (12)-(13)
saBAasiioTcst  a(t), D, i, Z . 3apaBasi 9TH AAHHBIE,
ompeaeAsieTcs pemeHue V(t). AAS pasAMYHBIX
HICXOAHBIX AQHHBIX pemarb 3apaun (12)-(13)
SIBASIETCS IIPOOAEMATHUYHO, TaK KaK, HAIIEH L[eABIO
SABASIETCS HAaNTH pPellleHHe 9TOM 3aAa4i KMEHHO AAS
a(t), D, u, Z.  Aasg
OIIPEACACHHSI BXOAHBIX M BBIXOAHBIX AQHHBIX

KOHKPETHO 3aAAQHHOTI'O

IpHMeHsIeM «00paTHsIi>» 10AX0A. KoHcTanTa f1>0
He BapbupyeM, T. e. pukcupyeM. BosbmeM obaacTs-

¢ynknuo D, (t)e M, t €[0,T]
¢ynxumio ,(?) . ITopcTaBAsI 9TH AQHHBIE B ypaBHEHHe

U HENpephIBHYIO

(12) u navaabHOe ycaosue (13), Haxopum V,(f) u
V(t)=D,(t)—a,(t)D,(t), te[0,T], (16)
D =D, (0). (17)
VaureBasg B coorHomenuu (14), HaiipeHHOe
ympasAaeHHe V,(t) yIUTbIBas B COOTHOIIEHUE, HMeeM

P (x)zPD‘(T)(x)+2—‘uP (18)

), ) Vm(x), xeS,.

a(t)de
3aece ¢ (t)=e
HAITHCaTb B 9KBHUBAACHTHON popMe
7z - DI(T)+%VI, tel0,T].
t

G

YcroBue (18) moxHO

3HaYKT, MBI HAIIIAK BXOAHBIE AQHHBIE a,(t), D", Z,
, BKOTOpbIX pemenueM 3apaun (12) — (14) ssasercs
yrpaBAenue V(t). OTO eCTb COOTBETCTBYIOIJUI
BBIXOAHOM AaHHBIN. OAHAKO, B 9TOM IIpoIlecce ecTb
ABe mpobaembl. IlepBas, BbiOpaHHBIE 00AaCTB
¢ynxuma D, (t) e M, t €[0,T]u HenpepbIBHAS QyHKLUA
a,(t) AOAXHBI OBITh TAaKMMM, YTOOBI HaMAEHHas
no popmyaam (16) obaactb PpyHKIMSA, AAS AFOGOTO
te[0,T] 6bIAa BRITyKAOH. BTopoe, ompeaeasgemoe
o popmyram (17) MHOXKeCTBO He AOAKHO 3aBUCETD
ot t. OcraeTcst 06ecIieunBaTh 3T YCAOBHUSL.

AAs 9TOTO, HallpUMep, MOXHO B3SITb B BUAE

D(t)=B,t)A + B,(t)A, +...+ B, (DA, .

3aech A, HEKOTOpbIe BBITYKAbIE MHOXECTBA U
B(t), i=12,..,m, IOAOXHUTEAbHbIE, HEIPEPHIBHO-
aunddepennupyemble pynkiun. M3 ycarosuit (15) ,
~(17), noayanm

V(O =YIB0-anB0]A,

i=1

Z:D(T)+%i[ﬁi'(t)—a(t)ﬂi(t)]Ai, te[0,T].

Ilycty dynkumu p,(t), i=1,2,..,m, TaKKe, 4TO UX
MO>XHO TIPEACTAaBHUTD B BUAE
Bl(t)—a(t)B,(t)=c(t)b,, t €[0,T],
rae b, >0. Torpa

V(i)=3ctbA,,

Z=D(T)+2u> bA,.

(19)

Tax xak, b, >0, ¢(r)>0, 4 >0, BpIIleOTMeYeHHbIe
ABa yCAOBHSI ObOecCIiedeHsl.
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IToxaxxeM, uyTo cymecTBYIOT QyHKIMH f(t),
KOTOpPbIE YAOBAETBOPSIOT YKA3aHHBIM YCAOBHSIM.
U3 ypasuenus (18) Haxopum

B.t)= exp(j'a(r)d‘c}[ﬂi(o) - b,.d(t)],
TAE
dt)= jexp(—ja(s)ds}c(r))dr .

YuutbiBas, 4To QyHKIMA d(t) HeIpepbIBHA,
CyIIEeCTBYeT YUCAO K, Takoe, uTo d(t) < K, Vt €[0,T].
Toraa B3siB b, >0 AI00OBIE U B.(0)=b K , yBUAEM, YTO
B.(t)=0,t<[0,T].

Takum o06pa3oM, B3sSB BXOAHBIE AQHHbIE
a,(t), D", Z,, MBI IOAYYHAH BBIXOAHOM AQHHBIH V().

Bsas AHAAOTHYHO, CKOAD YTOAHO BXOAHbBIE

a (), D", Z,
a,(t), DY, Z,,
a,), D), Z,,
MBI HAaXOAVM BBIXOAHbIE AQHHbBIE

Vi), - V,(t), =V, ().

Hcrioap3ys aTu AaHHbBIE MOXKHO ITPOBOAUTD IIPO-
riecc 00y4eHUsI HEFPOHHOM CeTH U HAUTH BECOBBIE
koa¢unmenTsl. Ilocae mocTpoenus ceTu MOXKHO
pemarb 3apaaun (11)—(14) c AO6BIME KOHKPETHBIMU
AaHBIMH. KayecTBO pemeHuit 1 HAA@KHOCTD HeHl-
POHHOII CETH 3aBHCHUT OT Ka4eCTBa BRIOOpA U KOAU-
94eCcTBa p MCXOAHBIX AAHHBIX. [Ipu yBeamdenun p
IOTPEIIHOCTD IPUOAKEHHOTO PelleH sl yMeHbIIa-
eTcsl.

Cnucox AuTeparypsl:

1. Beaman P. BBepaenue B Teoputo matpurr. — M.: Hayka, — 1969, - 367 c.
Facchinetti G., Giove S., Pacchiarotti N. Optimization of a fuzzy non linear Function Soft. Computing

Journal, - 2002; 6 (6): 476-480.

3. Niftiyev A. A.,Zeynalov C. I, Majidzadeh K. Optimalusing ofabounded area problem anditsinvestigation
by neural networks. M3sectuss HAH Asep6. - 2010. - No. 6. - P. 75-82.
4. 3ertHaroB AX. V. 3apaun HeYETKOrO AUHEMHOTO IPOrPAMMUPOBAHIS U IPUMEHEHNUS HeHPOHHBIX CeTel

K ee pemeHuto. Bectauk Cymrantckoro Yausepcurera, — 2011. — No. 2.

37



Section 6. Physics

Section 6. Physics

DOTI: http://dx.doi.org/10.20534/EJTNS-17-4-38-51

Kassimov Azad Tursibekovich,
E-mail: azad.kassimov@mail.ru
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Abstract: In article excentric interaction of two bodies by means of irrational functions of the
relation of accelerations is considered. Possibility of generation of excentric local self-oscillations of
energy by rotating spheres in scaled micro, macro and mega the worlds is investigated. By means of
not trivial zero of dzeta-function Riemann irrational properties of energy of interaction are analyzed.
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NMPOUCXOXXAOEHUE CNTUHA, PAODUOU3JTYHEHUA BOAOPOMA,
roMOXUPAJIbHOCTU U CBEPXNMPOBOAUMOCTU
N3 OOKASATEJIbCTBA TMNOTE3bl PUMAHA

AnnoTtanus: B crarbe paccMaTpHBaeTCs SKCIIeHTPUYHOE B3AUMOAEHCTBHE ABYX TeA ITPHU IIOMOIIH
OTHOIIEHNs MUPPallMOHAABHBIX QYHKIMI ycKopeHui. MccaeayeTcs BO3SMOXKHOCTD OPOXKAEHHS IKC-
IIeHTPUYHbIX AOKAABHBIX ABTOKOA€0AHUI SHEPIUH BPAIAIOIIMMUCS CPepaMu B MACIITAOMPOBAHHBIX
MHKPO, MaKpo u Mera Mupax. [Ipu nomomu HeTpuBHaAbHBIX HyAeH A3eTa-QyHKkIMK PuMana aHaAu-
3UPYIOTCS UpPallMOHAAbHbBIE CBOMCTBA 9HEPIUU B3aMMOAEHCTBUA.

KaroueBple cAOBa: CIIMH, THPOMAarHUTHbIE OTHOLIEHHUS], 9KCIIEHTPUYHOE B3aUMOAEHCTBHE, UP-
pallOHAaAbHASI MHTEHCUBHOCTD, PAAUOU3AYIEeHHE, TEIIAOBOE U3AydeHHe, TOMOXHPAABHOCTD, CaMO-
PeryAHpYIOIHecs aBTOKOAeOaHHS.

BBepenne. B pusnuke MUKpoMHUpa CYILIeCTBY-
eT He AOCTAQTOYHO ITOHSTOE SIBACHHE Ha3bIBaeMoe
cnmHOM. BMmecTe ¢ TeMm, mpuMeHeHHe CBOMCTB
3TOTO SIBAHHS B HACToOsIlee BpeMs HaXOAHTCS
Ha CaMbIX ITePEAOBBIX KpasX HAyKH, KaK HEAABHO
BO3HHUKIIASI 00AACTb HMCCAEAOBAHHIT, Ha3bIBaeMasl

cruHTpOHUKOM. [IpobAeMa IOHMMAHYS CIIMHA CO-
CTOUT B TOM, UTO OIIPEAEAEHHE ero KaK COOCTBeH-
HOTO BpalljeHHs] 00beKTa IPUBOAUT K IIPOTHUBO-
peYHIO C MPEACTABACHUAMH O HEBO3MOXXHOCTH
ABIDKEHHS MAaT€PUAABHBIX TEA CO CKOPOCTBIO BBIIIIE,
4yeM CBeTOBOM. Takke, CyIecTByeT 3aTpyAHEHUE B
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[pUMEeHEHHUU CBOMCTBA CIIMHA U3-32 OrPAHHYEHMUs
AWAIIa30HOM KPUOTEHHBIX TEMIIEPATYp. DKCIIepH-
MEHTBI [IOKA3AAH, YTO CIIUH ACFICTBUTEABHO IIPOSIB-
ASIeTCSI IMEHHO KaK MOMEHT BpaIljeHHUs], HO OTKYAQ
BO3HUKAaeT BpaljeHHe CaMOI0 9AeKTPOHA U SIApa
OCTaeTcs 3arapAKoM.

[ToaToMy, CymiecTByIOLine TEOPHU IPUAAIOT
CIIMHY 3arapOYHOCTb, XaPAKTEPH3Ysl €ro BCIKUMU
He 06cy)xpaeMbIMu 06bscHeHuaMH [ 1] kak «BHY-
TpeHHee CBOMCTBO>» 3JAEKTPOHA MOAOOHO Macce
U 3apsipy. B To ke BpeMsi, B KBaHTOBOI MeXaHUKe,
TA€ <OpPOUTAAM> SIBASIFOTCS KaK OBl eAMHUYHBIMU
XapaKTEePUCTUKAMHU, CIIHH HAAEASETCS KOHEYHBIM
KOAMYeCTBEHHbBIM 3HaYeHHeM PaBHbIM £ 13, ... [2].
XoTs, KaueCTBEHHOE AeTAAM3UPOBAHHOE IIOHHMA-
HIe CaMOT'O SIBA€HUSI CIIHHA AO HACTOSIILIErO BpeMeH!
OTCYTCTBYET.

Ho, criuH, cBOMCTBO AOKAaAM30BaHHOE, U HE 3a-
BHCUT OT OPOUTAABHOTO ABIDKeHHMS. TOraa, 0 Kakoit
KOAMYeCTBEHHO! XapaKTePUCTHKE CIIHHA B KBAHTO-
BOIT MeXaHUKe MOXXET UATHU pedb. To ecTb, 4T0 UMEHHO
paspeasercs B pakrope Aanae [3], uTo pacmenaser
9HEPIHIO Ha IIOAYPOBHH, €CAU CYILIeCTBOBAHUE COO-
CTBEHHOI'O «CIIMHOBOIO> BpAlleHUs] OTPULIAETCSL.
K Tomy sxe, criviH He SIBASIETCSI IOAOOHBIM, HH Macce,
HU 3apsIAY, TAK KAK OHU MOTYT COXPAHSThCSI B OCHOB-
HOM COCTOSIHHH, a CITUH MOYKET U3MEHATHCS, HAXOASCDH
B TOM K€ CAaMOM OCHOBHOM COCTOsIHHMHU. [ToaTomy,
CIIMH HEAb3SI CINTATh «BHYTPEHHUM CBOMCTBOM > .

ITpu 06cy>)xAeHIH BTOPOTO BOIIPOCA, Kacarole-
rocs ITOYTH TOM K€ TeMbl, 0ObIYHO He OCTAHABAMBA-
IOTCSI Ha «OOMIeM3BECTHBIX> U «OOIIEIPHHITHIX>
MOAOXKEHUSIX U IOTPYKAIOTCS B KOAMYECTBEHHbIE
($OPMYABL, U B UTOTE BBIAAIOT BBIBOABL, KOTOPBIE OKa-
3BIBAIOTCSI KAYECTBEHHO He 00bsicHIeMbIMU. Mexay
TeM, aBTOPY XOTEAOCH ObI HA4aTh 0OCYKAEHUE ITHX
BOIIPOCOB Ha MPOCTOM si3bIKe U ¢ mocTyAaara H. bopa:
«B0AOPOA B HOPMAABHOM COCTOSIHHH He H3Ay9a-
eT>, ¥ C JUTaThl U3 APYToil paborot [4]: «... Byume
6b1A0 cKa3aHo, uTO B 06AacTi H I Boaopoa He usay-
9aeT, TaK KaK BCe ero aTOMbI HAXOAATCS Ha OCHOBHOM
ypoBre. Ha camoM AeAe, XOTS aTOMBI BOAOPOAQ Aell-

CTBUTEABHO He BO30Y>KAEHBI, OAHAKO, OHH BCE-TaKH
H3AYYaIOT>, HA KOTOPHIE, II0YeMy TO, 0060 He 00-
pALal0T BHUMAHIS, XOTSI AASL aBTOPA AQHHOI pabo-
ThI OHM KXY TCsl HCTOpH4ecKuMH. [ToTomy, 4To 910
ObIA OAMH M3 CaMbIX TAQBHBIX AOBOAOB KBaHTOBOM
(MeXaHUKHU), AAS OTAGACHHS ee OT KAACCHIeCKOM
MexaHuKH. [109TOMY, AOAKHA 6bI GBITH apeKBaTHAS
PeaKIys KaK BO BpeMst KDUTHKH [TAQHETAPHON MOAE-
Au crpoenus aroMa Pezepdopaa. Heabast Boikarouars
¥l CHOBA BKAIOYATh CBOVICTBO IIPUPOADI [10 JKEAAHHIO
FICCAEAOBATEAS], A AOIYIIEHHE CTOAKHOBEHHS BOAO-
POAa AASL O6MEHHOTO MexaHHW3Ma [4] mpoTuBope-
YHUT ero HENTPAABHOCTU. DTO CBOAUTCS K TOMY, 4TO
OILITH HazpeBaeT GOABLION BOIIPOC:

Tak M3AYYaeT, MAU He U3AYYAeT BOAOPOA B HOD-
MaAbHOM COCTOSIHHH ?

Mertop nccaepoBanmsi. J1a pabora sIBASETCS
HAYaABHOM YacCThIO AOKa3aTeAbcTBa Iunoress: Pu-
mana (I'P) [S; 6], mokasbiBaromero moposkAenne
Bpamaomencs: cpepoil AOKAABHBIX 00'beKTOB
Ha MacIITaOUPOBAHHBIX PAAMYCAX, AHAAOTUYHBIX
paAUycaM IMAQHETAPHBIX CUCTeM. AAHHBIN TOAXOA
Ka4eCTBEHHO B KOOPAMHATHOM IIPEACTABACHUM
[IOKA3bIBA€T HPPALMOHAABHYI0 TEPMOAHHAMH-
Ky IPUYMHHO-CAEACTBEHHOTO IIPOUCXOMKAEHISI
¥l IPUPOABI CIIMHA, PAAMOU3AYIEHUS BOAOPOAQ, TO-
MOXUPAABHOCTH U CBEPXIIPOBOAMMOCTH, KOTOPAsI
He AOCTYIIHA B TEPMHUHAX KBAaHTOBOM MEXaHHKH.
B Heckoabkux paborax aBropa [7; 8; 9; 10] 6b1an
U3A0KEeHbI KA4eCTBEHHbIE, a THOTAQ M KOAMYECTBEH-
Hble Pe3yAbTaThl, Hampumep, o Bpamenun cru-
PaABHBIX FAAAKTHK, CBepXTeKydecTH, IlocTosHHON
TOHKOM CTPYKTYPBL U PSIA@ APYTUX. OTU paboTsI
OTAMYAIOTCS TEM, YTO B HUX KAACCHUYECKas 3aAa4a
ABYX T€A PACCMATPUBAETCS C APYTOIl IIO3ULIMA KaK
0ocHOBa HOBOM ['aAaKTHYECKOM CHCTEMBbI, TAE OT-
HOCHUTEABHOE ABIDKEHHE IIPOMCXOAUT IO 3aKOHY
9BOABBEHTHI KPYTa.

OTAnunTEAPHAS OCOOEHHOCTH AQHHOTO IOA-
XO0AQ B TOM, YTO MEXQHU3M B3aHMOAEHCTBHS ABYX TEA
CUMTAETCSI IKCLIEHTPUYHBIM U COCTOSIUM U3 OAHO-
BPEMEHHOTO AefiCTBUsS KacaTeAbHOro (K SIADY)
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U IIeHTPAaAbHOTO B3aMMOAEHCTBHUSA. DTO IPHUBEAO
K IOPOXKAEHUIO PSIAQ HOBBIX B3TASIAOB Ha M3BECTHbIE
BOIIPOCHI O PU3HIECKOM B3aMMOAEHCTBUH, KOTOpPbIe
[TO3BOASIIOT OOBSICHUTD MHOTHE SIBACHHSI, CYUTAIOIIIU-
ecs aHOMaAbHBIMU. BTopast ocobeHHOCTH B TOM, 4TO
9Heprus B3aUMOAEHCTBHS ABYX TEA COCTOUT U3 KOM-
OMHUPOBAHHOM QYHKIIUH UPPALUOHAABHBIX YCKO-
peHuM, U pacIpeaeAseTcs B BUAe KPUBOAUHEHHbBIX
CTPY#, CO CBOMCTBOM MpPOTeKaHHs (TIepKOASIIIM)
TAaKXKe ¥ [0 KAaCIOBbIM AMHUSM. Tperbst ocobeH-
HOCTb B TOM, YTO ITOAy4YeHHBIEe COOTHOIIEHUs Oe3-
pasMepHbIe, U AOAKHBI UIMETh MECTO BO BCEX MUKPO,
MaKpO M Mera MUpax.

Ilpeamnoaaraercs, 4TO H3BECTHbIE ABIDKEHUS
no 3aMkHyTbIM opburam Kemaepa, Peszepdopaa
u bopa sABASIOTCA pe3yAbTaTOM AOKAABHbBIX aBTOKOAE-
GaHui1, TOPOXKAAEMbIX HPPALIMOHAAPHBIMU 3HAYEHHU-
SIMU 9HEPIUH, [IPH 001IeM ABIDKEHHH I10 9BOABBEHTE.
ITpeacTaBAeHusE aBTOpa 00 9BOAIOIIIOHHOM ABIDKe-
HHU IIpUBeAeHbI B paboTax o Bpamenuu crupaas-
HBIX TAAAKTHK [ 5] 1 mocaepayromux. Ecan, ckopoctu
B 3aMKHYTOM ABI>KeHHH Keraepa nmpeAcTaBAsIIOTCSA
xak V= (2MG/r)", 10, B aBTOPCKOM 3BOAIOIIHOH-
HOM ABIDKEHHH OHU UMEIOT aCUMIITOTUYECKUI BHA:
V=a/(1+a?)" (tpe: V — cxopoctb vactuupi, G —
ITocrosunas I'paBuranu, M — Macca, r — papuyc,
0 — YTOA IOBOPOTA I}€eHTPAABHOTO Teaa). ATO co-
raacyercs ¢ Kpusoit Bpamenus Hamed [asakruky,
U He TpeOyeT IPUBAEYEHUS UAEH O HAAUYHU TEMHOM
marepuu. Kaacciaeckast 1 KBaHTOBasI pr3nKa 0ObIU-
HO OCHOBAHa Ha pelleHHUsIX yPaBHEHU BTOPOTO I10-
psiAka. A BBIBOABI AQHHON pabOThI OCHOBBIBAIOTCSI
Ha HCCAeAOBAHUM HEeTPUBHAABHBIX MPPAITOHAABHBIX
3HAYE€HHM KOPHEH HEeOrpaHHMYE€HHBIX CTeIeHeH
U3 OTHOIIEHHS QYHKIMI yCKOPEeHMIL.

AAsi M3ydeHUs BBIIIEHA3BaHHbIX TEM MbI BOCIIOAD-
3yeMCsI COOTHOIIEHUSIMU 1 rpadUKaMU U3 paboT aB-
TOpa, B KOTOPBIX HEKOTOPbIe 3aMETKHU IPEABIAYIITHX
CTaTeH CIelMAaAbHO He YAAASIAMCh. DTO CACAAHO AASI
TOrO, YTOOBI TOKA3aTh HACKOABKO MH(POPMATHUBHBI-
MH SIBASIFOTCSL HOBble QYHKIIMU aBTOPA, TaK Kak Bce
MOAy4YeHHbIe Pe3yAbTATHI SIBASIFOTCSI MACIITAOUPO-

BaHHbIMH, YTO M BUAHO IO KPYTY ITPeACTaBAEHHBIX
Ha rpaduke Tem. Kak u B mpepbiAymux paborax,
T0A ABUKeHHEM (AASL KPATKOCTH) TIOAPa3yMeBaeM
M3MeHeHHe MAM PacIpeAeAeHHe OTHOCHUTEAbHOIO
nepeTeKaHus HHTEHCHBHOCTH dHePIUH (yc1<ope—
HHS), KOTOpbIe HHTEPIIPETUPYIOTCS KaK I'OAOrpa-
$bI cKOpoOCTel HAM AaHAAOTH MAaTe€PHAABHBIX CHA,
a He CaMOTO ABIDKeHHS. AaAMM KPaTKUil 00bsICHU-
TEABHBII OAOK MIPUHSATBIX COOTHOLIEHUI U GOPMYA,
IpUMeHEeHHbIN B Ao0Ka3aTeAabcTBe [mnoress: PuMana,
KOTOPBII 00Aee IIOAPOOHO IIPUBEAEH B IIPEAbIAyIIeit
pab6ore aBropa [10]:
x=a-(cosa+a-sina);y=a-(a-sino —cosa);
z=1/(1-1/abs(1-a*)°)/100;
R3=\x’+y" +72°
TA€: @ — YTOA IOBOPOTA; 0 — PAAUYC SAPa; X, ), Z, R —
KOOPAMHATbI U I[eHTPAABHBIN PAAUYC M. T., (o 3HaKe
abs 6yaeT cka3aHoO 4y Th moaxe). SIBAeHuUS IIPUTSDKe-
HUS U OTTAAKHMBAHUS OIMCHIBAIOTCS AByMsI QYHKITHU-
SIMU B BUA€ KOMOHHAIINH YCKOPEHHIT 9TUX IIOTOKOB:
W= (W= W25 W= (W, W)
rae: W, W, —HOpMaAbHbIe ¥ TAHT€HIJMA ABHbIE YCKOPe-
HUSL EAMHUYHOU M. T.; W, W — yCKOpeHus OT IpuTs-
JKEHUS M OTTAAKUBAHISL. AaAee, pACCMOTPEH OOt
CAy4al, TAe B KaueCTBe 3HaMeHATeAs § (s) IIPUHATDI
orromernusa K = W, / W, uK = VVSz/ W u coor-
Homenus [8]:
x=a-(cosa+a-sina);y=a-(a-sina—cosa);
z,,=1/(1-1/Kss,,,*)/100;
R3=\x"+y" +z

AAs H3ydeHNs HeHTPaABHOTO BOAOPOAQ PacCMO-
TpUM rpaduK Ha PUCYHKe 1, rAe IIOKa3aHO OTHOCH-
TeAbHOE paclipeAeAeHHe S9HePTUH B3aUMOAEHCTBHS
BOAM3H sIApa KSS2 B MPOEKLIMM Ha YTAOBOE M PaAH-
aAbHOE HalpaBAeHHe. (Aas KPaTKOCTHU TIpUBeAe-
HbI CAy4au a = 1, u 6e3 BOAHOBBIX vacreit). Ha a6-
ciucce 6e3pa3MepHbIe PACCTOSIHIS AO LIEHTpPa SIAPa,
a Ha OpAMHATE SHEPTHs B3aMMOAEHCTBHUS B 9KBHBA-
AeHTe K aOCOAIOTHOI TeMIieparype 1o boAbrMaHy.
Ecau npuHATH KPyT ¢ @AMHMYHBIM PaAMycoOM B Ha-
JaAe KOOPAMHAT 32 SAPO HEHTPAABHOTO BOAOPOAA
TO, TIOAYYAeTCsl, YTO PACIIPEACACHHS OTHOCUTEABHOM
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HUHTEHCHUBHOCTH 9HEPIUH B YTAOBOM H PAAHAABHOM
manpasaesnn K _/a u K /R wumeror crenudrd-
Hble I'paQUKH, BKAIOYAION[HE M KACIIOBbIE YaCTH.
Qynxmsa K = W_/W_ = 1 BbpaxkaeT ypOBeHb MOA-

HOT'O paBHOBECH NAN HE H3AyYaIOII€€ COCTOSTHHE,

9TO XapakTepHO BOPOBCKOMY He M3AYYeHHUIO aTOMA.
Warencusroctu K /o u K /R paccMarpuBarorcs
KaK QaHAAOTH MOMEHTA BPALIEeHUs SIAPA U LIEHTPaAb-
HOTO [PUTSDKEHHSL.

KPHMOMEHHBIE CBOWMCTEA B 3A0AHE OBYY TEN

24 5 T T !

H Kss2/alfa - népempahne nOTOKOE
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L4 | {7 Kas2/R- k:u:upu:ui—laanblﬁ Bblﬁpt:fll: ALE[
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1.38 - ;HDETDH:HHEIH En::lﬂbu,hnai-la
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UEHTRANEHEA paguyc (B en. paguyca b))

PucyHok 1.

Pesyabrarsl m o6cyxaenust. Ha mepeceve-
HUM ABYX [IPOEKIMI, TA€ SHEPIUH B3aHMOAENCTBUS
BOAM3K TOukH 1.38, COOTBETCTBYIOLIET [IOCTOSIHHOM
Boabivana, umerot pasabre sHavenus K _/a=K_/R,
HO MPOTHBOIIOAOKHbIE HAIIPABACHHUS 10 BOCXOAS-
IeMy M HHCXOASIIEMY TeYeHHIO (IePKOAANUM),
MO’KeT BO3HHKATh H3AyYeHHE, XAPAKTEPHOE TEIIAO-
BOMY U3Ay4YeHuto. To, YTO M3AyUaeTCs B 9TON TOUKE

AOAKHO TYT e TOTAOIIATCS, HO, 9TOT 3aKOH MOKET
MHOTAQ Hapymarbes [6; 9]. DTo cBsA3aHO ¢ TeM, YTO
BO BCTPEYHBIX QYHKIIHAX UHTEHCHBHOCTEH MOTYT
BO3HUKATb He COBIIAAEHHs 3HAYEHHH U3-32 OTCYT-
CTBHS KaKUX-AM60 3aKOHOMEpPHOCTeH B pacrpee-
ACHUN HPOCTbIX YHUCEA.

BO3HHKHOBEHHE 3TOTO H3AYYEHHS BbIPAKAETCs
TMOSBACHHEM KACIIOB TPU CAYYAilHOM 3HAYCHUU
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IIara mpupamteHus yraa Aa , 06yCAOBACHHBIX Hp-
PanMOHAABHBIME 3HAYeHHsIMH dHeprmii (D)
K _/a u K_/R.Kak mokasano B [6], dymkium
K  uK_ uMeroT ¢pyHAAMEHTAABHYIO 0COOEHHOCTD,
He COBIIAACHUS MAKCHMYMOB CBOHX IIPOEKITHIH

Ha YTAOBYIO M papuaAbHyto ocu. OkasbiBaercs, K,
BOAM3K noTeHnuasa HeroTona 1/r Ha paccrosHun
Rz\/2z1.4142 OT sIApa IpeTepIieBaeT obpaleHue
(pucynox 2).

NOTERHUWAN HEHOTORA W EOMHAR OYHELMA EACHMOBA,

L 1.5 ! \ : : ! :
lss1 |
b Kss1/R
L Fes=1/11 :
1 ........................ II. “ ............................ HE St.]llg?r B LR —
y Fe s=1/5
Fe ==1/3
Kss1/al BeEe
Res=1/11
Fe s=1/7 - noTEHUMAN
ogbRe s e = I N SN HerTana
| Re s=1/3 i -
1, A/
Re s=1/2 4 P
0 : !
-1 a 4 5 R

PucyHok 2.

Bamwxe aroro paccrosuma K, cmensiercs
Ha K, 4T0 BbIpaskaeTcs OTpe3KaMu AHHHI Ha a6-
CIEcce, IPUMbIKAIOIIMMHE CTIpaBa K ToukaM R=0wu 1,
COOTBETCTBYIOIIMMU TOABKO cAy4aio Re s = V2. OT0
camMble He3aMeTHbIe, 1, CAMbIe Ba)KHbIe OTPE3KH
He TOABKO AAS QU3HKH, U TIOKA3bIBAIOT HAYAAO Ha-
BOpPAaYMBaHUs yCKOpeHHOro Bpamenns (Re s =
15, 1/s) Ha ocb (HOPMaABHOTO, OCHOBHOTO) PaBHO-
mepHoro Bpamenus (Res=12). 1o eme 0AHO AO-
Ka3aTteAabcTBO I'P. YBeanyenne sHameHaTeAst Re s
O3HaJyaeT yBeAMYeHHe YTAOBOW CKOPOCTH Bpaile-

HUSA SIAPQ, U TaK KaK OHO HAIIPAaBACHO B CTOPOHY
yOBIBaHUS BEAUYUHbI, TO IPUHUMAETCS BpaljeHIe
10 9aCOBOM CTPeAKe.

3A€Ch HY>XHO 4yTh IOAPOOHEE MOSICHUTDH BaXK-
HBII MOMEHT Ha PHUCYHKe 1 OTHOCHTEABHO TOYKH
paBHOBecus Ha oppuHare 1.38. Touka mepeceue-
HUS Kssz/ au Kssz/ R Ha caMOM AeAe HAaXOAUTCS 9yTh
Hike orMeTkH 1.38. AeAo B TOM, 4TO 9TO 3HAUEHUE
B AEMCTBUTEABHOCTH SIBASIETCS BEAMYMHON aCHM-
NTOTHYECKOTO PAaBHOBECHSI, K KOTOPOH CTPEMUT-
cs1 mpoljecc B oCHOBHOM cocrostHnd. [ToaTomy, oo
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BBIpaXKaeT AMHAMHMYECKOe PaBHOBECHE U SBASIET-
csl IOATBepkAeHHeM Teopembl Mpumoy. Fimenno
BOAM3M Hee BO3HMKAET CUTYAIMs, KOTOpas 6oaee

HOAPOOHO U AASI pAa3AMYHBIX 3HaUeHH1 Re s mokazaHa
B yBEAMYEHHOM BUAE Ha PUCYHKe 3.

ABTORONEEAHWMA B ATOME BOODFOOA

k 2 ; \ Kss2fal gna B ) "\
: N =Res=1/2 [N 11 A
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: b
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| :aETQKD-
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: A T .
: T Heg—“lf?f;: —
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PucyHok 3.

C msmenenuem Re s aas K _/au K /R yBean-
YHBAETCSI MATHUTHBIN MOMEHT SIAPA U [IeHTPAaAbHOE
nputspKkeHue. [TukoBble 3HaueHUS MHTEHCHBHO-
creit aat K /au K /R Ha R = 1,/2 ymenbma-
I0TCSl, OMTYCKAsICh K He U3Aydaromemy ypoBHio K |
= 1, BeIpakaromyro nAockocTs. Ho, B ocHOBHOM,
He H3AYYAION[eM COCTOSHUH, BAOAb OCH R = /2 Mo-
JKeT BO3HHUKATh KaCIIOBOE CBEPXTOHKOE PaAHO-
H3Ay4YeHHe HeHTPaAbHOIO BOAOPOAQ (CPHB)
B BHAE PSAQ IKCIEHTPHYHO AOKAAM3OBAHHBIX
ABTOKOA€0aHMII HHTEHCHBHOCTEH HPpaIHoO-
HaAbHbIX 3Hepruit (IAANUD), COOTBETCTBYIO-
IUX Pa3HBIM 9HEPreTUIeCKUM YPOBHSM B 3aBUCH-

MocCTH OT 3HaueHHUs Re s. OHU MOTYT OPOXAATh
AMCKpeTHbIe CKaiKH Bblbopa cocrosHus (uau
HaNpaBAEHHS BPALIEHHs) AASL 9AEKTPOHA (MaAOTO
Teaa). OCHOBaHMEM AAS BOSHUKHOBeHHsS JNAA-
MO MOXeT CAY>XHUTb TO, YTO IOBEPXHOCTH AeH-
CTBUS MHTEHCUBHOCTEHN KSS 2/ au Kssz/ R BpoAb OCc R
~ y2 COBMeCTHO «BBICEKAKOT> M3 IPOCTPAHCTBA
BBIITYKABIN 3aMKHYTBIH COXPaHSIOIHICI KOHY-
C000pa3HbIil 00beM IHEPrHH B3aHMOAEHCTBHS
(KO39B). [TocTynaeHue SHEPTHH B TAKYH0 aBTOKO-
Ae0aTeABHYIO CUCTEMY PeryAHpYeTCs BpalieHHeM
[IEeHTPAABHOTO TeAa M ObeclieyHBaeT HePaBHO-
BECHYI0O CAMOHACTPOMKY. K  BAOAB OcH R=42,
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IO AHAAOT'UH, HA30BeM IKCIEHTPHYHbIM CIIHHO-
BBIM FHPOMarHuTHbIM oTHOmenuem (JCTO),
Tak Kak W_u W  AeHCTBYIOT OTHOCHUTEABHO Kaca-
TeAbHOM K cpepe sApa B IPOTHBOIIOAOKHBIX Ha-
npaBAeHuAX. CekpeT cIMHA COCTOUT B TOM, 4TO
MHTEHCUBHOCTb W Npu mepexope a 4epes KpUTH-
yeckyto eanHuny (K a < 1), AAS HOPMAABHOTO €O-
cTostHUs Re s = V2, cTAaHOBUTCS He OTPUIIATEABHOH,
(mo «oTpeskamM» pHUCYHKa 2), 2 KOMIIAEKCHOJA.
IToaromy, Wn u T/Vt B W’S | AOAKHBI MEHSTHCS MECTa-
MH, 4TO O3HayaeT MOSIBA€HHE AOKAaABHOI'O Bpalle-
uus (Ad ) B IIEHTPAABHOM CHCTEME OTCYETa AAS
Kssz/ R Ha mepeceyeHNM TOYKU TPAEKTOPUHU IBOAD-
BEHThI BepTHUKaAbIO R = V2. (310 ectb 06BsCHE-
HUe BBeAEHHs 3HaKa abs [8] u maroro usmepenus
MAM TaK Ha3blBa€MBIX «KPOTOBBIX HOp> ). BbicoTa
AokaAbHBIX KacrioB u3 KOOB 3aBucur ot 3Hame-
HateAs Re s u mara Aa , 9TO AQeT UX BUHTOBYIO
CIIMPAAbHOCTD. Toraa, aas Kssz/R Iepexop a yepes
KPUTHUYECKYIO eAHUITY Y>Ke OyAeT 0O3HA4aTb cMe-
Hy 3HaKa H HallPaBAeHHUs COOCTBEeHHOr0 Bpale-
HHuA yacTunpl [Ipu saTom 3mauenne ICI'O Bay-
Tpr KOOB ckauko00pa3sHO H3MEHSIeTCs U AQeT
pasHble 3HAKU AAS MOMEHTA M o, a KBAAPAT yTAQ,
AMCHMMETPHIO TpaduKa 13-3a He IepIeHAUKYASP-
HOCTHU Kssz/a K ocu R = /2 B ocHoBarnu KOJB.
ITockoapky OCI'O sBAsieTCS XapaKTepUCTHKOM
BpalleHus TO, CMeHa ee 3HaKa FOBOPHUT O TOM, YTO
CIIMH 9TO BHE3aIIHOe AUCKPETHOe MTOBTOpsIoleecs
M3MeHeHHe HallpaBAeHHUs 9TOTO BpalljeHHs B IPOTHU-
BOIIOAOXKHYIO CTOPOHY. FIHTeHCMBHOCTH YyTAOBOTO
U PAAMIAABHOTO B3aUMOAEHCTBHSI B 00AACTH aBTO-
KOAeOaHUIT UMEIOT pa3HeCEeHHBIE [I0 YTAAM U PAAU-
ycaM koopauHaThl. M TOT $akT, uTo Mx 3Ha4eHHs
BAOAb 3THUX KOHTYPOB MMEIOT IIepeIaAbl, MOXeT
AATb OCHOBAHHE AAS IIPEATIOAOXKEHHS O TOM, YTO
OHM MOTYT Yepe3 IIOA€ 3apsIAd dAeKTPOHA 9KCIeH-
TPUYHO U IIEPEMEHHO ACHCTBOBATb Ha €ro IeHTP.
Tak mepemnap aneprum K _/a mo mepe ABIDKeHHS
pomuka K /R pacKkpy4HBaeT 3AeKTPOH B OAHY CTO-
POHY, a IOCA€ ITUKA PACKPY4YHMBAET ero B IPOTHBO-
IOAOXKHYI0 cropoHy. Ho, Bpamenue B mpoTuBomo-

AOKHYIO CTOPOHY, IOPOXAAeT BO3BPaT dIAeKTPOHA
Ha MCXOAHYIO SHEepreTH4ecKyIo IO3UIUIO, H BCe
MOBTOPSIETCSI CHOBA. JDTO U MOTAO OBbl, IPUBECTH,
K KOAUYeCTBEHHBIM 3HAKOTIepeMeHHbIM ITyAbCAIIUAM
U IOPOXXAEHUIO COOCTBEHHOTO P OTUBOIIOAOXHOTO
BpaueHus aaekrpoHa. [Toaromy, CIIMH — co6-
CTBEHHbIN 3HAKOIepeMeHHbIN IKCHeHTPUIHO
AOKAAM30BaHHbBIH MOMEHT dAekTpoHa. OH He 3a-
BHCHT OT OPOUTAABHOIO MOMEHTA, IOCKOABKY CO3-
AdeTCs OTHOCHTEABHO He IIeHTpPa SIAPa, a TOYKH
3BOAbBEHTHI HA HOBEPXHOCTH BpallleHus ee chepbl.

OKCLeHTPUYHOCTh AoKaamdanuun OAAMHKO
CBsI3aHAa C TE€M, YTO KAXKAAS AUHUS Kssz/R nMeeT
CBOM HaYaAbHBIN YTOA Ha IIOBEPXHOCTH SAPA U IO-
3TOMY pasHeceHa II0 KPyTy Ha CBOM YTOA o, XOTs
U HAXOAMTCS Ha (QUKCHPOBAHHOM PAaCCTOSHHUU
oT siapa R = +/2. Ipaduraeckur aT0 MOXHO 06BsIC-
HHTD TeM, 4TO BOAu3u Touku 1.38 Ha BepTukaau R
=~ \/2 Ha YpOBHe dHepIuH KSS2 = T/\/SZ/I/Vsl = 1 Ha oppu-
HaTe HAaXOAUTCS 00AACTD IepecedeH s MeXAY K 2/ a
npuRes=12,u Kssz/ Rupu Re s = /7, TAe ¥ BO3HUKaET
siBAeHHUe aBTOKOAebaHuit. [Ipu mepexope 3HaueHs
yTAQ o Yepe3 eAuHUITY (AA}I a= 1) Kssz/ R mpoxopur
Jyepe3 MUK CBOEro MAaKCUMyMa U yCIieBaeT CMEHUTb
3HakK. JacTroTa cMeHbI 3HaKa NpUpaleHus Kssz/R,
paBHas 1/7, 6yaeT 60AbLIe YaCTOTHI U3MEHEHHS HH-
TeHCUBHOCTU Kssz/ a, paBHOH V2. [ToaTomy, mepexop
Kssz/R Jyepes MUK CBOEro MaKCUMyMa, U U3MeHeHHe
3HAKa, yCIleBaeT PeaAUu30BaThCSA B Y3KOM AOKAAD-
HOM PacTBOpeE yTAQ, 10 CPAaBHEHHUIO C KBAHTOBbIM
OopOUTAABHBIM YTAOM 27T. MaAbIil AOKaAbHBII ITepe-
maa Kssz/ 0, TAKKEe PeaAH3yeTCs y>ke Ha HOAOBHHE
aaunbl (pucyHok 3, 4) op6urasm 27

3aMeTuM, 4TO Ha PUCYHKe 2 AAHBI KPUBbIE AAS
CAy4Yasi IIIara I1o YTAy B OAMH rpaayc. [Ipu ymensbie-
HUU IIara IpHUpaIleHHs yTAa o, TMK KPUBOI Kssz/ R
BBITSITMBaeTcs K Touke 1.38 B BUAe Kacma HAH y3-
KO MacmTabupoBaHHOM cnupasn. YroOs! nsbe-
XKaThb HAAOXKEHMI, KaCITOBBIN rpaduK C yMeHbIIEH-
HBIM IIIaTOM B BHAE XXHUPHO! IITPUXOBON AMHHH
IIPUBEAEH TOABKO AASL CAydasi pu Re s =V11. Ipu
OOABLIOM YBeAWYEHUHU 3HAUYEHUS 3HaMeHaTeAs Re
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$ BO3HHMKAeT MeXaHU3M IlepeTeKaHus HHTeHCHB-
HOCTel ¢ yMeHbllleHHeM Ha nepudepun R = 1; \/2,
U OAHOBPEMEHHBIM CKa4KOOOPa3HbIM CTYIIEHIATHIM
UX yBeAHMYeHHeM Ha LIeHTpaAbHOMI ocu R = 0 [S],
B BUAe PeAsSTHBHCTCKUX CTPYH U3 aKTUBHBIX SIAEP
rasaktuk [8]. OTKppITHE BO3MOXXHOCTH TaKOTO
HEOXXHMAAHHOTO II0BOPOTA B THPOMAarHUTHOM CBOJ-
CTBe IPUPOADBI AO HACTOSIIETO BpeMeHHU He ObIAO
usBecTHo. JCI'O sBAseTcs PyHAAMEHTAABHBIM
CBOMICTBOM IIPUPOABI, TaK KaK IIOPOXKAAETCs CO6-
CTBeHHBIM BpallleHHeM [JeHTPAAbHOTO 00beKTa.

IlepBbie mpeACTaBACHHS O CBeYEHHUH 3apsDKeH-
HOM YaCTHIIBI, ABIDKYIIIEHCS IIOA AHCTBUEM OAHO-
POAHOTO 1 HEOAHOPOAHOT'O dAeKTPHYECKOI0O U Mar-
HUTHOTO oAen Baddexre 3eemana [ 11], 6p1am AaHbL
X. Aopenniom. B AaHHOM ITOAXOA€ OHU IIOAYYAIOT-
Cs1 B HaTASIAHOM U 60Aee o0O1eM BHAe, IpudeM Oe3
IpUBAeYeHUs ypaBHeHHIT MakcBeAAa, i paxe 6e3
IIpUMeHEeHHUs CBOMCTBA noaspusanuu. CpeueHus
Oceil, BUAMMBIE IIPH HAOAIOACHUH IIONIEPeK AyYa,
SIBASIFOTCSI KACITOBBIMH AMHUSIMU HHT€HCHBHOCTEH,
TO ecTb BricoTOit DAANIO. Kpyrosbie cBeueHus,
IPU 0CeBOM HAOAIOAEHUH, SIBASIFOTCSI OCHOBAHUSIMU
KOOB. B panHoi1 paboTe mokasanst IAANII, ko-
TOpbIe BOSHUKAIOT TOABKO Ha papmyce R = /2. Aer-
KO BUAETH U3 COOTHOIIIEHUN W'Sl u W'SZ, 4TO OA00-
Hble OGBEKTHI M CTPyHHbIE TeYeHUs dHepruu |7 ]
MOT'YT BOSHHMKATh BO BCEX CAyYasiX, KOTAQ IIOA PaAU-
KaAaMU ITOAYYAIOTCS POCThIE YHCAAQ U BOSHUKAIOT
HUppaLHOHAABHBIE JHEPTUH. JTO HOAee HATASIAHO
BHAHO M3 prucyHKa 6 [10], 4To u moxasbiBaeT uxX
aHaAoruio ¢ koapramu CarypHa U MacmTabupo-
BaHHOCTb 3aKOHOB NpUpPOABL KppanmonaapHOCTD
9HeprHil, MOPOXKAAIOLAsi KOAeOaHMs, ONUChIBae-
Masi CBOFICTBAMH IIPOCTBIX UKCeA, SIBASIETCSI 60Aee
00IKM SIBACHHEM, CBSI3aHHBIM TAKXKe U C 3aPSIAOM
[9], uem adppexrrr 3eemana u [llTapka.

B xauecTBe aHaAoOra, OCHOBHOTO COCTOSIHHS
no bopy MoxHO ykazaTp 00AacTb aBTOKOAeba-
HUsl, KOTOpPasi COOTBETCTBYeT IlepecedyeHHI0 MeX-
Ay K _/anpu Res =15, u K_/R npu Re s = V1.
[TpubAKeHHO, LIEHTP <THKECTH>» ITOM 00AACTH

HAaXOAUTCS B TOUKe C OpAuHaToi paBHo# 0.91, uro
SIBASIETCSI MACIITAOMpPOBAHHBIM 3HAUYeHUEeM MarHe-
ToHa Bopa. Ecan, yyecTs BHelmHMIT Kpait o6aacTu
nepeceueHus AAst Re s = 1/7u Re s = /13 past cooTBeT-
CTBYIOIIUX HHTEHCUBHOCTEM, TO IOAYyYaeTCsI OKOAO
1.53 ot nenTpa nau 0.53 OT NOBEPXHOCTHU SAPA.
ITocaepHee YHCAO SIBASIETCS MACIITAOMPOBAHHBIM
3HayeHHeM pasuyca bopa aas aToma. (B mopo6HOM
COCTOSIHMM Ha MacCIITAaOMPOBAHHOM PaCCTOSHHUH
oT COAHIIa HAXOAUTCS MAAHETa BeHepa). Buano,
4YTO AMIIb MaAas 4YacTh ITHKA 0OAACTH Kssz/R pu
Res =13, nepecekas aunmio K =W _/W_=1,mo-
XeT IIEPEXOAUTD B H3AydaeMyo obaacts. Hacro-
Ta PAAHOH3AYyYEHHSI HEATPAABHOTO BOAOPOAA
paBHas v = 1420 Mr1j moAy4aeTcs Kak 3HaueHHe
K _/RuaocuR = 2 co cremnensio, paBHoit Re s =
1/13, uAU B MacmTabupoBaHHOM Bupe v = 0.14142
V13 (O pAAMHE BOAHBI OyAeT CKa3aHO IIOCA€ PUCYH-
Ka 4). Ecam, BpICOTY IIMKA KPUBOM Kssz/R AAS Re
s = Y13 npubamwxenHo pasHyo 1.1, yBeAnuuTsn
Ha IIeCTh IIOPSIAKOB 32 CUeT HoMepa yrcaa 13 B mmo-
CA€AOBATEABHOCTH IIPOCTHIX YHCeA. 3aTeM, Aoba-
BUTD ellle OAUH MOPSIAOK 32 MOMEHT OTHOCHTEAD-
HO TOYKH R = 1 Ha IOBEPXHOCTH SAPA TO, TIOAYIUM
MaCIITAaOMPOBAHHOE MOATBEPIKAE€HHE 3HAYeHUs
11 man. aet, Beruucaennoro M. C. IIIkaoBckum.
Orxpritune DAAMID MoxeT coraacoBaTbcs Kak
c nmocryaatroM bopa o He m3AyyeHHH BOpAOpOAQ
B HOPMaAbHOM COCTOSIHUH, TaK U C IPEACKAa3aHH-
em H. C. IIIkA0BcKOro 06 O4eHb PEAKOM U3AyYe-
HUM HEHTPAABHOTO BOAOPoAA [4]. IAAVUD ato
HOBbIe BHABI YCTOHYHMBBIX H3AYYAIOIIUX 00B-
€KTOB, IIOPO’KAAEMbIX BpallleHHeM IIeHTPaAbHOTO
TeAd, XapaKTePHBIN AASI BCeX MOAOOHBIX CAyYaeB
BO BCeX MHKPO, MaKpo U Mera Mupax. Jdpdekr
CMeHBI 3HAKa MOMEHTA — YCTPaHsIeT caMoe OOAb-
IIoe IpersITCTBUe B MOHMMaHHH ciimHa. [Ipnan-
HAa BO3HHKHOBEHHS CIIMHA COCTOMUT B TOM, YTO
MEePKOASIIIUS 9HEPTUHU BpallleHUs IIeHTPAABHOTO
00BbeKTa IOPOXKAAET BAOAD OCH HAa PACCTOSIHUS
R =42 or IIeHTpa SAPa PSIA AOKAABHBIX 3aMKHY-
THIX 00BEMOB ABTOKOAEOATEABHBIX 3aBHUXPEHHUIl
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Ha IIOAOOUH BOPOHOK, IIOIIAAAsl B KOTOPbIE YaCTH-
ITbI IOABEPTAIOTCA ACHCTBUIO 3HAKONEPEeMEeHHOT 0
BpalleHus: BOKPYT COOCTBEHHON OCH, He3aBHUCS-
mero ot opbuTaAbHOro ABKeHHs. CoxpaHeHHne
NnepeTeKaHHs JHEPIrHH H 3aMKHYTOCTh TaKOTrO
KOHTYPa AOAXKHBI CO3AABATh HEOOXOAMMBIE YCAO-
BHS AASI OOPa30BAHUS U YCTONYMBOTO CYILIeCTBOBA-
HUS AOKAABHOTO BPAIIAIOIerocs BelecTBa BHy TPH
Hee, B [I0Ae AeHCTBUS APyroro o6sekra. [loaTomy
OAAMIMDO nopoxAaeT HOBBIHM B3TASA M Ha KOC-
MoroHuio maanet. Ho, 13-3a BHE3aITHOCTHU CMEHbI
HaIpaBACHHUS CIIMHA B AOKAABHOM CHCTEMe MOXHO
0’KMAATh M NOSIBA€HHS HOBOTO BHAQA S-Paclapa
HaocuR=+2u 3AeMeHTapHbIX TOMOXHPAAbHBIX
CIMHOBBIX S-4aCTHI. JTO MOXeT BhIPaXKaTbhCs KaK
CMeHa 3HaKa aMIIAHTYAbI 9HEpPrHH BHHTOBOMH
CIIMPAaAH BHYTPH KaCIIOB II0 BPallleHHIO, U3 «<Ae-
BbIX>»> (AMHHOKHCAOT) H «IIPaBBIX > (caxaPOB) ,
H 00'BSICHUTH POHCXOKAEHHE TOMOXHPAABHO-
CTH B mpeaAbHoAornueckoii cpepe. [Iporusorno-
AOXHBIM HaIlpaBA€HHEM BpallleHUsl OHU IOXO0XH
Ha aHTUYaCTUL. XOTs, U SABASIIOTCS 3€PKAAbHBIMU
KOIHUSAMH OTHOCHUTEABHO IIAOCKOCTH Ha IJeHTPaAb-
HOM OCH BpalljeHMs, OHH OTAMYAIOTCA puauye-
ckumu (ONMTHYECKUMH, ...) CBOWCTBAMH H3-3a
He neprneHAuKyaspHocTu ocHoBaHusa KOOB x ocu
R = 2. D10 06BsicHsIeT UX AHCHMMETPHIO U H3-
HAYaABHYIO ONTHYECKYI0 aKTHBHOCTSH. KakuiMm 051
9K30THYECKUM He Ka3aACS OMMCAHHBINA MEXaHM3M,
HO eCTb AeMICTBUTEAbHbIE aHAAOTH eT0 PeaAH3aliH
B IIpUpoAe. DTO MOXKET IPUBECTH K MaHCIIePMUH,
KaK MOSIBAEHHE «CIIHI[>» U «TeHel>» Ha KOAbI[aX
Carypna [10] (u3 usoanposanuoro o6vema) uau
KOCMHYECKHX Aydell [ 8], AAIomux BO3MO>KHOCTD
39BOAIOIIHOHHOIO MPOHUCXOXXAEHHS GHoAOrHYe-
ckoi xu3HH Ha 3emae. OTCI0AQ BBIBOA: 11O Kpai-
HeHn Mepe, Kaxkable 11 MAH. AeT Ha PacCTOSHHUU
R =42 (HaanMep, OKOAO MACIITabHPOBAHHOTO
paauyca Benepsr, ... ) or IIeHTPa paBHOMEPHO
Bpalarmencs cepsel (COAHua, 3eMAI/I), MOTyT
BO3HUKATh TOMOXHpPaAbHbIe dacTuLbl. Iloayuya-
€TCsl, YTO BO3HHKHOBEHHE KM3HH MOKET ObITh

OAHHM H3 <IPOAYKTOB>»> KPHBOAHHEHHOIO
ABMO)KEHHSI MaTepHH, TIOPOXXAaeMbIX BpalleHHeM
apapa. To ectp, BeuHOe BpameHue (rpaBUTAMOH-
HOE, ... ) U psip HepaBHOBecHbIx IAANUI MoryT
OBITh BEYHBIM ABTOKATAAH3ATOPOM >KH3HH, AAS,
XOTS M peAKOro abnorenesa, nancnepmud [ 12].
WMnave, HanpuMep, Npu NpSIMOAMHENHOM ABHKe-
HUM TPYAHO OOBSICHUTH 3aBHCHMOCTb oT Kpe-
annmonusma, Kocmmueckoro Pasyma mam wupeu
0 BeunoM cymecTBOBaHMH, OCHOBHOTO CBOMCTBA
KU3HU — caMopenaukanuu. CIHpaAbHBIN Kacm
Ha ocu R = /2 MOXeT 03Ha4aTh MOSBACHHE AAHMH-
noit nenu (kax AHK) rapmonundeckoro korebanus
9HEepTUU BOKPYT Hee, C aMIIAUTYAOM U3 «IIpaBoO>
U «AeBO>» Bpamjamomuxcs yactull. CAydaitHOCTDb
3HauYeHMs mara Aa , AAIOIIEro Kacll, UI'PaeT POAb
€CTeCTBEHHOI'0 0TOOpa 3a9aTKOB AASL CO3AAHUS
9BOAIOIIMOHHOM CHCTEMBI C He0OpaTumMo npo-
rpecCHpyOmeil CTeneHbI0 CAOXKHOCTH. JTOT
MeXaHU3M CO3AAeTCsI HOBBIM BHAOM B3aHMOAEH-
CTBHSI.

Aaasee, aMucCHs 3apsDKEHHBIX YAaCTHIL AAS
CBEPXIPOBOAUMOCTH AOAXKHA OBITh HaIlpaBAeHa
BAOAb OCH MarHMTHOTo MoMeHTa. [Ipu aeiicTBun
KPUOTeHHBIX TeMIIepaTyp U AaBAeHHS, opou-
Thl 9AEKTPOHOB NPHTIATHBAIOTCA K OCH Bpalle-
Hus R = /2. D10 IIPUBOAUT K BBIAABAMBAHHIO
H3 IAOCKOCTH OPOHTBI CaMbIX BHYTPEHHHX
3AEKTPOHOB, rAe coraacHo npuHnuny Ilayau mo-
T'yT OAHOBpPEeMEeHHO pa3MelaTbcs He HoAee ABYX
aAeKTpoHOB. IToaToMy, MecTa AByX BbIAQBA@HHBIX
9AEKTPOHOB MOI'YyT 3aHUMATh TOABKO ABa 9AEKTPO-
Ha M3 CAGAYIOLIEro YpOBHS, U MPOIeCC MOBTOPS-
eTcsi cHOBa. Tak paboTaeT ABYXIAEKTPOHHBIH
posarop Iayau, 06bsicHSIIOmUI CIIAPEHHOCTH 3a-
PsAAOB B appexre MeiicHepa. KaskAblil 9AeKTPOH,
o0Opamaromuiics BOKPYT cBoeil ocu R = V2, u3-3a
B3aHMOACHCTBHS C HHTeHCHBHOCTBIO K /o Aeii-
CTBYIOII€H 110 HAaIIPAaBAEHUIO KaCcaT€AbHOM K IIO-
BEPXHOCTH SIAPa, OOpasyeT IKCI€eHTPHYHBIN
KPYTOBOM TOK, KOTOPBI! COXPaHAeTCs, TOKa SAPO
BpamaeTcs. B cAyyae MHOrosAeKTpOHHbBIX aTOMOB
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9TH TOKH CO3AAI0T MOMEHTBI Ha PAa3AMYHBIX PACCTO-
AHUAX R Ha 9KBaTOPHAABHOM IIAOCKOCTH, KOTOpBIe
BBITECHSIIOT BHEIIHME MarHUTHbIE MOMEHTHI, YeM
obspscusercs appekt MeiicHepa. 3-3a He BO3-
MOXHOCTHU IPEACTAaBACHUS HMPPaAIJUOHAABHBIX
3HAUYEeHUN B KOHEYHOM BUAE, IIUKU Kssz/ au Kssz/ R
AOAXKHBI OYAYT aCHUMIITOTUYECKH IPUOAMKATHCS
K He0OXOAMMOMY 3HAUEHHIO, H B 9KCTPEMAAbHBIX
TOYKaX 9BOABBEHTHI BOAM3H o = 7T = 1 06pasyror-
Cs1 KaCIIbl aCUMIITOTHYECKOTO XapakTepa. Caepayer
0c060 MOAYEPKHYTD, YTO MpPsIMble AMHUU KAaCIIOB
YKa3bIBAIOT Ha TO, YTO B 9THX OTPe3KaX HHTEHCHUB-
HOCTH BOBCE He HCIIBITBIBAIOT COIPOTHBACHHS,
4TO SBASETCSA MPU3HAKOM CBEPXIPOBOAHMOCTH.
IIpu mocTeneHHOM yMeHBIIEHHUH Iara IpHpailie-
Hust yraa Ao Aa = 7t/18000 u /180000 3HaueHus
nukoB Kacros K /R pucynka 1 yBeawmdnBaercs
A0 70 190K, a pas Kssz/a A0 580 1 5800 K coor-
BETCTBEHHO. DTO AAeT BO3MOXXHOCTb CTPEMHTEAD-
HOTO NPOTEKAHHS dIAeKTPOHOB II0 NMPSIMOAUHEN-
HBIM KaCIIaM — TYHHEASIM, CO3AAI0IUM KOHTAKT
Axo3epcona. OkaspIBaeTcs], BONPEKHU CyIeCTBY-
IOI[eMy IIPEACTABACHHIO O HAYaA€ B3AaHMOACHCTBHS
Jyepe3 BaAeHTHbIe BHEIIHUE IACKTPOHBI, B AAH-
HOM CAy4ae, 9MHCCHSI HQUHHAETCS ¢ OAMIKHEro
K APy BHyTpeHHero ypoBHs. Toraa, OCI'O mo-
XKeT AATh AAbTEPHATHBHOE 00'bsICHEHHE OMbITA
OnamrTeiriHa — Ae I'a3a, rae AAS THPOMArHUTHO-
rO OTHOIIEHHUS Pa3HBIX $pePPOMArHETUKOB IIOAY-
JaAOCh TOYHO ABOMHOE IpeBhINIeHHe 3HAYEHHS
cnmHOBOTro MoMeHTa. OAMHAKOBOE IIpeBhIIIeHHe
AAsL GeppOMarHeTUKOB, UMEIOIUX Pa3HOe KOAHU-
94eCTBO BAAEHTHBIX 9AEKTPOHOB TPYAHO O0OBsc-
HUTb. HoO, YacTOTHI BpameHus Ka>kAOTO, U3 ABYX
BHYTPEHHHX CIIHHOBBIX 9AeKTPOHOB, OYAyT 60AB-
1re OpOUTAABHOM YaCTOTbL, U MOT'YT He COBIIAAATD
MeXAY COOOI, TaK KaK CBSI3aHbI C HPPALIOHAAD-
HBIMU He KOHeYHBIMH drncAaMu. CAeAOBaTEABHO,
OHU OYAYT YABaUBaThCsl, 2 He KOMIIEHCHPOBATHCS,
KaK CYMTAeTCsl B KBAHTOBOM MexaHuke. [Toaromy,
IPUYMHA HOCTOSIHHOTO ABOHHOTIO P eBbIII e HHS
IHPOMarHATHOTO OTHONIEHH AASI BCeX peppo-

MarHeTHKOB yCMAaTPUBAeTCs B CIIAPEHHOCTH 3a-
PSIAOB HMEHHO BHYTPEHHHX AeKTPOHOB. [lepe-
MEHHBIN TOK B OIIbITe, yCUAUBIINI 9P PeKT CIUHA,
MOT IPHUBECTU K BO3MYII€HHOMY COCTOSHHIO
U 9KCIIeHTPUYHBIM AOKAAUBAIIUSAM ABYX BHYTPEH-
HUX 9AeKTpoHOB, Kak B JCI'O. IToaTomy, onbIThI
Oitnmreiina — oe [a3a n Bapuerra [ 13] ns-3a aTux
ABYX AOKaABHBIX MOMEHTOB He MOI'YT ObITb 0Opart-
HO 9KBHUBAAEHTHBIMHU.

Heo6X0AMMO OTA€ABHO MOSACHUTD 3HaYeHUsI Re
s=YuRes=Y7praK_/auK_/R. Dusmaeckuit
CMBICA 4HCAQ Y2 B pAoKasareAabcTBe I'mmnoressr Pu-
MaHa [S] 03HayaeT, YTO B3AMMOAENCTBHE BpaIia-
Io1jercs cheprl C OKpPyKaroller CpeAO OCyIecT-
BASIETCS 9KCIIeHTPHUYIHO. MaTeMaTH4decKHil CMBICA
4 BBIpaXKaeT CTeIleHb, KOTOPHIH CBA3BIBAET PacCTO-
SIHHSI MEXXAY TOYKaMH 9TOTO B3AaUMOAEHCTBHUS T€O-
pemoii I[Iudaropa. IToaromy, To, uTo Re s= %2 BoIpa-
KAeT CTeleHb HAH KBAAPATHBIN KOPEHb He AOASKHO
oco60 yauBAsTh. Ho, mosiBAeHHe BO BTOpoM 3Ha-
MeHaTeAe UMEHHO YUCAA 7 OOBSCHSAETCS TeM, YTO
9TO eCTh MACIITAOMPOBAHHOE BbIPasKEHUE CTeIIeHH
PaBHOM YeThIpeM B 3aKOHE IIPOMOPIIMOHAABHOCTH
Penest:

[~vt~1/A%
rae: | — MHTEHCUBHOCTD paccesiHHOTO cBeTa (TAOT-
HOCTb [IOTOKA), V — YaCTOTa KOAe6aHHs IAEKTPOHa,
A — AAVIHA BOAHBL. A€AO B TOM, YTO YUCAO 7 IBASIET-
CSl YeTBEPTBHIM I10 CYeTY HPOCTHIM YHCAOM IIOCAE
eanHHIBL [ToaToMy, pucyHOK 3 03HaYaeT, 4TO UH-
TEHCUBHOCTHU TEIIAOBOTO HU3AyYeHUS B OCHOBHOM
COCTOSIHUU HEHTPAABHOTO BOAOPOAA COOTBETCTBY-
eT YeTBEPThIH IOPSIAOK MAAOCTH YACTOTHI AU 00-
PaTHOM AAMHBI BOAHBI ITpu R = V2 = 1.4142 ans
P OeKILMHI Kssz/ R, TO ecTh 2TO AEHCTBUTEABHO
He TOHKO€, 2 CBePXTOHKOE paclieliAeHue OPOUTBL
OTcropa, AeAaeM BBIBOA — YHCAA T V2,.. cCHHHOB
BBIPA’XKAIOT CTENeHb SKCIeHTPHYHOCTH B3aHMO-
AEHCTBHS COOCTBEHHOIO BPAIleHHUS 9IAeKTPOHA.

Aaaee, Ha pUCyHKe 4 IpuBeAeHa B MacIITabu-
POBaHHOM BHAE CBSI3b HEKOTOPBIX 3HAMEHHTBIX
IHCEA.
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CBEHSb NOCTOARHBR 137, 7.35, 1.4142
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PucyHok 4.

CHavara mOKakeM IIPOHCXOXKACHHE OAHOTO
M3 CaMbIX 3arapO4YHbBIX YHceA 137. ITO YHCAO SABAS-
ercs 6e3pasMepHbIM (MaCIITA6MPOBAHHDBIM) KOAU-
4eCTBEHHBIM 9KBUBAAEHTOM MOMEHTA UAHU PaboOThI
I10 IIePeHOCY YaCTHUIIbI OT TOYKH d I10 AUHUH 9BOAb-
BEHTHI AO ee IepecedeHHs] KacaTeAbHOMN (pasBepT-
Kott) Kk APy cd = 7.28 B Touke d (Mau H2060pOT). OHO
BBIYMCASICTCS KaK MUHTEIPaA KPMBOAMHEMHOM MAOIA-
AH, 3aMeTaeMOM Pa3BepTKOH IBOAbBEHTBI, KOTO-
pas pasBopauymBaeTcs oT 0 ° Ha OBepXHOCTH sIApa
po touku d (27 + 57 °). 3aMeTHM, YTO 3HAYCHUE ITOTO
MHTETPaAa AASI TIAOCKOCTH YYTh He AOTSATUBAET (oxo-
AO S eAMHHIY), A0 3HaueHMs 137. Tak Kak maomaab
TOM CaMOM «TpPaIeljui> U3 PUCYHKA 2 OKa3bIBaeTCs
BBICTYIAIOI[EH U3 MAOCKOCTHY BpallleHHs B CUAY BbI-
HIEM3AOXKEHHOM IPUYNHBI AMHAMHYECKOM aCUMIITO-
TUYHOCTH. SICHO, 4TO B TOuKe R = \/2 CyIecTByeT
noabeM rpaduxa K 2/ R Hap mAOCKOCTDIO BpalleHus,

¥ 32 CYeT 3TOT0, 3HAYeHHe IAOIAAM S YBeAMIUBACTCS
Ao 137. Ormernm, uTo yncao 137 u 3HaueHue 3apsi-
Aa aAeKTpoHa 1620 SBASIOTCS peAeAaMH Gy HKITHIH
HHTEHCHBHOCTH H3AYYeHHS BAOAb OCU BpallleHHs
MsaRes=1515 1 ..., [10].

3paech xe BMecTe ¢ 7.28 (271 + 1) mosBAaser-
Csl cAeayIolliee 3HAMEHHTOe YucAo 7.3S, koTopoe
PaBHO 3HAYEHMIO IEHTPAABHOIO PACCTOSIHUS 0d.
OHoO sABASIeTCS MACIITAOMPOBAHHO AAUHOT BOAHBI,
xoropyio 1965 r. A. Iensuac u P. Buabcon [14] 3a-
¢uxcupoBasu Ha cBoeM peTekTope. KcraTy, ee Tem-
neparypa 2.73 K Toxe 3aech Ha pucyHke 1, rae kaca-
TeAbHas L2 nmepecekaeT oppAuHATY. OT IIeHTPAABHOTO
TeAd, HHTeHCUBHOCTD PACIPOCTPaHsIeTCs IO CITUpa-
AM 9BOABBEHTHI KPYTa, KaK OT UCTOYHHUKA. DTO AASL
CIIPaBKH K TOMY OIIPEACACHHIO, YTO «PEAUKTOBOE >
MHKPOBOAHOBOE H3Ay4YeHHE C AAMHOH BOAHBI
7.3S HMAeT «OTO BCIOAYy OAMHAKOBO>>, TO €CTb
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uszorponHo. Ilocaeayromue nsmepeHus mokasaau,
4TO 3TO M3AyYeHHE U30TPOIHO U UMeeT MAaKCUMYyM
Ha AAMHE BOAHBI 1.9 MM. DTOT MakCUMYM IOPO3KAQ-
eTCsi BOAM3HU yrAa a = 57 ° COOTBETCTBYIOIEro, TOUKe
C Ha TIOBEPXHOCTH SIAPA, KOTAQ 3HAUYeHHsI MaKCHMY-
MOB IIPOEKIIMil UHTEHCUBHOCTE!N YTAOBOTO U PaAH-
AABHOTO HATIPABAEHHS PE3KO Pa3beAHHSIIOTCS [6].
Hxa6cruccppasani K /a=1.55uK_ /R =2,410 BBI-
paxkaeTcs o popMyAe AAMHBI pasBepTKu R = y/1+a?
AASI 9BOABBEHTBI KpyTa M COOTBETCTBYIOT yTAaM IIpU-
MepHO OT 67.85 ° A0 57 °, TO ecTb B pacTBOpe yraa
oxoao 11 °. HawaAo pasbepMHEHUS HMeeT a6cunccy
R = 2.44 (pucynok 3 [6]), rae MOPOXKARETCS U3AY-
JyeHHe B BUAE CAMOCTOSATEAbHOTO Ta30BOT0 Pa3psAd.
ITO >Ke pa3beAHHEHHe 0OBICHSIET IPUIHHY IIOSIB-
Aernst adpdekra Poma [ 10] 1 3arapounoro rperpero
Papuaronsoro nosica 3eman. Ecau 57 ° passeprku
9BOABBEHTBI COOTBETCTBYeT MACIITAOMpPOBAHHAS
AAMHA AYTH 9BOAIOTHI cb = 1 (us3 pHUCYHKa 4), 1o pAAST
HOCAeAyIolIero mpupamenus Ha 11 ° 40 67.8S °, 6y-
AeT COOTBETCTBOBATb YAaCTh ee OTpe3Ka paBHas —
0.1929. Tax MBI IOAy4YaeM ellje OAHO 3HAMEHUTOe
MacCIITaOUpOBaHHOE YHCAO — MAKCHMyMa MHKPO-
BOAHOBOTO CIIEKTPa H3AyYeHHsl, KOTOPOTO Ha3bl-
BalOT <« PEAHKTOBBIM> .

CaepoBaTeAbHO, Ha3peBaeT elle BOIPOC — €CAU
BCsIKasl cdpepa paBHOMEPHO Bpallasich, MOXKET ITO-
POXKAATh TaKkHe 3HAMEHHUTble AAHHbIE, KaK Terepb
pasobparbcsi «TIAe, Yell MOAApPOK?>». Beab Takux
HeIpepbhIBHO Bpamaromuxcs cep Bo Beeaennoi,
CTOABKO € CKOABKO 0aproHOB. CA€AOBaTEABHO, OHU
HeTpepbIBHO IMOCTABASIIOT TaKHe YHCAQ CBEKeHbKU-
MM, 2 He «PeAUKTOBbIMH>. Ho, B mpecc-peause
BICEP2 [15] nosBuaoch coobuenune 06 o6Hapy-
JKeHHH I'PaBUTALMOHHBIX BOAH B-MOABI, mpHHaAAe-
XKAIIUX PEAMKTOBOMY M3Ay4YeHHUIO. XOTs, Pe3yAbTaT
BICEP2 ua IOxHOM mToAroce 3eMAM SIBASIETCSI 9KCIIe-
PUMEHTOM, HO OH OTIpeAeAsieT TOAbKO HAAMYHe BOAH,
a He MpoucxoKAeHue ux. A ¢yHkuus K sasasgercs
YHCTO TEOPeTHYECKUM COOTHOIIEHHEeM, IPUCYIIUM
U He PeANKTOBBIM 00bekTaM. [ToaTomy, moayuyaeTcs
TsKOQ, Yell 5Ke 9TOT «OCTATOK> ?

SIAepHbBIt MArHUTHBIN MOMEHT UMeeT IJeHTPaAb-
HO€ HaIllpaBA€HHE od. A 9AEKTPOHHbBIN MarHUTHBIM
MOMEHT M3 TOYKU IBOABBEHTHI B3aMMOAEHCTBYeT
C SIAPOM Yepe3 TOUKY ero IOBepXHOCTH, U3-3a Yero
OH SIBASIETCS 9KCLIeHTpHYHBIM. [ mockoAbky mpoxo-
AUT Yepes Tpu yposs aHepruu db, ba (bc), ao (co),
TO OH IIO BeAMYMHe Ha TPH IOPsIAKA OOAbIIIe, YeM
sAepHbIE MOMeHT — okoao 1000 pas. Mexay 3Haue-
HUSIMU B TOUKe b Ha pUCyHKe 4, (COOTBeTCTByfomefI
Ha pucyHke 1 kacareapHo# L1 B Touke 1.38 ¢ abcruc-
coit 2.1), u TouKO¥1 d, CYIIeCTByeT Pa3HHUIIA HA OAUH
nopsaok. [10aToMy AAMHA BOAHBI HEHTPAABHOTO
BOAOPOAQ AOAKHA OBITh yBeAHMYEHA Ha IOPSIAOK,
9TO U cocTaBuT 21 MacmTabHbIxX epnnamI,. Kcrary,
9TO MaCIITAOMPOBAHHBIN PAAUYC MAAHETHI 3E€MAS
Ha pucynke 4 [10].

Aaaee, B HacTosIee BpeMs IPUMEHeHHe KBaH-
TOBBIX 9¢PEKTOB B HAyKe U TEXHHKe OBICTPO pas-
BHUBAeTCS. JTO BBIPAKAETCS B Pa3AMYHBIX 00AACTSIX,
HarpuMep, Ha MOBbIIIEHUU YyBCTBUTEABHOCTH IIPHU-
60pOB, KOTOpasi OCHOBbIBAETCS HA ACTEKTHPOBAHUH
TOHKHX BCIIAGCKOB I'MPOMArHMTHBIX OTHOIIEHMIH
6Aaropapsi cOOCTBEHHOMY MOMEHTY H3-3a CIIH-
Ha, a Takke adpdexry MeiicHepa. B ocHOBHOM 3TO
sIAepHbIE U 9ACKTPOHHbBIE pe30HaHCHbIe 9 eKThI,
KOTOpbI€ TIO3BOASIIOT BBIAGAUTD HY>KHbIE YaCTHIIbI
(o6bexrh), AeTeKTUPYs BAUsAHUE cMHOB. OAHUM
M3 OCHOBHBIX 3aTPyAHEHHH B 9TOM A€Ae SBASeTCS
OrPaHMYEHHOCTh AUAIIA30HA PAOOTHI TAKHUX IPHOO-
POB KPHOT€HHBIMH TeMIlepaTypaMu. DTO CBSI3aHO
C TeM, YTO IPHU AeTEeKTHPOBAaHUH TaKHX 3PPeKTOB
B KaueCcTBe 3TAAOHOB ITPUMEHSIOTCS TOHKHE CBOM-
CTBa SIAEP U 9ACKTPOHOB, XapaKTepHble OCHOBHOMY
COCTOSIHHUIO C HAUMEeHbIIel S9HepTrueil, BhipaXkaeMble
B 'HpOMarHUTHbIX OTHOIIeHHAX. OAHAKO, 3TO OCHOB-
HO€ COCTOsIHME HapyIIaeTcs IIPY IOBbIIIeHHH TeMIIe-
paTypbl Bblllle HEKOTOPOTrO KPHOTEHHOI'O IIPeAeAa.
Apyrum 3aTpysHeHHEM ABASIETCS TOHKOCTb 9P PpeKTa
CIIMIHA, U3-32 KOTOPOTO 00A€ee YAOOHBIM AAS OIIBITOB
SIBASIFOTCS] OO'EKTBI C HECTIApeHHbIMU SAEKTPOHAMIL.
ITockoabky, pe3oHaHCHI CIIAPEHHBIX JAEKTPOHOB
u sipep TpyAHO aerektupyembl paxxe CKBHAamu
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(cBepXTIPOBOAAIHMIT KBAaHTOBBIN HHTEPPEPEHIIUOH-
HbIi AeTekTOp) [16].

B pauHOIT paboTe IIpeAIoAaraeTcst, 9T eCTh BO3-
MOXHOCTb YBEAUYUTD Ha IOPSIAKU AHAIIA30H ACTEK-
THPOBAHUS 32 CUeT PUKCHPOBAHUS, HETPHBHAAD-
HBIX CHTHAAOB CIIHHOB BAOAB OCH BpAllleHHs, 9TO
BXHO AASL pepPPOMArHETHKOB.

ITo MHeHUIO aBTOPA, B IIPHUHIJHIIE ITO MOXKHO CAe-
AQTb CAEAYIOIIUM 00pa3oM:

13 mopxopa aBropa [ 5] oKashIBaeTcs, 4TO BAUS-
HYle CIIHHOB MOXXET IIPOSIBASITHCSI HE TOABKO B OCHOB-
HOM, HO ¥ B BO3MYIIIEHHOM COCTOSIHUM aTOMa Ha 60-
Aee BBICOKHIX yPOBHSIX TeMIIEPATy Pbl, [P EBbIIIAIOIIAX
Aaxe 3HaueHHe Temreparypsl Kiopu. Ilpu aTom,
€CAU B OCHOBHOM COCTOSIHUH 3TO BAMSIHHE 9KCI|eH-
TPUYHOE TO, B BO3MYIIIEHHOM COCTOSIHUH OHO OyAeT
HAIIPaBA€HO I10 LIeHTPAABHOM OCH, HO B KOHHYECKOM
u crynenyarom Buae [S]. Cymecrsyromee npume-
HeHHe KBaHTOBBIX 9QPEKTOB OCHOBAHO Ha AMaIa-
30He AeTEKTUPOBAHIS 9TAAOHHBIX YTAOBBIX CBOICTB
TUPOMAarHUTHOTO OTHOIIEHUS] 00pa3IjoB, BpeMeHH
peAaKcaliu MOMEHTa M 4acTOThI Ipereccuu [17].
A B mipepAaraeMoM IOAXOA€, BO3MYIeHHbIe AAHHBIE
IPOIIOPLOHAABHbIE STHM BEAUYHHAM IIPOSIBASIIOT-
CsI B 0CEBOM HAIIPABAEHUM, HO, B COXPAHSIONIEMCS,
KOAMYEeCTBEHHO U KOOPAUHATHO-PA3AMYAEeMOM BUAE
U CBS3aHHO CO CIIMHAMHU B OCHOBHOM COCTOSIHUHU.
H 410 0c06eHHO Ba’KHO, KOOPAMHATHOE Pa3AMYHe
BBIPA)KAETCSI IMEHHO CTYIIEHbKAMH HETPUBUAABHBIX
HyAell A3eTa-QpyHKIUM PrMaHa, KOTOpBIE SIBASIOTCS
Kak 65 Hecyeit yactoroit. HysxHo Oyaer cospars
HOBBI€ 3TAAOHBI INKAAMPOBAHUSI CBOVICTB ATOMOB
¥ H30TOMOB, KOTOPBIE GYAyT HMeTh HeOrpaHHIeH-
HBIA AMANa30H HHPOPMATHBHOCTH, OCHOBAHHBII
HA CTAHAQPTHBIX CBOMCTBAX PaCIpPeAeAeHH IPO-
CTBIX YHCEA.

B aToM cAydae, BOBMOXHO, 4TO He TOABKO BpeMs
peAakcanuy, Ho AAKe U TpebOBaHHe KPHUOTEeHHBIX
TEeMIIEPATyp He CTAAO OBI CTOAD CYIIleCTBEHHBIM IIpe-
ILITCTBUEM, €CAU CyMeTb IIPIMEHUTb AOCTATOYHYIO
HHTEHCUBHOCTD BpallleHHs: 06pasLa ¢ COIPOBOXKAE-
HIeM BBICOKOTO AaBAeHMsL. [TOCKOABKY ¥ TO, U ApyTO€

IPONOPIIHOHAABHO AEICTBHIO KPUOTE€HHBIX TeMIIe-
paTyp B BOIIPOCEe CXKATHs K OCH BpallleHUs Tpaek-
TOPHUH 9BOABBEHTBI Ha IMMAOCKOCTH. Pemmaromum sB-
ASIETCSI BOIIPOC O TOM, MOXHO AU GyA€T COBMECTHTb
BpalljeHHe, OKaTHe U CHITHE OCEBBIX AQHHBIX C 00-
PA3ILIOB U CO3AATb AETEKTOP C HEOOXOAUMOI UyBCTBU-
TeabHOCTBIO Hartopaobue CKBI Aa? Taxoke ocraeTcs
OTKPBITBIM BOIIPOC — OYAYT AU KadeCTBEHHBIE IIPO-
SIBACHUS] HeTPUBHAABHBIX HYA€H IMEThb dAeKTpHIe-
CKYI0, MAaTHUTHYIO, TEIIAOBYIO HAU KaKyI0-TO APYTYIO
npupoay? HecMoTpst Ha 9T0, MOXXHO yTBEpPXKAATB, KaK
Teopemy: Ecaun ectp skcrjentpuunocts (crus, ... ),
AQIOIIIAst XOTh U HUYTOXKHYIO IIOIIePeYHYI0 COCTaB-
ASTFOIIYIO IIeHTPAaABHOMY MOMEHTY TO, Ha OCH Bpa-
IIleHNs TIOSIBUTCS. HETPHBHAABHASI DHEPIUs, B BUAE
cTymneH4Yaroro curHaa. CAeAOBaTEABHO, TOT CUTHAA
AOAXKEH KaKHM-TO 0Opa3oM AeTeKTHPOBAThCSL. AoKa-
3aTeABCTBO IIPUBEACHO B AOKa3aTeAbcTBe [umoTessr
Pumana [S; 8; 9].

ABTOp CuHnTaeT HEOOXOAUMBIM TAyOKe U3YIUTD
obuye UppariOHAABHBIE KaYeCTBEHHbIE 3aKOHO-
MEpPHOCTH, AeXalljie B OCHOBEe Pa3pO3HEHHbIX YH-
CeA, TEOPUIL U Pa3HbIX HHTEPIIPETALHI, IPeXAE YeM
YIAYyOASITBCS B y3KHe KOAMYeCTBEHHbIE IIPOOAEMBL
BuanMo, mpeACTaBAeHHS KAACCHIECKOH U KBAaHTO-
BOY PpU3UKH O GpYHKIIMOHUPOBAHUU MATEPHHU, OCHO-
BaHHble HA yPaBHEHHUSIX (CHUCTEMaX) TOABKO BTOPOTO
IIOPSIAKA, He [IOAHBIE, U TPEOYIOT yueTa CTelleHHbIX
HPPAIIMOHAABHBIX CBOMCTB 9HEPIUHU B MUKPO, MAKPO
U MeTa MUpax.

3akarouenne: Okas3bIBaeTCs, U3ydeHHe HPPaLH-
OHAABHBIX dHepTHH 1o dyHKImsaM K mmeeT 60Ab-
IIYIO IIPEACKA3aTEAbHYIO CHAY U OTKPBIBA€T HOBYIO
HPPALHOHAABHYI0 TEPMOAUHAMUKY B MACIITAOUPO-
BaHHOI1 $pusuke (U B ADYTUX 06AACTAX) MUKPO, Ma-
KPO U Mera MHpOB. 3aTaAKY O IIPOHCXOXKACHHH CITH-
Ha MOXXHO CYMTATh PEIIeHHOH, 9TO BOSHUKHOBEHHUE
COOCTBEHHOTO 3HAKOIEPEMEHHOI0 BPAIIeHIS 9AEK-
TpoHa. IlepeMeHbI B ero BpameHNH U AOKAAM3AITH
aHepruu GOopMHUPYIOTCs siApaMu. OTKPBIT HOBBIN BUA
H3AYYAIOIINX 00bEKTOB, IOATBEPXKAAIOIIUI Pe3yAb-
tar M. C. [lIkaoBckoro u nocryaar H. bopa. Onn
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