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Energodynamic Field Theory

OHeproauHamuyeckas Teopus [Tomns

Prof. V. Etkin

Annomayus- CTaTbsl npejaraeT TeOPHIO €IHHOTO0 CHJIOBOIo
noJl, OCHOBAHHYI0 HAa  NPH3HAHUU  HeU30eKHOCTH
BO3HHKHOBEHHS K0JIOAHUI B HEOTHOPOJHOM H0JIe IJIOTHOCTH
«[IePBUYHON» (hopmbl MaTepuu («mpenBerecTBa»),
uMeHoBaBLuelics: panee 3¢pupom.Ilokazano, 4To IHEPrust 3THX
KoJ1e0aHMii paBHA NPOM3BEJCHUIO BOBJICYEHHOW B ITO
JBHKEHME Macchl Ha KBaJpaT CKOPOCTHM CBeTa, a
HEOJHOPOIHOCTH eé pacnpeeJicHAs MOPOKAaeT
BCENPOHUKAIOLEe TPABUTALMOHHOE 110J1¢, IPONOPLHOHAILHOE

rpajueHTy IUIOTHOcTHHNpeaBemecTsa. Haiinena coorBer-
cTBYyOIas 3ToMyOum3KoAelicTByomas (moJesas) ¢opma
3aKOHa TPaBHUTAlUH, KOTOPASBCKPBHIBACTIIPHHALIECKHOCTD

rpaBUTALMH K Haubo/lee «CHJIbHBIM» B3aHMOJEHCTBHSIM M
NpeicKa3biBaeT BOSHHKHOBEHHE B CIUIOIIHBIX CPeJax CHJI KakK
NPUTSKEHUs], TAK H OTTAJKUBAHUS.

YuéT npeaBemecTBAKAK HENPEMEHHOr0 KOMIIOHEHTA
J1000if MaTepUalbHONl cHCTeMbl B 3aKOHe COXpPaHEeHHs
3Heprud  NO3BOJIAeT  paccMaTPHUBATh  MPOLECCHI  ero
NnpeBpalleHnsi B 00bIYHOE BelleCTBO KAK CAMONPON3BOJIbHBI
¢a3oBblil nepexoa B M30/1MPOBAHHOI cucTeMe THIIA Beenennoi
B uHeaom.IlonryyeHHass Ha 3Toii ocHOBe Hamu0oJiee HeTajbHasi
dopma 3akoHa coxpaHeHMsi JHEPrHM  NpeJcCKa3bIBaeT
CylIeCTBOBAHME HOBBLIX BHJIOB B3aHMOJCHiCTBHAN HOBBIX
COOTHOIICHMI B3aUMHOCTH MEX1Y HANPS:KEHHOCTAMH H
HMITYJILCAMH PA3IMYHBIX CHJOBBIX MHoJjeil. U3 HuUX clenyerT,
4YTO JII00ble CHJIOBBIC IHOJISI SBJSIOTCS YACTHBIM CJIy4daeMm
TPABUTALMOHHOIO 1OJISI M TOPOXKIECHbI HEPAaBHOMEPHBIM
pacnpenejieHHeM B NPOCTPAHCTBE HUX JHeproHocureseid. ITo

T03BOJIsSIET MOJIYYUTH YHUBepCAJIbHBI 3aKOH
B3aUMO/IeiiCTBHS, CHJIA KOTOPOI0 OIpeaessieTcsl IpajueHToM
IUIOTHOCTH  COOTBeTCTBYIOLIeld  ¢opmMbl  JIHeprum. ITO

Je1aeTHpelBeleCTBO UCTHHHBIM «TOIIMBOM» BceneHHoii, a
rPaBUTALMOHHOE TII0J1e —NePBHYHBIM HCTOYHHKOM 3JHEPrHH
AJd BceX IIPOLECCOB CHHTe3a BellecTBaB Heil. BbiaBieno
nogodue mpoueccoB MNpeodpa3oBaHusl Pa3aIU4YHBIX ¢GopMm
JHEPrMM M  IPUBEJEHbI  MHOIOYHUC/ICHHBIE NPHMEpHI,
NMOATBEP:KIAIONINE B3aHMOCBSA3b MOJeii M  BO3MOMKHOCTH
CO3/1aHHSI HOBBIX THIOB JHEProOyCTAHOBOK HAa IOJeBbIX
¢opmax 3Hepruu.

Knrwoueevie

cnoea:  eOumas meopus NoOs,  NpuUpooa

spasumayuy U INeKmpomMazHemusmMa, 3aKOHbl HbIOMOHA U
KVIOHA, — CUMbl U UX  MOMEHMbl,  UCHOYHUKU U
npeobpazoeameny JHepeullL.

Abstract- The article proposes a theory of a unified force field,
based on the recognition of the inevitability of oscillations in
the inhomogeneous density field of the "primary" form of
matter ("prematter"), which was previously called ether. It is
shown that the energy of these oscillations is equal to the
product of the mass involved in this motion by the square of
the speed of light, and the inhomogeneity of its distribution
generates an all-pervading gravitational field proportional to

Author: Scientific Center of the Togliatti
Federation). e-mail: etkin.v@mail.ru

State  University, (Russian

the density gradient of the pre-matter. The corresponding
short-range (field) form of the law of gravity is found, which
reveals that gravity belongs to the most "strong" interactions
and predicts the appearance of both attraction and repulsion
forces in continuous media.

Taking into account the pre-matter as an
indispensable component of any material system in the law of
conservation of energy allows us to consider the processes of
its transformation into ordinary matter as a spontaneous phase
transition in an isolated system such as the Universe as a
whole. The most detailed form of the energy conservation law
obtained on this basis predicts the existence of new types of
interactions and new reciprocity relations between the
intensities and impulses of various force fields. It follows from
them that any force fields are a special case of the
gravitational field and are generated by the uneven distribution
of their energy carriers in space. This makes it possible to
obtain a universal law of interaction, the strength of which is
determined by the density gradient of the corresponding form
of energy. This makes the pre-substance the true "fuel" of the
Universe, and the gravitational field - the primary source of
energy for all processes of the synthesis of matter in it. The
similarity of the processes of transformation of various forms of
energy is revealed and numerous examples are given that
confirm the interconnection of fields and the possibility of
creating new types of power plants based on field forms of
energy.

Keywords: unified field theory, the nature of gravity and
electromagnetism, the laws of newton and coulomb,
forces and their moments, sources and converters of

energy.
[. Brenenue.

COBpeMeHHOW  (u3uke mnpeobiiasaet  JAeieHHe

MaTepud Ha BemectBo u nosie. Ilpu 3ToM moA

BEIIIECTBOM OHUMAETCSI COBOKYITHOCTh JTHCKPETHBIX
00pa3oBaHwui, 00J1a1aF0IIUX Macco  MOKOSI u
omnpe/eI€HHON CTPYKTYpOil (aTOMbI, MOJEKYIBI, Ta3bl), a
TaKKe rpaHuaMu (KUAKHE U TBEPJBIC TeNa), a UHOTAA — U
ompeneiéHHoil  dopMoit  (KpHCTAUIBI);  TOJNE  Ke
XapaKTepu3yeTcsl Kak KOHTHHyalbHasi (CIUIOIIHAs) cpeja,
He uMeronias HU (GOPMBI, HH TPAHUI], HH CTPYKTYPHI,
YacTHIBI KOTOpOW He mMeroT Mmacchl mokost[1]. Ilpu sToM
YTBEPKIAETCS, YTOMOJE OONamaeT BCEMH aTpuOyTaMu
MOJTHOIIEHHOM (buznueckoi peaIbHOCTH, BKJIIOYast
CIOCOOHOCTh TEPEHOCUTh JHEPIMI0 W HUMITYJbC. Takas
«MaTepHan3alys» MOJs TPOM30ILIa MOCIE BBEAEHUS M.
QdapajgeeM MOHATHS MArHUTHOTO TIOJIS KAk 00JacTH

IPOCTPAHCTBA, B KOTOPOM 00Hapy>KUBAIOTCS
crnielupUIeCKHe «MarHUTHBIC» CHJIBI [2] U B OCOOCHHOCTH
nocie 3aMeHbI /XK. K. MakxkcsennomM a¢upa
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3JIEKTPOMArHUTHBIM oJIeM (BMIT), CITOCOOHBIM
CyIICCTBOBaTh B OTPHIBE OT CBOMX MCTOYHHKOB[3].
HeanekBaTHOCTh TAakoOro NENEHUS MaTepHU CIEIYeT XOTs
Obl W3 TOrO, YTOJJIEKTPUYECKHE U MAarHUTHBIC TOJIs
CyHIECTBYIOT ¥ B BelllecTBe, O u€M OJHO3HAYHO
CBUJICTCIILCTBYIOT YPABHECHUS JIICKTPOMATHUTHOTO IOJIS
MakcBesia Jjisi BEHIeCTBA, B KOTOPBIX (DUTYPUPYIOT TOKH
npoBoauMocTd. Kpome Toro, cymiectBoBaHue MaTepuu 0e3
MAcCChl TIPOTUBOPEYUT MPHUHIIMITY SKBHBAJCHTHOCTH MAaCCHI
u sHeprud. [TosaTomy BcE OoJbpliee YHCIIO HCCienoBaTeNei
CKIIOHSIOTCS K MHeHUto P. ®deliHMaHa, COrjJacHO KOTOPOMY
nojge - 9To (YHKUMS paclpenesicHuss B IPOCTPAHCTBE
KakuX-JIM0O (CKaJAPHBIX, BEKTOPHBIX WA TEH30PHBIX)
BeJIMUHH [4].

OnHako He MEHee CIIOPHBIM SIBJSIETCS POJIb OIS
KaK MMepEeHOCYMKa B3aUMOJICHCTBUS MKy MaTepHaIbHBIMU
00BEKTaMH, HCKITIOYAIOIIEr0 CYIECTBOBAHHE «aOCOMIOTHOM
MYCTOTBI» U «IAbHOMEHCTBUSI», U KaK «[IEPBHYHOI» (HOPMBI
MaTepHH, 13 KOTOPO 00pa30BaIUCh BCE U3BECTHBIE (HOPMBI
BELLECTBA Bcenennoil. HemanoBaxxnoe 3HauYEHUe
MPUOOPETAETB CBSI3M C OSTHMBBISBICHHE OTIHYUTEIBHBIX
CBOMCTB CHJIOBBIX TOJCH © mpobiieMa  «BEJIHKOIrO
OGT)CI[I/IHCHI/IH» TpaBUTAllUN C QJICKTPOMArH€Tu3Mom,
0e3yCIenHOMY PEIICHHIO KOTOPOM mocBATHI nocieaaue 30
net coeit xku3uu A. DifHmiTeitH [5]. B 3TOM OTHOIICHHH
3HAYUTEJIbHBIH WHTEpPEC MpPEJCTaBIsSEeT JI0KAa3aTelIbCTBO
€ANHCTBA MPUPOABL J'IIO6BIX CHJIOBBIX ITOJIEM KaK YacCTHBIX
Clly4aeB T'PaBUTAI[IOHHOTO IOJIsi, KOTOPOE MPEIOCTaBISET
SHEeProJMHAMKKA KaK eJJHHAsi TEOpHUs MPOILECCOB IEepeHoca
U npeoOpa3oBaHus MOOBIX HopM dHepruu [6].

I1. I'paBuranmonnoe Ilone Kax Emunoe ITone Marepun

OmHuUM U3 CEHCAlMOHHBIX  OTKPBITMH B
actpodusuke XXlcrogetus ctano oOHapyXEHHE TOTO, YTO
He MeHee 95% wmaccel BcerneHHOIl siBisieTCS «CKPBITOW»
(HeHabIrOJaeMOii) U TIPOSBISFOLICH ce0s THIIb B TOOOYHBIX
spdekrax. Dra 4YacTb MaTepud paHee HMEHOBaJIach
«roHKOi» (X. TroiireHc) wmu «adpupom» (P. [lekapt), a
[OCJIe  W3THAHUS — TOCHEOHEro W3  (U3UKH  CcTaja
BO3BpAIaThCS B HEE MOJ BUAOM«(PU3NYECKOTO BaKyyMa»,
«3JIEKTPOMArHUTHOIO MOJIs», «TEMHOM MaTepUu», «TEMHOMI
SHEPrUH», «KBHUHTICCEHIMHW» U T. II. MBI OyzAeM Ha3bIBaTh

9Ty  Marepuio Ui  KPaTKOCTH  <«IPEIBEIIECTBOM»
(sorematter»),  uToObl  U30ekaTh €  ANPHOPHOIO
OTOXIECTBICHUS C KaKOW-THOO W3 MHOTOUYMCIICHHBIX

Mozeneit aTux cpen. CTpyKTypa IpeaBeniecTBa HEM3BECTHA,
MO3TOMY ¢ (DEHOMEHONOTHMYECKHX  TO3WUIMA MBI
BBIHY/ICHBIpACCMATPUBaTh €roKak KOHTHHYYM, B JIIOOOM
aneMeHte 00BEMa KoToporo dVComepKUTCsT KOHEUYHBIH
9NIeMEHT Macchl Marepun OM.DTO O3HAYaeT OTPHIAHHE
CYIICCTBOBAHMS <«IIyCTOTHI» M MPU3HAHHE OECKOHEYHOU
JACIIUMOCTH MAaTCpuu, B TO BpPEMA KaK CYHICCTBYIOLIAaA
napajurma ecTeCTBO3HaHHs CUUTAET JEJIMMOCTh KOHEYHOM
(1m0 «ameMeHTapHBIX» YaCTHI[). BECKOHEUHON METUMOCTH
COOTBETCTBYET BOJIHOBasi KOHIENIUH CTPOCHHS MaTepHH,
CyTh KOTOpO#l actpodmsuk JKUHC BBIpa3wy Hawmboee
9ETKO: «B MPUPOAE CYIIECTBYIOT BONHBI W TOJHKO BOJHEL:

© 2021 Global Journals

3aMKHYTBIE BOJIHBI, KOTOPhIE€ MBI HAa3bIBAEM BEIIECTBOM, H
HE3aMKHYTBIE BOJIHBI, KOTOPhIE MBI Ha3bIBaeM H3ITydEeHUEM
Win cBetoM» [7]. DTa KOHIEMIMs, KOTOPOHW 10 KOHIA
KU3HA TpuaepkuBancs u D, Ip&muHrep, HaWIydImmuM
o0pa3oM OMUCHIBAET TPOIECCHl DBOJIOIMHN  BEIIECTBA
Bceenennoii.

P

-

r

Puc. 1. BonHa kak JHII0Ib

IMpuMeM Kak akCHOMY, YTO TPEABCIIECTBO Kak
W3HayYaabHas dopma MaTepUU3aHUMAET BECh
NPeIOCTaBIICHHBII eMy 00BEM, T. e. obnamaer, Kak H
rpaBHUTAllMs, CBOMCTBOM «BCEMpOHUIaeMocTH». COracHO
COBPEMEHHBIM  JIAHHBIM, IUIOTHOCTH P, IIPEABELIECTBA
xonebnerca or ~10% 1 cm® B «Boiimax» (o6macTsax
MPOCTPAHCTBA, CBOOOAHBIX OT BEIIECTBA), IO 3HAYMTEILHO
OONBIIMX BEIMYHHB OKPECTHOCTAX <«4EPHBIX JIBIP», TIE
HAYMHAIOT (HOPMHUPOBATHCS 3BE3MLI. DTO 03HAYAET, YTO ITA
IIOTHOCTh ABJISAETCH (YHKIMEHTPOCTPAHCTBEHHBIX
KOOpJAMHAT (paJnyc-BEKTOpa TOYKH TIOJIsI /) U BPEMEHH, T.
€.po= Polr, ), Tak 9TO €€ MOJHOE W3MEHEHHE BO BPEMEHU
tekimrouaer cebs JIOKANbHYI (9p,/0f), ¥ KOHBEKTUBHYIO
(v-V)p, cocraBnsromnHeE:

dpo/dt=(9po/dt),+(vV)po, M

Kak crnemyet u3 Teopuu BoJH [8], 3TO BBIpaKECHHE
NPE/ICTaBISIET COO0H «KMHEMAaTHYeCKOe» YpaBHEHHUE BOJIHBI
B e€ TaKk Ha3bIBAEMOM «OJJHOBOJHOBOM>» NPUOIMKEHHH. ITO
CTaHOBUTCs  Oojiee  OYEBWAHBIM,  €CIIM  BEJIMYHMHY
dp/ditnpunsaTe 3a «(byHKIHIO 3aTyxXaHus» BOJHBI f(p,f) u
paccMaTpHBaTh Clydail He3aTyXaromuX KojaeOaHuil:

(ap/an +v"' (9p/at) =0. @)

B ormnnumne OT «IMHAMHUYECKUX» YpaBHEHUH 2-i
CTETIEHH, OTO BBIPAKCHHE XapaKTEePH3YyeT BOJIHY,
paCTIpOCTPAHSIOMIYIOCS B OJHOM  HANpaBICHUH  OT
UCTOYHWKA. M3 Hero cremayer, 4ro B CTOsSUEH BOJIHE
NPOU3BOJILHOM SKCTEHCHBHOW BenuuuHbl O(B JaHHOM
ciydae Maccel TpejseiectBa M,) HEHU30€KHO BO3IHHUKAET
IBIDKEHUE, CBA3aHHOE C €€ IMEepPeHOCOM W3 IOJIOKEHUS C
pamuyc-BekTopoM R'B monoxkenue R', T. €. cO cMelIeHHEM
eé IeHTpa Ha [UTHHY TOMyBONHBI A/2 (puc.2). CkopocTh
9TOTO CMEIIEHHUS DU3MEHSETCS OT HyJNS B IYYHOCTH BOJIHBI
0 MakcuMyma B e€ y3nax. [loaromy mporiecc oOpa3oBaHus
CTOSYMX BOJH TaK)Ke HEPa3phIBHO CBA3aH C MPEOJOJICHUEM
cwt uHepimu £ =- dP/dtu ¢ cosepieHreM paboThI

dW=F-dr= v-dP. 3)



Uto0Bl HaWTH 3Ty paboTy, a BCien 3a HEH — H
SHEPrui0  KoJiebaTelbHOro JBWXKeHusnpeaseriectsa U,
yuréM, 94T0 B HEM 3jIeMeHTB 00béMa JVOoCIMuIUPyIOT BO
BCEBO3MOIKHBIX HAIMpPABJICHUSIX. IMosTomy ero
MaTepHAIbHBIM HOCHTEIIEM (KPaTKO. SHEPrOHOCHUTENICM)
SIBIISIETCSI HE UMITYJIbC P, a KonmuuecTBO aBmwxeHus P =M v.
NmenHo ero coxpanenuenpunsut P. Jlekapt B cBOE BpeMst 3a

OCHOBHOW  3akOoH  mpupojasl. CpemHIOK  BEIHYHHY
CKOPOCTHD3a LMK HafIEMKaK 4acTHOE OT JCNICHUS MOIYJIS
BekTOpa cmemenus |R" — R'|maccer Mjna mnomymepuon
BOIHKL T/2= (2v)™:

0= Av. 4)

[MpousBenenue Av ompeiesseT, Kak H3BECTHO,
CKOPOCTb pacmpocTpaHeHust KoJieOaHui B
paccMaTrpuBaeMoil cperme (B JaHHOM Cilydae CKOPOCTH
cBETaB HEHM ¢). DTa CKOPOCTh COITacHO (4) HE 3aBHCHT IO
OTAEIBHOCTH HH OT YaCTOTHI V,HU OT JJIMHBI BOJHBI A, T. €.
v= c#c(Vv),HONPeneNATCs JIMIIb CBOWCTBAMH Cpeasl. B
TAKOM CITy9acuCKOMasi SHEPTHsl OIMpeIeNeTCss 0COOEHHO
TPOCTO;

U,=fc2dM,= M.c?, (5)

DTO  NONOXKEHHE  M3BECTHO KaK  NPHHLIUI
SKBUBAJEHTHOCTH MAacChl M DSHEPruM MOKOsl DWHINTEelHa
U,=M,c*. Ecmu Tenepsb HIPUHATH A3a
aMIUTUTyJypaccMaTpuBaeMon MIPOJIOIILHON BOJIHBI
Ipe/BeIIecTBaAd  Ha 4acTOTe V, TO Mbl IPUIEM K U3BECTHOMY
BBIPKCHHUIO IUIOTHOCTH SHEPTHUH BOJHBI Py[8]:

pPv= PAv2V2/2, Jx M (6)

Cormacio (4) u (6), mpu p,= po32 =
constaMmmiuTysna BONHBI A,yMEHBIIAETCS C IOBBIIICHUEM
YacTOTBl VM IIPH BBICOKMX 4YacTOTax (v—00) CTAHOBHTCA
«HeBUIUMOK~».  HamporuB, mnpuv—0 e€ ammmryna
YBEIMYMBACTCS, 4 KUHETHYECKas HHEPrusi IMepeXoauT B
noteHIManbHyo. OJHAKO MX CyMMa OCTa€rcs MPH 3TOM
HOCTOSHHOM U paBHO# M,c?. To *e camMoe NPOUCXOIUT B
mpolecce MpEBpaIleHUs] IPEIBEIIeCTBA B BEILECTBO,
KOTOPBI JUII HW30IUPOBAHHOM CHUCTEMBI HMEET CMBICI
¢azoBoro mepexona (KOHIGHCAMU HpenseriecTsa).B stom
Ipolecce MPOUCXOTUT «CTPYKTYPHU3aLUA»KOHACHCATa, T. €.

MocjeIoBaTeibHOe  00pa3oBaHHE B HEMCYOBSACPHBIX
YacTHIl, SAep, aTroMOB, MOJEKYJ, WX COEIMHEHUH,
ra3oo0pasHbIX, JKHIAKHX H TBEPABIXTEN, Ta30-IbUICBBIX

00JIaKOB, MaJbIX U OONBIINX HEOECHBIX TEll, TAIAKTUK U UX
CKOIUIEHHIA. DTO MO3BOJSET JEIUTh MATEPHIO HE TOJBKO Ha
NpPEABEIIECTBO M  BEIIECTBO 0o0jiee  KOHKPETHO  Ha
<HECPYKTYPHPOBAHHYIO» u «CTPYKTYPHPOBAHHYIO>,
«HEOAPUOHHYIO» U «0apHOHHYI0»[9)].

Kak moka3aHo Bblllle, BOJHOOOpPA30BaHHE KAk
HavallbHas CTaJMs Tpolecca CTPYKTypu3aluud TpebyeT
coBepiieHuss padoTel W«mpoTuB paBHOBecusi» B CHCTEME.
VcTOYHMKOM SHEPTUH ISl 3TOTO M CIYKHT KoJjiebarenbHast
sueprus npexasemectsa AU,= C?°AM, Ona Ha nopsaaku
MPEBBIIIACT JHEPrHI0  SIEPHOTO  CHUHTE3a, BEIUYMHA
KOTOpOW ompenensiercss nuib aedexktom Maccel Am.

I[looToMy WMEHHO TIPEIBEIIECTBO CIEAYEeT CUHTATh
HCTHHHBIM «TOTUTMBOM» BceneHHOH 1 BceX MPOTEKAIOMNX B
Hell DJBOJIOIMOHHBIX IMPOIECCOB, a KoJeOaTeTbHYIO

COCTaBIIIONIYI0 €r0 JHEeprud Ha3bIBaThB OTJIMYHE OT
epasucmamuyecxoidueprun (npu v — 0) pasuxunemuuec-
xoudHeprued. [lpu3HaHue HEM30EKHOCTH BO3HUKHOBCHHS
ABTOKOJICOAHMH B TpEIBEIISCCTBE, a € DJSHEPrHH Kak
HanOoJiee OOMIICH Mepbl IBHUKCHUS MATCPUU  SBISICTCS
KIIOYOM K TOHUMAHUIO HHETOJAMHAMUYEKOTO TOJIXO0JaK
npobIeMe Co3IaHusl CTUHON TECOPUU TIOJIS.

Puc. 2: TIOTOK 3HEpTUH Yepe3 IPaHuIbl CHCTEMBI

[11. Dueproaunamuueckoe Joxasarenscrso Enuncrea U
Muoroo6pasus Cunossix Ioneit

OHeprogHaMU4ecKUil  MOAXOA K  CO3JaHUI0
€MHOW TEOpUU TOJIS NMPEACTABIAETCS NPEANOYTUTEIHHBIM
MOTOMY, YTO 3Ta TEOpHsl M30eraer ruroTe3, MOCTYJIAaTOB H
MOJIC/IBHBIX ~ TPEACTaBIEHUI B  CBOMX  OCHOBaHUSX,
JIoIlycKasl UX MPUMEHEHHE JIMIIb B MPUI0KEHUSAX TEOPUH K
KOHKPETHBIM 0ObekTaM. B e€ ocHOBe JIeXHUT 3aKOH
coxpaneHus 3uHeprun B Gopme (12) u (13), yuuTsiBaromuii
e€ konebatempHyto ¢opmy.Hapsny ¢ »3tumM  oHa
paccmarpuBaeT BceneHHy0 Kak €AMHOE HEPABHOBECHOE
[enoe, BKIOUYaromee B cebsi BCIO  COBOKYIHOCTB
B3aMMOJICHCTBYIOIUX (B3aMMHO JBIDKYIIUXCSA) MaTepHa-
JTBHBIX 00bEKTOB. TOMBKO Takasi CHCTEMa MOXKET CUHTATHCS
«M30JIMPOBAaHHOMN» CHCTEMOM, IJIsI KOTOPOH CIIpaBeaJIMBbI
BCE M3BECTHBIE 3aKOHBI COXpaHEeHMs. s TakoH CUCTEMBI
MOHATHSL BHEIIHEH KHHETUYECKOM M  IMOTEHLUHAJIbHOU
SHEPruM YTPAauMBAIOT BCAKUM CMBICHI, a BHYTPEHHSA
sHeprusi Uu3 paccesHHON (merpamupoBaBiieil) yacTu
IIOJIHOM DHEPIUU CUCTEMBI CaMO CTAHOBUTCS TakoBOU. IIpu
3TOM OHEProJnHaMuKa HUCXOaUT u3 KOHIICIIITUHN
OJIM3KOJCHUCTBHUSI, COTJACHO KOTOpOoi 3Ta sHeprus U He
MPOCTO HCYe3aeT B OJHUX TOYKAaX MPOCTpaHCTBA U
BO3HUKACT B J[JpYIux, a MNCPCHOCUTCA 4YCpEC3 TIpaHULbL
CHCTEMBI KaKUMH-JIM00 sHeproocutenamMu®, (K-mu
BEILIECTBAMH, UX 3apAaMH, UMITyJIbCaMH, SHTPONUSIMU H T.
m.).B Takom ciydae it He€crpaBeAuB 3aKOH COXPaHEeHUS
SHepruu B hopMme, MpeIokeHHOH poccuiickiuM yuéHbM H.
Ymossim enié B 1874 roay[10]:

du/at+ {» jdf=0, (7)

rie j,, BT M? — IIOTHOCTH TOTOKA 4Yepe3 BEKTOPHBIN
aneMeHT Of 3aMKHYTOH MOBEPXHOCTH CHCTEMBIOIIpE/ie-
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néHHOTO 00BEMa VB HampaBJCHHM BHEIIHECH HOPMaJH
n(pucyHok 1).

Takas ¢Qopma 3aKOHa COXpPaHEHHS DHEPrHU
YUUTHIBAET KUHETHKY PEalbHBIX MPOIECCOB, HE Jienas npu
9TOM HHMKAKHX MPEANOJI0KEHHH OTHOCHUTEIBHO MEXaHW3Ma
MePEeHOCa YHEPTUH U BHYTPEHHEH CTPYKTYPbI CHCTEMBI, T. €.
cuuTast e€ CINIOIIHOM Cpemoi.

YroObl MONYyYuTh pa3BEPHYTYIO (HOPMY ITOTO
3aKOHa,  y4TéM, 4YTO  COOCTBeHHas  (BHYTPCHHss)
sHeprusicucTeMbiUMOXKeT OBITh TMepeHeceHa pPa3InYHBIM
(KOHTYKTHBHBIM, KOHBEKTHBHBIM HITH JIyYHCTBHIM TyTEM), a
€€ TOTOK |, CKJIAIBIBACTCS M3 MOTOKOB J, SHEPTHHU JIFOOOTO0
k-ro poma U, Kaxaslii U3 3THX TMOTOKOB B CBOIO OuYepelb
BBIPAKAETCSI IPOM3BEACHHEM HE3aBHCHMOIO IMMOTOKA [, K-TO
sHeproHocures ®,Ha ero norenuuan y,=U,/0, (yaeapHyo
SHEPIHIO), T. €. jo = Vfi. TOTIA

(8)

Bocnonb3oBaBimck TeopeMoi l'aycca-
OcTtporpaackoro, BepaxkeHnue (7) MOXHO mpeoOpa3oBaTh K
suxy dU/dt +[V.j,dV= 0, ato nocne pasznoxenus V(y,j,)Ha
HE3aBHCUMBIE cocTaBisiiomue X\, V-, + X, Vy, npuBoaut
3aKOH COXPAHCHUS YHEPTUU B (PopMe:

Je= dex= TWidio (k=1.2,...1)

©)

Ecmm BeIHECTH 3a 3HaK HMHTETpajla HEKOTOpOe
cpennee 3HadeHue, moreHuuana y,u cpejiHee 3HaueHHE X,
BEJIMYUHBI JIOKaJIbHOM HaIpsKEHHOCTH OISt
X,=-Vy,, uMeHyeMOl B 3HEpProJMHAMHKE «TEPMOIUHAM-
mdeckoi cmoii»!, To ypasHemme (9) MOXHO BEIPA3HTH
Yyepe3 MmapaMeTphl CUCTEMBI B IIEJIOM, KaK 3TO IPUHATO B
KJIACCHYECKOW TePMOIMHAMUKE:

dU/dt+ Z¥,J,- £X,J,= 0, (B1)

O’U/dt“l‘ Ekf\ka'jde“l‘ Zkfjk . V\de\/: O,

(10)

3necy J,= [V dV = i; Jjdf— ckamspubIi MOTOK
(«pacxoj») 0,

cuctemsl; J,=[p0,dV=0, D, — €ro e BEKTOPHBIH IOTOK

K-ro  9HEeproHOCHTEs 4yepe3 TpaHUIIBI

(ummynbe); p= dO,/dV, D, —IOTHOCTE K-TO JHEProHoCc-
UTEJSl ¥ CPEITHSAS CKOPOCTH €r0 TEpeHoca.

Bonee neranbHY0 KapTHHY TPOHMCXOASIIAX B
HEOIHOPOIHBIX CHCTEMax MPOIECCOB MOKHO MOJNYIHTH,
PasIoKUB CKOPOCTh U, Ha HE3aBHCHMBIEC MOCTYNMATENHHYIO
W, BpalIaTEeIbHYIO U= m, X R,cocTaBistomue

V= W+, xR,

(1)

[JIE®,—YTIIOBasi CKOPOCTh BpAIICHHS EIHHUYHOTO 00BEMa
CHCTEMBI, R, — MTHOBEHHBIA pPaJUyC BPAIICHUS CIHHHIII
00bEMa CUCTEMBI.

Torna 3aKOH COXpaHEHHUs JHEpruu B
usonupoBanHoit cucteme (QU/dt= 0) npuruMaet Bu:

dU/dt = ZKFK.WK+2KMK.G)K_ ZK\PK"/K: O (k = 1,2,]() (1 2)

! 3Hak «MHUHYC» COOTBE€TCTBYET IIPUHATOMY B piAAC AUCLHUIUIMH 3a

TIOJIOKUTEIIBbHOC HAIIPABJICHUIO CHJI Ha YCTAaHOBJICHUE PaBHOBECHS.
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CornacHo ITOMY BBIPKCHUIO, BHYTPCHHHE
MPOIIECChI, MNPOTEKAMIMEe B H30JHUPOBAHHON CHCTEME,
JEISITCS Ha TPHU KATErOPHUH, COOTBETCTBYIOIMMHU TPEM
cymmam (12). TlepBast xapakTepu3yeT MOILIHOCTh IPOLECCOB
B3aUMOINPEBPAILEHNs] SHEPTUH, CBSI3aHHBIX C TOJISIpU3alueit
WK JeTIONApU3aLUell CHCTEMBI; BTOpas — C MHPOLECCaMH
B3aHMOIIPEBPAIICHHS BUXPEBBIX COCTABISAIOIINX SHEPTHU &
KOMIIOHEHTOB, a TPEThs — C MOTOKAMH 3HEPTOHOCHTEJIs
4yepe3 TPAHUIBI MOJCUCTEMbl 0e3 H3MEHEHHs (HOpPMBI
SHEpruu, T. €. myTéM e€ JHeprooOMeHa C OKpYKaIoIIeH
cpenoii[6]. Bropas u TpeTbs cymmbl (6) CBSI3aHBI C
nepemewenuem 1 nepeopuenmayueti SHeproHocuTens O, T.
e. ¢ siemenTtapHoit BHyTpenHeidW, wmum Bmemmeit dW,°
paboToi’KaK  KOJHYECTBEHHOH  Mepoif  IIpeBpAIICHHUS
SHEPIUUK-TO KOMIIOHCHTA M3KaKou-m00 /-ii hpopmer UB J-10
U,

Kak crnemyer w3 comepkareinbHOW (GopMBI 3aKOHA
coxpanenust sHepruu (6), wucio apeymenmos suepeuu U
Kak — (YHKyuu  cOCmosiHusi  CUCMeMbl  PABHO  HUCTY
He3068UCUMBIX NPOYECCO8, NPOMEKAIOWUX 6 Hell, 1 PABHO B
obmem ciayuae 3K. Ilpu 3tOoM i Kaxaod (GOpMBI
BHYTpeHHe#l (coOcTBeHHO#) osHeprum U, cyiecTByer u
MOXKET OBITh HAHJCH HE3aBHCHMBIIl YHEPrOHOCUTENb®,KaK
KOJIMYECTBEHHAS Mepa aHHO# GopMbl SHEpruy, a Takke eé
MOTEHIMAN |/, KaK Mepa HHTCHCUBHOCTH IBIKCHHS JAHHOTO
poaa.Oto maét HeoOXOAMMBIE M NOCTATOYHBIC OCHOBAHUSI
UL HAXOXJICHHS  JHEPrOHOCHTENsT  JUisi  JIF00Oro
HE3aBUCUMOTO (0C000T0, (PEHOMEHONIOTHIECKH OTIUIUMOTO
M HE CBOOUMOrO K JApyruMm) mpouecca. Ilpu sTom
BBIpD2)KCHHE 3aKOHa COXpaHeHHUst dHepruu B dopme (12)
HCKJTFOYaeT KaKkoi ObI TO HU OBLIO IPOU3BOJI B MX BEIOOpPE U
TPaKTOBKE, a Takke B ONpPEACICHHHM 4YHUCIAa CTEHeHei
CBOOOIBI CHCTEMBL. Oto HCKITIOYaeT Kak
«HEJIOOTIPEIeNICHNE», TaK M «IIePEONpPECICHNUE» CHCTEMbI
(T. e. TONBITKM ONKHCaTh €ro HEJAOCTAIONMM WU
M30BITOYHBIM YHCJIOM MapaMeTPOB), UTO SABISETCS Hanbolee
4acTOH OIMOKOH METOIOJIOTHIECKOTO XapaKTepa.

B »TOM OTHOIIEHMM Ba)XXHYIO pOJIb WIpaeT
obHapyxenue 3akoHoM (12) HOBOro kiacca MHpOLECCOB,
CBSI3aHHBIX C YIOPSAAOYEHHBIMU MMOTOKAMHU YHEPTOHOCUTEIIS
Ji=0,0, . Hockonsky 0, =dR,/dt, rae R—panuyc-BekTop
UX UEHTpa BEJIMYHMHBIIHEProHOocUTENn @), TO B 4YHCIO
CTerneHen CBOOOIBI, KOTOPBIMHU pacronaratoT
HEOJHOPOJHBIE ~ CHCTEMBI,  BXOIIT  MPOIECCHl  €ro
nepepacnpedeneHuano 00bEMY CHCTEMBI, CBSI3aHHBIC C
u3MeHeHueM  Benuuunel  Z,=0O/AR,, Ha3BaHHO# B
JHEProJMHAMHUKE «MOMEHTOM paclpe/eiCHUs» JHEPro-
Hocurens O,[6]. Ecnu 3a Hynp oTcuéra mieda 3TOTO
momeHTa AR,, HAa3BAHHOTOHAMHU «BEKTOPOM CMEIICHUS>,
OPHUHATH COCTOSIHUE BHYTpeHHero paBHoBecusi AR,,= 0, To
OTKHOHCHHGKOHTHHyaﬂbHOﬁ CHUCTCEMBIC 6eCKOHe‘-IHI)IM
YUCIIOM  CBOOOJBI  OT  PaBHOBECHS  K-TOPOJAMOYKHO

2 Cumpon HenonHoro auddepeniuana «d» NpUMEHEH, YToObl H30EKATH
OTOX/IECTBJICHHSI ~ dDJIeMEHTapHOM  paborst  dW, ¢  amemeHTapHBIM
m3MeHeHneM dO, kakoii-11u6o BenuuuHbl Oy, U MOAYEPKHYTH 3aBUCHMOCTD
paboThI OT MyTH TpoLEcca.



0XapaKTepHU30BaAThOTHON BEITUIHHON Z,=0,R.310
MO3BOJISIET  PACIPOCTPAHUTH KJIACCHYECKUH TEPMOJHMHA-
MHUYECKHI METOJ| UCCIIeIOBaHUsI HA KOHTHHYAJIbHBIE CPEIb.

Bo BHyIpcHHE pPaBHOBECHOM  (OJHOPOIHOM)
COCTOSIHMM  TaKUX Cpea  mapamerpbl  O,paBHOMEPHO
pactpenenensl o e€ o0vémy V. B HeomHOpOIHOM

COCTOSIHHM PaJyC-BEKTOp HMX IEHTpa R, CMelaeTcs OT ero
W3HAYAIBHOTO TMOJIOXKEHHsI, COBMAJAIONIET0 C [EHTPOM
3aHMMAEMOT0 CUCTEMON 00bEMA, HA HEKOTOPYIO BEITHUHHY
dR, =wdt, a B Oomnee o0OmEM Cilydyae WCIBITHIBACTH
noBOpoTR, X d@Ha MpOCTpaHCTBeHHbI yron do,=w,dt. B
TAaKOM  Clly4a€  TPOU3BOJHBIE O  BPEMEHH  OT
momentoBZ, =@, R onpenensitor B coorBerctBuu ¢ (11)
CyMMapHblii ~ UMIyJIbc  mocTtynarensHoro J,"=0w,u
Bpamarenbaoro J,°= o, XZapwxenus. Takum 00pazom,
MOSIBJICHHE IIOTOKOB B YpPaBHEHHHM 3aKOHA COXpPaHEHHs
SHEPTHM SIBJISETCS CIICJICTBHEM BBEJCHUS HE3aBUCHMBIX
napameTpoBf,,  XapakTepH3YIOLIUX  [OJOXKeHHe  eé
SHeproHocureneil B mpoctpanctBe. [lpu sTom sHeprus
cucTeMbl Kak GyHKIHs e€ cocTosiHus nprobpeTaet Bun U=
U (0, R @), 9T0 mO3BOJSIET MpHaaTh ypaBHeHHIO (12)
XapakTep YCUIICHHOTO PaBEHCTBA (TOXKIECTBA):

dUEEklPkd(ak+Eka‘de+EkMk'd(Pk (1 3)

rne V.= oU/00,, F,= -0U/dR,; M= -0U/0¢,— 0600mEnHbIe
MOTEHINANBI, CHJIBI B MX MOMEHTHI B UX OOIIEPHU3NUECKOM
noHuMaHuu|[6].

B omHOpomHBIX cHcTeMax, rae J,= § jdf= -

de/dt; ¥,= vy;, X= 0, Beipaxenue (13) mepexogur B
00beIMHEHHOE ypaBHEHHE 1-T0 M 2-T0 Hadall KJIaCCHYECKO

TEPMOJVHAMUKN TIOJUBAPHAHTHBIX CHCTEM B  Qopme
00001IéHHOr0 cooTHOIIEeHUs 'nd6ca [11]:

Orcroma ciemyer, uTto mepBas cymma (13)
XapaKkTepu3yeT  pPaBHOBECHYIO  4acThb  JHEprooOMeHa
CHCTEMBI C OKpyXxatomiei cpenoil. Hanporus, ero 2-1 n 3-s
CYMMBI XapaKTepu3yoT HEPaBHOBECHYIO 4acTh

9HEProoOMeHa, CBSI3aHHOE C NPepalyeHIe SHEPTUU.
BBeneHue B pacCMOTPEHHE JIBYX HOBBIX KJIACCOB
MPOLIECCOB nepepacnpeeneHus SHEPTOHOCHUTEIIS
(monstpuzari M IETIOJSIPU3AI[MA  CHCTEMBI B CaMOM
[IAPOKOM CMBICTIE 3THX TEPMUHOB) U HEpeopueHmayul
rapamMeTpoB HEOJHOPOIHOCTH Z,MMEEeT Ba)KHOE 3HAYCHUE
UL BeeX (DYHIAMEHTANBHBIX JUCITHIUINH, Oa3upyIOMIHXCSI
Ha TOHATHH OHeprud. IIpekae BCEro, COMOCTABIISS
paBerctBo  (12) ¢ O3TUM  TOXKIECTBOM,  HAaXOIHM,
YTOMOCIICIHEEHE  MEPEXOANTB  HEPABCHCTBAMAkKe  MPH
MPOTEKAHWH HECTATHYECKUX (HEOOPATMMBIX) IIPOLECCOB,
TIOCKOJTBKYYXKe VUUTHIBAET HApSAy C  OTOKAMH
SHEPrOHOCUTENT Yepe3 IpaHulbl cucteMsl J,=-d.0,/dtux
BHYTPEHHHE  WCTOUHMKH  d©,/dt, 00yCIIOBIICHHEIC
JICHCTBUEM BHYTpEHHUX cuil X, [12]. Drto pemaer
BaKHEHIITYIO «rpobiemMy TEPMOMHAMUYECKUX
HEPABEHCTB», KOTOpas [0 CHX TMOp MPEnsTCTBOBAIA
MPUIOKEHUIO TEPMOTUHAMHUKH K PEAbHBIM MPOIECCaM.

Hanee, 3T0 OTKPBIBACT BO3MOXKHOCTb
HCCIIEIOBaHNS M30JIMPOBAHHBIX CHCTeM Tura BceneHHOH B
[EeIoM, A KOTOPBIX TOJIBKO W CHPaBEUIMB 3aKOH
COXpaHEHMs PHEPTHHU. J[JI1 TAKMX CHCTEM IOHATHUS BHEIIHEH
(KMHETHYEeCKOW M TOTEHIMAIbHOW) OJHEPTUM  JIMIICHEI
BCSAKOro cMbIcia. [103ToMy U MOHATHE MOJI KaK BHEIIHETro
HCTOYHUKA  <«[PUIOKEHHOW» (Mo  HprooToHy)  cuisl
npuoOpeTaeT CMbICT (YHKIMHA COCTOSHUSI CAMOW CHUCTEMBI,
D70 Kacaercs U «BEKTOPOB 3NMEKTPHUYCCKO D MMarHUTHOU

Bunaykumu», KOTOpBIE pPaccCMaTpUBAIUCh paHee Kak
pe3yibTaT BAMSHUS ~BHEIIHMX Tnoneil. Temepp oHuM
CTaHOBSITCA PA3HOBUJIHOCTHIO MOMEHTA /,, SBISIOIIErOCs

9KCTEHCHBHOH MEpOH HEOJAHOPOJHOCTH CHCTEMbI
LEJIoTO.

Hakoneu,  mpucyTCTBHE  MpejBeIleCTBA B
ypaBHEHHsIX 3aKOoHa coxpaneHus SHepruu (12) m (13)kax
HENPEeMEHHOTO  KOMIIOHEHTa  JII00OH  MaTepuaibHON
CHCTeMBbl J€JaeT JTH YPaBHEHUS CHpPaBETUBBIMUJLIS
MHOTOKOMITOHEHTHBIX CHCTEM C JIFOOBIM KOHEYHBIM YHCIIOM
cTeneHeil CBOOOABI, B TOM YHCIEIIS OTKPBITHIX (Mis
9HEPrOHOCHUTEJIA), HE3aMKHYTBIX (moiBepIKEHHBIX
JEUCTBUIO TPABUTALMOHHBIX CHJI) W HEU30JUPOBAHHBIX
(oOMeHHUBarOIEHCST dHEprueil ¢ OKpyXamoueil cpemoil)
CHCTEM, KAKOBBIMHU SIBISIFOTCSI HM30JHPOBAHHBIC CHCTEMBI
mocne  pasOueHHs WX HAa  OOBEKT  HCCICAOBAaHHS
(moacucTeMy) M OKPYXKAIOIIYIO €0 CPeIy B COOTBETCTBHU C
MeTO[lOHOFl/Ieﬁ TCPMOANHAMUKU. 3T0 IIO3BOJIAACT
paccMaTpuBaTh MPOLECCH KOHACHCAIUH IMPEBEIIECTBA
HapaBHE C IPYTUMHU Tporieccamu (Ha30BbIX MEPEX0I0B.

IlonyyenHass Ha 3TOH OCHOBe pa3BEpHYTas
(comepxarenpHas) hopma 3aKOHA COXpaHCHHS
(comeprkaiiiasi OCHOBHbBIE BEJIIMYMHBI, KOTOPBIMH OIIEPUPYIOT
(byHaaMeHTaIbHbIC JIACIIUTIITHBI) npuaaéTBceM
¢burypupylomuMm B Hell mapaMerpaMm  COCTOSIHHSI |
nporiecca, BKIIIOYAs CHIIBIX,, MOTOKH J, M 3JIEMCHTApHYIO
pabory dW,=FdR,= X,dZ,, onHO3HAuHBIi W eAWHBII
cmbica. [lpu Takom moaxone (OT OOMIEro K YacTHOMY)
CTAHOBHTCS OCOOCHHO OYEBHIHBIM, YTO JIFOOBIC CHIIOBBIC
nosist  FBBIPAKAIOTCASPAOUCHMAMU — COOMBEMCMEYIOUeil
@opmbl  dHepeuu, a  «TEPMOJAUHAMHU-YECKHE»  CHIIBI
X=F/©, xakux yaenbHas BEJIWYWHA, ONpeaesseMas
MPOU3BOAHON OT OdHepruu cuctemMsl Uno opHOMy 3
MapaMeTpoB HEOAHOPOJHOCTH Z,, NPHOOPETAIOT CMBICT
HAnpANCEHHOCMYU COOTBETCTBYIOLIEr0 CHIOBOrO moust.Tem
CaMbIM JIOKa3bIBACTCS, UTO CUNOGble MO HOPONCOEHbL
HEOOHOPOOHBIM pACHpedesieHUeM SMux 9HepeoHocumenetl
O, 6 npocmpancmee, a He TOJIBKO HATUYUEM UX CaMUX. JTO
COOTBETCTBYET (PEHHMaHOBCKOMY IMOHUMAHHUIO MOJS Kak
GyHKUMKM  pacrpelesieHus]  KakuxX-M00  (CKaJISIPHBIX,
BEKTOPHBIX HJIM TEH30PHBIX) (HU3MYECKUX BEIUYHMH B
npoctpancTse [4].

KakKk

V. Enussii Meron Haxoxnenus Cun U TMoneit

Baxxnast 0COOEHHOCTD 3aKOHA COXPAHEHUs SHEPTUU
B dopme (12) mnu (13)cocTOUT B TOM, YTO OH BCKPBIBAET
CYIIECTBOBAHUE HE TOJBKO CHIIOBBIX TOJIEH F,, HO U moJei
KpyTsamux MomenToB M,. KommduecTBo Tex u Apyrux moseit
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pPaBHO  YHCIY  HE3aBHCHUMBIX JHEproHocureneil @,
BXO/SIIIIUX B COCTaB CHUCTEMBbI. [IOCKONIBKY K€ JTUMH
SHEPrOHOCHUTENISIMH MOTYT OBITh HE TOJBKO HE3aBHCHUMBIC
BEILIECTBA M MX COCAMHEHUS, HO U UX MMIYJIbCHI, 3apsIbl U
SHTPOIHUHU,TO YKCIO COOTBETCTBYIOIIUX MM IMOJEH, CTPOTo
roBopsi,  «beccu€rHo».IloaTomy  Obuto  Obl  Oousee
KOPPEKTHBIM CTaBUTh BOMPOC HE O CO3JAHUH TEOPHUH
CIUHOTONONS, a O HAaXOXKICHHM €JUHOr0  METOoja
HAXOXJCHUS SIBHO PpA3IUYUMBIX CHJI M  MOMEHTOB,
00pa3yIoIIHMX 3TU TOJIS.

Takoif MeTOA W TpeaiaraeT SHEProJdHAMUKA, B
KOTOPO#i 3aKOHBI MEPEHOCa U TPEBPAIICHUS SHEPTHH 000
(OPMBI OTUCHIBAIOTCSI OJJHUMH M TEMH K€ YPaBHCHHSMHU
(12) m (13). M3 Hux cieayer eIUHOE OINpEeiCHUE
cunblF, = - (QU/0R,) kax OoTpHUIATENLHOU MPOM3BOIAHOM OT
sHepruu cuctembl o OJHOMY M3 BEKTOPOB CMELICHUS
Rkak mapameTpy HEpPaBHOBECHOCTH CHCTEMbI B LEJIOM.
Takoii BBIOOp 3HaKa COOTBETCTBYET IOJIOKHTEIHHOMY
HANpAaBJICHUIO CHWIIBI Ha YCTAaHOBJCHHE paBHOBECHS B
cHUCTeMe, T. €. HMEIOT CMBICH pEaKIHh CHCTeMbI Ha
OTKJIOHEHHUEe €€ OT paBHOBecus. [lockonbky xe dR,=ar, To
9TH CHIIBl BBIPAKAIOTCS OMPUYAMETbHbIMU 2PAOUCHMAMU
coomeemcmeylowel  popmbl  IHepeuu, a HX YACIbHbIC
BEITMYHHbBI, IMEHYEMbIC B TCOPUH HEOOPATHMBIX MPOLIECCOB
(THII) «repmoauHaMuyeckumMu cunamu»[12], a B mpyrux
JUCIMIUTMHAX — HampsHKEHHOCTAMH COOTBETCTBYIOIIETO
TOJIs1, BBIPAKAFOTCATPAJHECHTAMH MOTEHIIMAIOBC 0OpaTHBIM
3HakoM (X, = - Vy,).OTHM OHH OTIHYAIOTCS OT AKMUBGHLIX
CHJI, HAaIPaBJICHHBIX HA YAAICHHE CHCTEMbI OT PABHOBECHSI.
OTciofa CleAyer, umo nojis dMux Cuil HOPONCOEHbl He
Hanuuuem dHepeoHocumenei ©, camux no cebe, a ux
HEePABHOMEPHbIM — pACnpeoesleHueM 6  NPOCMpPaHcmee.
PaccMoTpum Haubosiee 4acTo BCTpEYAIOIIMECs KaTeropuu
CHJI U TIOJIEH.

a) Cunbl 2pasuCmamuyecko20 u 2pasUOUHAMUYECKO20
nosetl
I'paBuTanmonHoe B3aMMOIECUCTBHE SIBJISICTCS

Haubonee OOLIMM, MOCKOJbKY HE 3aBHCHUT H OT NPHPOMBI
BEIIECTBAa, HU OT €ro CTIPYKTypel W COCTaBa, HHU OT
3apsI0BOTO YHCIIAeTO aTOMOB, U B TO K€ BpeMsl SBISETCA
«BcenpoHHUKaomuM». [loaTomy HavaTth ciexyeT ¢ Hero. Kak
MBI TTOKa3aJH BBIIIE, TPABUTALMOHHOE II0JIE MOXET OBITH
KaKk TPaBUCTATHYECKMM, TaK W TI'PABUKHHETHYECCKUM.
HanpskénHocTs X, MEpBOro W3 HHX ONpEJENseTcs B
SHEProJMHAMHUKEOTPUIATEIILHBIM T'PAJUEHTOM IUIOTHOCTH
9HEPTUM MpenBelecTBa p,, Kotopas cornacHo (5)
BBIpaXKaeTcs cooTHomenueM p,=dU/dV= p,c?. OTciona B
YCIOBUSIX ¢ = CONnStenenyer:

Xy= - Vp,. (15)

DTOT 3aKOH TPaBUTAIMHK s TPEIBEIIECTBAOBLT
nonyuyeH Hamu panee B Qopme g = c°Vp/p, ucxoas
HEMOCPENCTBEHHO W3 TMPHUHIINITaKBUBAICHTHOCTH MACChI
sueprun  U,=M,c?, 'WHa3BaH O6UNONAPHBIM  3AKOHOM
rpasutaruu [13]. Takoe Ha3BaHHE MPOJUKTOBAHO TEM, YTO
Beipakerne (15) mpemckasbiBaeT  CyIIECTBOBAHHE B
TPABUTAIIMOHHOM TIOJIC CHJ Kak TATOTCHHS, TaK W
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OTTAJIKMBAaHMS B 3aBUCHMOCTH OT 3HaKa
mIoTHOCTH Vp B TaHHO# 00JIacTH MIPOCTPAHCTBA.

rpagueHTa

3akon  (15)BIpaskaeT  HaNpSAKEHHOCTH X
IPaBUTALMOHHOTO MOJISI Yepe3 ero MmapaMeTpbl B TOM iKe

TOYKE NPOCTPAHCTBA M TMOTOMY IIPEACTaBIseT Cco0Oi

bnuskodeucmsyrowuil  éapuaum  3axkona  Hviomona.
Iocnenuuit Moker ObITh TONydeH u3 (15) Kak wacTHBIH
ciydali B NpPEANOJOXKEHHHM,  4YTO  BCS  Macca

«rosieo0Opasytomeii» cyocranmuu M cocpenoTodeHa B
HEeHTpe Hekoel cdepbl pagnycoM R u  obGbéMom V,
FpaBHTaHHOHHBIﬁ IIOTCHIIMAJI Ha IOBEPXHOCTHU
KoTopoiinonoxurenes u paseH y,= GM/R[13]. Ilonesas
dopma 3TOrO  3aKOHaHe TpeOyeT  CYIIECTBOBAHHUS
«aOCOIOTHOW MYCTOTBI» W IOCTYIUPOBAHHUS OCCKOHEYHON
CKOPOCTH pACIpPOCTPAaHCHHS TPABUTALNHU, UB TO K€ BpEMs
HE3aMCHUMA B CJIyYae CIUIOIIHBIX Cpeld, TAe HEBO3MOXKHO
BBIJICIUTh HHU <«ITOJICOOPa3yIOMNUX», HU «IIPOOHBIX» Tel.B
ommune OT 3akoHa Hprorona, Beipaxkenue (15)
MPEJCKa3bIBACT TAKXKE CYIIECTBOBAHUE TI'PABHTAI[HOHHOTO
paBHOBECHs, COOTBETCTBYIOIIETO YCIOBUIO PaBHOMEPHOIO
pacnpesieNieHns IUIOTHOCTH B KakoW-mumbo e€ olnactu
(Vp = 0) u mcue3HOBEHHIO TPAaBUTALMOHHBIX cull f,. Y
BOJIH, H300pak€HHBIX Ha puc.2, coctosuue ¢ F,= 0
COOTBETCTBYECT HX IIYYHOCTH, B TO BpEMA KaK IJIA €€
«CKIIOHOB», TaeVp #0, 3TH CHUIbI MPUHUMAIOT Pa3IHYHBINA
3HaK. 3TO 03HA4YacT, 4YTO COBOKYIMHOCTb TaKUX BOJH MOXCT
OCTaBaTbCAd B PABHOBCCHUHM HCOTPAHUYCHHOC BPEMS, XOTsA
mobasi OIWHOYHAS BOJIHA MPEACTaBIsAET COOOW CHIIOBOU
JIATIONG, U1l KOTOPOTO XapaKTEPHBI KaK CUJIbI IPUTSIKCHUS,
TaK W OTTaJKWBaHUA. VIMEHHO OJHM30CTBIO K JTOMY
COCTOSIHUIO, O0OYCIIOBICHHOMYOOJIee-MCHEE PaBHOMEPHBIM
pacmpesnereHueM — TATOTCIOIIUX — Macc, OOBsACHIETCsC-
paBHUTEIbHAS «cIa00CTH»HEIOTOHOBCKUX CHJI TPABUTALINH.

Cam ke 3aKkoH rpasurtaiuu (15) HCKIIOUaeT Kakue-
nr00 OCHOBaHHMS OTHOCHTH TpaBHTAIMI0O K Hamboiee
cimabomy BuAy B3ammopeicTsus. Hampotus, mockoaskyl =
U, a ¢®>\,, rpaBUTAIMOHHOE MOJe ABJsAeTCs Hambojee
CHWIBHBIM. B wWacTHOCTH, IS SOepBOIOpOIA, IUIOTHOCTH
koTopbix cocrapiser ~3,2:10'" kr M npu pamuyce sapa
R~ 510" M., cuma TaroTenus, ompejensemas
3akonoM(15), cocrasnser X,~0,5-10® H m®, uto 61usko
COBPEMCHHOM OIICHKE BEJTMYUHBI SIIEPHBIX
cu1. CyIeCTBOBaHUE «CHIIbHOW» TPAaBHTAI[MH HCKIIOYACT
HCOOXOIUMOCTh BBOJIUTH OCOOBIC <«SIICPHBIC» CIJIBI, a
CYIICCTBOBAHHE T'PABUTAIIMOHHBIX CHJ OTTAJIKHBAHUS —
BBOJIUTH «TEMHYIO HEPTHIO» U OOBSICHCHHS YCKOPESHHOTO
pa3z0eraHus rajJakTHK.

Opnako mpejacraBisercs emié 0Ooyiee  BaKHBIM
KapAWHAJIbHOC HW3MCHCHHC HalIUX HpeZlCTaBﬂeHI/Iﬁ 06
3BOJIIOLIMM BceneHHOM, BBITEKAlOUIME W3 3TOr0 3aKOHA.
CorjacHo eMy, CIOHTAaHHO BO3HHUKIIMKA B KaKOW-JINOO
obOmactu BceneHHOM TIpagMeHT IJIOTHOCTH MEPBUYHON
MaTepuu Vp, HE MOXKET U3MEHUTH CBOM 3HAK, YTO BHI3BIBACT
MepMaHeHTHbIN npouecc e€ ymiotHeHus. [lo goctmxenuto
OTIpeNeIEHHON IUIOTHOCTH B KakKoi-mmbo e€ IoKambHON
obmact BO3HUKACT «KOHJCHCAIUSI» IPEIBEIICCTRA,
MPUBOJAIIAS K €TO CTPYKTYPHU3AINH U MOCIEAOBATEIIEHOMY



00pa30BaHMIOB HEM AarOMOB W MOJIEKYJN, [bUIE-Ta30BbIX
00J1aKOB, MaJIBIX M OOJBIINX HEOECHBIX TEJN, IUTAHET M 3BE3N,
rajakTUK M MX CKOIUIGHWH. DTOT Mpolecc YIUIOTHEHUS
MPOJIOJDKACTCS 10 TeX IMOp, OKa BHYTPEHHHE TEPMOSACPHbIC
npouecchl B Hempax 3BE3]] HE MPUBEIYT K BO3PACTAHHIO
NPOTHBOJABJIEHHS]  HACTOJIILKO, 4YTO JAHHOW  00JIaCTH
MpOCTpaHCTBA OCCKOHEUHON BceneHHOW HE BO3HUKHET
«KOCMOJIOTHYECKasi CHHTYJISIPHOCTB», TPH KOTOPOW B HEi
YTPauMBAIOT CUJIy BCE W3BECTHBIE 3aKOHBI (DU3UKH, U
MPOU30MIET «OOBIION B3PBIB» C OCICAYIONUMHU «OOTBIITHM
Pa3pbIBOM» aTOMHBIX CTPYKTYP, BO3BPAIIAIONIHIA BEIIECTBO B
HCXOJIHOC  COCTOSIHAC.  MHOTOKPAaTHOCHEYMOPSIOUYCHHOE
MOBTOPEHUE TaKHMX «I[MKJIOB» B IPYruX obnactsax BeeneHHo
He TpeOyeT BMENIATeJbCTBA HUKAKHX «BBICHINX CHI» [6] H
NPUBOJUT K TaKOMY KpPYrooOOpOTY MaTEpUH M DHEPrUH
BcenenHoil, KoTopble MO3BOJIAIOT €M pa3BUBAThLCS, MUHYS
COCTOSIHHE PABHOBECHSI.

Ocraércst 3aMeTuTh, 49TO NOAOOHBIN (15) 3akoH
rpaBUTAlMM MOXKHO TMOJYYHUTh IS JIHOOOH, [UIOTHOCTD
SHEPTHH KOTOpoil cormacHo (5)paBHa p,=dU/dV= p.cs.

I[ToaTomMy  BmOOOW  cpeme, y  KOTOPOH  CKOPOCTh
pacrpocTpaHeHUS BO3MYIICHUI ¢, TIOCTOSIHHA,
HAMPSDKEHHOCTh  TONst X, MOET OBITh  BBIpaXKeHa
COOTHOILICHUEM:

Xe= -WiVpy. (16)

roe y,=U/oM= ckg— IPaBUTAIMOHHBIN MOTEHIHAN K-i
cyOCTaHIINH.

OTOT YHUBEPCAJIbHBIM 3aKOH B3aUMOJIEHCTBUS
BEIpA)KEHHE BCKPHIBACT €T0 OWITOJIPHBIMA XapakTep s
TMOOBIX TIOJIEH, T. €. pa3iImdue 3HaKa CHIIBI B 3aBHCHMOCTH
oT HaTpaBJICHUS rpajiueHra TUIOTHOCTH ero
9HEPrOHOCHUTEIS. Taxos, B YaCTHOCTH, 3aKOH
AJIEKTPOCTATUUECKOTO B3aumoencTBus Kymnona.

Ilepeiiném Temepp K epagukuHemuueckoucoCTaB-
agromei  monst,  oOyCIIOBIEHHON — HEyNOpsSI0YeHHBIM
KoJieOaTebHBIM JIBIDKEHHEM NpE/BEIecTBA C JHEepruei
Uf=[p,dV=Mp?*2. Cormacko (1) »oTu koneGaHus
BKIIOYAIOT KaK JIOKAJIbHYI), TaK U KOHBEKTHBHYIO
COCTaBIAIONIYI0, T. €. MOTYT OBITh KaK CTOSYUMH, TaK U
OerymuMu BosHaMH. [lociieHWEC MOJHBIM OCHOBAaHUEM
MOJKHO OBLTO OBl Ha3BaTh T'PABHTAIIOHHBIMH, €CITU OBIITO
MOHATHE  HE  OKa3aluch B MOCIeOHEe  BpeMs
OTOXXKICCTBICHHBIMA C BOJIHAMH METPHUKH IPOCTPAHCTBA-
BpeMeHH. [IpomonbHBIE BOJHBI IUIOTHOCTH IIpEABEIICCTBA
pacTpoCTpaHSAIOTCS B KOCMHYECKOW Cpele MO TeM XKe
3aKOHAaM, YTO W B OOBIYHBIX BOJHOBOJAX, MCIIBITHIBAS TPU
9TOM YacTUYHOE WJIM TOJHOE OTPAKEHWE M IOTJIOIICHHE.
CymiecTByeT U TepMOJIMHAMUYECKas CHia_X,, OTBETCTBEHHAS
32 HUX pacOpoCTpaHEHHE, KOTOPYH0 MBI  Ha30BEM
«paduanmuoti». EE  BeNMYMHY  HECIIO)KHO  HaWTH,
BOCIIOJIb30BABIINCH BbIpaxkeHHeM (6), COTIaCHO KOTOPOMY
CKOpOCTh  mepeHocasToii  smeprum  dUMdt  moxHO
NpEJICTaBUTh B  BUJAE  MPOM3BEICHHUS  HEKOTOPOW
«pafualMoHHOI» cuibl X,=-Vy, Ha NOTOK UMIyJbca
Gerymieit Boauel J, = M,Ave, T. e. Tak ke, Kak W Ui
IPYTHX TIPOIECCOB MepeHoca;

du¥dt = X,J.. (17)

Orcrofa cneayeT, YTOJIBIDKYIEH CHIIOHMIOTOKA
u3nnydeHus: XB oOIIeM ciydae SBISCTCS OTPUIATENbHbIN
rpagueHT -Vy,moTeHnuana BOJHBL ,=A,v, Ha3BaHHOTO
HAMHU «aMIUTUTYHO-4aCTOTHBIM» [6]. DTO o03Hauaer, 4TO
MPOIIECC TMEPEHOCa U3IYYEHHs MOJUUHSIETCS TEM IKe
3aKOHOMEPHOCTSIM, YTO M MPOIECCHl TEIIONMPOBOHOCTH,
3JIEKTPOIIPOBOAHOCTH U AU PY3nu:

J=-LX. (18)
3necbl, — k03P UIHMEHT MTPOMOPIMOHAILHOCTH,
XapaKTePU3YIOIIUH «IIPO3PAYHOCTH> (onTHUeCcKyTO

IJIOTHOCTH) CBETOHOCHOM Cpe/Ibl.

B nmomnomaromux cpegax IMEepeHOoC  IHEPTrUu
H3TydeHus J, CONPOBOXKIACTCS TOHMKEHHEM TIOTCHIIHAA
BOJTHBI Y, (€€ aMIUTUTY OBl A MJTH 9aCTOTHI V), 4TO COCTABIISIET
JIICCUTIATHUBHYIO 4acTh «KpacHOTO CMELICHHS».
«HenabmromaeMocTh» TaKMX W3ITYYCHUH OOBSCHIETCS BCE
TOW K€ «BCEIPOHHUIIAEMOCTBHIO» IMPEABELIECTBa, Onaroaaps
KOTOpPOH 3TO W3IIydeHHe sABIsercs «(pOHOBBEIM». Ha 3ToM
(OoHE 3aMETHBIM CTAaHOBHUTCS TOJBKO «IepEeU3TydeHHasN»

BEIIECTBOM YaCTh,0TIHYAOTIASCS JIMCKPETHBIM
(muEEiUaTEIM) XapaKTePOM. Takum o0pasom,
HEOOXOJMMBIM ~ YCIIOBHEM  BO3HHKHOBEHHS  JIyIHCTOTO
SHEProoOMEHa MEKAYy TPABUKUHETHUECKMM IIOJIEM U
BEICCTBOMSIBIIIETCST €0  CHJIOBOM  Xapakrtep, T. €.
HaTHYHe«paJUanTHO»  cuiael X, BO30YKAatOIIEH

Koye0aTeabHOE IBUKCHUC U B BEIICCTBE.

OfHAaKO TPAaBUKMHETHYECKOE TIOJE HW3IYYCHUH,
OTHIOZb HEC TOXICCTBEHHO 3JCKTPOMATHUTHOMY OO
Maxkcsenna. IlepeiMaTo momsm H. Tecma, xotopsiii
BOCIIPOM3BEN JKcTepuMeHTHl ['epria B Ooliee OJHM3KOM K
ONTHYECKOMY IHAara3oHe YacTOT M MO WX WTOraM Ha3Bal
3JICKTPOMAarHUTHEIE BOJTHBI «OOTBIITUM MupoM»,
MOTYEPKHYB, YTO «OBIIO OBl OOJNBIION OIIMOKOH CUMTATH,
YTO DHEPTUsl MEPEHOCHUTCS B 3(Hpe IeKTpOMarHUTHBIMH
BonHamu» [14]. B camom nerne, mpeaBeriecTBOHe 00iafaet
HH DJIEKTPUYCCKIMH, HH MATHUTHBIMH CBOWUCTBAMH H
ITOTOMY HE MOXeET OBITh MEPEHOCYMKOM AJIEKTPOMArHUTHBIX

BOJIH. Oro  morne, KOTOpO€  MOXHO  Ha3BaTh
«PaoUAYUOHHBIM>, HOPOXKIECHO HEOJHOPOAHBIM
pacmpeneneHueM B IpocTpaHcTBe.  bomee  Toro,

CBOJICTBEHHBIC TMPEIBEIIECCTBY MPOJOJbHBIE KOJeOaHHs
IVIOTHOCTH SBJISAIOTCSA MO CBOCH (u3mueckoddl mpupose
AKYCTHYECKUMH, & HE JJIEKTPOMATHHTHBIMH, a MO CBOEMY
OPOUCXOXKACHUIO — TPABUTALMOHHBIMH. JTO U [alo
OCHOBaHHS OOBEAMHHTH BCE BHIBI JIyYHCTOH SHEPrHU B
eHOe nose U3ITy4eHUH u HPEIUIOKUTD
«IPaBHAKYCTHYECKYIO» TEOPHIO M3TYYCHUS, YIUTHIBAIOILYIO
HaJM4ue 60IIBIIOTO qucina W3ITyYeHUH
HE3JIEKTPOMArHUTHOM nipupo sl [15].

YuTéM Teneph, 4TO SHEProoOMeEH TpPE/IBEIIeCTBA C
OOBIYHBIM BELIECTBOM HE OIPaHMYHMBAETCS IOTJIOIICHUEM
usnyuenus. Heusmepumo GOinbliee KOJUYECTBO IHEPTUH
dU,= [ c°dM, noctymaer emy Tpu  KOHJIEHCAIUH
npenseniecTBa.  Ilockonmbky — KojeOatenpHas — Qopma
JBI)KCHHS TPHUCYLIa B MNPUHIMIC BCEM MaTepHalbHBIM
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SHEPrOHOCHUTEINSIM, TO 4YacTh 3TOi JHEPTUU MPeBpaIlaeTCs

BO BHYTPCHHIOO SHEPIHIO HEYIOPSA04YEHHOTO
KOJIE0ATENHHOTO  JBUIKEHUS BEILIECTBE, HMEHYEMOTO
TEMJIOBBIM. OTO OCOOEHHO Ba)XHO [JIs1 ITOHMMAaHMS

(HU3MYIECKOTO CMBICIIA SHTPOIHH SKAK MEPMOUMNYIbCA, T.
€. HMITyJbCa JABWXKCHUSI, YTPATHUBILIETO CBOW BEKTOPHBIH
XapakTep BCIEICTBHE XAOTHYHOCTH TEIUIOBOTO JBHIKCHHUSI.
B sHeprogMHaMuKe OHAOMPEAENACTCS KaK YacTHOE OT
JielieHus1 BHYTpeHHed TerutoBoi »sHepruu U, Ha €
noreniuan T(aGcomoTHyto Temmeparypy):S = U,/T, T. e.
TOYHO TaK Xke, KaK M KonuduecTso asmxkenus P =U"/c,[6].

JNpyras 4acThb MOIONIEHHOI SHEPruu
Mpe/IBEIIECTBa 3aTpavynuBaCTCsIHA CTPYKTYPH3AIHIO
BemiectBa (€ro  «ropsuMidi» H  «XOJNOOHBIA» CHHTE3),

TPEOYIONTYIO COBEPIICHUST PAabOTHI «IIPOTHB PAaBHOBECHUS», a
TaK)KE Ha COBEPIICHHE MOJIC3HOM BHELIHEH paboThl (HapsiLy
C APYrMMH HCTOYHUKaMH dHepruu). OcTanbHas K€ 4acTb
MOTJIOIEHHON SHEPTHM BBINEIAETCS B BHIEC TeIUa. OTY
TEIUIOTY B HACTOAINICE BpEMS OIMHOOYHO NPHUIHCHIBAIOT
PEaKIysiM TOPS[YEro M XOJOJHOTO CHHTE3a, IPOTEKAIOIIIM B

BCIICCTBEC ImocCJIeC nux WHUOUHWPOBAHUA SIKOOBI
«CaMOIIpON3BOJIbHO»3a Cu€T HEBECTh OTKyJda B3SBIIUXCSA
«3arracoB» BHyTpeHHeﬁ OHEPrumn 9TOTO BCIICCTBA.

OcHOBaHUEM ISl TaKOTO 3aKIFOYCHUS CIYXKHT «Ie(eKT
Maccel» A M— yMEHBIIEHHE MACChl IOKOS MPOJYKTOB
peaKkiMu TO CPAaBHCHUIO C KCXOJHBIMH BCIICCTBAMH.
OmHakoBCsS Macca BEIIECTBA, B TOM YHCIEC HYKJIOHOB,
00s13aHa CBOMM MPOUCXOKICHUEM KOHJICHCAIINU
MPEJBEIISCTBA M €ro JHEPrUH, TaK 4YTO CaMoO SIBICHHC
nepunmuTa MacChl MOKHO OOBSCHHUTH NMPOTEKaHHEM HapsITy
C HAMHU TNPOTHBOIIOJIOXKHBIX MPOIECCOB €T0 «HCIApEHHUs»,
o 100HO «COTIPSKEHHBIM» peakiusam benoycoga-
XKaboruuckoro[12]. D10 OTHOCHTCS ¥  KIOJIYYCHHUIO
«M30BITOYHOM» pabOTBl ¥  TEIJIOTHI, JaBIIeH TIOBOJ
TOBOPUTh O  «CBEXCOWHWYHBIX» YCTPOWCTBAX W O
HapyIICHHH B HUX 3aKOHOB TEPMOJAWHAMHKH HA TOM JIHIIb
OCHOBAaHHH, YTO TIOTJIONIEHHAS SHEPTUs IMpPEIBEIIeCTBa HE
NOAAAETCAYUETY.

b) Mexanuueckue cunvt u ux nois

CrnenyromumumMu 10 OOIIHOCTHSBIISIIOTCS
MEXaHHYECKHE CUIIbI [ 1 TOJIs, CBSI3aHHBIC C JBIDKCHHEM H
YCKOPEHHEM Tell M pacmpenenéHHbIXx Macc. Bo Bpemena U.
HboTOHa, KOrma MOHATHS CHIbI, UMIYJIbCa U YCKOPEHHS
KaK BEKTOPHBIX BEITHYHMH HE CYILIECTBOBAJIO,
BEJIMYMHAYCKOPEHUS BBOAUIMCH COOTHOIeHueM F = dP/dt,
KOTOpOe He [eajo pasiuduil MEeXAy H3MEHEHHEeM
BENTMYHMHBI CKOPOCTH U € Hampasnenus. [locnenHee crano
HEOOXOJMMBIM TPU ONPEICICHHHA MOHATHS YCKOPEHHS
a = a(r, t) xak QyHKUUH paaUyCc-BEKTOpa IEHTPa MAacChl
TeJa ' BpeMeHH [

a = dv/dt = (9v/0t),+ (vV)o. (19)

TTocKOIBKYyCKOpPCHHEIEMeHTa ~ MacchidM — Oe3
M3MCHCHHUS UX IOJIOXKCHHS a IPOCTPAHCTBE HEBO3MOJKHO,
JIOKAIBHYI0  COCTABIIOIIYIOyCKOpeHust (Jv/df), B 3TOM
BBID@KEHHH CJIEAyeT OTOPOCHTh KaKk HE HMEHOIIYI0
OTHOIIEHUS K [POLECCY YCKOpeHHUs.. 13 KOHBEKTHBHOM ke
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cocTapisomell  yckopenuss a= (v ‘V)vHeIBYCMBICICHHO
CIIElyeT, YTO TPOIECC YCKOPEHUS] Takxke OOYCIIOBICH
MPOCTPAHCTBEHHOW  HEOJHOPOJHOCTHIO  pacrpesieeHust
CKOPOCTEd W  HUMIYJbCOB  MATEPHANBHBIX TEl H
HECOBMECTHM c MpeCTaBICHUSIMH O«ITyCTOM
MPOCTPAHCTBE», MOCKOJBKY HX MepEeMEIIeHHe U3 OJHON
TOYKHU MPOCTPAaHCTBA B JPYTYIO 03Ha4aeT
nepepacrpesielieHie Macc B HEM, YTO yke caMo mo cebe
03Ha4aeT OTCYTCTBUE B HEM «ITyCTOTHI».

Takum  00pa3oM, DJKCTCHCHBHOW  BEIMYMHOM,
SIBJISIIOIICHCS.  HOCHMTEJIEM  YIOPSAOYECHHOTO JIBHIKCHUS,
SBJIsIETCS ero uMIyjibc P= Ma, a moteHmanoM — cKopocTh
v= 0U"/dP, onpenenseMas B COOTBETCTBHH C ypaBHEHHEM
(8) kak mpom3BomHAs OT 3Heprum cmcteMsl Uf 1o eé
sHeproHocureno. [locnenHee o3Hayaer, YTO ABHXKYILAS
chia Tmporecca yckopeHus [, HanpsHkEHHOCTH MOJIS
ckopocteit  X,= -Vo SABISIOTCS BEIUYMHAMH  2-TO
TEH30pHOr0 panra. [IpuMepoM TakHX CHII MOTYT CIYXXUTh
CHJIBI THJIPOJUHAMHUYECKOTO TPEHUSI B MOTPAHUYHOM CJIOE,
BO3HUKAIOIIEM MPU JBHKEHHU TEJT B JKUJIKOCTH WM rase.
Jlonroe BpeMsi He YIaBalnoCh MOHITh, KaKHM 00pa3oM
Majiple [OTEPH DHEPrUM HA TPEHHE, KOTOPhIMH B
KJIACCHYECKOM MEXaHUKE KOHCEPBATHBHBIX CHUCTEM MPOCTO
npeHeOperany, OKa3plBAIOT CTOJb PEIIalollee BIUSHHE Ha
CHJIBI COTPOTHBJICHUS JBIKCHUIO. [IOHUMaHHe MPHIILIO
JIUIIE TOr/a, Korja cTanu YUUTHIBATH
HEOHOPOAHOCTHIIONEH CKOPOCTH v, PE3KO BO3PACTAIOIIYIO
B MOTPaHUYHOM CJIO€ IKHIKOCTH B HEIOCPEICTBEHHOM
OIM30CTH K ABUKYLIEMYCS TEIy.

Cunbl Bsizkoro Tpenust X,= - VoKak TEH30pbI 2-T0
paHra MOJKHO pPas3loXuTh Ha 3 cocrapitomue. OqHa U3
Hux — cnen Tensopa X, =-V-o— XapakTepH3yeT CHIIbI
OOBEMHOM  BA3KOCTH, BO3HHMKAIONIME  KAK  PEAKI[Hs
HAa00BEMHYIO nedopmanuio € TMHHIIBI 00béMa
cpenbl.JIpyrasi, cMMMeTpUuecKkas uacth TeHzopa X, = -
(Vo)°xapakTepusyeTr CHIBI COBHIOBOW BSI3KOCTH. TpeThs,
aHTHCHUMMeETpHYecKas 4acTh Tensopa X,” = -(Vo)*,
XapaKkTepu3yeT CHIIbl TYpPOYJICHTHOM BSI3KOCTH, BbI3BaHHbBIE
BpAl[CHHEM JKHIKOCTH . TakuM o00pa3oM, MOAXOA K
HAXO0KICHUI0O MEXaHWYECKUX CWJI ¢ 0osiee OOIIMX ITO3UIIMI
SHEProJJMHAMHMKH BCKPBIBAET TEH30PHBIN XapakTep TeYECHUS
U HAJIMYUE Y HErO TPEX HE3aBUCUMBIX CTETEHEH CBOOOIBI ¢
CHJIAMU BEKTOPHOW MPHPOBI, YTO OBLIO COBEPIICHHO HE
OUEBHHO IIPH aHAIM3E «OT MPOCTOTO K CI0KHOMY» [6].

YroOsI [0Ka3aThb MPEEeMCTBEHHOCTh
SHEProJAMHAMUKH 1O OTHOLIEHHIO K HBIOTOHOBCKOMU
JMHAMUKE, TOJy4YuM TE€M e METOJIOM BBIpaXKEHHE
IEHTPOCTPEMUTENBbHO CHIBl  f,, BO3HHKAIOWCH IIpn

BpameHny Tea. IlycTh MBI MMEeM MaxOBHK ¢ MaccoiMu
pamuycoM R, Bpallalomuics € yrJIOBOH CKOPOCTBIO .

TTockombKy KHHETHYCCKAS SHEprUsBPaIICHUS
U°=M®°R?/2, To 3Ta cuia
F,= -(3U°/0R) = -Mo?R. (20)

8 Pa3yMCCTC5{, TOT K€ Ppe3yjabTaT IIOCICAYCT NPU H3HAYAJIbHOM

Pa3JIOKCHUHU SHEPIrOHOCUTEIISA Pua CKaJIAPHBIC COCTABIIAIOLUINE, OJHAKO 3TO
caenaer 6osee TPOMO3AKMMH MAaTEMAaTHUYCCKUE BBIKIIAIKH.



TakuM 00pa3oM, HBIOTOHOBCKHE CHIBI YCKOPEHHS
Foka3bIBaloTCI B JEHCTBHUTENEHOCTH BEChHMa CIIOKHBIMH
GYHKIMAMH TIONST  CKOPOCTEH W Jalleko HE BCeTAa
MOTEHIMAJIBHBIMI. OJTO TSAHET 3a COOOW IIETIOYKY HajeKo
HUIYIIUX TOCIEACTBUM. W3BectHO, Hampumep, UYTO B
npupoJie IpeoOiiafiaeT BpallaTeIbHOE MABWXKEHHE, IpU
KOTOPOM TeJO B JII00OH MOMEHT BpPEMEHM MABMXKETCS II0
KPHUBOJIMHEHHOH Tpaekropuu. TeM He MeHee COBpPEMEHHas

MEXaHHKa  yINOpPHO  aKIEHTUpPYeT  BHMMaHHE  Ha
uHepuuansHbix cucremax otcuéra (MCO), B KOTOPBIX
OOBEKT  HWCCIICAOBaHHS  JBHXKCTCS  PAaBHOMEPHO U

npsiMosinHeHo. [Ipu 3TOM MccaenoBareneld He CMYyIIAeT TO
00CTOSATENILCTBO, YTO Y HUX HHKOTAAa He Oyzaer crmocoba
yOenuThes B cymectBoBanun takux MCO.

Kaprtuna O6yzaer uHOH, eciid, cienys AeTyKTHBHOMY
METOAy HCCICIOBaHMUSA «OT OOMmEro K YacTHOMY>,
paccMaTpuBaTh JABIKCHHE IO IPOHM3BOJBHON TPaeKTOPHH,
JTOTTyCKAroIIeit pasnoxeHue CKOpOCTH ) Ha
MOCTYNATeNIbHYI0 W,  BpallaTelbHyl0 Uk = XA,
cocrapmsrone(11). DTo0  o03Hawaer  BBeACHHWE B
paccMoTpeHHe TIEJIOTO KJacca MIPOIIECCOB
«[IEPEOPUCHTAIUHN», COCTOSIINX B M3MCHEHUH HAIPABJICHUS
IBWKEHUs 0e3 M3MEHEHHs BEIMYUHBI CKOPOCTH |v|u
KMHETHYECKOH dHeprum Mv?/2. TlpumepoM  Takoro
mpolecca sIBISCTCS PaBHOMEPHOE BpaIICHHUE Tella WU
MaTepUAbHON TOYKH, TPATUIMOHHO paccMaTpUBacMOE C
(0k3%000507%1 KHHEMATHKH KaK TOJIBEPIKCHHOE
«IIEHTPOCTPEMUTEIEHOMY  YCKOpeHuto».  HecBoammocTb
3TOTO TpoIiecca K YCKOPSHUIO OYEBHIHA, YTO M TMOCITY)KHIIO
H.Bopy OCHOBAaHHEM JUTSL [IOCTYJIMPOBaHUS
«0e3M3IyYaTeIbHOTO»  JIBIDKCHUS JJIEKTPOHOB IO  Tak
Ha3bIBAEMBIM «YCTOHYMBHIM» KPYTOBBIM opOutam. OmHAKO
3TO OYEBHIHOE MOJIOXKCHHE A0 CHX TOP BBIIBHTAETCS Kak
KOHTpapryMeHT noctynaTy bopa u mimaHeTapHOW Mozenu
aTtoma Pesepdopra.

Emé Oomee  BaxkHOE  CICOCTBHE,  TaKkKe
BBITEKAOIICe U3 TOXkaecTBa (8), kacaeTcs CyliecTBOBAHHS Y
BpaliaTCJIbHOTO ABWXXCHHUA HEC3AaBUCHUMOTO SHCPTOHOCUTEIA
—~MOMeHTa KoJudecTBa japwkenus L,=lw,rael, = MR3? —
MOMCHT MHEpIIUN k-FO KOMIIOHEHTa CHCTEMBL. ITOT MOMEHT
OJIM30K TIO CMBICTY UMIIYJIBCY BpaAATCJIbHOI'O0 JABHMKCHUA
J= o,XZ,, ormmyasce or Hero comHoxureiaeMm R, Ilpu
3TOM HE3aBHCUMbBIM BEKTOPHBIM IIOTCHIIMAJIOM
BpaliateJbHOW CTEMEeHH CBOOOABI CHUCTEMBI CTAHOBUTCS
yriaoBas ckopocth ®, = (U®/0L,), a HampskEHHOCTDH
BUXPEBOro («TOpCHOHHOTO) moNsi X,=-V® BbIpa3urcs
OTPHIATENILHBIM ~IPAJIUCHTOM BEKTOpa CKOPOCTH (ero
BEKTOP-TPAJUECHTOM)

Xo=-Vo=-Gradw. (21)

Ora cuila TakXke MPeJCTaBIsIeT OO0 TeH30p 2-T0
paHra, M TaKXe MOXeT OBITh pasjokKeHa Ha TpH
cocrapmstonue. CHMMETpHYEeCKass 4acTh 3TOTO  TEH30pa
X, =-(Vo)°, mpencrasnstoinas co00ii pajnuaibHbIi BEKTOP,
XapaKTEpU3yIOT ABHXKYILYIO CHIY, HAlPaBJIECHHYIO 110 OCH
BpallleHHsT Teja. 00pa3yrommieil  paadalbHBIA  BEKTOP
Taru. JleficTBue  3TOH  CHJIBI  OCOOCHHO  HATJISIIHO

JeMoHcTpupoBanocsd. Jladtyaiitom [17].B ero omsitax
packpyueHHbIi rupockon BecoM 10 Kr mojBemuBaics 3a
OJJMH M3 KOHILIOB POTOpa K BEPTUKAJBHOM CTpyHE H, OyIy4n
OTIYLICHHbIM, MNPUXOIWI K MABWKCHUIO 110 CIIUPAH,
BBI3BIBas OTKJIIOHEHHUE MO/IBECA OT BEPTHKAIIHL.

OTH HKCIIEPUMEHTHI HATJSTHO CBUAETEILCTBYIOT O
CYIIECTBOBAHUH «TUPOCKOIIMYECKOW TSTW», BO3HUKAIOIIEH
NpU BPAIlCHWH TeJ B rpaBHUTAUMOHHOM moje 3emin.Cuia
TSCH TP 3TOM MOTIJIa OBITH CTOJb 3HAYHTEIBHOH, 4YTO
CIocoOHa ypaBHOBECUTb BEC THPOCKOINA, BBIHYXIAs €ro
«[IAPHUTh» B TPABUTAL[MOHHOM TI0JIC HalleH riaHeTsl. Takum
00pa3oM, BO3MOXHOCTb IPEBpALIEHHUs BpPaIIaTEIbHOTO
JOBIKEHHS B  IOCTYMaTeJIbHOE (M COOTBETCTBEHHO
LHEHTPOOCKHBIX CHII B CHIY TATH) CYIIECTBYET HE TOJBKO
JUIsL MHEPLIOUIOB, pabOTAIOINX B UMITYJIbCHOM PEXKHUME, HO
U Ul YCTPOMCTB C YCTAHOBHBIIMMCS BpallaTebHbIM
JIBHKCHHEM.

Obpatum Ternepb BHHMaHHE Ha
aHTucummerpuieckyto dactb X,°=(Vw)? Tenzopa X,=-Vo,
KOTOpAasIpeCTaBIsieT CoOOHaKCHalNbHBI BEKTOp. ITOT
BEKTOP CO3AETBUXPEBYIO CHITY, OTBETCTBEHHYIO 3allepeHOC
B IPOCTPAHCTBE  «3aBHUXPEHHOCTH»  (BpaILATENHHOTO
JBrKeHMs). B BA3KHX cpenmax (rasax u )KHAKOCTSX) TIEPEHOC
«3aBUXpPEHHOCTH» HW3BECTEH O4YeHb JaBHO. OjHAKO OH
CYIIECTBYET U B KOCMHYECKOM IPOCTPAHCTBE, TJE CHIIBI
BSI3KOCTH ITIPAKTUYECKH OTCYTCTBYIOT. DTO IPOSBISETCS B
npeoOragaHun BO Bcenennoi OJIHOCTOPOHHEH
HaNpaBJICHHOCTH BpAIICHUS TaJlaKTUK, TYMaHHOCTEH WU
IUIAHET CHCTEMbl HEOECHBIX Tel. AHAJIOTHYHOE SBJICHUE
HaOJIIOaeTCssT M B YCIOBHUSX HMCKYCCTBEHHO CO3/IaHHOTO
BaKyymMa, O 4YéM CBUJICTCIILCTBYIOT OPHUIMHAIbHbIC
uccienoBanus npodeccopa B.H. Camoxsanosa [18]. B ero
YCTAHOBKE Ha pPOTOpax JBYX COOCHBIX BEpPTHKAJIBHO
PacCIONIOKEHHBIX JICKTPOIBHUraTeNied MOCTOSHHOIO TOKa
3aKPeIUBUIMCh [1Ba TOPU30HTAJIBHBIX ANTIOMHHHEBBIX JUCKA
muamerpoM 165 MM. BepxHuii muck OBUT MOIBEMICH K
POTOPY BEPXHETO JNEKTPOIBHUraTelsl Ha HUTAX, HIDKHUH JKe
JIMCK OBLT KECTKO 3aKperiéH Ha (iaHume poTopa HHXKHEro
3JIEKTPOABHUraTess. 3a30p MEXKIY MUCKAMH COCTaBIsLT 2-3
MMm. [lpu packpyTke HWXXHEro JHcKa HaOJII0aIoch
BBIHYX/ICHHOE BpAIllCHHE BEPXHEr0 HE3aTOPMOKEHHOTO
JIUCKAa, MEXaHWYECKH C HHUM He cBsa3aHHOTro. Kpyrsuuit
MOMEHT, TMepeAaBaeMblii TakuM 00pa3oM, OIpeaessuICs
MOIIHOCTBIO, MOTPEOIISIEMON BEJOMBIM AJIEKTPOBUIATENIEM
IpU €ro TOPMOXEHHH. B pe3yjbpTaTe MHOTOYHCICHHBIX
ONBITOB OBUIO YCTAHOBJIEHO, YTO CKOPOCTb BpalICHUS
BEJOMOTO [HCKa HE Iajaja, a Bo3pacTaja IO Mepe
yriIyOneHus BaKyyMaK OKa3blBaJlach Ha JBa MOPSIKA BBILIE,
YeM NpH BPALICHUH JHCKOB IPH aTMOC(EpPHOM IaBICHUH
Bo3ayxa. Hapsmy ¢ 3THM HaOmronajucs He3HaYHMTEIbHBIH
MOABEM BEJOMOI'O JWCKA, KOTJa OH OBLI 3aTOPMOXKEH. DTO
«OTTAJKUBaHUE» HPOUCXOAUIIO u c JOPYTHMH
OJIM3KOPACIIONIOKEHHBIMH ~ HEIIO/BIDKHBIMU ~ TIPSIMETaMH.
Habmomaemeie »>¢QexTsl HE 3aBHCENM OT MaTepuana
JIICKOB, YTO B YCIIOBHSIX OTCYTCTBUSI AJIEKTPUUECKOTO IMOJIS
BOJIM3M TOPLOB AMCKOB NPU HMX BpPALICHHH JI0Ka3bIBAJIO
HEIJIEKTPOMAarHUTHYIO TPUPOJY JaHHOTO B3aUMOJICHCTBUS.
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DKCTIEpUMEHTATOP MPHUITHCHIBAET ITOT 3PPEKT HEKOTOPOMY
«KBaJPyMOJbHOMY H3JIYyYCHHIO» HEWU3BECTHON TMPHUPOIbI.
OmHako BO3MOXKHO M 0Oojiee TIpocToe OOBSCHEHHE,
CBA3aHHOE C BO3pacTaHWEM TIpajaueHTa (mepemnaza)
IUIOTHOCTH JBYX cpej (Marepuana IMCKOB M BaKyyMHOTO
3a30pa MEXIy HHUMH) [0 Mepe YIriayOJeHus BakKyyma
(mpototumn 3¢ dekra Kazumupa).

Bonee Toro, Hanuuue B Toxxaectse (13)3-if cymmer
NPE/ACKA3bIBaeT  CYIIECTBOBaHME €IIE  OJHOTO  BHJA
B3aUMO/ICHCTBUS, HA3BAaHHOTO HAMHU «OPHEHTALMOHHBIM».
OTO B3aUMOJEICTBUE OTBETCTBEHHO 3a YCTAHOBJICHHUE
€JMHON OpHMEHTAlMMBPAIIAIOMINXCS TeJ, HauyuHas OT
CHUCTEM SJIEPHBIX CIIMHOB JIO CIUPAIbHBIX TajlakTHK.B
THPOCKONAaxX M JIOOBIX JPYrMX BpAIalONIMXCsS Teaax 3TO
NPOSIBISIETCST B UX CTPEMJICHHUH YACPKHBAaTh OPHEHTAIHIO
OCH BpAIlEHHs IIPU yBEIWYECHHH CKOPOCTH WX BpAIICHUS.
OOBsICHACTCSA 3TO TEM, YTO C BO3pAcTaHWEM TIpajUCHTa
«3aBuxpéuHocTn» (Vo)* Bospactaer u cuma X,° = -(Vo)’,
CTpEMSAIIAsCS BEPHYTh CHCTEMY B HMCXOIHOE COCTOSHHE, a
TaKXK€  «THMPOCKONMYECKUH  MOMEHT»ITOM  cuibl M,
YMEHBIIICHUE KOTOPOro BICYET 3a COOOH YMCHBIICHHE U
OTKJIOHEHUs] IPOCTPAHCTBEHHOIO yria @, OT €ero
NepBOHAYANILHOI OpUECHTALINH.

C) 3.7l€Kmpl/lLl€CKu€M MAZHUMHbLE CUJIbL U NOJIA

IlepeiinéM Temepp K  PpacCMOTPEHUIO  CpEL,
Hecymux snekrtpudeckuit 3apsan Q. TIPOMCXOKICHHE STOTO
cBOHCTBa OCTAaéTCs 70 CHX MOp HesicHbIM. OTKIOHEHHE
TPAGKTOPUM  3apsiila B  MArHUTHOM  TI0Jie  OOBIYHO
MPUITACBIBAIOT HaJIMYUIO 3aps10B MMPOTUBOIIOJIOKHOT'O
3Haka. OJHAaKO 95TO TOJBKO OCJOXHSET 3a7ady BBUIY
OTCYTCTBHUSI OTBETa Ha BOIPOC, YTO TAKOE 3JEKTPUYECKHUI
3apsil ¥ KaKOBO MPOUCXOXKICHHE THUX MPOTHBOIMOIOKHBIX
CBO#CTB?

[Tporpecca B 3TOM HalpaBlICHUH MOXHO JOCTHYb,
€CIIH OTKa3aThCs OT IOMBITOK OTBETAa HAa ATH BONPOCHI Ha
OCHOBE alPUOPHBIX MOJEJIBHBIX HPEICTABICHUH, U HCKATh
OTBET, UCXOJs JIMIIb U3 3aKOHA cOXpaHeHus dHepruu (12)
wim  (13). TlpusHaHHe  HE3aBUCHMOCTH  IIPOIECCOB
NEePEOPUEHTALMH M YCKOpPEHHs (M CIEeIOBAaTeNbHO,
HE3aBUCUMOCTH 4ieHOB 1-it u 3-it cymmsr ToxkaectBa (13)
KOPECHHBIM 00pa3oM H3MEHSIOT HAIIW NPEACTABICHHUS O
NOHATHH «3apsif» M O TpPeOOBAaHWM HAJIMYUS Y HEro
«BPOXKIEHHBIX» CBOMCTB MPOTUBOIMOJOXHOTO XapakTepa.
CTaHOBHUTCS SICHBIM, YTO 3apsig — 3TO CICIACTBHE U Mepa
MOJIAPU30BAHHOCTH 000 (hopMbI BEIIECTBA,
BO3HMKAIOIIEH M3HAYaJbHO TPH €ro o0pa3oBaHUH U
CTPYKTYpH3aLUH u3 MpeBelIecTBa BCJIC/ICTBHE
COBEpIIEHUS UM PabOTHI MMPOTUB PaBHOBECHS. DTOW YaCTHIO
BEIleCTBA C HAWOOJNbIICH BEPOATHOCTHIO CTAHOBSTCS
ANIEKTPOHHBIC 0001109KH aToma, UMeEIoIINe
MPOTUBOIIOJIOXKHBIE IPAJUCHTHI IJIOTHOCTH B HAMPABJICHUH
K SIpy ¥ OPOTHBOIONOKHOM €My. OTO M NPHUBOIMUT K
MOSIBIICHUIO CHIIBI f,=pX,, KOTOpasi BBIpa)KaeTcsi COTNIACHO
(13) rpamumentom osmeprum U, =[p.pdV. B Ttakom
HampsDKEHHOCTh  3JeKkTpuyeckoro moias X, = E
ompeensieTcs MoeBoi Gpopmoit 3akona Kynona[16]:
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E=-¢Vp.. (22)
rme ¢ — abCONIIOTHas  BEJIMYMHA  JIIEKTPHYECKOTO
MOTEHIHAA.

Ot ypasHenus Ilyaccona V29 =- p,/s, ypaBHEHHE
(22) OTJIMYACTCS TeM, 910 MPEICTABIISET

NIEKTPOCTaTHYECKOE MoJIe £ HemocpelncTBEHHO B (pyHKIMU
rpajMeHTa IUIOTHOCTH 3apsga Vp.M He Ipeanosiaraer
HAJIMYUSL  3apsiOB  PAa3NMYHOrO 3HaKa (OBYX COPTOB
anekrpuuectsa). Takas popma 3akoHa KynoHa HesameHnMa
JUISL CIUIOIIHBIX CpeJl, B KOTOPBIX HEJb3s BBLICIUTD
«rojieoOpasyronye» WM «IpoOHbIe» 3apsabl. Kak
OunapHblit 3akoH rpaButaumu (10), oHaoOHapyxHBaeT
HaJM4He He TOJBKO CHJI NMPUTSHKEHHS WIM OTTAIKUBAHHA Y
3apsgoB P.ONHOTO M TOIO JK€ 3HaKa, HO HMCYIIECTBOBAHHUE
JIEKTPOCTATHYECKOTO  PABHOBECHS,  yJOBJICTBOPSIOIIETO
yenosuio Vp,= 0. DTo BBIHY)XHAeT MCKATh MHBIC PUYHHEI
OTJINYMSA IIOBEICHHS SHEPrOHOCHUTENEH IPaBUTALIOHHOTO U
JIEKTPOCTATHYECKOTO B3aUMOJICHCTBII B MAaTHUTHOM IIOJIE.

TTonnmanue 3THX MIPUYUH 3HAYUTCIIHBHO
YOPOIIAETCs, €CITHM HUCXOAWTh W3 BOJHOBOW KOHIICTIIIHU
CTpOEHUS Kak BEIIIECTBA, TaK "
neBenecTna. JJeicTBUTEBHO, r00kIE KoJieOaHus

IUIOTHOCTU TIPHBOIAT K u30bITKY Maccst AM'= [(p' —p

)dV'> O B ogHuX 00acTsAX mpocTpaHcTBa 00béMoM V' 1 eé
uenocratky AM'= [(p" —p) dV'< 0 — B apyrux ¢ 06béMom

V'. Ecmm V'KV" o6pasyromeecsuiokanbHoe ChepruuecKu
CHMMETPHYHOE  YIUIOTHEHHE  o0pasyeT  yeAMHEHHYIO
CTPYKTYPHO YCTOWYHBYIO «BOJIHY BO3BBIILICHHUS»,
AMEHYEeMYIO «CTOSYUM» colmuToHOM. OHa W 00pazyeTsaapo
Oynyiero aroma, KOTOpoe B COOTBETCTBUU C OUTOJISIPHBIM
3aKOHOM TpaBUTAlMMd MOXET B JaJbHEHIIeM TOJbKO
VIUIOTHATbCS M yBEJIMYMBAaThCS B Macce 3a Cuér
akkpermu. ITocTeneHHO 00IACTEBONIM3H sApa YIIOTHICTCS
HACTOJIBKO, YTO W B HEW HAYUHAIOT (POPMHUPOBATHCS
cepuveckl  3aMKHYTBIE  OOOJOYKH W3  TOTO K€
MPEJIBCIISCTBA, PACIOJArasch HAIoA00UC«INEKTPOHHBIM
obiiakamM» B KBAaHTOBOW MEXaHHKE Ha YAAJIE€HHH OT LEHTPa
sapa, KpaTHOM JUIMHE BOJHBI (T. €. B obmactu, rae
CYIIECTBYEeT TpaBUTAIMIOHHOE paBHOBecue). B aTmx
0007I0YKaX W BO3HUKAIOT 3aMKHYTHIC OCTYIIWE BOJIHBI, HE
Tpebyromre (HO ¥ HE MCKIIOYAOIINE) BPAIICHUS BEIICCTBA
camMux 000J104€K.ITO U €CTh T€ KOJIBIIEBbIC «MOJICKYIISPHbIC
TOKH»,  KOTOPBIMH  OOBSICHSETCS  AJIEKTPOMATrHETU3M.
brnarogaps mM Takue 00OJIOYKH 00aNalOT COOCTBEHHBIM
MOMEHTOM HMMITyJibca (CIIMHOM) M MarHUTHBIM MOMEHTOM,
4TOM OpUAaET UM  CIOCOOHOCTh  MPOTHUBOIOJIOKHBIM
o0pa3oM B3aMMOJCUCTBOBATH C MATrHUTHBIM TMOJEM B
3aBUCHMOCTH OT HampaBlieHHs cruHa. «[lonspu3oBaHHY0»
TakuM 00pa30M YacTh KOHJCHCUPOBAHHOTO BCINECTBA H
UMEET CMBICT HA3bIBaTh «3apsiIOM», YTO OCBOOOXKIACT OT
HCOOXOUMOCTH TIOMCKa €ro aHTHIoAa. TakasMoJelb
aToMa, cIenyoomas §3 JHEProJAUHAMHKH, OOBICHSCT
YCTOMYUBOCTH aTOMa, HE TPeOysl MPOTHBOIOIOKHOTO 3HAKA
3apsga ysapa M JJICKTPOHHBIX O000JIOYEK, WTOHYAUIIEro
GajaHca CWJI NPUTSHKEHUS M OTTAIKUBAHUS MEXIYy HUMH.
CoOTBETCTBYIOIIAs TAKKM TPEICTABICHUAM «000JI09YCYHAs»



MOJENb  aroMa  CcOorjiacyeTcss Kak C  HMEIOLIUMCS
«(hororpadusiMu» aTOMOB, MOJYYCHHBIMHU HA AJIEKTPOHHBIX
CKaHHMPYIOIMX MHKPOCKONAaX, TaK U C IKCIEPUMEHTAMH,
COTJIAaCHO KOTOPBIM JJIEKTPOHBI PACCEHBAIOTCS HA aToMax
HMCHHO TaK, KaK Oy/ATO OHHM COCTOST U3 KOHICHTPHYCCKUX
30H (MOSICOB) YMPYTrOCTH, OTCTOSIIUX JPYyr OT ApPYyra Ha
pacCTOsSHUM, KpPAaTHOM JUIMHE BOJHBI jae bpoiast [19].
Cnenyer TaKke MOMYEPKHYTh, YTO MPoOOpa3 TakKUX
CTPYKTYp B BHIE C(EPUYECKAX CKOIUICHUI TaJlaKTHK,
PACIIOJIOKEHHBIX HAa ONPENCIEHHOM PACCTOSIHUHM OT HUX
[EHTPAILHOTO  CKOIUIEHWs  (f/pa) TaJakTHUKH,  ObLI
0OHapyXEH COBCEM HENIABHO MPH COCTABICHUH TPEXMEPHOU
kapTel Beenennoit [20].

IMockomnbKy3apsia aToma Kak LEJIOro
Q. nponoprroHaTeHMacceTakux  obomouek M,, TO ero
oTHolIeHHe K M, Oyaer TakuM e, Kak M MOJy4YeHHOE B
9KCIIEPUMEHTE OTHOIIICHHE 3apsiia
€<OJIMHOYHOT 0»3JIEKTPOHA Kak yacTuilbl k ero macceM,. K
TOMy e Yy Jr000d OIMHOYHON BOJNHBI KakK JUTIONA
CYIIECTBYET TMapa CHJI MpPOTHUBOIOJIOXKHOrO (puc.1), dTto
npumaéT COJMTOHY CBOMCTBA YaCTUIBI  (CIOCOOHOCTH
OTTAJIKMBATHCS HAMO00Me OWIbAPAHBIM Iapam). [loatomy
NpaBUJIbHEH TOBOPUTh O HAIWYMH Y BOJHBI CBOWCTB
YACTHIIBI, HEXKEIH O BOJHOBBIX CBOMCTBAX YacTHIbI [15].

HenpoTuBopeYrBOCTh  BOJHOBOW  KOHICHIIMU
CTpOCHHUSI BEIIECTBA M MEXaHU3Ma MpoIlecca JIYyIUCTOrO
9HEpProoOMeHa BBIBOJIAM KBaHTOBOM MEXaHUKU
00yCIIOBIICHa TAK)Ke TEM, YTO B IHEPrOAMHAMUKE KBAHTOM
JIEWCTBHS SIBIISIETCS. MMEHHO BOJIHA, IHCKpPETHAas Kak B
MPOCTPAHCTBE, TaK U BO BpeMeHH. Hen3MeHHOCTh BeTHYHHBI
nocrossgHoM Ilmanka hpong ar00BIX 4acTOT VOOBACHSAETCS
MPU 3TOM PABEHCTBOM ISl HUX IOTEHIMANA BOJHBI \Jf,=
Av= c?(5).Bcé 3TO OTKpHIBAET BO3MOKHOCTH BHIXOZA 34
paMKH «CTaHAAPTHON MOJIENN» MHKPOMHPA.

Jlnst Tako MoOJeNu aToMa COXPaHSIOT CHIIY U Te

JIOTUKO-MAaTeMaTHUYEeCKHE IIard, KOTOpble MpHUBEIH K
Beipakenuto  (15). Ilpu 3TOM s HAXOXKICHHS
«QJIeKMPOKUHeMUYecKol» ~ YHEPIrUU  TaKuxX  00o0JoYeK

U’ =Jp.cldV=Qcnocratouno 3amenuts B (16) Mmaccy
Ma  ckopocth  c¢Ha Maccy Mo ckopocth ¢,
pacipoCTpaHEeHHsT 3JIEKTPHYESCKOrO BO3MyLIeHHs. Toraa
snekTpuueckuil motennman @= d Uy"/0Q =c,“oka3biBaeTcs
BENTMYMHOMN, COMOCTABUMOW TMpPU YCJIOBUH PABEHCTBAC,
CKOpPOCTH CBeTa B BaKyyMe ¢C TPaBUTALMOHHBIM
TNOTCHLMATIOM 1 PaBHBIM ~ .

Cornacao toxaectBy (13), amekTpudeckuil 3apsin
CHOCOO€EH COBEPIIATh TPU HE3ABHCUMBIX BHIa paboThl AW,
COOTBETCTBYIOIIUX TPEM ero cymmaM. TakoBBI 6600 3apsda
B Kakyo-Tu00 00JacTh CHCTEMBI, eénoaspusayus TyTEM

nepepacrpeaeeHusI3apsiaa u o cucTeMe c
BO3HHUKHOBEHHEM  BEKTOPAdJICKTPUUECKOTO  CMEIICHHS
dD=dZ,)'= Qw,dtu nepeopuenmayus BexTOpa Z B

npocrpanctee dZ," = QR,Xd@, (moBOpoT ero Ha yroi
do,). TlepBas U3 HUX OMKUCHIBACTCS BHIPAXKEHUEM
dw,'= odQ, (23)

BTOpAad - BBIPAKCHUEM

aw," = X,.dZ," = - Qdg, (24)
a TPEThS - BRIpAXKCHUEM
aw," =X,-dZ."= - M,-do, (29)

XapakTepHO, YTO HH OJUH BHJ paObOThI HE TpeOyeT
HaJIM4Ksl 3aps/oB JBYX 3HAKOB, XOTS CaMH CHWIbI F, U UX
pabora W,Mmoryr ObITh Kak MOJOXKUTEIbHBIMU, TaK U
OTPHUIIATCIIFHBIMU B 3aBUCHMOCTH OT 3Haka Vp, Takum
00pa3oM, CBOWCTBA JJICKTPHYCCKMX W TPABUTAIMOHHBIX
moJyieil  OKaspIBarOTCA MOAOOHBIMU.OTCIOA CJEIYeT, YTO
paHHHE TPEJCTABICHHUS O «CMOJITHOM» M «IHTapPHOM»
JNIEKTPUYECTBE, O JABYX BHIAX «dJICKTPUYCCKOM >KUIKOCTU»
U 3apsjax ABYX 3HAKOBSBISIOTCS YCTAPCBIIUMH.

[Mpumenum teneps ToxaectBo (13) K MaTepuanam,
Yy  KOTOphIX  HAaOIMIOJaeTcs  Kak  HEYNOPSIOYCHHOE
(konebarenbHOE), TaK U YMOPSIOYCHHOE IBHKECHHUE 3apsijia
Q. Hocurenem nepBoil u3 3THX (OPM DHEPTHU SBJISETCS

CKaJSIPHOE KOJIMYECTBO IBWXeHHs 3apsiga P, = Qc,, a
BTOPOTO -UMIIyITbC 3apsina P, =Quv,, IMCHYeMbIii TOKOM /.
Hauném c KHHETHYECKOH SHEPrUu

HEYIOPSI0UYEHHOTO JBIXKEHUSI (MMEHYEMOTO «MOJICKYJIs-
PHBIMH TOKaMu». E€ aMIIuTy 1HO-4aCTOTHBIMA OTEHLIHAT Y,
= Ay, paBeH cpemHeil CKOPOCTH KOJIEOATEIHHOTO

JABHXXCHUA 5@' CJ'ICL[OBaTCHLHO, CMBIC]I BCEX YJIICHOB

to)kaectBa (8) miast 3Toll (OpPMBI DHEPTHH CBOAUTCS K
paboTe YCKOpPEHHsI JTOTO IBIKEHHS. OITO OCOOEHHO
HATJISAHO TPOsBIIseTCs B wieHax 1-it cymmsr (13), KoTopbie
XapakTepu3yloT  paboTy  YCKOpeHHs  KOj1e0aTelbHOro
JIBIDKCHUS. KOHJIYKTHBHBIM IyTéM (3a Cu€T KOHTaKTa C
TENIOM, O00JaaroNUM 0oJiee BBICOKUM MMOTEHIIHAIOM),T.
e.0e3 BBoJa 3apsiaa Q:

dw,= Qu, dv,, (26)

PaCCMOTpI/IM TCHEPb CUTYyallUIo, Korjga
OHEPIrOHOCUTCIIEM SABJIAACTCSA HE 3aps] Q, a €ro I/IMHYJ'H)CQ

v, (oK J,). DTO NMPOMUCXOIHMT, KOTJA HEYNOPSI0YCHHOE

JBIDKCHHE 3apsija CTAHOBUTCS  YMOPSIOYEHHBIM O[]
BJAMSHHEM CTOPOHHErO TIOJs, YTO MpOSIBISIETCS B
MOJISIPU3ALMK  TUDJIEKTPUKOB, HAMATHUYMBAHMUA Tl H B
BO3HUKHOBEHHH TokKa. C 3TOH yIOPSANOYCHHOW YaCTHIO
JNEKTPOKMHETHYECKOW  DHEPrHH  CBSI3aHA  MACHUMHAS
cocraristroriast suepruu U, BekTopHas mnpupoma Toka J,
KaK SHEPrOHOCUTENS MPHBOAUT K TOMY, YTO IMOTEHIHAI
vy, = (0U/00©,) npnobpeTaeT BEKTOPHBIM XapaKTeP U CMBICI
CKOPOCTHU YIOPSIIOYCHHOI0 JBHKEHHs 3apsiaa v..Ilpu aTom
u HAINpPSHKEHHOCTD MarHUTHOTO oJIst Xy
CTaHOBUTCSATCH30pOM 2-TO PaHra,BbIPAXKEHHOI'O BEKTOP-

IPaHEHTOM CKOPOCTH 3apsijia;
X,,=Gradv,= Vo,. (27)

Orta «MarHUTOJBIKYINAsS» Cchiia X, MOXET OBbITh
pas3yiokKeHa Ha CKalsipHyto coctasisomntyio X, = V-v, (crnen

TEH30pa) W JIB€ COCTABJISIONIME BEKTOPHON MPHUPOJIBI:
cummerprdeckyo  (6e3BuxpeByo) X,'=(Vo.)°u aHTHCH-
mMmerpuueckyo (Buxpesywo) X" = (Vo,)°. Tor xe
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TEH30PHBIA PaHT MPUOOpPETAET U MOMEHT paclpeneieHs
TOKa Z,, KOTOPBIN OMpENeSsIeTCS B ATOM CIIy4ac BHEITHUM
[IPOM3BEIEHUEM BEKTOPOB ToKa J,=Qu. 1 ero cmemenus R,
1. ¢ dZ, = J,XR,, a TakkKen MarHUTHBIA IOTOK
J,, = dZ,/dt= J,Xv, KaKk IpOU3BOAHAS 3TOr0 MOMEHTA. JTO
00CTOSITENILCTBO M O0YCIIOBIMBAET CHENUPHKY MArHUTHOTO
nojist X,, BO3HHMKAIOIIETO BCICICTBUE MEpepacIpeeieH st
MOJIEKYJISIDHBIX TOKOB MO O0BEMY NP HAMArHUYUBAHUHU
MarHeTHKOB, a TaKXKe MpU IepepacipeieIeHH: TOKOB
MPOBOJAUMOCTH 0 CEYESHUIO MPOBOJHUKOB (CKHH-I(hEKTE),
T. €. IPH MOJISIPU3AIAHU CPET.

OpHako B JJIEKTPOJMHAMHKE MArHUTHOE [MOJIe
TPAJUIIMOHHO BBOJUTCS KaK POTOP BEKTOPHOTO MOTEHIIHATA
B= VXA [21], KOTOpBIii OMPEACTICTCS BEIPAKCHUEM:

A= (n/4m)[(j./R,)AV, (28)

rIe |, — MarHUTHasl POHULIAEMOCTh Cpejbl; R, - yaaneHue
TOYKH [OJISL OT TOKA J,.

DuU3NUEeCKU CMBICIT 3TOTO MOTEHIMAIA U €ro CBS3b
¢ paboToM, coBepIIaeMOil MarHUTHBIM TIOJIEM, OCTa&Tcs 10
MOCJIC/IHETO BPEMEHHU HESICHBIM, & TMOMBITKU OCBOOOJUTHCS
oT ero HEOJITHO3HAYHOCTH myTeM HAJIOXKEHUS
JIOTIOJIHUTENBHBIX  ycioBuii  (kamubpoBok)  KyioHa,
[lyankape, Jlopenua, OpateeB Jlonmon, Beiins, ®oka —
[IBunrepa, Jlanmay u T. H. - HEYAOBICTBOPUTEIHLHBIMH
[22]. DT TPYAHOCTH TOPOKAEHBI TEM, YTO 32 MArHUTHOE
moJjic BTpUHMMAETCS] BEKTOp HWHIYKIIMH, SBISIONUACS B
JCHCTBUTEIILHOCTH JIUIIb €r0 BUXPEBOM COCTABIIAIONICH
X" = (Vo.,)? Takas «peayKius» MarHUTHOrO MOJISI
(mOHMW)XEHHE €ero TEH30PHOrO paHra) HCKIYaeT U3
paccMoTpeHHsi ero Oe3BHXPEBYIO (IUBEPreHTHYIO) YacTh
V-4, IMEIONTyIOCMBICT ~ BEKTOpa  HAMPSDKEHHOCTH OIS
H.910 00yci0BICHO MOIETBIO, COTJIACHO KOTOPOI BHEIIIHEE
noJjie H MpOHUKAeT B MarHeTUK, HHAYLHUPYs B HEM noJjie B=
UoH. B  peiictBuTenbHOCTH k€  BCE  HA0OOPOT:
HEOJHOPOJHOE pacmpesieieHne TOKOB CO3MaéT mosie B,
4acTh KOTOPOTO, MPONOPLHOHAIBHAS MOCTYNATeIbHOMY
HUMITYJIBCY (TOKY /co3maér Ge3BMXpeBO€  MAarHHUTHOCTIONE
H. Ha 0e3BuxpeBoif XxapakTep 3TOH BETHYNHBI YKa3bIBAI 1
Jlannmay, cumTasi, 4TO €ro «CjieaoBano Obl UCKAaTh B BuAe H
= -Vy, BBUmy paBeHcTBa Hymo (ot H» [22]. O
HECOOTBETCTBHM BEJIWYHHBI A4 TOHATUIO TOTCHIHAIA
CBUJICTEIILCTBYET XOTSI OBl TO OOCTOSTENBCTBO, YTO I3Ta
BEJIMYMHA [IPOIIOPIHOHANIBHA [TOJIHOMY TOKY J,= [/.dV, 1. e.
SIBIISICTCS. SKCTCHCUBHBIM MAPaMETPOM CHCTEMBI, YTO UYXKIIO
MOHSTHIO  TOTEHIHana. VICTUHHBIM K€  BEKTOPHBIM
MAarHUTHBIM TIOTCHIIMAIIOM SIBJIICTCSI CKOPOCTH 3apsijia v AIH
©€ BEeKTOPHBIC KOMIIOHEHTHI W, 1 U, [23].

C yuéroM TEH30pPHOTO XapakTepa MarHUTHOIO
noJst X,, paboTa MarHUTHOTO IOJIsI BHIPA3UTCSl BHYTPEHHUM
npousBeaeHneM (cBEPTKOH) TeH30poB X, 1 Z,,. OnHako eé
TaKKe MOXHO pa3lioOKHUTh HAa TPU COCTABIISIOLINE,
cootBeTcTByOIIKe TpéM cymmam (8). Cornacuo (8), nepsast
u3 Hux, dW,/, coBepimaeTcs mpu BBoAE SHEProHOCUTEIS J B
00acTh TPOCTPAHCTBA C MOTEHLIHAIOM 0, B YCIOBHSX
MOCTOSIHCTBA BCEX JAPYTUX HE3aBUCHMBIX IMEPEMCHHBIX, B
ToM gwuciie 3apsaa Q. OHa onpenensercs BhpaKeHueM
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aw,'=v,dJ,=Qu.dv,, (29)
U BBIPAXKACTCS B YCWICHHH  HEYIOPSIOYCHHOTO
(xoyIebaTeIbHOTO HWJIM  BPAIIATSILHOTO) MOJICKYJISIPHOTO

JBUKEHUST CBOOOMHOTO WJIM CBS3aHHOTO 3apsima. MMeHHO
9Ta paboTa «3apspkaeT» Tejla W TPUTIOAHUMAET JIETIECTKH
3NIEKTPOCKOIA.

Just  HaxoXJeHWs  JPYTUX  BHJIOB  paboOThI
daw,'udW.,", pa3noxum CKOPOCTh CMEMICHUsI «TPyOOK TOKa»
v, = dR,/dtananormuno (5) Ha mMoOCTymaTreNbHyIO W,H
BpalatenbHy U,= ,XR, cocrapistomy. [lepBas u3
Hux, dW,", xapakTepu3yeT CABUT 3JIEMEHTOB Toka dJ Ipu

€ro rmnepepacmpelieieHdH [0 CHCTEME B  MpPOIEcce
MOJISIPU3ALIUH MarHeTHKOB (cozmanum B HUX
HEOIHOPOHOTO pachpejieneHus TOkoB). OHa BbIpakaercs
CKaISIpHBIM ~ mpou3BeaeHneM cwisl X' = H Ha
«[IOCTYNATeNbHYIO»  cocTaBisoiyro  dZ,'=  J,xXw,dt
TeH3opa dZ, 1 ONPeaesIeTCs] BRIPAKCHUEM:

dWw“ = X.w"'d .w": F,w'dr.w ) (30)

rae ar,=w,dt;F,,= J, X H- MarHuTHast COCTABJISFOILAS CHIIBI
Jlopenra. Dta paboTa COBEpIIACTCS, HAIPUMED, B MPOIIECCE
HAMAarHMYMBaHUs ~ Marepuana  (pa3fel]cHHH  MarHuTa
HAYCJIOBHBIE «CEBEPHBIM» W «IOKHBIH» TIOJIIOC) HIIM Ha
BHITCCHCHHE TOKAa B IOBEPXHOCTHBIA CJIOH TNPOBOJIHUKA
(«cxuH-3(DeKT>).

Iocnenuss u3 MAarHUTHBIX pa6or,dW,",
COBEpIACTCS IPH TMEPCOPUCHTAIMU HAMATHHYCHHOCTH,
HanpuMmep, Npu BpamieHun (eppoOMarHEeTHKa B MArHUTHOM
none H. Ona BbIpaxaeTcs MPOU3BEACHUEM BUXPEBOMH
cocrapisrorieit X, = B cuwibl X, Ha aHaJOTHYHYIO
cocrapnsromyro dZ,"= J,xdg,, toe de,=w,dt. Ecmu
CJIeJIOBaTh  OOLICTIPUHSTOMY  OMpPEICICHHIO  BEKTOpa
MarHUTHON WHAYKUWU B = ,H, 3Ta paboTa ompenensercs
AHAJIOTHYHBIM (27) BBIpaKCHUEM:

dvv,wm = X,wm'd ,um = Ho (JeXH)d(p,\rrW,wdt = qu,\rr'(d(P,uXR,w) =
- Mu 'd(P.w (31 )

rone M, =p.fF,xXR,~ Bpamarwommii MOMEHT Cwibsl JlopeHma
F.w-

Kax Buaum, HaxoxneHue cuibsl JlopeHma He
TpedyeT HU moctynupoBaHus, HE npusiederns OTO. Dta
CHJIla OTJIMYAaeTCs OT JPYTHX CHJI TOJNBKO TeM, dYTO
HOpMallbHa TI0 OTHOIICHHIO K TOKY, TIIOCKOJIBbKY OH
CMeIaeTcss B MONMEpPeYyHOM HarmpamieHuu. Korma Takoe
CMEIIlCHHE TMPUHUMACT XapaKTep BpalleHus, padoTy
COBEpIIACT KPYTSALIMA MOMEHT MAarHWTHBIX cui JlopeHia
M. DTO ompoBepraeT yTBep)KICHHE, OYATO «MarHUTHBIC
CHUIII HE COBEpIIAIOT pPabOThl, TMOCKOJBKY BcCermaa
HNEepHeHANKYISPHBl K TOKy»[22].Brnaromapss yu€ry moss
KpYTAIIMX MOMEHTOB 3TOMY JHEPrOJIMHAMUKA YCTpPaHSICT

TPYAHOCTH 3IEKTPOIMHAMHKH, CBsI3aHHBIE
HEONPEICIEHHOCTRIO TOHSATHS BEKTOPHOTO IMOTEHIIHANA,
WCKJIFOYEHUEM €ro JUBEPreHTHOM  COCTaBIISIONIEH,

OlpeleNiecHHeM Ha €ro OCHOBE MAarHUTHOTO IIOJI,
HEOOXOMMMOCTBIO TIOCTYJIMpOBaHUS Ccuisl JlopeHna,
HEBO3MOXXHOCTBIO ~ COBEpIICHHS €0  paboTel |

O 0 0 0 0 0



HEO0OXOIMMOCTBIO BBEICHHS CKANSPHON «chibl HukomaeBa»
V-A [24].

Takum 00pazoM, BCe COOTHOIICHHUS, MOJIYYCHHBIC
BBIIIIE JIJISI TPABUTAIIMOHHONW (POPMBI SHEPTHH, OKA3bIBAIOTCS
CIIPAaBETUBBIMU M JIJIT MarHUTHOW JHEPTUH, C TEM JIHIIb
OTJIMYMEM, UTO TETEPh OHU OTHOCSITCS HE K Macce CUCTEMBbI
B 1eJIoM M, a TONbKO K e€ MmoJsipu30BaHHOW wactu M.,
nMeHyeMoi 3apsygioM Q. DTO €IMHCTBO TOJEH Marepuu
BBIPAXKAETCS] BO BO3MOXKHOCTH UX B3aHMOCBSI3U 3TUX TOJIEH,
MMEHYEeMOH «IpaBUMarHeTU3MOM».

V. Ilpunuun Bzaumonpesparumoctn Cun U Toneii.

W3 3akoHa COXpaHCHHsS HEPTUH (4) B YCIOBHSIX
usoisnuu cuctemsl (QU/dt= 0, J= 0) HemocpeIacTBEHHO
crenyer obpaienue e€ 2-it CyMMbl B HYJIb!

2XJ;=0. (32)
Bxogsmme B 3TO  BBIpaXKeHHE  CHIBL  X;
XapaKTepU3yIT HANPSKEHHOCTh IOJIA, BHEIIHETO IO

OTHOIIEHHUIO K CUCTEME M BHYTPEHHEIO 110 OTHOLIEHUIO KO
BCel «pacuupeHHoi cucteMe» (Bkmouaromeid OC) yto u
NPUBOJMUT K OJHO3HAYHOW TPAKTOBKE CHIIOBOTO MO Kak
HaNpsDKEHHOTO  COCTOSIHMSL 3TOM  cpeapl. B mponecce
npeoOpa3oBaHusi KakoOW-1ub0 /-if HOpMBI YHOPSAIOYCHHOM
sHepruu cuctembl Up j-1o Upblpaxenue (32) npuHuMaer
BUII

Xidi= Xdo (i, k = 1,2,...) (33)

OO6parmiaet Ha ce0s1 BHUMaHUE, YTO B COOTHOIIICHUH
(33) ywactBytor cunbl X; u X, 1 0000mEHHBIE CKOPOCTH
nporeccos nepenoca J; U J; (HOTOKH) OJHOTO M TOTO Ke

TEH30pPHOTO paHra. OTO TOJOXEHHE COOTBETCTBYET
MW3BECTHOMY MpuHUMNY cummeTpun Kropu, KOTOpbId
HACKJIIOYaeT  BO3MOXKHOCTH  B3aUMOJICHUCTBUS  SBICHHM

4ETHOTrO ¥ HEUETHOTO TeH30pHOTO panra’ [25].

Corimacao (8) mroOble TMOJs, XapaKTEPHU3yEeMBbIC
Hanpsxk€HHOCTAMU X X(umu cunamu = OXu F= OX)
MOTYT TIpeBpamarscs Apyr B apyra. [Ipu 3ToM eciu OmHO
nose yObIBaLT, Jpyroe YCUITUBAETCS. Taxast
«IIPOTUBOHAMPABICHHOCTH» HPOLIECCOB B3aUMOIIPEB-
pallleHus] JHEPrHMM BBITEKAET W3 3aKOHA COXPAaHEHUS
SHEPruM U HOCUT obIedusnyeckuii xapakrep. Eciu B (30)
HAMPABIICHUE BEKTOPOB OCTAETCsl HEM3MEHHBIM, 3TO
BBIP2)KCHHE MOXKHO TIEpenucath B BHIAC COOTHOLICHHS,
HUMEHYEeMOTO [UIsl YI00CTBa CCBUIKH NPUHYUNOM G3AUMHOCIU.

Eciu 0003HAYHTH OTHOIIIEHHE XilJ;
kodpdumentom Ry, a X/J—~ xodsddunmentom R;, TO MbI
OpUAEM K  W3BECTHBIM  «yCJIIOBHSIM  aHTHCHUMMETPHA»

Omnzarepa- Kasumupa B TepMOJMHAMHKE HEOOPATUMBIX
mporeccor (THII) [27]:
R=-R

i Jit

(39)

* B 4aCTHOCTH, T€M CaMbIM MCKIIIOYAETCS U BO3MOKHOCTD B3aUMOJEHCTBHS
TEH30pa KPUBU3HBI MPOCTPaHCTBa B Teopuu rpasutanun OTO ¢ cHnoBbIMU
OJISIMA BEKTOPHOMH MPHPOBI.

O1n YCIIOBHSA AQHTHUCUMMETPHHCYHUTAIOTCS
pe3ynpraToM  O00OOIIEHHS  HM3BECTHBIX  «COOTHOIICHHHA
B3aumHoctu» JI. Omsarepa R;= [;[26] wa cnywaii

NPUHAIEKHOCTH CHl X, M X, K pasHbIM KaTeropusm
yérHoctu. bynmymmii HOOeneBckmit maypeatr JI. Omzarep
BBIBEJI YKAa3aHHBIC COOTHOIIEHHS, UCXOMS U3 COOOpaXKeHUit
CTaTHCTHKO-MEXaHMYECKOTO XapakTepa B IMPEANOJIOKEHUH
JMHEHHOCTH 3aKOHOB 3aryXaHus (UIyKTyanui BOIN3U
COCTOSIHMSL PABHOBECHSI M  TIOCTOSIHCTBA TMPH  OTOM
ko3 duuuenTop ;. OTH  COOTHOIIEHHS B3aUMHOCTH
ceirpanu B THII kimroueByro poib, MO3BOJNMB COKPAaTUTh
YHCIIO MOISKANIMX IKCIEPUMEHTATLHOMY OIpPEIEICHUIO
ko3hduunenTos R0t n? mpu 9ncTO HEHOMEHONOTHIECKOM
ormrcannu 70 N(n+1)/2. 3mech e OHM TMOMYYEHbI U3 3aKOHA
COXpaHEHHs] YHEPTUH, YTO JIENIAeT WX HE 3aBHCUMBIMH OT
CTENEeHU AMCCHUIIATUBHOCTH IPOIIECCOB, OJIM30CTH CHCTEMBI
K pPaBHOBECHIO W JIMHEHHOCTH 3aKOHOB pellaKcaluu
(mocrostucTBa Ko3hdunmenTtos ;) [27].

CornacHo cooTHomeHusIMB3auMaocT  (37), /-t
TepMOJMHAMUYECKass cuia X; BIHSIET Ha CKOPOCTh
NPOTEKAHHS «dyKEPOJHOTO> TIpouecca (moTok J) B ol ke
Mepe, YTO M «dyKepojHas» cuiIa X, — Ha CKOpPOCTb
«BO3MYIIAIOIET0» Tpolecca (MOTOK J;), OJHAKO NEHCTBYET
OHA  HampamieHun ero  ocnabmenus.  Ilocneanee
WILTFOCTPUPYETIIPUHIIAI MPOTUBOAEUCTBUS», KOTOPBIApac-
MpoCTpaHsieT TpeTudl 3akoH HbIOTOHA HA  SIBJIEHUS
HEMEXaHUUYECKON TPUPOJIBI U COMIKAET €ro ¢ MPUHIUIIOM
Jle-lllatenne — bpayHa, Mo3BOJISASE CUUTATH MOCIIEAHUIErO

0000IIICHUEM.
N3  Beipaxkenuit (36) wum  (37)  BBITEKAOT
YHUBEPCAIbHBIE COOTHOINIEHHS B3aWMOCBSA3M  HATPSIKE-

HHOCTeH X, X, M HMIyIbCOBJ;,JPa3HOPOJHBIX ~CHIIOBBIX
HOJIEH!

Xi= RydZ/dt. (36)

X=-R,dZ/dt. 37)

Ux YaCTHBIM ciydaem SIBJISIFOTCS
«MaKCBEJUIONOO0HbIE»  YPABHEHUSI  3JIEKTPOMATHUTHOTO
TOJIs,  OTPaXalol[ie  MepPHOJUIECKOeTpeoOpasoBaHme

JJIEKTPHUYECKOro mojst X,=FEB MarHutHoe moje X, = Hu
obparHo. B aTOM mporecce HMeET MECTO COOTHOILEHHE

Xe/Jm: - Xm/Jex (38)

rne J,=dB/dt; J.=dD/dt~ Tak  Ha3BIBAEMBIE<IIOTOK
MarHuTHOro cuerieHus» ®apaned u Tak Ha3bIBaeMbIi
«TIOJIHBIN TOK».

HemnocpeactBeHHBIM CJIEICTBHEM ITHX
COOTHOIIIEHHH SIBJIIFOTCSA MAaKCBEJJIONOA00HBIE YPaBHEHHSI
ANEKTPOMArHUTHOTO 1oIs[28]:

R...'E= —dB/dt. (39)
R,..'H= dD/dt. (40)

B uwactHOCcTH, ypaBHeHue (39) oTpaxkaer 3aKOH
3JIEKTPOMArHUTHOM UHITYKITH ®dapages, COTJIaCHO
KOTOpOMY 3JC HHAyKUMU E(uU3MepsieMas OTKIOHEHHEM
CTPENIKM TajJbBaHOMETpPa) IPOMOPIHOHATIBHA CKOPOCTH
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W3MEHEHHsI <«IIOTOKAa MarHuTHOro cuemrenus J,. OH
OTIIMYAETCA OT COOTBETCTBYIOIIETO ypaBHEHUST MakcBesuia

(41)

3aMeHoi omepartopa «IOt» kodpdurmenTom R,, 'uteM, uTo
HE MpearnoiaraeT Haau4dus TOKa CMEIICHHS B BakyyMme, He
MOCTYJUPYET CYIMICCTBOBAHUE «BHXPEBOT0>» AIEKTPHYECKOTO
nojist (4TO HAXOJUTCS B BOIHIONIEM MPOTUBOPEUYHU C €ro
MOTEHIMANBHBIM XapakTepommonss E = - V¢), u He
HCKIJTIOYAET «KOHBEKTHBHYIO» COCTaBIIsONIY0 (v),-V)BB
BBIPQKEHUH TONHOTO nuddepeHimana BeKTopa MarHUTHOM
HHTYKIUH:

VXE= —dB/ot

dB/dt = (8B/ot),+ (v,/V)B. (42)

Ota COCTaBJIAIOMIAS 00ycIioBIcHA
HEPaBHOMEPHOCTBIO pAaCTpe/ieiCHUs] TOKa TI0 CEYCHHIO
MarHeTuka, 4YTO TMPOSBISAETCS, B YACTHOCTH, B CKHH-
a¢pdexre. B dIHeprommHaMuKe OHAa  YIUTHIBAETCS
MOMEHTOM paclpe/esieHHss KPYrOBbIX TOKOB Zy, = [XAr,,
TOXXKIECTBEHHBIM TI0  CMBICIy  BEKTOPY  MAarHHTHOM
nHAaykuuu B. Ilpou3BoaHast OT 3TOr0 MOMEHTA 110 BPEMEHHU
dZ,/dt = [IXv, ommMYHAa OT HyJIsA, ¥ ONpPEIEIsIeT
«MarHuTHBIA MOTOK» J,= J,Xv,, a ero IUBEPreHIUs
V-Z,= V'B onpenenser HCTOYHUK MArHUTHOTO MO,
KaKOBEIM SIBJISIETCS CaM TOK:

V-B=J.. (43)

DT0 yKka3pIBaeT Ha OMIMOOYHOCTHh HCKIIOUeHHUS O.
X3BHcailgoM u I. I'epuem u3 ypaBHEHUH
MakcBeIJIAKOHBEKTUBHBIX ~ COCTABISIFOLIMX ~ MarHUTHOTO
motoka (V-B= 0), HCXOsI JIUIIh U3U3BECTHOT'O HA TO BPEMs
(haKkTa OTCYTCTBUH «MarHUTHBIX MOHOIIOJICH».

Touyno Tak jxe BeIpaxkeHue (39) oTiMuaercss OT
BTOpOro ypaBHeHus: Makcsema [3]

VxH=J, +aD/at (44)

3aMeHOll omepatopa «fOt» TeM e Kkod(ouuueHToM R, 'u
yu€TOM «KOHBEKTUBHOW» coctaBistomieit (v,-V) D BexTopa
JNEKTPUYECKON HHAYKIMU [, CBA3aHHOW C JBMIKEHUEM
3apsga BMECT€ C MNPOBOJHUKOM WM JAUIIICKTPHUKOM.

CkopocTh JABWKEHHMS 3apsiga 0, CKIaablBaeTcs U3
OTHOCHUTEIIbHOW  CKOpPOCTH  JBKIKEHUS  3apsaa W,
ompependome  Tok  mposomumoctH  J,=Qw,, #u

HIEpEHOCHOH CKOpOCTH WX, ompenenseMoli KOHBEKTHBHBIM
tokom /X, B obriem ciiydae, Korja B TOKOHECYIIeH cucteme
UMEIOTCI HEPaBHOMEPHO paclpelenéHHble CBOOOMHBIE U
CBSI3aHHBIC 3apPAABICINIOTHOCTBIO pM PSS, JIMBEPreHIHs
MOMeHTa uX pacmnpexaeieunus V-Z, = V-D onpenensier ux
CyMMapHYIO BeITHUUHY:

V-D=p,+pS. (45)

[TosTOMYy MNOJIHBI TOK B TOKOHECYIIMX CHUCTEMax
CKJIJIbIBAETCSI HE TOJNBKO M3 TOKAa MPOBOAUMOCTH/, TOKA
cMmerennst Makcesemna J, =(0D/dt),,HO MKOHBEKTHBHOTO
Toka J,*:

dD/dt = (3D/at),+ (0, V)D=d,+J.2+J . (46)
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Takum oOpa3oM, MBI TOIy4aeM JBE Mapsl
«MakcBesuonoooueix»ypapuenuii (39), (43) u (40), (45),
KOTOpblE  HapsALy C MX IpeAeiabHOW  INPOCTOTOH,
OecrocTyIaTHBHEIM XapaKTepoOM W TONHONH CHUMMeETpHen
OXBAaTHIBAIOT OoJiee INHPOKWH KPYr SBICHHUHA, UYeM
ypaBHeHHs  MakcBea. Hanunune KOHBEKTHBHBIX
COCTAaBJIAIONIMX  yCTpaHseT  psix  «Oenblx  MSTeH»
JNEKTPOJMHAMUKH, HE YKJIAJBIBAIOIINXCS B PAMKH TEOPUU
MakcBemia. B wactHOCTH, OH OOBSCHSET, IOYEMY,
nwanpumep, DJIC mnosisiercs Tam, rae notok dB/dtue
MEHsIeTCS, M HE BO3HHMKaeT TaM, TJ€ OJTOT HOTOK
M3MEHSIETCS, YTO BBIHYXKJAET WCIIOIb30BaTh pPa3IHM4YHbIE
3aKOHBl CHJIBI JJIsl Clydas JBIDKYIIErocs KOHTypa |
MEHSIOIIEroCs MOJIs, IPUBOIAIIAS K OTPaHUYEHHUIO TIpaBUIIa
notoka [4]. BnarogapscyniecTBOBAHHIO KOHBEKTHBHBIX
TOKOB CMEIICHUACTAHOBSTCS MOHATHBIMH BO3HHKHOBCHHE
MarHUTHOTO TIIOJI1 TIPH JBWO)KCHUH  MOJISIPU30BAHHOTO
qoniektpuka  (3ddextsr Poymanma — OiixenBaibpaa U
Pentrena —  DiixenBanmbaa), dddekrst  bapuerra
(HamarHMuMBaHUE (eppoMar-HeTHKa BJOJb OCH BpAICHUS
pd  OTCYTCTBHH  BHEIIHETO MArHUTHOTO IMOJS) U
Ditamireiina—ne Xaasza (MOBOPOT CBOOOAHO MOABEIICHHOTO
(deppomMarHeTHka NpH €ro HAaMarHWYMBAaHUW BJOJNb OCH
BpallleHusl BO BHEITHEM MArHUTHOM IOJIE), a Takxke 3P QeKT
Bunbcona — bBaphera (momsipusaiis AWAICKTPHYCCKON
IUIACTHHBI MPU €€ JBIKCHHH B MArHUTHOM moJje). Takum
00pa3oM, npuaHue MOTOKAM CMEIICHUS 0011e(hU3nIecKOro
CMbICIIa CHHMAaeT psJi TPYAHOCTEH OJIEKTPOIMHAMHUKH
[29].Bcé ato memaer cooTHomeHus (34) yHUBEpCATbHBIMH,
a BBITEKAIOUIME W3 HUX MAaKCBEJUIONOAOOHBIE ypaBHEHHMs
39 w (40) - OpUMEHUMBIMH HE TOIBKO B
ANEKTPOAMHAMUKE, HO W JIFOOBIX APYTUX TUCIHIDUIMHAX,
AMEIOIIUX JIENIO0 C CHIIOBBIMU TIOJISIMU.

B wactHOCTH, 3TH ypaBHEHUS OOBACHIIOT dPPEKT
«aHTHTPaBUTAlMW>» TPH HAIOKCHWH Pa3HOMMEHHBIX CHI B
«rpoTHBO(aze», KOTOPHI BrepBble oOHapyxm1 B 1924 r.
yuamuiicss komemka Tomac Bpayn.Ilocne mHOroseTHux
UCCIIEJIOBAaHUH OH cO3/al IUIEHOYHBIC KOHJAEHCATOPBI,
criocoOHble mpu HampspkeHud B 50 kB mnojaHumarbscs B
BO3JlyX M COBEpIIATh KPYTOBBIE JIBHIKEHUSI CO CKOPOCTBIO
50 wm/c [30].CootHomienus (39,40) MOXXHO TPHUMCHHTH
TaKKEK B3aUMOJICHCTBHUIO rpaBUTAlMN c
AIIEKTPOMArHETH3MOM BMECTO MaKCBEJIONO00HBIX
YpaBHEHHI «IPaBUAJICKTPOMArHETH3Ma», MIPEAIoKeHHbIX O.
X3BUCalIOM, KOTOpPBIH MOCTYJIMPOBAJ CYIIECTBOBAHUE
MOJOOHBIX  3JEKTPOMAarHUTHBIM BHXpeli W B 3¢wupe.
Hcnonp3oBanue 3TUX ypaBHEHHUH MO3BOJISIET OOBSICHUTD P
SBJICHUH, NPOUCXOIIIMX B arMocdepe Hameld IIaHeThI
[31].BO3MOXHOCTE ~ B3aMMOJCHCTBUS ~ IPaBUTALMH  C
3JIEKTPOMArHeTU3MOM TOATBEPIMINM JICTAIOIINE JHUCKH
anrimiickoro mpodeccopa JI. Cépna, mogpéMmHas cuia B
KOTOPBIX ~ CO37[aBanach Onarofapst BO30YXICHHIO BO
BPAIIAIOIIUXCS HaMarHU4YEHHbIX posHKax
AIIEKTPOCTATHYECKOTO 0TSt CBEPXBBICOKO#
HaNpPsKEHHOCTH. Takue yCTpoiicTBa YCIIEIIHO
ucnbIThiBaIMCH UM ¢ 1963 mo 1978 rox, coBepuius 3a 310
BpEMsI MHOXECTBO ympaBisieMsix monéroB [32]. O Hux



mWcamM  ra3etsl W CHAMANIWCh  (WIBMBI,  HO
VIIOBJIETBOPUTEIBHOTO TEOPETHUECKOTO OOBICHCHUSI OHH B
TO BpeMs HE TIOIYYHITH.

He MeHee BaKHBIM CIICACTBHEM COOTHOIIEHUMH (34)
SIBJISIETCS. B3AWMOCBS3b TIOJISI M3YUEHHH C TPaBUTAIHOHHBIM
MOJIEM TPEJBENIECTBA, BHIPAKAIONIASICS COOTHOIIEHHEM

X/X,= -y,
rae X,== |V, |; X,= |VAw | J=M,Avcd; =Mc.

Otcroga HEMOCPEACTBEHHO CIIEAYeT BO3MOXHOCTB
M3MEHEHHSl HANPSKEHHOCTH TPABUTALMOHHOrO mojst X,
mytém Bo3jeiictBus Ha oTHomeHue J/J,=Aw, T. e.
U3MEHEHHEM  aMIUIUTYAbl M YaCTOTBl  KOJeOaHuit
rPaBHaKyCTHYECKOTO TMOJSI  M3JydeHuit. MHOTOYHCIICHHbIC
MPUMEPbl TAKOTO pOJa B3aUMOJCHCTBUS aKyCTHYECKHX
KojeOaHW W ¢ TpaBUTAMed JalOT  HMCCIeTOBaHUS
amepukanckoro wusobperarenss J.W. Keely (1872-1885
I.I'"), IGMOHCTPHPOBAB-LIET0 BCIUIBIBAHHE CTAIBHBIX IIAPOB
[0 JEHCTBUEM KaMEPTOHOB, BpalllEHUE KOJIEC TOJ
NEHCTBHEM aKyCTHYECKUXKOJICOaHHH, HAake TOJIETHI
JICTAaTeIILHOTO anmapara [33]. Hmerotes
TaKKEeJOKMEHTAbHbIC CBHICTEIbCTBA «THOETCKO
3BYKOBOW JjieBUTanuu» (MOJbEMAa KAMEHHBIX OJIOKOB
pasmepom 1,6X1 M Ha BeicoTy okoio 250 wMnpu
CTPOUTEJBCTBE XpamMa B HEAOCTymHOM Mecte) [32].
CyliecTBOBaHHE «O0apHOHHBIX AKYCTHYECKUX OCIMJUIAIHI»
ObLI0 OOHApYKEHO HEJAaBHO M B KOCMHIYeCKo# cpere [34].B
HACTOSIIIGE ~ BpeMs  B3aMMOJCHCTBHE  BEIIECTBA  C
H3ITy4eHHEM OOIEH3BECTHO M HM3y4aeTcsi, B YACTHOCTH, B
AKyCTOOITHKE [35.].9T0 npubsImKaeT Hac K
(eiHMaHOBCKOMY TMMOHUMAHHIO CKAJSIPHOTO, BEKTOPHOTO,
TEH30pDHOIO  MMOJsI  Kak  (DYHKUUH  pachpeeleHus
COOTBETCTBYIOLICH ¢busnueckoit BEJINYHHBI B
npoctpaHcTBe[4].

Em€ oaHa rpymnma COOTHOIICHHH B3aWMHOCTH
crenyet u3 3-ii cyMMBbI 3aKoHa (8):

(47)

3t0 BEIpaKCHUE CBUCTENBCTBYET 0
CYIIECTBOBAaHMH  B3aWMOCBSI3H ~ MEXIY  KPYTALINMH
MOMEHTAMH U YTJIOBBIMU CKOPOCTSIMU BPAILAIOIIUXCS TET:

M//OJ/:-M/’/OJ/ . (48)

Takasi B3aMMOCBS3b JIGKHT, B YaCTHOCTH, B OCHOBE
paboTBl  DIEKTPUYECKUX MAIKH, TIJI€ <«BPAIIAOIIeecs»
MarHUTHOE T0JIE «YBJIEKAET» POTOP.

He MEHBUIHA HHTEpEC
COOTHOIIEHHSI B3aUMHOCTH MEXIy CHJIaMd F U ux
MomeHtamu M,, BeiTekaomee wu3 (4) B yCIOBHSAX
3amMkHyTOCTH cucteMbl X, = OnpudU/dt= 0 u J,= O:

MpCACTaBJIAOT

S WS Moo= 0., j k=12,..n (50

W3 »53TuX COOTHOUICHWH CJleoyeT, Hampumep,
BO3MOXKHOCTh ~ B3aHMOCBS3MBHXPEBBIX  COCTABIISFOIIUX
TPaBUTAIMOHHOTO TIOJII B OKOJO3EMHOM IPOCTPAHCTBE C
aHAJIOTUYHBIMH BHUXPEBBIMH IIpoIleccaMH B aTMocdepe

Hamle# IUTaHeTHl. DTO MOXET OOBSICHHUTh KaXyIIHecs
CIy4allHBIMHU SIBIICHUSI THIIA CMepYell, TOPHAJIO, ITOPMOB H
yparaHoB, MO Mepe T[epeMElICHUs] Hallell IUTaHeThl B
HEOHOPOIHOM KOCMHYECKOM IPOCTpPaHCTBEe. TOYHO TaK ke
MOTYT B3aHMOJIEHCTBOBAaTh C 3€MHBIMH MpOLECCAMH U

BEKTODHbIE  (CHJIOBBIE)  TIOJIi  OKPYXAIOMIEro  Hac
KOCMHYECKOTO IIPOCTPAHCTBA.

B uactHom caywae / =/ wu3 (49) cuenytor
COOTHOILICHHS MEXITY HOCTYIATEIbHBIMA "

BpaIaTeIbHBIMUA CTEIEHSIMHA CBOOOJBI OIHOW M TOH Ke
(G opMBI PHEPTUU:

Fk/(DK: - MK/W;(. (51)

910 COOTHOIIEHUE CBHJIETEJIbCTBYET o
BO3MOKHOCTH TPEBpALICHUS HMITYJIbCa YHOPSIIOYEHHOTO
BHYTPCHHETO  BPANIaTEeIbHOTO JABIDKCHHA  KaKOW-THOO

MAaKpOCKOIIMYECKOM YacTu cucteMbl P°=M, 0B UMIIyJIbC
MOCTYMATEeLHOTO JBIKSHHUSI 3TOW cucteMbl P"'=M,W, Kak
[IEJIOTO, KaK 3TO UMEET MECTO B «HHEPIIONIAX>.

WsBectHo, yto B 1930-¢ romel poccuiickuii
nmkenep B.H.Tomumn w300pé€n Tenexky, Ha KOTOPOH
COBEpIIANM BCTPEYHOE KoJeOaTenpHOE IBIDKEHHE [Ba
rpy3a. OTO MO3BOJISUIO €l ABUTaThCsl PHIBKAMU MO TJIaJKOM
TOPU30HTAIBHONW MOBEPXHOCTH 0€3 Kakoro-aumbo MpHBOAA
Ha kosn€ca [36].OcHOBaHHBIH Ha TEX K€ MPHHIUIAX
noaséMuuk mnpenacrasun B HACA B 1956 romy T.[Qun
(marenr CIIHA Ne2,886,976 or 13.07.1956).Oxnako
HECMOTpSI HA MHOTOKpPATHbIE JEMOHCTPAalMU U HIMPOKYIO
W3BECTHOCTh «MallinHa [[MHa» He MOJy4uia MPHU3HAHUS Ha

TOM OCHOBAaHHMH, 4YTO «yCTPOWCTBO JJIsl IMPEBPAICHUS
BpAIATeILHOTO JIBHKCHHUS B MOCTyaTeIbHOE>
npoTHBOpeYHT 3akoHaM Herorona [32].

AmnanorudHast CHUTYyaIns CITOXKHUIIACh c

BUOPALMOHHBIM YCTPOWCTBOM THIA TaHTENH C TPy3aMH,
npemioxeHusiM - B, benmeukum u M. TuBepuem wu
CIOCOOHBIM, MO MX YTBEP)KICHHIO, NEPEBECTH CIyTHHK Ha
apyryio  opbury [37], a Takke YCTPOWYTBO TSI C
nprMeHeHneM rupockomna 3. Jlaitysiiran V. laycona [38].
B 2006 romy amepukanckuii mrkeHp P. Illoiiep
OPEJICTABUII  MUPY  DJIEKTPOMATHUTHBIA M [OJYYHIT
rOCyIapcTBeHHbIH rpaHT Ha gBuratens «EmDrive»,
KOTOPBIA BO BpeMsl JAEMOHCTpallUM co3jan Tiary 16
MHJUTHHBIOTOHOB. Ero ycTpo#CTBO AOCTATOYHO MPOCTO:

OOBIYHBII MUKPOBOJIHOBBII reHepaTop(MarHeTpoH)
TeHepUpyeT  MHUKPOBOJHBI, &  JHEpPrus  KOTOPBIX
HaKaIlUIUBaeTcd B MEJHOM  PE30HAaTOpe  BBICOKOH
JOOpPOTHOCTH,  BBINOJIHEHHOM B (OpMe  YCEYEHHOTO

KoHyca.B HEM oHMOIaromapss MHOTOKPaTHOMY OTpa’kKeHHUIO
CO3[AI0T TATY CO CTOPOHBI OOJBIIEr0 OCHOBaHHS KOHYCA.
JIBuraTens MOMKET THUTAThCS OT COJIHEYHBIX Oartaped, OT
TEPMOAIIEKTPHUECKUX PAJUOU3OTONHBIX TEHEPATOPOB WIU
OT MUHMATIOPHBIX SAEPHBIX peakTopor[39].

ITogoGHBIE 3TOMY MHKPOBOJHOBBIA JIBUTATEIh
«Cannae Drive» I'ngo ®erra ObLI UCIIBITAH B JIAOOPATOPUH
«Eagleworks» kocmuyeckoro neHrpa mMeHu J)KOHCOHA B
2013 romy.TecToBbIC UCTIBITAHUS TTOKA3aJIM, YTO JBUTATEIb
no3Bojsier co3gaBate TAry B 30-50 MMIMHBIOTOH.
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3asBieane HACA 00 YCHENIHOM UCHBITAHUU 3TOTO

meuratenss OpHako HaydHas W B OCOOEHHOCTH
OKOJIOHAyJIHAS 0011eCTBEHHOCTD, yoexaéHHas B
HApYUICHHH UM 3aKOHA COXPaHCHUSI UMITYJIbCa, HE CIICIIUT
MIPHU3HABATH 3TH PE3yIaBTATHI, Ha3bIBast ux
«aHTUHAYYHBIMU>.

Mexnay tem B2009-2010 romax kurtaiickas

HCCIeI0BaTebCKasl TpyIa PyKOBOACTBOM mpod. Yang
Juan mocrpomna ananor «EmDrive» u moarBepamna, 9to
Tsra gsurarens gocturaga /20 munusaboton (~ 0,073
krc.) [41]. DToro BmosiHE AOCTATOYHO, YTOOBI MPAKTHUECKH
UCTONB30BaTh  ammapaT B CHWJIOBBIX  YCTaHOBKaX
KOCMHYECKHUX aIapaToB.

Ha »toM ¢oHe mnpakTtudeckn He 3aMEUCHHBIMU
npouuti  ucneiTanuss B HUM  Kocmumueckux cuctem
Pockocmocarupockona I'. lunosa. Ilpu ucnbiTanusx 310T
BapHaHT WHEPIONAA, KOTOPBIA >KYPHAIHCTHI OKPECTHIN
«rpaBUIANON», pa3Bua Tary B 1-3 T mnpu rabapurax
200x82x120 wmm., macce 1.7 kr. um noTpebiseMoi
MomHocTH 6-8 BT. [42]. YcTpoiicTBO OBLIO YCTAHOBICHO
Ha coyTtHHke «fOOumneilnsiii», 3amymennom B 2008r. B
kocMmoc. Onnako mo HacrostHuto PAH oHO Tak u He OBLIO
UCTBITAHO W3-32 OIACCHUs, YTO <«IIOMBITKA pPeali30BaTh
aHTHHAYYHYIO HJCIO»HaHEecET ymepO mnpectmxky Poccun u
penyTalKyl OTCYECTBCHHON HAYKH.

Hakonen, B 2014-2018 romax B 4YacTHOHU
poccuiickoii kamnanuu «KBaHTOH» OBLT HCIIBITAH JIBUTATENb
poccuiickoro yuénoro u wu3obperarens B.C. JleoHoga,
Ha3BaHHBIH UM «KBaHTOBbIM» [43]. IlpuHumm paboTel u
JIETaq  ero KOHCTPYKIMH, HA3BaHHOW  «KBaHTOBBIM
JIBUTATENEeM», HE pas3rjamaroTcs, OJHAKO M3 OIMCaHUI
naredta PO Ne2184384 ot 09.2008 r. MOXHO 3aKIIIOUUTh,
YTOHEOOBIYHO BBICOKMH HMITyIC TATH B  ammapare
co3maéTcsi KOHBEKTHBHBIMH IOTOKaMH 3apsiia Omaromaps
TIPUMEHCHHIO portopa u3 (dheppoMarauTHOTO
IUDJICKTPUIECKOTO  MaTephasia, CO3JAlOIer0  «CBEpPX-
CWIIbHBIC JJIEKTPO-MarHUTHbIE NONs». [Ipu TpHUEMOYHBIX
ucneitaansax B 2014 roxy anmapar passuin Tsry B 500-7000
H npu Bece ammapata 54 kr mpu u npu mnotpedisemoit
JJIEKTPUYECKONH MomHOocTH B 1 KBT, ® coBepuma
BEPTUKAJIbHBIN B3JIET 110 HANPABIAIOLIUM C YCKOPEHUEM B
10-12g. Onnako PockocMoc mmo-npeskHEMY OPHEHTHPYETCs
HA PEaKTUBHBII MPUHIINAI CO3/IaHUS TATH, YCTYHAIOIIUN eMy
6ousiee yem B 100 pa3.

Takum oOpazoM, Omaronspss B3aUMOAEHCTBUIO
moJiel Co3/aBaTh HEPEAKTUBHYIO TITY MOXHO CHJIAMH
moboro mona. B KocMHYECKOM TIPOCTPAHCTBE HSTOMY
CIOCOOCTBYET TO OOCTOSATENBCTBO, YTO IJIS TPEABEIIECTBA
HE CYIIECTBYET 3aMKHYTBIX CUCTEM, TaK YTO CO3MIaBaTh TATY
MOJKHO W HapyIlas 3aKOHbI MEXaHUKH, YCTaHOBIICHHBIC IS
HUX.

VI. Jloxaszatensctso Enunctra 3akonos Ilpeobpazosanus
Jlio6p1x @opm Duepruu

YroObt JI0Ka3aTh €IMHCTBO 3aKOHOB
peoOpa3oBaHUsl JHEPIHM B JIOOBIX (IMKIWYECKHX U
HELUKINIECKUX, 00PaTUMbBIX U HEOOPATUMBIX, TEIUIOBBIX H
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HETEIUIOBBIX, TMPSIMBIX M OOpaTHBIX, OJHOLIEIEBBIX U
MHOTOLICJIEBBIX) ~ MAlllMHaX, OOpaTMM BHUMAaHUE Ha
cooTHomeHust (33), BBITEKAIOIIHWE M3 3aKOHA COXPAHEHHS
sHepruu. VI3 HUX cremyer, 94To Ui peoOpa3oBaHus KaKoii-
1160 /-t Gopmbl IHEPrHU B j-10 HEOOXOIUMAa YCTAHOBKA, B
KOTOPOH HMMEIOTCS JiBa II0TOKA 3HEProHOCHTENed Ju .
IIpumepoM TakoW  «IBYXIOTOYHH» CHUCTEMBI MOXET
CIIy’KUTh OOBIYHBIN TPaHC(POPMATOP, HIEKTPUUECKAs «CXeMa
3aMeIleHns» KOTOPOro MpHUBEieHa Ha puc. 3.
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Puc. 3: DnekTpudeckas cxema 3aMelIeHHs
SHEPropeodpasyonell CHCTEMBI

Takoe ycTpOWCTBO HAalNOMHHAET  YETBIPEXIIO-
JIOCHUK C JBYMs KIeMMaMd Ha BXxoje M Bbixoge. Ot
OPUHATOTO B TCPMOJMHAMHKE  TPEACTABICHUS O
IUKJIMYECKOH TEIUIOBOI MalllMHE COCTOMUT B TOM, YTO B HEM
TIOMUMO HEpPaBHOBECHOTO HCTOYHHKA SHEPIHH,
CO3/IAIOLIET0 TOTOK IEPBUYHOTO SHEProHocuTens J,
uMeeTcss OOBEKT paboThl, HaJ KOTOPHIM COBEpLIAETCS
pabora «IpoTHB paBHOBecHs. Takoe IpeJcTaBlIeHHE
MOqYEPKUBAET, qTo 3aaden moboro 3HEpro-
peoOpa3youiero ycTpoicTBa SBISETCS UCHOIb308AHUE
NPOCMPAHCMBEHHOU HEOOHOPOOHOCMU 8 OOHUX —Menax
(ucmounuke ynopsaoouennou  oHepeuu) OAL  CO30AHUSA
NPOCMPAHCMBEHHON HEOOHOPOOHOCmU 6 Opyeux (oOvexme
pabomul).

IMomMumo MojeIM, ANl PAacCCMOTPEHHs Ipoliecca
MPEBPAIICHHS YHEPTHH HEOOXOMUMO IMPHUBICYh YpaBHEHUS
NepeHoca 3HEProHocHuTeNe B HccieayeMoil cucteme. Jlis
HaxOXJCHUS TOCIEAHUX OyneM HCXOAMTh M3 TOTO, 4YTO
TEPMOJMHAMUYECKUE  CHIIBLX;  SIBISIOTCS  (DYHKIHSIMHU
COCTOSIHMSI HEPaBHOBECHBIX cHcTeM, T. €. OpHako s
pellicHHs TPAKTHYSCKUX 3ala4 3T YPaBHEHUS JOJDKHBI

OBITH JOIIOJIHCHBI TakK Ha3bIBACMbIMH «yCJIOBUAMU
OJJHO3HAYHOCTH>, Kylaa BXOOAT OKCIICPUMECHTAJILHO
HaﬁHeHHLIe YpaBHCHUA COCTOSHHA n IepeHoca

uccienyeMon cucteMbl. s HaxXOXIOEHWS MOCIEAHUX
Oy/eM HCXOAUTh U3 TOTO, YTO TEPMOJUHAMHYCCKUE CHIIBI X;
SIBJISIIOTCST (QYHKIMSAME COCTOSIHUSI HEPABHOBECHBIX CHCTEM,
T. e. X, = X(®,A R). B Takom ciyyae uX TOJNHBIH
muddepeHIan onpeAessIeTCss MOMEHTAMH PacTpe/IeIICHUS
Z= O©ARu mnorokamum JKak MX HPOU3BOAHBIMH IO
BpPEMEHHU!

I/IHTerpI/IpyH 9TO BBIPpAXKCHUC B MNPCAINOJIOKCHUUN

nocrosHcTBa  Kodddunuentos R, U yYUTHIBAS



COOTHOIICHHUSA B3aMMHOCTH R,-/- IIpuxXoauM K

YpaBHEHHSIM NIEPeHOCA BH/A:
Xi=RJ—Rp;;
X =Ry,
OTH KUHETHUYECKHE YPAaBHEHHS OTJIMYAIOTCS OT
JIMHEHHBIX «(peHOMEeHOornYeckux» 3akonoB JI. Ouzarepa B
THII pa3nuuHbIM 3HAKOM €ro WICHOB, 4YTO Oosee
COOTBETCTBYIOT HX CTaTYCy KaK OCHOBAHHBEIX Ha ombiTe®. B
YaCTHOCTH, TNpH  pabore  OOBIYHOTO  CBAPOYHOTO
TpaHcopMmaropa yBEIMYEHUE HAMPSHKEHUS B CBAPOUHOU
nenu (BTOPUYHOM OOMOTKE) BENET, KaK H3BECTHO, K
YMEHBIIEHUIO TOKA B TIEPBUYHON IEMH, 4 €r0 yMEHbIICHUE
C TpHONMKEHHEM K PEXUMY <«KOPOTKOTO 3aMBIKAHHS»,
HAao0OpOT, BeAET K yBenWYeHWI0O Toka B HeWl. Ecmm
koo duuuentsr Ry, R, R; 1 R;He 3aBUCAT OT 0XHOUMEHHBIX
moTokoB (T.¢. 3akoHBI (55) m (56) NMHEHHBI), HX MOYKHO
MpeACTaBUTh B Oe3pasMepHoil (opme, He cojepkaiien
BooOIIe (heHOMeHOIoTHIeCcKnX KodddummenTos. s 3Toro
pPacCMOTPHM J1Ba MPEAENbHBIX CIy4Yas: PEKHM XOJOCTOTO
xoza apuratens, npu kotopom J; = 0, a cuna Xjnocruraer
CBOETO TIPEZIETBHOTO 3HAYEHNS X}, (HANPSKEHHs XOIOCTOTO
X0/1a), UPEKUM «KOPOTKOTO 3aMblKaHusi», korna X; = 0 u J;
MaKcuManeH (paBeH TOKy KOPOTKOTO 3aMbIKaHusi Jj).
Beipaxast Xou JyB cooTBeTcTBUM C ypaBHeHHsAMH (55) u
(56) uepe3 peHomenomornyeckue KO3IPHUIMEHTDI, PUXOTU
B YCJIOBHSIX MOCTOSIHCTBA XK Oe3pa3sMepHoil ¢opme 3aKoHa
npeBpatieHus 3Hepruu [6]:

X)X+ = 1.

-R;,

(59)
(56)

(57)

HezaBucumocts 3TOro
anmapatypHoro  oOpMICHHS ~ YCTaHOBOK
3aJI0KUTh TEOpUH o 1o0us JTUHEHHBIX
sHeprompeoOpasyromux  cucreM. llogo6HO — Teopun
TEMJI000MEHa, 3Ta TEOpHs IMO3BOJSIOT CHOPMHPOBATH PSIJT
0e3pa3MepHBIX KpUTEpHeB Mo00us Takux cucteM. OuH U3
HUX, — <KpUMepull KOHCMPYKMUGHOCMU» = R;R/R:R;,
AQHAJIOTHYEH COOTHOIICHHWIO pPEaKTUBHBIX W aKTUBHBIX
COTIPOTHBIICHWH, W3BECTHOMY B paTHOTEXHHUKE Kak
JOOPOTHOCTh KOHTYpa, M COBMagaeT (C TOYHOCTBHIO JIO

ypaBHEHUS oT
MO3BOJISIET

TEMOEPATYpHOTO  MHOXHTENSA) €  «KO3(QPHUIHSHTOM
nobporHoctn» @, BBenéHHbIM A.Uopde B KauecTBe
oboOmmaronieid  XapaKTEpUCTUKH  TEPMODJIEKTPUUYECKHUX

renepatopoB (TOI'). Ero 3HaueHue KonebneTcs OT HyJIs 10
6eckoneunoctu (0 <@<o0), BO3pacTas C yMEHBIIECHHEM
«aKTUBHBIX» COMPOTHBICHUH (CO CTOPOHBI CHIT PacCesiHHUS)
Ry R yBenndeHHMEM «PEaKTHUBHBIX» CONPOTUBJIEHUH R
(co cTOpoHBI «ay)epoAHbIX>» cri). [10100HO TEPMUUECKUM
COMPOTHUBJICHUSIM B TEOPUH  TEIUIOOOMEHa,  ATH
COMPOTHUBIICHHUSI 3aBHCAT OT TPAHCIOPTHBIX CBOMCTB
CHCTEMBI (CEYCHHMH WM NPOTSHKEHHOCTH JIMHHH Tepeiadn
Teruia, BeUIeCTBa, 3apsaa U T. 1.), OT CBOWCTB MaTepHaIOB
U BelWYHH KO3(G(UIMEHTOB MEpeHoca W T.I1.), T.e. B

5 OOmen3BecTHO, HANPUMEpP, YTO B YCTPONCTBE THNA CBAPOYHOTO

TpaHcopMaTOpa C YBENMUEHHEM TOKa HATPy3KH J; (CBapouHOi Iyrm)
HamnpsDKEHHE Ha €r0 BTOPHIHOH 00MOTKe X; yMEHBIITaeTCs.

KOHEYHOM CYETE OT 3aTPaT B IPOILIECCE €€ N3TOTOBICHUS U
IKCILTyaTaIHH, BIMSIIOIIAX ~ HA  KOHCTPYKTHBHOE
COBEPILCHCTBO YCTAaHOBKH.

Hpyroii 6e3pasmepHsri kputepuit B = JiJ, = 1 -
X/Xjo, Ha3BAaHHBINH «OMHOCUMENLHOU HAZPY3KOT», COCTABICH
U3 TPaHUYHBIX YCJIOBHH, 3a/JaBa€MbIX 3HAYCHHUEM cHI X,
Xiohiti IOTOKOB J;, Ji. OH H3MEHsIETCs OT HyJjisl B PEKHMME

j
«XOJIOCTOr0 Xxoma» (J; 0) mo eouHHULBI B peXUME

I

«KOPOTKOro 3aMblkanus» (X; = 0). Hcnonssys oTu
KpUTEpUH, BbBIpXEHUIO (36) MOXHO NPHIATH BHUJ
KpUmMepuaibHo20 — YPAGHEHUs — Npoyecca  SHepeonpes-
pawenus;

n=>1-B)/(1+1/BD). (58)

3nech Ny = N,-/N,— KIIJ, BRIP)KaEMBbIii OTHOIICHHEM
BbixoqHOH N, m BXo;Ho# N, MoOIHOCTH, U TOTOMY
Ha3BaHHBIH Hamu MowHocmHbim. OH 0000IIaeT TMOHATHE
OTHOCHTENIHOTO KIIJ[ TM,B KIACCHYECKON TEPMOIUHAMHKE
HAa  DHEpPreTHYecKyr  ycraHoBky (DY) B 1enom
0C30THOCUTENILHO K TOMY, Kakoe pabouee Tel0 OHa
WCIOJIB3YeT, SIBJISETCS JH OHA TEIUIOBOH MAIIMHOM WM
XOJIOAMIIBHOM YCTAHOBKOM, IBUTATENIEM UM TEHEPATOPOM.
DTOT KN JONOJHSIET W3BECTHOE IOHITHE Y4ETOM
KUHETHKU Mpolecca MpeoOpa3oBaHus YHEPrHU U MOTOMY
HanboJiee MOJTHO OTPaKAET COBEPIICHCTBO YCTAHOBKY, T. €.
CTEMEHb peajHu3allid €0 TeX BO3MOXKHOCTEH, KOTOpBIC
MIPEJOCTABIISET IPUPOJIA.

KpurepnansHoe  ypaBHeHwe (58)  mo3Bossier
MOCTPOUTH YHUBEPCAIBHYIO HArpy304HYI0 XapaKTEPHCTHKY
DV, BBIPaXarollyro 3aBUCUMOCTb €€ KILJ Myi MOIHOCTUN,0T
UX HArpy3kd B U KOHCTPYKTHUBHOTO CoBeplieHCTBa (puc. 4)
[44]. CIIoMIHBIMU JIMHUSAME Ha HEM MOKa3aHa 3aBHCUMOCTD
KIJT M\OT KPUTEPUS HArPy3KH B Mpu pasiudHbIX 3HAYCHHUSIX
KpuTepusi 10O0poTHOCTH @, a MTPUX-TIYHKTHPHON JTWHUEH —
3aBUCUMOCTb OT Harpy3Kd €€ BBIXOJHOW MOILHOCTH N,-. Kaxk
CllelyeT M3 pUCYHKa, K jroboir DY obOpamaercss B Hylb
IBKIBI, Ha «XoJocToM xoay» (B = 0) m B pexume
«KOpOTKOro 3ambikanusi» (B = 1). Ilpu 3tOoM Harpyskwu,
COOTBETCTBYIOIIHE MAKCUMAJIBHBIM KIJIT ¥ MaKCUMAJIbHOM
MOIITHOCTH, PACXOMATCSI TEM OIIYTHMEE, YeM COBEpIICHHEE
QY. B orcyrcTBHe JIIOOBIX MOTEPh JHEPruu (OT TpEHWUs,
HEOOpPAaTUMOTO0 3HEProOOMEHA, BCEBO3MOXKHBIX — «YTCUCK»
SHEPrOHOCUTENS, TMOTEPh HA XOJOCTOM XOJAY YCTaHOBKH,
3aTpatr SHEPrHU Ha COOCTBEHHbBIE HYK/bl YCTAHOBKH H T. II.,
T. . mpu @ = o©) MOM[HOCTHON KII YCTAHOBKH JIMHEHHO
BO3pacTtaeT C YMCHbBLICHHEM  HArpy3kd, © [OpH
B — Opocturaer, Kkak W CieL0Bal0 OXHUIAATh, CAUHHULIBI.
DTOT ciayyaid cOOTBETCTBYET ujeainbHOl MmamuHe Kapho,

obnanaromei HaHWBBICIIEH TepPMOJUHAMUYECKON
a¢dexTuBHOCTHIO. OHAKO €€ MOIIHOCTh PaBHA HYJIIO (4TO
€CTECTBEHHO npu KBa3UCTaTHYECKOM xapakrepe

HpOHeCCOB), YTO BBIHYXJA€T UCKAaThb KOMIPOMHUCC MCKIAY
KIIT U MOIIHOCTEIO. yHI/IBepcaHLHHe XapaKTCPpUCTUKU
00JIeTYaIOT IMOKUCK TAKOTO KOMIIpOMHCCA, T. €. HAX0XKJACHUC
OIITUMAJIBHBIX PEKUMOB OKCIUTyaTalun 68.30BI)IX,
NUKOBBIX, TPAHCIIOPTHBIX U PE3CPBHBIX SHECProyCTaHOBOK.
Tem cambiM Jenaercs eméE€ OAWH IIar Ha IIyTH
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MpHUOIIKEHUST PEe3yNbTaTOB TEOPETHYECKOTO aHalnW3a K
JNEUCTBUTENBHOCTA. Teopus TMOJOOWS  MOATBEPKIAET
€MHCTBO 3aKOHOB TMPEOOpa30BaHUS DHEPTUU B JIOOBIX
(UMKIMYeCKHX W HEUUKINYECKUX, O00paTuMbIX U

00OpaTHBIX, OJHOLEICBBIX ¥ MHOTOIIEIEBbIX) MAIIMHAX, YTO
MOITBEPXKIACTCS TPUMEPAMH C Pa3TUYHBIMH THIAMU DY
W JOJDKHO YYHTHIBAaTHCS IIPU TIOMCKE HOBBIX CIIOCOOOB
mpeoOpa3oBaHUs SHEPTUUU MPH ONTHMHU3AIUU PEKUMOB

HEOOPATUMBIX, TEIUIOBBIX W HETEIUVIOBBIX, MNPAMBIX M PabOTHI JEHCTBYIOIUX YHEPrOYCTAHOBOK.
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OmHocumernbHas Hazgpy3ka

Puc. 4. YHUBepcalbHbIE HATPY30UHBIE YHEPIOYCTAHOBOK

HpeHCTaBHHeT HUHTCPEC MNOATBCPAUTHL CXOXKECThH
HArpy30YHBIX XapaKTEPUCTHK YCTaHOBOK PasHOro Tuma. B
KauecTBe  OJMHOTO W3  TPHUMEPOB  PACCMOTPUM
JIBUTATEIbHYIO YCTaHOBKY PaKETHO-KOCMHYECKHUX
nsurareneit (PKI) [45]. Momnocts ux nasuratenein N,
OTIpe/IeNsIeTCsl KaK CKasIpHOE MPOM3BeIeHHe CHiibl Taru R
U CKOPOCTH pakeThl V OTHOCHUTEIBHO CTapTOBOM
(opOuTanLHOM) aOCOMIOTHOW CKOPOCTH V,, a MOMHOCTBN,,
nepejaBaeMasi JIBUTATEII0, OIpPEIesieTcss MPOHU3BEICHHE
motoka ra3oB G Ha Pa3sHOCTH DHTAIBIHHA TOPMOKEHHS
MPOAYKTOBCIOPAaHUSl HAa BXOJAE B Kamepy cropanusi h,* u
Ha BeIXOmEe H3 comia h.* [44]. Tlocme psima
mpeobpazoBannit  3dpdextuBHOCTE PKJ m,y MOXHO
MPEJCTaBUTh B BUJIE KPUTEPHATIbHOM 3aBHuCcHMOCTH [46].

Ny = 2B(1 =B)/[B*(W/Vo)* /210, + Vo/W], (59)

rne B = v,/V - kpurepuil Harpy3ku; W - OTHOCHUTEIIbHAS
CKOpPOCTb CTPYH; Ty - OTHOCHUTENbHBIA BHYyTpeHHUI KII/|
coruia.

OTa 3aBHCUMOCTH [UIl pPa3MYHBIX 3HAYCHUH
ymensHOW Taru R/G mokasama mHa puc.5. Kak BuaHO 13
pHCYyHKa, KIJ MyoOpaiaercs B HyJb ABXAbL: npu B = 0
u B = 1. llepBslil ciay4ail COOTBETCTBYET MHONETaM CO
CKOpPOCTSIMH, OJIN3KMMH K CBETOBOHM, KOrja JalibHeiniee
YBEJIIMYEHUE CKOPOCTH MOJIETa CTAHOBUTCS HEBO3MOXKHBIM

(Jj = Jj, Kak B peKHUM <«KOPOTKOE 3aMbIKaHHE»). DTa
CHTyalusi  HPEACTABISIET  TEOPETHYECKHH  HHTepec,
HampuMep, Ui KOCMUYECKHX pPAaKeT C COJHEYHBIMHU

napycamu [46], Tara KOTOpBIX MajaeT A0 HyJs [0 Mepe
TMPUOJIMKEHUsT CKOPOCTH TONETA K CKOPOCTH CBeETA.
[MporuBononoxuelid cayda (B = 1) xapakrtepen s
JIOOBIX PAaKEeTHBIX JBUTATE]ed B MOMEHT HX IyCKa, KOTjaa
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CKOpPOCTh ToJieTa paBHa craptoBoi (V = V). Ilpm
yBeJIMYEHUN CKOpocTH mojera kpuBas KIIJ npoxoaut
Yyepe3 MaKCHMYM, I[IOJIO)KEHHE KOTOpPOTO 3aBUCHT OT
OTHOIIEHHS V,/W ¥ OT CTENEHH COBEPUIEHCTBA BHYTPEHHUX
mporieccoB B jeuratene [45]. IlpumedartenbHO, dTO
Xapakrep 000OLIEHHOW 3aBHCHMOCTH KIIJI COOTBETCTBYET
yHHUBepCcalbHON (puc.4), HECMOTps Ha HEJIMHEHHOCTD
HUCXOJHBIX YPAaBHEHUI.
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Puc.5 O606uiennas 3apucumoctb KITJ pakeTHBIX ABUTaTeNel OT CKOPOCTH TIOJIETa
1,2,34,5- Ry / W =1,0;0,5; 0,2;0,15;0,1.

VII.

Peansrocts Cosznanns Dueproycranosok Ha

]—IOHGBLIX ”CTO‘IHHK&X 3nepr1m

Ha ceromusmuuii OeHb HMEIOTCA CBEACHUS O
O0oiee YeM MABYX JMOeCSITKaxX JAEWCTBYIOMIMX YCTPOMCTB,
MOIIIHOCTH Ha BBIXOJIC KOTOPBIX MIPEBBIMIACT
MOAJAIONIYIOCS HW3MEPEHHI0 MOIMHOCTh Ha WX BXOJE.
W3BeCTHOMHOXXECTBO  MATEHTOB,  BBIJAHHBIX  IOCIE
OpPENOCTAaBICHUY  aBTOPOM  JCUCTBYIOLIEH  MOJEIHU
YCTaHOBKHM. YCTpOWCTBa Takoro poja 4YacTO Ha3bIBAIOT
«reHepaTopaMu CBOOOTHON IHEPTUN», «CBEPXECIUHUIHBIMU
yerpoiictBamu» (¢ kg Beimie 100%), «renepatopamu
I/I36I)IT0‘1HOI\/II MOIIIHOCTHU>» H Jaxe «BCYHBIMH
JABUI'aTCIISIMU».

OnHaKo MOCKOJBKY (hU3UUECKOE COJIepIKaHHE BCEX
9TUX TCPMHUHOB HAXOAUTCA B BOIHIOMIEM MPOTUBOPECYUU C
3aKOHOM COXpaHCHHS SHEpPruu, OymeT Ooliiee MpaBUIEHBIM
TOBOPHUTH 00 yCTaHOBKaX, HCHOJB3YIOMNX  HE
ToyIatoIrecss yUETy moJieBble (POPMBI DHEPTHH, allbTepHA-
TUBHBIC W3BECTHBHIM BO300HOBISIEMBIM HX BUAaM. [losToMy
MBI OyIeM Ha3bIBaTh TaKWE YCTPOWCTBA IS KPAaTKOCTH
anvmepHamopamu, TIOHAMAs TIOA HUMH IpeoOpa3oBaTenn
SHEpPIHH, HE HAPYIIAONMNEC MPUHIUIEI HCKIIOYSHHOTO
BEYHOTO JBHTaTeNls 1-ro0 W 2-TO poJa, HO emé He
TOJYYUBIIHNEC BCGO6III€I‘O MPpU3HAHUA W3-3a HCIIOHUMAaHUA
MPUHIUIOB MX paboTsl. Cpeau HUX HAXOATCS U TaKwHe,
KOTOpble  TOTPeONAIOT  HEOOBIYHBIE  BHIBI  TOIUIMB,
UCTIONB30BaHUE  KOTOPBIX  He  TpebyeT  OONBIINX
MaTepHuanbHBIX 3aTpaT. OJHAKO IENbI0 HACTOSIIEH TJIaBhI
SABJIACTCA BBIICJICHUC KJj1acca OECTOIUIMBHBIX
9HEPrOyCTAHOBOK, paboTaomuX 0 NpHHOMNaM Teciaa Ha
YHOPSI0YCHHOH SHEPIruU OKPY’KaIOIIEeTO Hac
npocTpaHcTBal6].

I'panonosnoctes 3ambicia H. Tecnma B TomM u
cocTosia, 4TOOBI NaTh YEJOBEYECTBY HMCTOYHHWK SHEPTHH,
UMEIOIIUICS TTOBCEMECTHO W IIOCTYIHBIA B JIFOOOH TOYKe
Halle MiaHeTbl. YBEPEHHOCTb B 3TOM OH BbIpa3uil
KpBUIaTOW (pa3oif. «ITO TONBKO BOMPOC BPEMEHH, Kak

CKOpPO  YEeJOBEYECTBO  ITOJKIIOYAUT  CBOM  MAIIHHBI
HEMOCPEJACTBEHHO K  CaMOMY  HCTOYHHKY  DHEPTUH
OKpy>Xaromiero  Hac  npocrtpadctBa»  [14].  Op;nako
«ouIHATHHAS» HayKa CO3HATEIHHO HITH o

HEIOPa3yMEHUI0O  BCEMH  HMMEION[MMHUCS  CPEICTBAMHU
TOPMO3UT UX BHEAPEHHUE, COTNACYSICh B 3TOM OTHOLICHHH C
WHTEPECaMH  TOIUIMBHO-YHEPIeTUYECKOT0  KOMIUIEKCA.
YcTpaHuTh 3TO HEIOpa3yMEHHE W IPHU3BaHA HACTOSINAS
CTaThs, Oa3upylOIascs Ha MaTepualaXx CIUHON TeopHuu
MPOIIECCOB TMEpeHoca W mpeolOpa3oBaHus JOOBIX (popm
suepruu [47].

Brime  ObLIO  IOKAa3aHO, YTO  MNpPU3HAHUE
HEOJHOPOAHOCTH  pACHpElNeNieHUs  «CKPBITOM»  MaccChl
Bcenennoi, BBIMOJHAIOIIEH  POJIb  «IPEJBELIECTBA»,

NPUBOIUT K OOHAPYKEHHIO «IPABUKHHETHYESCKON» SHEPTUH
ero KoieOaTeNbHOTO JBIDKCHUS, paHee IPUITUCHIBACMON
3(Upy U MOTHOCTHIO TIEpeaBacMoil OOBITHOMY BEIIIECTBY B
nporecce e€ KOHICHCAMU. DTa SHEPrHs JIETKO MpeBpaTuMa
B o0yt Oomee ymoOHyI0 ¢opMy, HYTO HEMEIIEHHO
yCTpaHsAeT KIEHMO «BEYHOTO IBUTATeNs» M IOOYXKHaeT
HCCIIeIoBaTh OOIINE 3aKOHOMEPHOCTH IIPOLIECCOB TAaKOTO
sHepronpeBpameHus. OHM OKa3bIBAIOTCSA COUHBIMH IS
Bcex (opm sHepruu. OcTarcsi paccMOTPETh CIEHHPUKY
annapaTypHOTro odopmieHHs 9HEProyCTaHOBOK,
UCIIOJIB3YIOIINX aJbTEPHATUBBIC TPAIUIMOHHBIM (OPMBI
BO30OHOBJISIEMOW JHEPIMU OKPYKAIOIIUX HAC CHIIOBBIX
nojel W IPOaHAIM3UPOBATH OIBIT, HAKOIUICHHBIH WX
HU300peTaTeNsaMU.

a) Kowneepmopwl 2pasumayuonnoi snepauu

[lepBble  OKYMEHTaJbHBIE  CBHJICTEIBCTBA O
cozmanuu  «perpetuummobile»  (BeuHo  aBWKyHIHXCH)
TEXHUYECKUX YCTPOMCTB, HCIIOJB3YIOUIMX CHIIY TSDKECTH,
otHocsTcst kK cepenune X|| Beka. TakoBO, B 4YaCTHOCTH,
LIUPOKO  JEMOHCTPUPOBABIICECS  «CaMOBPAIIAIOIICECs
koneco»  baxackapa  (Uuams) ¢ TaHICHIUAIBHO
PacIoIoKEeHHBIMU TPyOaMu, J0 MOJIOBHHBI 3aMOJHEHHBIMU
Bojoi. B EBpome mepBble NPOEKTHl TaKoro poja
MEXaHMYEeCKUX «BEUHBIX aBurarteneii» orHocstces k Xl
croneruto (HecOamancupoBaHHoe koseco B. OnHekypa,
1245, B. Mapukypa, 1269;M. XKakomo, 1438; K.
Hpebens,1610; P. dmax, 1630;3. Commepcer, 1635; V.
Kapuax, 1664;P. Bokmep, 1686. OmHako HaMOOJBIIYIO
n3BectHocTh B Hauane XV Beka mpuoGpeno koneco XK.
Beccnepa, ©Oonmee wm3BecTtHoro kak Opdepuyc. Ha
MNPOTSHKEHUH HECKOJBKHUX JIECATKOB JIET OH IyOJIHYHO
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JIEMOHCTPHUPOBAIT pa3iIrmyHbIE MOJIeIH CBOETO
HecOaTaHCUPOBAHHOTO KOJeca, MOCIEHHSS KOHCTPYKIHA
KoToporo wumena 6 ¢yroB B nauamerpe, 12 mroiiMoB
TOJIIIMHOM ¥ BPAIIANOCh CO CKOPOCTHIO 42 06/MHH. DTO
KOJIECO HE TOJIKO TOIJICPKUBAIO HEMPEPHIBHOE BpAICHHE
B Teuenne 40 CYTOK €O CKOpOCTBIO 26 00/MHH, HO H
MO3BOJSUIO COBEPIIATH MPH 3TOM TIOJIE3HYO padoTy,
HampuMep, MOIHUMATh TPy3 Maccoit 16 xr Ha BeicoTy 1,5
Merpa. Ero paboTy HEOJHOKPATHO MPOBEPSUTH U3BECTHBIC
yu€Hple M oHIUaNbHBIE JINIA, a HeMenkud mpuHIy Kap,
MOCBAMIEHHBIH B ero ycTpoiictBo, Bwiman Opdepuycy
ceptudukaT Ha «Beunplit nBuratens». [loaTOMy BOBCce HE K
gacTH HambOojee aBTOPUTETHOW B TO Bpems I[lapwkckoit
Axanemun Hayk cnenyer oTHecTu peerue ee B 1775 1. He
paccMmarpuBaTh Takue NpoekThi[48]. OmuboYHOCTH 3TOro
pelieHusi OOyCIOBJIEHA TEM, YTO TPABUTAMOHHOE I0JIe
MPUHUMANIOCh YHUCTO NOTCHIMATBHBIM. B TakoM ciydae

pa60Ta CHUJIbI TAXKECCTHU FgB Kpyroeom mponecce
Z[Ci/iCTBPITCJ'ILHO paBHa HyJ'HO:
W, = j&FQ»dr: 0, (60)

Puc. 6: Koneco ®para

Opnako yxe B To BpeMs mocie padot JI. Diinepa,
JOIIOJIHUBIIETO ~ MeXaHWKy HpioToHa paccMoTpeHnem
BpAIIATEIHLHOTO JIBIJKEHHSI CTAJ0 OYEBUIHO, YTO IOMHMO
CHJI CYHIECTBYIOT TaKXKe HX MOMEHTHl, KOTOpBIE B
HecOaJaHCUPOBAaHHBIX KOJIEcax pasJIMuHbl HA YYacTKax
noaséMa W omyckaHus rpy3oB. I[lostomy paborta 3THX
MOMEHTOB Ha 3aMKHYTOM IIyTH HE paBHa HYJIIO!

W, = §Mg-d<p¢ 0. 61)

Bronne BepositHO, uTo ecnu Obl (ppaHIry3cKue
aKaJIeMUKH HE OTMaxHyJUCh OT BHHMATEIbHOIO W
00BEKTUBHOTO PACCMOTPEHUS TOJOOHBIX YCTPOWCTB, MyTH
Pa3BUTHUS HEPTETUKH M HAYKH B LEJIOM OBLIM OBl MHBIMH.
OpHaKo UCTOPUS HE 3HACT COCIAraTeIbHOr0 HAKJIOHEHUS, U
B peaybHOM JKU3HM Habroaach oOpaTHas KapTHHA: KOTaa
myOJMYHO  JIEMOHCTPUPOBAJIOChpaboTalomee yCTPOHCTBO,
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moxoxkee  Ha  «perpetuuMMobile»,  ob6ocHOBaHHOTO
ONPOBEPIKEHUS  HE  CIIENOBaJlo, W  JeJI0  OOBIYHO
3aKaHYMBAIOCh, Kak uW B ciydae c¢ Opdepuycom,

KypHaIbHBIM mambiuerom. K coxaneHuro, HUYEro He
M3MEHWIIOCh W MOCJIe IMyOJMKAIMK 3aKOHA COXPAHCHHS
suepruu B hopme (8), B KoTopoM KpyTsmue momeHTs M,

UTYPUPYIOT  HapaBHE c cwrtamun  F.Ta  xe
HCTOPUANOBTOpHIIACh 1 ¢ Konecom Ppara (marent CILIA IL
60915,1987), puc. 0, u c KOJIECOM

«Warannlinc»komnanuu<Environ»,06ssieusieiis 2006 r. o
€ro TOTOBHOCTH K BBIIYCKY Ha pBIHOK, M jgaxe c 18-
MerpoBbiM  komecom  A. Kocra (marent ~ ®paHuuu
Ne95/12421, 1995), o06o3peHHE KOTOPOrO JOCTYITHO
J1000MY JTI0003HATEIEHOMY OCETUTENIO €ro (hepMBl.

Bbonee Toro, coBcem nemaBHo (B2015 roay)s
KesnpHe  IeMOHCTpUPOBANACEIPOMBINUICHHAsS — YCTaHOBKA
MomHoCcThI0 5 KBT aBctpwmiickoit ¢upmer «Rosch», B
KOTOPOH BMECTO HecOaTaHCUPOBAaHHOTO KoJeca
NPUMEHUIOCH  BEPTHKAJIbHOE  JBI)KCHHE  IOIUIABKOB,
3alOJIHSEMBIX B HIDKHEH YacTH yCTaHOBKHBO3LyXoM. OHa
COCTOsUIa M3 CTalbHOM TpyOsl BhICOTOH B 4,3 M W
JUaMeTpoM OKoslo 45 cM, KoMIpeccopa, 3. TeHepaTopa U
Onoka ympasieHus. B Tpybe wuMmenuch KOHTEHHEH,
HNOrpy)XEHHBIE B BOJAY M  3allOJHAEMbIE  BO3JYXOM,
00beAMHEHHBIE LENHBIM IIPUBOJOM C TIeHepaTtopoM. Bec
Bcer cuctemsl okoso 300 kr. YcraHoBka nortpedisiia 1,6
kBT 1 nmena Beixoanyto momHocts 11,8 kBrt. IIpo3paunas
JEMOHCTpallMOHHass MoJenb €€ I[oKa3aHa Ha puc./.
Kammanust Rosch mpennmaraet Ha 3aka3 HOPOMBILUICHHBIC
9NIEKTPOCTAHIMK Takoro Tuma momHocTteio oT 200 kBT 10
100 MBrT.Kazanoce Obl, OJHO 3TO MJOKHO OBUIO OBI
clenaTb IIEPEeBOPOT B HANpPAaBICHUU JELEHTPaIH3aLUH
MIPOU3BOACTBA 3JIEKTpodHeprud. OnHAaKo 3aka3bl Ha Heé
HOYEMY-TO HE IOCTYIAIOT.

Kirnetic Power Plant

o

Puc. 7: F'eHepatop Rosch

b) [enepamopul na suepeuu 21eKMpuLecKux noiet
W3BecTHO, YTO HANPsDKEHHOCTH E3ICKTPOCTAT-
WYECKOTO IT0JIs,co3jaBaeMoro noHochepoit 3emin, paBHa B
cpennem 100 B/mM.  Dro, Belpaxasch cinoBamu H. Tecna,
«II03BOJISICT CMOTPETh Ha 3JEKTPOCTATHYCCKOE TOJIe KaK Ha



«OIPOMHBIA  pe3epByap oaekrpuuectBa»[14]. Opmna w3
BO3MOJKHBIX KOHCTPYKIIHH, TIPEIJIOKCHHBIX UM — aHTCHHA B
BHIEC METAUIM3UPOBAHHOTO a’poCTara, MOIHIATOr0 Has
3eMJIEH U CIY)Kallero HAKOIUTENIEM 3JEKTPUYECKOIo
3apsma. bynyunm coemmHEHHBIM C  mpeoOpa3oBarereM
SHEPIrHU C MOMOIIBI0 Ka0ess, 3TOT HAKOMUTEIbh CIIOCOOCH
UCTONB30BaTh  «JIapMOBYHO»  JHEPIHI0O  aTMOC(EpPHOIro
JNEKTPHYCCTBA.

Cepuro MPOCTHIX JKCIIEPUMEHTOBB 3TOM
Hanpasienuu nposén k. CBeHcOH. Ero ycranoBka nMmena
10-MeTpoBYIO aHTECHHYH 3a3eMJIcHUE.B pa3phiB aHTCHHBI OH
BKITIOYAJ KOJeOaTeIbHBINH KOHTYP C PE30HAHCHOW YacTOTON
375 KI'n u moHmxkaromuMm TpanchopmaToM. Peamuszarmeit
3TOT0 CMoco0a H3BICYCHUSI JHEPTUH W3 OKPYKAIOIIEro
MPOCTPAHCTBA SBISIETCS U DJIEKTPOCTATHUECKHUN TEHEPATOP
Edumenko, onwucanseiii B kuure 'Electrostatic Motor"
(1973 r.). On npeacrasiisii co60i OOBIYHOE JTHHAMO,POTOP
KOTOPOT'O Bpallajcs B MOTECHIMAILHOM JIEKTPHYECKOM
mosie, BeIpabaThiBass MomHOCTE okono /0 Bt. ITomoOHBIE
YCTPOMCTBA [UIsS HKCIIONB30BAHKS PA3HOCTH TMOTCHIMATIOB
MEKIy TIOBEPXHOCTBIO TUIAHETH U HOHOC(HEPOil U3BECTHHI C
1800-x romos.

Opnako B 3TOM OTHOIIICHUU Gonee
MEePCIEeKTHBHRIMOKA3aJI0Ch UCIIOJIb30BAHUE «3JIEKTPOANHAM-
HYeCKUX»  I(PQEKTOB, CBA3aHHBIX C  HUMITYJIbCHBIMH
pPEXMMaMU YCTPOMICTB HAa MPUPOJHOM 3jeKTpuuecTBe. Emé
H.Tecnma, mposomt B 90-¢ romer XIX cronerus
OKCIIEPUMEHTHl ~ C  BBICOKOBOJIBTHBIM  T'EHEPATOPOM
MOCTOSIHHOTO TOKA, paspsSIHUKOM H BBICOKOBOJBTHBIM
TpaHchopmaropom 0Oe3 cepaeyHHKa (TpaHC(hOpPMATOPOM
Tecna), obpaTii BHUMaHHE Ha 3HAYUTENHHOC YBEIHYCHHE
OTJaBaeMoOil  yCTPOHCTBOM B  OKpYXAIOUIYl0  Cpeny
MOIIIHOCTH IO CPaBHEHMIO C TEM, YTO OTHAET TeHepaTop
MepEeMEHHOT0 TOKa BBICOKOW YacTOTBI C  OOBIYHBIM
MOBBIIIAIONIAM  TPaHC(HOPMATOPOM. DTy JOMOJIHUTEIBHO
MPUBJIEKAEMYIO MOIIHOCTh OH Ha3Ball «PaJUaHTHBIM» HJIH
«XOJIOJIHBIM» JIICKTPHUUYECTBOM, CBSI3aB MocieHee ¢ apupom
U MPOTHUBOIOCTABUB €ro OOBIYHOMY JJICKTPHIECKOMY TOKY
KaK MOTOKy 35eKTpoHoB[20]. OcHOBaHHMEM Ul 3TOro ObLI
OTKPBITHIN Tecmoit ekt TpaHchopMaIuu
ANIEKTPOCTATUYECKOTO TOTEHIMANA HPOMOPIMOHAIBHO HE
YKCITy aMIIEPBUTKOB, a JJIMHE BTOPUYHOW KATYIIKH €ro
HedJIeKTpOMarHuTHoro  tpaHcdopmaropa. CozmgaBaemoe
OTHM HANpPSHKEHHE MOTJO0 B THICSYM pa3 IMPEBBIIATH
HavyalbHOE HAINPSHKCHWE HAa HCKPOBOM paspsiTHUKE H
JOCTUraTh MHJUIMOHA BOJBT. ITOT <«ANEKTPOIYUHUCTHIH»
3¢ deKT BO3HUKAN, KOTAa MOCTOSHHBINA TOK HAINPsDKCHHEM B
6000 B paspsokancs B HCKPOBOM MNPOMEXKYTKE H
npepbIBajiCsl JI0 TOTO, Kak MOSIBISUICS PEBEPCUBHBIHA
(oOparHbii) Tok. OH 3HAYUTEIBHO YCHJIMBAJCS, KOTJA B
Lelb HCTOYHHMKA BKIIIOYAICS KOHJIEHCATOP JOCTATOYHOM
émkoctu. [1OTOK »HEpruM, BBI3BAHHBIA 3THM 3(D(hEKTOM,
pacmpoCTpaHsIICS MEPHCHINKYIIPHO BHUTKAM KATYIIKH B
BUJIE «CBETOMOJOOHOrO» Iiy4a, KOTOPBIH HE MPOHUKAT
BHYTPb MPOBOJAHMUKOB W HE MOPOXKAAl B HUX HHUKAKOTO
Toka.Mcrnonb3oBaHue  OBICTPOACHCTBYIOMIMX ~ MArHUTHBIX
npepbIBaTeNiell MEPBUYHOIO TOKA 3HAYUTEIBHO YCHIIMBAIIO

3¢ ¢dexT 1 MOpoXKaaNIo0 yHapHYIO BOJHY, KOTOPYIO MOXKHO
OBLIO MOYYBCTBOBATH 0 PE3KOMY YAApY H JIEKTPUUIECKOMY
pa3paxeHuio («yKoily»), MPOHHUKAIOIIEMY, B OTIMYHE OT
OOBIYHOTO  DJIEKTPOMATHUTHOTO  HW3JIyYeHHs,  4epes
METAUIMYECKUEe SKPaHbl U OOJBIIMHCTBO JUIJICKTPHUKOB.
Uznyuaembie TpanchopMmatopoM Teciabl HMIYJIbCH TPH
qatensHocTH MeHee 100 MHKpocekyHI ObLTH aOCONIIOTHO
0e3omacHbl ISl 4YENOBEKa M BBI3BIBAIM  OXJIQXKICHUE
Bo3yxa. OHUM cO37jaBajii CBETOBBIE H(PPEKTHl B BAKYyMHBIX
TpyOKaXx ¥ BBI3BIBAIM «OTKJIHK» B METAJUIaX B BHIE
HaKOIUICHUS DJIEKTPUUYECKOTO 3apsiaa. ITO OBUIO OTKPBITHE
COBEpLIEHHO HOBOT'O BHJIAa YHEPTUH M criocoda eé mepeHoca
sHepruu. OJHAKO «aKaJeMUYecKass HayKa» OCTaBWJIA 3TO
OTKpbITHE O€3 BHUMAHUSI.

OmHuM U3 TmocienoBaTeieii-oqnHoYeK Tecibl ObUT
T. Mopoait [32]. B 1909-1910 romax oH cosmam psia
yCTpO#icTB,  paboTaromux, Kak OH  CyHdTad, Ha
ANIEKTPOCTATHIECKOM 3apsiie 3emin u noHochepsl. OmHO U3
TaKUX JEMOHCTPAIMOHHBIX YCTPOUCTB OBLIO MPEICTaBICHO
JKCTepTaM sl OCMOTpa (328 HCKJIIOYCHHEM MaJleHbKOU
KOpOOOUYKH, KOTOPYIO H300peTaTeNnb MpeanoYnTalt AepKaTh
B HarpyaHoMm kapmane). OHO COCTOSUIO U3 KOHJCHCATOPOB,
MOBBINIAIONIETO TpaHchOopMaTopa, paspsaHUKA U MAHENH C
2-Msi paguoiiaMIaMu, a TakXKe TIOCTOSHHOIO MAarHuTa,
nepekirodaTeneil U cBeTHIbHUKOB MomHOCThIO 100 u 20BT
B KauecTBe Harpysku. Kaxue-mibo Oarapen B ycTpoWcTBe
OTCYTCTBOBAJIH, OJIHAKO B KOHCTPYKIIMIO BXOJMJIM aHTCHHBI
o 1o 200 ¢yToB, mogHATHIE Ha BBICOTY okono 80
¢yToB, W 3a3emieHHEe TIAyOMHOH 10 7 QyToB. ITO
yCTpOﬁCTBO HUCIBITHIBAJIOCH B TCUYCHUC JOCTAaTOYHO
JUTUTEIBHOTO BPEMEHH Kak B JIOMAIIHUX YCIOBHUSX, TaK U B
ropax (BIalu OT JIMHUHN 3JeKkTporepenayn). Hexoropbie u3
YCTpOMCTB pa3BHBajiM B Harpyske MomiHocTs g0 650 Br
npu HanpsokeHnun g0 250 kB. Kak Bumum, B 3TOM
YCTPOMCTBE MHOTO CXOJHBIX JJIEMEHTOB ¢ TexHojoruei H.

Tecabl.

Hemano Taknx 31€MEHTOB MOXKHO OOHApy>KUThb U B
nsuratene-reHeparope JasuHa Ipes (CIHA) [23]. 3a
nepuox 1961-1986 rr. oH mnocTpows W 3amaTeHTOBAN
HECKOJIBKO MIPOTOTHUIIOB CaMOIIOIIEPKUBAIOIINXCS
yerpoiicte «<EMA»  (Electric  Magnetic  Association),
CIIOCOOHBIX MPOM3BOAUTH JIIEKTPUUYECKYIO SHEPTuio 0e3
UCIIONIb30BaHMs TOIUIMBA U 00ECIeYMBATh SHEPTUCH KHUIOH
J0OM, MalluHy, mnoe3q win camouér. HeomHokparHble
JEMOHCTpALUN €ro TEXHOJOTUH MOJYYWIN BOCTOPIKEHHBIC
OTKIMKM B IIpecce, a caM ['pall ynocrowscs 3BaHUS
«M300perarens roxa» (1976) n «Ceprudukara kagyecTBa» OT
P. Peiirana, B To Bpems ryoepHaropa Kamudoprauu. Kak u 'y
Tecnpl, reHeparop I'past mUTaNCs IMOCTOSHHBIM TOKOM
BBICOKOTO HamnpspkeHHs. OHaKO BMECTO BBICOKOBOJIETHOTO
reHepaTopa MOCTOSIHHOTO TOKa Yy HETO HCIIOIb30BaJIach
Garapes, BBIXOJ] KOTOpOH IpepbIBaeTCs
MYJIbTUBHOpAaTOpoM. MIMIymbcsl OT MyJIbTHBHOpaTopa
MOJABAINCh  HA  INEPBHYHYIO  OOMOTKY  OOBIYHOTO
TpaHcopmaropa, BBICOKOBOJIbTHasE OOMOTKa KOTOPOTO
OblIa MPHUCOEMHEHA K BBIIPSIMUTENbHOMY MocTy. Kak u y
Tecnbl, BBICOKOBOJBTHBIA MCTOYHHMK IIOCTOSHHOTO TOKa
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MIEPUOIUYECKH 3apspKanl KOHJEHCATop OOoJbIIon EMKOCTH.
Emé omaum oOmIMM  KOMITOHEHTOM OBIT  HCKPOBOM
paspsinauk. OHAKO BMECTO TpaHCGOopMaTopa B YCTPOHCTBE
I'pas mpuMeHsmack  «KOHBEPCHOHHAsT — 3JIEMEHTHAs
nepexiodatomas tpyoka» (KOIIT), kotopas cocrosuia u3
pe3uncTopa, MCKPOBOTO DPAa3psIHUKA U «3apSIONpHUEMHBIX>
CeTOK, T.e. OOBEOMHSIa TPU KOMIIOHEHTAa YCTPOWCTBa
Tecabl. Umenno KOIIT coepmran paboty, muras MoOTOp,
TEJNICBU30p, PajMo, JaMIOYKH HakaJMBaHUsS W  T.II
VY CTPONCTBO «XONOAHOTO 3JIEKTPUUECTBA», KaK HA3bIBaJ €ro
I'pali, pabortano, ckopee BcCero, CIEAYIOIMM 00pa3oM:
HalNpsOKeHHWE aKKyMYJSITOPHOW Oarape IOBBIIIAIOCH IO
3000B u HakammuBajJoCh B KOHAEHCATOpE OOJBIIOH
EMKOCTH. 3aTeM HMMITYJIbCHI Pa3psDKANICh Yepe3 MCKPOBOM
MPOMEXYTOK, YIIPaBIAEMBIH JIEKTPOHHBIMH  JIAMITAMH
TakuM 00pa3oM, 9YTOOBI UINTENFHOCTh HMITYyJIbCa OBLIa
MeHee 50 MHUKPOCEKYH]I. Ora TIPEePBIBUCTAS
TIOCTIEIOBATENEHOCTh UMITYJIECOB TpoTekana gepe3 KOIIT,
I yJlaBIuBajlach  «3apsAONPUEMHBIMH»  CETKaMH.
Harpy3koit  cmyxmn — TpaHchopMaTop,  MOHMKAIOUTHHA
HaNpspKeHWE U TWTaHMS JIaMIT HaKalMBaHUS W JAPYTUX
YCTPOMCTB HArpy3kd, a TaKkKe Ha IOTOJHHUTEIbHBIN
MOHIDKAIOUMKA  TpaHchOpMaTop s 3apsija BTOPHYHOM
Oarapeu. Ilepuoaunyecku mepekirouyas Oarapeu, ['pell He
TOJIBKO BOCCTaHABIIHMBAJ 3aTPAYCHHYIO 3JICKTPO3HEPTHUIO, HO
U TOIy4adl TPU 3STOM BHYIIHUTEIbHYIO <«H30BITOUHYIO»
sHepruro. TeM He MeHee Bce MOMBITKH H300peTaTess
NPpUMCHUTL CBOIO TCXHOJIOTUIO B KOMMCPUCCKUX HTEJIAX
KOHYMJIMCH Heynadel. B konue 1970-X ro0B TEXHOJIOTHIO
I'pest ckynuna ¢upma «3erex MukopropeiTen», a NONBITKH
n3zo0peTarensi 3aMHTEPECOBAaTh IPABUTENBCTBO M CEHAT
CILA se nmonyunnu otkiauka. CkoHuancss DaBuH BuHceHT
I'peii B anpene 1989 rona B cBoeit Mactepckoii B Criapkce
(HeBama) B Bo3pacte 64 jger mnpd  3aragodHbIX
00CTOSITENILCTBAX.

OpmHako uaen He YMHpAIOT OecclieHO, W B ITOM
MOXHO emé€ pa3 yOemuTbcs Ha NPUMEpEe TIeHepaTropa
«Tecraruka», n306peTéHnsM 1. BaymanoMm u mocTpoeHHBIM
UM B XPUCTHAHCKON obumHe «Methernita»
(I seiimapus) [23]. Heckonbko Taknx OeCTOIUIMBHBIX
TeHepaToOpoB IIOCTaBISIIOT Yyxke B TeueHue 40 et
aJIeKTpodHepru0 B koimdectBe /50 kBT, mokpriBaromem
NOTPEOHOCTH OOUIMHBI (BKJIIOYAsh M MPOU3BOJCTBEHHBIC
mactepckue). B mamnHe BaymaHa mnpuMeHEH reHepaTop
Bummypera, mnpencraBisiommii  coOOH  IBa  AMCKac
3aKpEIUIEHHBIMA Ha HHX QJIOMHHUEBBIMH CETMEHTaMH,
BPAIIAIOMINXCS. B MPOTUBOIOJIOKHOM HarpaBieHHH. ChEM
3apsiia ¢ CErMEHTOB JAMCKAOCYILECTBIISUIMIIETKH, KOTOPBIE
CIy’KHJI OJHOBPEMEHHO M IUISI €r0 pas3fieNieHHus. 3apsn
CTEKaJl M HAKaIUIMBAaJICS B JIEHICHCKUX OaHKaX,COAEPKUMOE
kotopbix Il. baymaHH HMKOMY HE NOKa3blBall, W 3aTeM
BBIBOJUTCS M3 HMX HAa HCKPOBBIC pa3psgHUKd. Psgom c
paspsAHMKAaMH  Ha  PUCYHKE MBI  BHUIUM  JIBa
MOJIKOBOOOPA3HBIX 3JIEKTpOMAarHuTa. Takum obpasom, W B
reHeparope baymaHa NpUMEHSIOTCS T€ K€ JIEMEHTHI IS
YCHIIEHUSI HICKpOOOPa30BaHUs U MPEPHIBAHUS IYTH, YTO U Y
Tecnel. CrnenuanbHbIE AMOAHBIA MOAYNb U JIEHICHCKHE

© 2021 Global Journals

0aHKM 00eCreYnBalOT B HEHW pPETYIMPOBKY YacTOTH. B
KOHCTPYKIIMIO BXOJHUT TaKKe YCTPOMCTBO, MOHMKAIONIEE
Hanpspkerue co 100 kB (u 6onee) mo 220 B.

Figure 8: Generator «Testatica»

Mammns «TecTaTnka» HMEIOT AUCKA JHAMETPOM 2
MeTpakaxnaas u MmomHocTh cBbimie 30 kBt. CamoBparmieHne
WX JUCKOB IIOCIC HAYalbHOTO TONYKa OOecIednBaeTCs
B3aUMHBIM OTTAJIKHBAHUEM CETMCHTOB IBYX KONEC 3a CUET
3JEKTPOCTATHICCKIXCHLIT. Hactpoiika BpaICHAS
OCYILIECTBIIICTCSI OTHOCUTEIBHEIM cMelIeHneM MmETOK. To,
YTO 3Ta MaIlWHA CYMIECTBYET W pabOTaeT, MOATBEPKIAOT
oT4éThl 12-THKOMHCCHI KOMIIETCHTHBIX YYEHBIX, B pa3HOE
BpeMsi TpPHEPKABIIMX B OOMUHY s oOcIemoBaHUS U
npoBepku  paborocmocobrocTr  «Tectatnki»  (BKIFOUAs
mpo¢. C. MapruHOBa, KOTOPBI MOCTPOMII PabOUyI0 MOJENb
3TOro redeparopa ¢ auamerpom kosieca 200 mm). OgHako
BC€ OTU OTYETHI CXOASATCS BO MHEHWH, YTO TMPUHITUIIBI
nenctBus «TecTaTUKU» OCTAIOTCS HESICHBIMMU.

OHa U3 JACWCTBYIONINX COBPEMECHHBIX pa3paboToK,
[0 TEXHUYECKOMY PELICHHI0 OMU3KuX K Manmae baymana -
yerpoiictBo B. Xaiina (WilliaM Hyde, matent CIHA Ne
4897592,1987 r.). ABTOp HasBal €ro «CHCTEMOH,
TEeHEePHUPYIONEH MOIMHOCTh M3 AJIEKTpUiecKoro moist». OH
BKITIOYAET TPATUIMOHHBIE 3JIEMEHTHI 3JIEKTPOCTATHYECKOTO
TeHepaTopa, WCIIONB3YIOMIET0 BpAaIIaloIuecss OHCKH C
CerMeHTaMH, Kak B mBeimapckom Swiss M-L kouseptepe
«Tecratnka». B mpororune 1987 roma Xaiin mcrois3oBai
1o 240 poropHbIx cermeHToB U 480 CTaTOPHBIX CErMEHTOB.
Ero reneparop Bpam@aercid cO CKOPOCTBIO, Ha MOPSAOK
npeBsiaronei ckopocts «Tecratuku». Kpome Toro, Xaiin
BBEN B ATy KOHCTPYKIIUIO HECKOJBKO HOBBIX JJIEMEHTOB -
CTaTOpHBIE JUCKH Ha DJEKTPOIHBIX IJIACTHHAX, BHEIIHUHN
UCTOYHUK C HampsokeHHEeM 3 KB, KOTOpBIH 3apspkacT 3TH
SJIEKTPOAHbIE TUIaThl, W T.A. l[Ipu TakoMm TOTEeHIHAaNEe
HaNpsDKEHUE MMITYJLCOB Ha crarope gocturaer 300 kB.
JIBoiiHBIE POTOpHBIE JAKUCKM B €r0 MAllMHE BpallaloTCsi B
OJIMHAKOBOM HampaBieHuu. braromaps »>TomMy napHbIe
CTaTOpHBIE ~ CETMEHTHl  MEPUOMUYECKH  OKAa3BIBAIOTCS
SKPAHUPOBAHBI OT MOJSPHU3YIOMIETO BIHASHUS BO3OYAHUTEIS.
Kaxmprif cTaTOpHBINA CETMEHT B €r0 MAaIIHHE JICKTPUICCKH
CBS3aH C TApPHBIM DJEMEHTOM uepe3 Ielb, B KOTOPOH
AMIYJIbCH HANPSDKCHUS TIOHIDKAIOTCS W BBIIPSIMIISIFOTCS
UL BBIXOMHOW memd. [y yCKOPEHHS pOTOpa MAIIWHBI
Xalin WCIONB3yeT TOTCHIHUATBHOE JIEKTPOCTATHUECKOE
moje Ha TOM Yy4yacTKe IIyTH, TIAe paboTa mous



MOJIOKUTENbHA. TaM jKe, TlIe OHO TOPMO3UT POTOp, Xaun
YaCTUYHO JKpaHHpyeT ero. Tak co3maércs pa3daiaHc CHI
Fu F!' TpebGyemblii SHEPrOAMHAMUKON M IIO3BOJIAIOMIMIA
MOJyYUTh SHEPTHIO OT CTAIlMOHAPHOTO HCTOYHHKA ITOJIS.
BrIxoaHast MOIIHOCTh €ro reHepaTopa cocrasisier 22.9 kBt
IIpY MOLIHOCTH Ha BXoJe 2.4 KBT 1 cyMMapHO#H MOIIHOCTH
B Harpyske 20,5 kBt. bnaronaps Bcemy sTOMy, a Takxke
MMEIOIEMYCSONMICAHUIO CaMOBPAILAIOIIUICS IIEKTPOCTAT-
nYecKuid renepatop Xaiina sBisieTcss ONHOM M3 Hamboiee
NIPUBJICKATEIbHBIX KOHCTPYKIUI aJbTepHATOPOB.

3acnyxuBaeT ~TAaKKE ~ BHUMAaHUS  OJHA U3
OTE€YECTBEHHBIX pa3paboTok MOCJIETHUX JIET -
THIPOMAarHUTHOE JIMHAMO 0. I'punkeruua,

3anareHroBanHoe emg B 1988 rogy B CCCP kak «cnocob
FEHEpallud U pPEANM3YIOUH €ro 3JIEeKTPOCTaTUYECKUN
IUTa3MOT€HEPATOP». «be3amexanmueckoe» JMHAMO
I'punkesmya nmeno Gpopmy «OydiarKa», pOTOPOM B KOTOPOM
BEICTyIIaJla BOJa. B 3THX TeHepaTopax, NpO3BaHHBIX
«BOAOTpEHKaMu» He OBLIO HACOCOB M HU OXHOU TpyIIeHcs
4acTH, HW OHH CHOCOOHBI OBUIM paboTaTh TOXAMHU
mpakTrdecku 0e3 0OCIHy)XKMBaHUSA, HE MOTPEOISIST IPU STOM
HH Tpamma TorumBa. OHH OBUIM KOMIAKTHEI W MOTJIH
YMECTUTBCSI B KaXIOM JOME H Jaxe aBTOMOOWIIC.
CroumocTh BhIpabaThiBacMOi UMK 3Hepruu Obuia B 40 pa3
MEHbIIIE, YeM Ha aTOMHOM 3jekTpocTannuy, B 20 pa3 - ueM
Ha TEIJIOBOW M B 4 pa3a JEIICBIC JHEPTUH BETPOBBIX
neurareneil. [lepBblil ONMBITHBIA 00pa3el] YCHemHo padoTat
Oomee msTM  Jer B ropax ApMeHuH, CHaOXas
IEKTPUYECTBOM TMOJEBOM HaydHbI sarepp. OpjHaKo
HECMOTpsI Ha CBHUAETENLCTBO PocmareHTa W 0100peHme
HayYHBIX KPyTOB, THAPOMAarHuTHOE AWHAMO [ puilkeBHUYa He
Haluio KoMMepueckoro crnpoca Hu B Poccun, Hu B CIIA,
Kyzaa uzo0peratens U ceMepo ero ToBapumeit mo Kb yexamm
B koHIe 1999 1. OT0 00CTOATENBCTBO €mE pa3 MOKa3hIBACT,
YTO JeJ0 B HACTOSIIeE BpeMs HE TOJIBKO B HAYJIHOU
COCTOSITEIBHOCTH ~ JTaHHOTO  Kiacca  OECTOIUIMBHBIX
TEHepaTopoB, MW Nake HE B MOMCKE MX HanOoyee YIauyHBIX
KOHCTPYKTUBHBIX PEIICHHH, HO B TCOMOIUTHKE BJaIC/IbIICB
TOILTUBHO-IHEPIeTUYECKOTO KOMILICKCA.

c) Tenepamopel moka na sHepeuy MAZHUMHO20 NOJA
Cpenn  yCTPOHCTB, KOTOpBIE OMIMOOYHO WIIH
3JI0HAMEPEHHO OTHOCAT K KATETOPHHU «BEYHBIX JIBUTATEIICH>,
HanOoJiee MHOTOYHCICHHBIM M Pa3HOOOPa3HBIM SIBISCTCS
KJIacC TEHEePaTOPOB TOKA, HCIOJIb3YIOIUX MOCTOSHHBIC
MarauThl. CIOCOOHOCTh MOCTOSTHHBIX MAarHUTOB COBEPIIAThH
MOJIE3HYI0 BHEIIHIOK paboTy (Hampumep, MOJHHUMATH
METATMYECKUE MPEAMETHI) OblJIa H3BECTHA €Ie HECKOJIBKO
BekoB Ha3aa. CTONBKO e BPEMEHH MPEANPUHUMAIOTCS W
YCUIMST ~ OJMHOYCK—JHTY3MAaCTOB B  HANPAaBICHUU UX
UCTONB30BaHus. [lepBbIfi MarHUTHBIA JBUTATENb OBLI
npeasioxKeH eie cemb BekoB Hazax I1. [unmurpumom. B XVI
BEKE CO3JaHHEM MAarHUTHOTO «IIEpPIeTyyM — MoOwuie»
3aHMMaiIcs HMe3yuTcKuil cpsumennnk M. Taiicuepuyc. B
MOCJIEAYIONIEM YHCIO TaKUX IPOEKTOB JIABUHOOOPA3HO
HapacTalio, U K HACTOSIEMY BPEMEHH JOCTUIJIO TaKOM
BEJIMYUHBI, 4YTO  MOXXHO  BBOAHUTH  Pa3BETBIEHHYIO
KIacCU(PUKAIMIO TaKUX  YCTPOMCTB MO  Pa3sIHUYHBIM

MPU3HAKAM. O¢unmansHBIM MOTBEPKICHUEM
pabOTOCTIOCOOHOCTH HEKOTOPBIX M3 HHMX SBWJIACh BbIJaya
cnenupudeckoii kareropun mareHToB CILIA, Tpebyromeit

NPEACTABICHUS  JIEHCTBYIOIIEH  MOJEIHM  YCTPOMCTBA.
[TosToMy mpencraBisieT HMHTEpec MOKa3aTh, 4dYTO 3Ta
Pa3sHOBUIHOCTh aJbTEPHATOPOB TakXKe HE HapyllaeT
HUKaKUX 3aKOHOB JHEPrOAMHAMHKH U OTHOCATCA K
«CBEPXEAMHUYHBIM» ycTpoHCTBaM JIUIIB o
HEJJ0Pa3yMEHHIO.

HenpeMeHHbIM ycitoBHEM TONTydeHHs] paboTHI B
TI000M LUKJINYECKH JEHCTBYIOIIEM YCTPOWCTBE COTJIACHO
TOXAeCTBY  (8)  sBiseTcs  pasnimudMe  TOTEHI(MAaa
Y, sHeproHocurens ®, Ha «IpsMOi» W «0OpaTHOH» BETBU
KpPYroBoro mnpouecca. JlelcTBUTeNIbHO, eciii Obl TIOTEHIHAI
Y, ocTaBajcss B KpyroBOM IHPOLIECCE HEU3MEHHBIM, TO H
BenmMyMHA mpeoOpazyemoit asHepruu U, ocraBanmach Obl
HEM3MEHHOW. B 3ToM Jjerko yOeamThbcs, BBIHOCS 3a 3HAK

uaterpaga dU,= §\|/kpko’V cpenHee  3Hauenue P,

noteniuaiga vy, Torma dU,=Y, §d®k: 0, MOCKOJNBKY
U3MEHEHHE JI000r0 TmapaMeTpa B KPYrOBOM MpOIECCe
3aBEIOMO paBHO HyIO. MHTYWTHBHOE NOHHMAHHE 3TOTO
00CTOATENILCTBA ~ BBIHYXK/IAET  KCCIIEIOBATENC  HCKaTh
CrocoObl  ObecrieueHrss  «aCCUMETPHU»  OPSAMOTO |
obpaTtHOro X0Ma. DTO W  COCTaBISIET  «HOY-Xay»
n300peTaTes.

JpyruM  mpoOJEeMHBIM ~ MOMEHTOM  SIBJISICTCS
obecrieueHne «IOJAMUTKA» MATCHUTHOW CHCTEMBbI TmpH e
pabote moja Harpyskoit. MarHeTnsm BelecTB OOYCIIOBIIEH,
KaK W3BECTHO, B OCHOBHOM BpaIlaTelIbHBIM JBIKCHUEM

anekTpoHoB. [Ipm 3TOM y KaXIOro MarHuTa €cTh
OTIpeZIeTIeHHass «3HEProéMKOCTb», Hn3MepsieMas paboToii,
KOTOPYI0O MOXET TIPOM3BECTH MAarHWT JI0  CBOETO

«pcrorieHns». Hanbosee 3HaYnTEIbHA OHA Y CPABHUTEIHLHO
J0OpoTux pEeAKO3E€MECJIbHBIX MAarHuToB W CYHIECCTBECHHO
MEHBIIIe — Yy MarHUTOB U3 CIJIaBa «AJTHUKO». Y CTaHOBJICHO,
4YTO B  OTCYTCTBUE  HArPy3KMKOOPDUUTHUBHAs  CHIIA
IMOCTOAHHBIX MAarHuTOB YMCHBIIACTCA KpaﬁHe MEIJICHHO (B
npeaciax OT HYJId IJid MarHuToB U3 PEAKO3CMCIIbHBIX
Marepuanos 10 3% JUis MarHutoB «AjHuko» 3a 10%uacos

ucnpiTanuid).  OIHAKO  €ciM  TOCTOSIHHBIE — MarHUTEHI
M30JIMPOBaTh OT BHEIIHEH CPeIbl MArHUTHBIM 3KPAaHOM, TO
npu  paboTre MOX  HArpy3KOH OHHM  «HCTOIIAIOTCS»
3HAQUUTEIBHO  paHbme. OTO  OBUI0O  TOATBEPKICHO

UCIIBITAHUSAMH MAarHUTHBIX MOTOpOB ¢upmbel «Perendev»
HE3aBUCHMOH pupMOii.

o TOM, 4TO paBHOBECHE MEXTY
JJIEKTPOMATHUTHBIM TIOJIEM M TOCTOSHHBIMH MArHUTaMH
npu WX paboTe TOJ| HArpy3KOH HapylmIaeTCs,0THO3HAYHO
CBUJICTEIILCTBYET MOHIDKCHHE TEMIeEpaTypbl MarHHUTOB.
Orot 3¢ddexr Obu1 0OHApYKEH BO BCeX 0e3 HMCKIFOUYCHHUS
JNEHCTBYIOIINX YCTaHOBKaX Ha IOCTOSHHBIX Marumrtax. B
reHeparope drnolga 3ITO MNOHMXKEHHME TeMIIEpaTyphl
pocturano 20°C. OnHako MOANMTKA MATHATOB JHEPIHEH
HUKOUM 00pa3oM He OrpaHMUYUBaeTCs TerioooMeHoMm. Kak
crnenyer u3 ypaBaenuii(17) u (18), 3ak0HBI KOHIYKTHBHOTO,
KOHBEKTHBHOTO M JIyYHCTOTO SHEprooOMeHa eOuHBI. JTO
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03HAYaeT, YTO U IHEProOOMEH MEXy MPEABEIICCTBOM Kak
KOMIIOHEHTOM  CHCTeMbl M  MarHeTHKamMu  MOXET
OCYLIECTBISITHCS. M KOHAYKTUBHBIM  myTeM  (mpH
HEMOCPEICTBEHHOM KOHTAKTE JIByX KOJCONIOMIMXCS CPell C
Pa3TUYHBIM TOTEHIMATIOM BOJIHBI \f, = ). DTH NOTCHI[HAJIBI
MOTYT CTaTh Pa3JIMYHBIMU, KOTJa MarHeTUK M3MEHSIET CBOE
COCTOSIHME NpH PaboTe MOA HArpy3KOW, YTO CleayeT U3
3aBUCHMOCTH CKOPOCTH PACIPOCTPAHEHHS B HUX KOJeOaHUM
OT COCTOSIHUSI CPEe/Iibl U MOATBEPKAaeTCsl onbIToM. [Ipu 3TOM
HE WMEET 3HAYCHHUsS, PACCMATPUBAEM JIH MBI Cpeldy Kak
JIACKPETHYIO WM KOHTUHYAJIBLHYIO.

BO3HMKHOBEHHE PA3HOCTH IOTEHIIMAIIOB BOJIHBI
MarHeTuka \, M MpeABElIeCTBAa \,Ha XapaKTepHBIX s
MarHeTMKa 4YacToTaX V U SBISETCS HEOOXOAUMBIM U
JIOCTATOYHBIM MIPU3HAKOM HapyIICHHs ¢azoBoro
paBHOBeCHs ¥ BO3HHKHOBEHHS JHEProoOMeHa MEXay
HUMU.DTOT TIPOLECC HOCHUT KBAHTOBBII XapakTep, 4TO
00YCIIOBIICHOTUCKPETHOCTHIO OTAEJIbHOU BOJTHBI
Mpe/BEeIlecTBa KaKk BO BPEMEHH, TaK M B MPOCTPAHCTBE.
KonkpeTHbIif ke cmoco® HapyIIeHHs pPaBHOBECHS W
BO30Y)KICHHs MMpoliecca IHEProoOMeHa ¢ TMpPEeABEIICCTBOM
TaK)Ke COCTABILSIET «HOY-Xay» H300perares.

OmHUM M3 HEpBBIX YCTPOMICTB, pEeAU3YIOIIUX 3TU
OpuHOMIB, Obul «reHepatop ['pamma» (1869). B Hem B
MOJTFOCaX HETOIBI)KHOTO MOCTOSIHHOTO MarHura
pa3meniancs  BpallarolUnics KOJIbLIEBOM  pOTOp €
TOPOMIAILHON ~ OOMOTKOM, KOTOpash —Kacajiach JIByX
JUaMETPaIbHO  PACMOJIOKEHHBIX  KOHTAaKTHBIX  INETOK.
«AccuMeTpHs» MPOIIECCOB HaMarHUYMBaHUS u
pa3MarHMYMBaHUS ~ KOJBLEBOIO  pOTOpa  JOCTHUIaiach
CMEIICHHeM  MOMEHTa  [OJaYd  HANpsDKEHHWsS — Ha
TOPOUIATEHYIO OOMOTKY.

Hpyrast unest COCTOHUT BO B3aHMHOI
KOMITCHCAIIMUMATHUTHBIX TIOTOKOB OT JBYX KATyIICK B
MOMEHT MaKCHMAJIbHOTO COJIMKEHHS TOJIIOCOB pOTOpa U
craropa. JTa KOHCTPYKTHBHas HWIes CTaja MOMyJIsIpHO
(O. bepenc (lIseums), . Xobmaun (CIHA), B. I'epmany
(@®PT), C. Xaprman (CIHA).OxHa 13 TakKMX KOHCTPYKIHUH -
«renepatop ®ponosa» (1996) [32].

Emg omun croco® Co3MaHusi «acCHMETPHUH» ObLI
npemanoxed [k, OxmuaeiM B 19751, (marenr CIHIA
Ne3879622 ot 22.04.75). OH 3aKi04acTCst B MEPEKPBITHH
MAarHuTHOI'O HOTOKaIHTOpKOﬁ U3 MAar"HuTHOro marcpuasia.
Ero upes mociy:xujia OCHOBOW JUIsl LIEJIOTO psfa NAaTEHTOB
CHIA: J[Ixabde (Ne3567979, 1976T1.); Mospo
(Ne3670189, 1976 1.); O. I'pest (Ne3890548, 1976r.); B.
Pusaca (Ne 4006401, 1977 r.); I'. TxxoHcona (Ne4151431,
1979 r.); ®. Puuapacona (Ne4077001, 1987 r.); A. Perana

(4883977, 1989r.); B.Xaiima (Ne4897592, 1990 r.);
I'.Acninena (Ne4975608, 1990 r.) u ap. [47].
Hekoropble ®3  yCTpPOWCTB Ha  IMOCTOSHHBIX

Mar"Hurax BOO6H.[€ HC HMMCIOT ABMIKYHINXCS JacTeH. OI[HO
13 TaKUX YCTPOMCTB — «BaKyYMHBIM TPUOJIHBIM yCHIIUTENb>»
(VacuuM Triode AMplifier — VTA) C. ®noiina (CIIA).
Takoe Ha3BaHHE 06YCJ'IOBJ'I€HO TEM, YTO aHAJIOTHIHBIN
NPUHIMUIT YTIPABJICHUA MOMIIHBIM IMOTOKOM 3a cuér ciraboro
CUIr'HaJla UCIOJIb3YCTCA B TPpHUOAAX. B VTA wucnoibs3oBaiuce
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OapueBbie MarHHUTH, MTOJITOTOBJICHHBIE myTeM
MHOTOKpPATHOTO IepeMarauunBanus Ha yacrote 60 ' D10
obierdano mepexoq OT OHOTO HAaNpaBlIeHHUS IMONSA K
IpYyroMy IpH TMoJade Ha YIPABIIONIYI0 0OMOTKY Ci1aboro
CHT'HajJa OT BHEIIHETro I'eHepaTopa M oOecrieueHHe TaKhM
obpazoM ero «rpurrepHoro» pexuma. OpHa U3
JIEMOHCTPAllMOHHBIX  KOHcTpykuuii BTY  pasBuBana
MOIIIHOCTb, IOCTATOYHYIO JUIsl TUTAHHS JIOJOYHOTO MOTOpa.
YacTh BBIXOAHOW MOIIHOCTH ycTpoiicTBa @ioliza Oblia
3aMKHYTa B HETJII0O OOpaTHOW CBS3M IS BO30YXICHUS
nporecca, B pe3ylbTaTe KOTOPOTO B BBIXOJHOHM KaTyIlKe
TTOSIBIISIIACH 3HAYHUTEIbHAS MOIITHOCTb. MHorue
uccnenosatenu, (B tom umcie JK. Hayaun (®Dpaniwus),
YCIICIITHO MTOBTOPWJIM OIBITEI DIoiaa, OTMETHB MPH 3TOM,
49TO TyqIIme pe3yIbTATHI «KOHAUIIMOHUPOBAHHS»
MarauToBa  Na€T  TPOMYCKaHWE IyroBOTO  pa3psaa
IIEPEeMEHHOT0 TOKa padoUeil YaCTOTHI. YTO W YIIPABIISIOLTIIA
CUTHAJI, HEMOCPEICTBCHHO Yepe3 KepaMHUKy ITOCTOSHHOTO
MarHuTa.

Ocoboe BHIMAaHHE MPHUBICKAIOT TEHEPATOPHI TOKA,
OCHOBaHHBIE Ha WCIIOJIb30BaHUH a¢dekra
«camormnoaepxuBaroiierocs BpameHus» Jx. Cépma. B 50—
X Trojax MpOLUIOrO CTOJIETHSI OH OOHApyXWJ, 4TO
nobapneHne HeOONBIION KOMIIOHEHThl MEPEMEHHOTO TOKa
(~100 Ma) pammouactorer (~10 MHZz) B mnporecce
W3rOTOBJICHHUSI  TOCTOSIHHBIX  (DEPPUTOBBIX  MarHUTOB
npuaaéT UM HOBble W HEOXUJaHHbIE CcBoHcTBAa. OHHU
3aKJIFOYAJIMCh B HEOOBIYHOM B3aMMOJICUCTBHUHU MTOCTOSIHHOTO
MarHiTa C MarHATHBIMH POJIMKAMH, PACIIOJIOKEHHBIMH Ha
€ro TMOBEPXHOCTU.JTO BBHIPAXXKATOCh B CaMOIMPON3BOIHLHOM
KauyeHWHd PpOJMKOB TOCIEe TPHUAAHHASA OIHOMY W3 HHUX
HEOOJIBIIIOTO HAYAJIFHOTO UMITYJIbCA.

Puc. 9: KonBeprep Pouuna—I" onnna

B Poccunm addexr Cépma wuccremoBaics B
Wucturyte Bricokux TemnepaTtyp PAH. CoTpynHuku 3TOTO
uHctutryta B. Poumn u C. Togun B 1992 r., nmocetus k.
Cépna, mocTpomnu TOJOOHBIN CEPIIOBCKOMY T'€HEparop,
KOTOPBIH OHH Ha3BaJH «MarHATOIUHAMUYECKHM
koHBepTOpoM». OH mpeacTaBisan cobod  cratop ¢
CEKTOPHBIMH TOCTOSHHBIMH MarHUTamd 1 M KOJbIIEBOM
POTOp C BpaIAOIIUMHUCS MarHUTHBIMH posukamu 2 (Puc.
9). Muametp potopa — 1 M., ero macca — 500 kr. CerMeHThI
pOTOpa BBIIIOJHECHBI HA OCHOBE PEIKO3EMEIIbHBIX MAarHUTOB
¢ octarounoi uunykiuen 0,85 Tn. OHM HaMarHUYUBAIUCH
myTéM paspsina Oaraped. KOHAEHCATOPOB Yepe3 WHIYKTOP.
B ortnmuune ot aucka Cépna B yctaHoBke B. Pomuna u C.
Toauna BBICOKOYACTOTHOE MO IMarHUYUBaHHE HE



NPUMEHSIOCh.  «3allelUIeHHe» POJIMKOB € KOJBLEBBIM
MarHUTOM  pPOTOpa  OCYLIECTBISUIOCH 10  HPUHIMITY
IIECTEPEH Pa3MeLIeHHEM B CTaTOPE M POJIMKAX MOIEePEYHBIX
marautHbIX BctaBok u3 NdFeB ¢ ocratounoit numykumeit
1,2 Tn. Mexay NOBEpXHOCTBIO CTAaTOpa M POJIMKAMHU OBLI
OCTaBJIEH BO3AYLIHBIH 3a30p 1 MM. DJeMEHTHl MarHUTHOM
cucTeMbl ObUIM COOpaHbl B €IUHYIO KOHCTPYKIHMIO Ha
wiatgopMe M3 HEMAarHWTHBIX CIUIAaBOB. OTa IuiaTdopma
Obuta CHaO)KeHa IPY)KUHAMH, aMOPTH3aTOpaMu M HMeJa
BO3MOXXHOCTh BEPTHUKAJIILHOTO TIEPEMEIICHUs] 10 TpEM
HaMpaBJSIONIMM,  YTO  HM3MEPSUIOCh  MHIYKIHMOHHBIM
narayukoM 4. Cratop 7 OBII YKpeIUIEH HEMOABHIKHO, a
pomuku 2 OBUIM yKpeIUleHBl Ha O00meM MOIBIKHOM
cermaparope 3 C IIOMOLIBIO JIMHAMUYECKHX BO3IYLIHBIX
monmunHIKOB. Cenaparop ObUT KECTKO CBSA3aH C BAJIIOM 4 U
MOCPEACTBOM  (PUKIMOHHBIX OOrOHHBIX Mydpr 5
IYCKOBBIM JIBHTaTeleM 6 ¥ C 3JEKTPOIMHAMHYECKUM
reHepatopoM 7. Bpone poropa OBUIM  PacrOIOKEHBI
9JIEKTPOMArHUTHEIE NpeoOpa3zoBaTenu 8 ¢ Pa3OMKHYTBIMH
marauronpoBogamu 9. Harpyska 70 Oblia BEITIOJTHEHa B
BUIC JIaMIl HaKaJlMBaHMs. YCTaHOBKA 3aIlyCKajach B
JedicTBHe TYTEM  PAacKpyTKH poOTOpa C  IIOMOLIBIO
anextpoasuraressi. [Ipu ~ 550 06/MuH 0060pOTHI pOTOpa
CaMOTIPOM3BOJILHO HAa4YMHAIIM BO3pPacTaTh, HECMOTPS Ha
OTKJIFOUEHHE 3JIEKTPOJBUTATENsI U NPUCOCIUHEHHE K Bally

DJICKTPOJAMHAMHUYECKOTO TreHeparopa. [l yaepkaHus
000pOTOB K TEHEPaTopy CTYMEHYaTO IOJKJI0Yaiach
Harpy3ka B Buae Habopa oObikHOBeHHBIX TOHOB.
MakcumManbpHasi OTBOAMMAS MOIIHOCTh B YCTaHOBKE
cocraBuiia / KBT.

[omumo TCHEePUPOBAHUS «H30BITOYHON
MOIHOCTH», B YCTaHOBKE HAONIOHANCS LENBIA  PsiX

HEOOBIYHBIX 3((EKTOB. yMEHBIICHHE Beca ILIAT(HOPMBI
(koTopoe mocturio 35% OT mEPBOHAYAIBLHOTO Beca);
KOpPOHHBIH pa3psiz B BUAE roIyO00OBaTO—PO30BOTO CBEUCHHUS;
BEPTHKAJIbHbIE KOHIIEHTPHMYECKHE 30HBI  IOBBIIICHHOM
HaNpspKeHHOCTH MarHuTHoro moist mopsinka 0,05 Tn wu
aHoManmbHOE TajeHue Temmeparypsl (Ha 6-8°C) B
HETOCPEICTBEHHOM 6nM30CcTH oT KOHBEPTOpA.
HeB0o3MOXHOCTh OOBSCHUTH BECh 3TOT KOMIUIEKC 2((HEKTOB
CBUJIETENILCTBYET O CEPhE3HOM OTCTABAHUH TEOPUH.

WuTepecHslit BApUAHT yCTpOMCTBa c
HIePEeKIII0YaeMbIM MarHUTHBIM COIIPOTHUBIICHHUEM,
MOJYYMBIIUH IIUPOKOE NPU3HAHUE KaK OJUH M3 Hamboliee
ylauHbIX  JBUTaresiel  Ha  «cBOOOJHOW  SHEprum»,
npemtoxun Pobept Amxamc (Hosast 3emanmust, 1977). B ero
MOTOp-TEHepaTope poTop c panuanbpHO
OPHECHTHPOBAaHHBIMH  OJMHAKOBBIM  TIOJIOCOM  HAPYXy

MOCTOSTHHBIMHA ~MarHUTaMH Bpamajics B HE3aMKHYTOM
MarHUTONPOBOAE (CepACYHUKH KaTylIeK uMenn (GopMy
Opycka), 9TOC TOYKA 3peHust TpaIUIIOHHOMN
ANMEeKTpOoTeXHUKUHEIQekTnBHO. HOo WMEHHO OTKPBITHIN
MarHUTOIIPOBOJ IO3BOJISI TEHEPHUPOBATH MOIIHOCTH 0e€3
TOPMO>KEHHUS poropa. 3nech HET SIBIICHUS
9JEKTPOMArHUTHOM MHAYKIUH B TOJHOM CMBICIE, €CTh
TOJIbKO MarHUTHAs WHIYKIIHS, TO €CTh HAMATHUYUBAHHUC W
pa3MarHu4MBaHUE  CepJeYHUKa  cTaTopa B THoJe

NOCTOSIHHOTO MarHurta portopa. Ilpu sTom Habmronaercs
TIOJIHAsl QHAJIOTHS C SIBJICHHEM O3JIEKTPHYCCKON HHIYKLHH,
TO €CThb <«QIIEKTpPU3ALMEeH BIHSHUEM», KaK TOBOPHIH
panbmie. «HamarHu4uBaHWe BIMSHHEM» OTJIMYAeTCS OT
JNIEKTPOMArHUTHOW HMHIYKIHMH TEM, 4YTO CO3JaBacMoe B
OOMOTKE TeHepaTopa BTOPUYHOC MATHHTHOE IOJEe He
TOPMO3HUT POTOP M HE B3aUMOICUCTBYET C MEPBUYHBIM
noseM. XapakTepHO, 4TO paboTa 3TOH MAIIWHBI MOXKET
OBITh TOJIHOCTHIO 00BsICHEHA 3ak0oHOM Dapases.

He MeHee NPHUBJICKATEIbHBIM ISt
BOCIIpOM3BeAeHUsT sBisieTcs: koneco K. Mwunato (mateHt
CIIA  Ne5594289, 1997). B Hem Ha portope
(mpeactaBistomieM  co0Oi  BENOCHMENHOE  KOJIECO,
Bpalamolieecss Ha TOPU3OHTAIBHOM OCH) 3aKperuIeHO
MHOXXECTBO ~ IIOCTOSHHBIX ~MAarHUTOB,  PacCIOJIOXKEHHBIX
pPOTOpe MOCTOSHHBIX MAarHUTOB DACIIONOXEH IIOX YIIIOM
OTHOCUTEJILHO  paauyca  Kosieca. Bosne  BHemHe#
OKPY)KHOCTH pOTOpa BIUIOTHYIO K HEMY pacIOJOXKEH
JICKTPOMArHHUT, B KOTOPOM, B 3aBHCUMOCTH OT BpAILECHUS
poTOpa, NEPHOINYECKH BO30YKHACTCS IEKTPUUECKHI TOK.
Opuk Borenc(llIBeuus, 1997 r.) MOBTOPHI M YITy4IINI
pe3ynbTatel MHHATO, PACHICTMB JOPOXKKY MAarHHTOB Ha
MHOKECTBO MAJICHBKHX JTOPOMKEK.

Hemano maTeHTOB Ha MAarHHUTHBIC JIBUTaTeIH
BeigaHo U B Poccun (B. Anexceenko, Ne5037775 (1996Ne;
B.  PsikoB, Ne2000101256  (2001);  A. PromuH,
Ne2001123502  (2003); B.JleBkun,Ne5032711  (1995);
M. OctpukoB u ap., Ne95103846 (1996); A. CrapocTuH u
ap.,  Ne95112010  (1997);  A. Kamunaun,Ne94019782
(1996); II. Umpumr, Ne94026259 (1996); B. [ynsiies,
Ne2128872 (1998); 1O. Immunkos, Ne2000119415 (2002)
U 1p.

CrieryeT OTMETHTh, YTO CO3[aHHE ABTEPHATOPOB
YK€ JaBHO TIepeluI0 B  CTAAUI0  IPOMBIIUICHHBIX
paszpaborok. Tak, HemaBHo miBeiinapckas ¢upma SEG
00BsBHJIa O HAMEPEHHHU BBHITYCTUTH Ha PBHIHOK I'€HEpaTop,
pabotarommit Ha 3¢pdekre CéEpma. IlepBrIM ©3 TaKuX

YCTPOWCTB, [HOJDKEH OBUI CTaTb KOMNAKTHBIA 15—
KWJIOBAaTTHBIA  TEeHepaTop C  pa3MepaMH  MPUMEPHO
46X61X12 cM), KOTOpBIH MOKHO HACTPOMTL IS
BBIPAOOTKM  TMOCTOSIHHOTO WM  TIEPEMEHHOTO  TOKa

pa3IMYHOTO HANpsDKeHUs B auamazoHe ot 12 mo 240 B.
Kaxplit Takoii reHepatop crocobeH BeipadoTath 60 MBT/u
OHCPIUU, TMPEKIAC YEM BCTAHET HeO6XO}II/IMOCTB B €ro
NnepeMarHn4MBaHuu. OI[HaKO BBIXOJ Ha CBO6OI[HI)II>1 PBIHOK
3TOr0 TeHEepaTopa HE COCTOSIICS.

OjHUM U3 HEJABHUX JOOABIECHUN K 9TOMY KJIACCy
ycrpoiicts suiics reneparop LUTEC ascrpanuiines bpute
u Kpuctu (marent NeQ0/28656, 2000r). IIpocrora 3TOTO
JaBHUraTeNss 00ECIeuMBACTCS PACIONOKEHHEM MEePEeKITIo-
YaeMBbIX KaTyILIeK Ha CTATOpE, a MOCTOSHHOIO MarHUTa — Ha
potope. Ilpm 3TOM TOCTOSIHHBIM TOK, TOABOAMUMBIN K
KaTyIIKaM  CTaropa,  BbI3bIBACT CHJIy  MAarHUTHOTO
OTTaNKUBAHUSI M  SIBISCTCS  CAUHCTBEHHBIM  TOKOM,
HEOOXOAMMBIM ISl CO3/IaHUSI «COBOKYITHOT'O JABUKCHHS».

B wHactosiee BpeMmsl psii YaCTHBIX MPEANPHUSTHIA
MPUHUMAIOT ~ 3aKa3bl HA  [POMBIILIEHHBIE  00pasIlbl
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JIBUTaTelied — T'eHepaTOpOB Ha MOCTOSHHBIX MarHurtax. B
yacTHOCTH, KommaHus «Perendev» (cokpamieHune OT
"oerpetuuM energy device") 3asIBIISIET, 49TO
M3rOTaBJIMBAEMBIA €H0 MArHWTHBIA MOTOP MOMIHOCTBIO 30
kBT roToB k BbIBOAY Ha peiHOK.Ha3Bana naxe mpumepHast
CTOMMOCTB IEepBBIX ycTpoicTB — okono 8500 Espo.

Emé oxna pasHOBHIHOCTh MAarHUTHOTO JBHUIATEJs,
HasBaHHaﬂ«Cycclone»” (puc.10), Obuta co3maHa HETABHO
HAa CpEJCTBA aMEPUKAHCKOM KOMIAHMM B ABCTpaiuu.
JleMOHCTpaIMOHHAS 3aMUCh JIEHCTBYIOIIEr0 00pasia 3Toro
JIBUTATENs, TMPEIHA3HAYABIIErOCS JUISI pa3MElleHus B
aBTOMOOMIIE, MIOKA3bIBAJIACH 10 TEJIEBUICHUIO.

Puc. 10: Motop «Cycclone»

Hakonen, B 2019 r. Inductance Energy Corp
(IEC) B Baitomunre 00BSIBHIIA O CO3MAHUH €€ COTPYIHHUKOM
Jennuncom JIaHIIMKOM MarHUTHOTO reHepatopa «Earth
Engine».Ocobennocts 3T0i ycraHoBKM 1o naHusiM |EC
3aKJII0YaeTCSl B WCIOJIb30BAHUM  «aCCHMETPUYHBIX»
HHOOMEBBIX MATHUTOB, OTJIMYAIOIIUXCS OT OOBIYHBIX
MarHUTOB PA3JIUYHON CUIION €€ pa3HOMMEHHBIX MOJIOCOB, a
TaKK€ B NPUMEHEHUH HEOOJbINNE JBUraTesicii ¢ MUTAaHUEM
0T Garapeu, KOTOPbIC U3MEHSIOT OPUEHTAI[HI0O MAarHUTOB B
CTOMKaX B MOMEHTHI MHPOXOXICHUH «MEPTBOU TOUKU»
(MaKCUMAaJIBHOTO COMPOTUBIICHHUS).

Mounens TOM YCTaHOBKH oJ NeR32,
YCTAQHOBJICHHAsI Ha OJHOM W3 MPEANPHATHIA, HMena [1Ba
900-KkMI0rpaMMOBBIX ~ MaxOBHKa,  BPALIAOIIUXCA  CO
ckopocThio or 125 1o 250 06/MHMH, M TeHEpUpPOBada TOK
cuwiot no 100 A mpu wHanpsukernun 480 B.Drtoro B
NPUHIUIE JOCTATOYHO, YTOOBI 3apsUTh aKKyMYJSTODbI
anexTpomobmis Tesla Model S. YcranoBka npopaGoraia
422 daca, BbIpabateiBas B cpexem 4,4 xBt, mpexae dem
Obla BO3BpamieHa B J1a0opaTopuio JUIsl aHalu3a |
JIeMOHCTpAIKK. XOTs MO yIeIbHBIM MTOKAa3aTeIsIM YCTAaHOBKA
R32 3naumrensHO ycTynmaerT NpUBENEHHBIM BBIIIE, HHPMY
MOXET OXHIAaTh YCIEeX, MOCKOJIbKY OHA HaMepeBaeTCs
MpOJIaBaTh HE WX, 4 SHEPIHUIO, a TAKKE OJarogapsi MOIIHOM
pexname[Wall Street Journal, 16.05. 2019].

Takum 00pa3oM, JIHIIb HAJIUYHEM MOIIHOTO
aJIMUHHUCTPATUBHOTO pecypca TOIIMBHO-3HEPI€THYECKOTO
KOMIUIEKCA  BKyNe  C  KOHCEPBATHBHOM  YacThIO
«aKaJIEeMUUECKON» HAYKHMMOXHO OOBSICHUTH OTCYTCTBHE
LIMPOKOTOUCIIONB30BaHUsl ~ T'€HEPaTopoB  «CBOOOAHOM»

1 ) HasBanue OTpaxa€T COY€TaHHuE B JIBUTraTEIIC
JABUXXCHUSA C «KJIOHUPOBAHUEM>» MAarHUTHOI'O I1OJIA.

OUKIHYICCKOTO

© 2021 Global Journals

sHepruu. [loaToMy Xouercss BBIpa3UTh HAAEXKIY, 4UTO
MIPEANIPUHITOE TEOPETUIECKOE OOOCHOBAHHE PEATbHOCTH
CO3JaHUs SHEProyCTaHOBOK, HCTIONIB3YFOIINX
IbTEPHATHBHBIE CYIIECTBYIOLUIMM IIOJIEBBIE HCTOYHHKH
9HEPruM, KOTOpPhIE HMEIOTCS B JIIOOOM TOUYKE IUIAHETHI,
MOBJIMSICT Ha BHIOOP IyTEH pa3BUTHUS SHEPIETHKH MHPA.

VIII. SaknoueHue.
1. CymecTByromiee AejeHHe MaTepUH a BEIIECTBO M TOJIE
HECOCTOSITENIBHO, ~ TOCKOJBKY — TOJIST  (CKaJspHBIE,

BEKTOPHBIC W TCH30PHBIC) HUMCIOTCS W B BEIICCTBE.
Boree ajeKBaTHBIM SIBJISAETCS JCICHHWS MaTepUH Ha
BEIIECTBO M MPE/BEUIECTBO KaK Ha JUCKPETHYIO H
KOHTHHYAJIbHYIO, KOHJICHCUPOBaHHYIO u
HEKOHJICHCHPOBAaHHYIO, OapHOHHYI0O W HEOapHOHHYIO,
CTPYKTYPHUPOBAHHYIO " HECTPYKTYPUPOBaHHYIO,
HaOI0OAaeMyI0 B HeHaOIF01aeMyI0 CyOCTaHIIHIO.

2. TlepBUuHBIM cJEIyeT CYMTATh I'PABUTALMOHHOE IOJIC,

KOTOpO€ B3aMMOJICHCTBYET €O BCeMH (opMamu
BEILECTBA HE3aBHCUMO OT WX CTPYKTYpHI, 3apsjaa H
(GbopMBI  ABWKEHHS, M  SBISETCS  HENPEMEHHBIM

KOMIIOHCHTOM JIF0OOW MaTepuallbHOW CHUCTEMBI. Bce
JIpyrue TMojsl SBJSIIOTCS MPOAYKTOM KOHICHCAIUU
MpeBeniecTBa KaKk MaTepuajJbHOrO0 HOCHUTENS 3TOTO
MOJISl ¥ MOTOMY HE 00JIaZIat0T BCEW COBOKYITHOCTBIO €T
CBOMCTB. DTO BBIHY)KJIQ€T CUMTATh UX PA3HOBUIHOCTHIO
TPaBUTALIMOHHOIO  MOJS  UII  COOTBETCTBYIOLIETO
SHEPrOHOCUTEIS.

3. HeomHOPOTHOCTh TPABUTALMOHHOTO TOJS KaK MOJSA
IJIOTHOCTH TPEABEIIECTBA MOPOXKAAET B HEM CTOSIUKE
aBTOKOJICOAaHWs, KHHETHYECKas DJHEPTUs KOTOPHBIX
MakCHUMajlbHa M paBHAa  IMPOU3BEIEHUIO  MAaccChl
M ,BoBjI€YEHHON B 3TO ABMKCHHE MATEPHH Ha KBaipaT
CKOPOCTH CBeTa c2. DTa JETKO TpeBpaTUMas dacTh
SHEPTrUM W JIeNlaeT  MNPEABEHIECTBO  MCTUHHBIM
«TOIUIMBOM>» BceneHHoH, a mpoliecc ero KOHACHCALUH -
MPUYHUHON BCEX MPOTEKAIOIINUX B HEH MPOIIECCOB.

4. BxirodeHne — mpenBemiecTBA  KaK — HEMPEMEHHOTO
KOMIIOHEHTa J000 MaTepuanibHOW CHUCTEMBI B 3aKOH
coxpaHeHHs €€ OHEpPruu I[O3BOJISIET M3y4yaThb €ro
CBOICTBA TEMH K€ METOJAaMH, YTO U OOBIYHOE
BelIeCTBO. Takoi MOAXOA BCKPBHIBA€T €IUHCTBO
3aKOHOB IIepeHoca M TNpeoOpa3oBaHus JIIOOBIX (OpM
SHEpPruU, WX CHeNU(UKY U B3aUMOCBS3b, MO3BOJISIS
MOJIYYUTH PSI/i MPUHIIUIHAIBEHO BaKHBIX CIIEICTBUM.

5. OpHUM U3 TakWX CICICTBHH SBISICTCS HaJUYHC HE
TOJIBKO CHJIOBBIX IIOJICH, HO U IOJeH KX MOMEHTOB. DTO
JIeNaeT JFOObIC TMOJS HEMOTCHIMAIbHBIMY, BBIHYXIast
BBIJCNATh  MX  KUHETHYECKYI0  COCTaBIIIOLIYIO,
CBA3aHHYIO C YIOPSIOYEHHBIM M HEYNOPSIOYEHHBIM
JIBHOKEHUEM ux sHeproHocurens. Hapsany co
CKaJISIPHBIMU BEKTOPHBIMU U TE€H30PHBIMH IOJISIMU KaK
¢GbyHKIIAMUT pacnpeneneus COOTBETCTBYIOLINX
BEJIMYMH B MPOCTPAHCTBE CYILIECTBYIOT CHJIOBBIE MOJIS
U TIOJISI UX MOMEHTOB, YTO BBIHYXJAa€T paccMaTpUBaTh
rmocieHrue KaK OO0JacTh MPOCTPAHCTBA, B KOTOPOM
00HAPY>KUBAOTCSI 3TH CUJIBI 1 MOMCHTHI.



10.

11.

Vuér KoJsiebaTenbHON (opMEI JBIDKEHUS
SHEPrOHOCHUTENS B 3aKOHE COXPAaHEHUS JHEPTUH
MO3BOJIIET NPHUAATh €My YHHBEPCAIbHYIO (opMy,
COJICPIKAI[yl0 BCE OCHOBHBIE BEIUYUHBI, KOTOPBIMH
omepupyeT nMobas (yHIaMEHTanbHas TUCIHIUIMHA, |
CHpaBEUTUBYIO JJISI CHCTEM C JTIOOBIM KOHEUHBI YHCIIOM
CTENICHEH CBOOOABI M CO BCEMH KaTETOPUSMH
MIPOLIECCOB.

U3 sueprogmHamMuyueckoi (popMbl 3aKOHA COXpaHCHHS
SHEPTUM B BHAE TOXIECTBA CIEXyeT, YTO JIIOObIC
CWJIOBBIE  TIOJII ~ TOPOXJAEHBI ~ HE  HAJINYUEM
9HEPrOHOCHUTENeH (Macc, 3apsioB U MX HMITYJIbCOB), a
HMX HEPaBHOMEPHBIM PACIPEACICHUEM B IMPOCTPAHCTBE.
IIpu »sTOM  cmia  ompenensercss  IpaJUEHTOM
COOTBETCTBYIOIICH (DOPMBI SHEPTHH, a HANMPSHKEHHOCTD
mo00ro  CWJIOBOTO  TOJII —  TPAJUMEHTOM  €ro
MOTEHIIUANA.

BriTekaronuii M3 3TOro TOXKAECTBA E€IUHBIIA METOJ
HaXOXACHUA CUJI U MOMCHTOB KaK HNPOU3BOJAHBIX OT
OHCPIuu BCKPBIBACT CIUHCTBO IIpUpo bl BCEX
B3aUMOJECHCTBUM, KOTOpas ONPEACISETCS XapaKTepoM
JIBIDKCHHUS SHEPTOHOCHTES, @ HE ero crennpuKoi. 1o
JIeTIaeT 11eJIeco00pa3HBIM JIeJICHHE B3aMMOJICHCTBUN He
Ha CWIbHBIE WM Ci1a0ble, JJIEKTPOMAarHUTHBIE H
TPaBUTAIMOHHBIE, a 110 €TO MOCIEACTBHAM, T. €. 110 TeM
W3MEHEHHSAM COCTOSTHHS, KOTOPOE OHO BBI3BIBAET
(monsipu3aliMOHHOE, BpallaTelbHOE, KolebaTenbHoe,
OPHEHTALOHHOE U T. 11.).

JeiictBue cui TIpaBUTALUM CBOAUTCS K CO3JIQHUIO
HEOJHOPOAHOTO pacHpesiesieHus Macc, T. €. K HuX
nomsgpuzaud.  OCHOBHOW 3aKOH T'paBUTALMM  JUIA
cirydas KOHTHHYaJIbHBIX cpen cienyer
HETIOCPEICTBEHHO W3 3aKOHAa COXPAHEHHS DJHEPTHH.
CormacHo cEMy, TpaBUTAIITMOHHBICCUJIBL
MpONMOPIHUOHAIIBHBI TpaaruCHTy IIJIOTHOCTH
MpCABCIIECTBA. OT0T 3aKOH MPUHIUIINAIBHO
OTINYAeTCS OT HBPIOTOHOBCKOTO CYIIECTBOBAaHHEM CHII
KaK TPUTAKECHHUA, TaK W OTTAJIKHBAHUA, a TaKXKE
TPaBUTAIIMUOHHOI'O  PaBHOBECHA. 9T10 KapaAuHAJIbHO
U3MCHACT HaAIOW B3MJAbl Ha CYIIECTBO MHOTUX
HaOJII0JaEMBIX SIBIICHHH.

IMoneBas (Gnu3koneiicTBytomas) (opma 3aKOHOBIIO-

JSIPU3ALMOHHOTO  B3aWMOJCWCTBHs (B TOM  4HCIe
3akoHa  KyllOHA)sBJSIOTCST ~ YacTHBIM  CIydaem
YHHUBEPCATBHOTO 3aKOHAa B3aMMOJEHCTBHA, KOTOpas

JIOITyCKaeT KaK MPUTHKEHUE, TaK U OTTAJIKUBAHHUE M HE
TpeOyeT OECKOHEUHON CKOPOCTH €ro PaclpoCTpaHEeHHS.
Takas Qopma He3aMeHWMa TaM, TA€ HEBO3MOXKHO
BBIJICNIATH «I10JIC00pa3yromIne» 1 «[poOHbIe» Tea.

BuronsHbIi 3aKOH TPaBUTAIIMA BHOCUT CYIIECTBEHHEIC
KOPPEKTHBE B CYIIECTBYIONINE IIPEACTABICHUSI O
SIEPHBIX, JIEKTPOMAaTrHUTHBIX U T. . B3aUMOJCHCTBHUH,
Jenas  W3JMIIHEM ~ BBIJCJIICHHE B MakKpO(H3UKe
CHIILHOTO U cJaboro B3aWMOJCHCTBHUS, BBCICHUC
YaCTHUI[ U IOJIIOCOB PA3HOTO 3HAKa BKYIE C MOHSITHS
«TEMHOI» PHEPTUH, JyaJIU3M «BOJIHA-4ACTUIA», TOHKAN

12

13.

14.

15.

OamaHc  pPa3HOPOIHBIX

YCTOHYHUBOCTH M T. 1., U T. II.
KonuuectBo »sHeprum, nepenaBaeMoil BELIECTBEHHBIM
KOMIIOHEHTaM CHCTEMBI pH KOHJICHCAIIH
MpeIBEIIECTBA, HAMHOTO IMPEBBIMIAET €€ 3aTpaThl HA UX
CHUHTE3 U YYacTUB B COBEPLICHUU BHEIIHEH paboThl,
TaK 4YTO 3HAUYUUTCJIbHAs 4YaCTbh €r0 BBIACIACTCA B BHUIC
Teljla M Pa3HOro poJa DdJICKTPOMArHUTHBIX U
HE3JICKTPOMAarHUTHBIX ~ HM3JIy4eHHH. OTy  TemioTy
OIHO0YHO [IPUHUMAIOT 3a SHEPTUIO
CaMOTIPOM3BOJILHOTO  «TOPSIYET0» W «XOJOJHOT0»
CHHTE3a, YTO HE TOJBKO MCKaKaeT POJIb TpEIBEIICCTBA
KaK HCTHHHOI'O «TOIIMBA 3BE31» M HMCTOYHHUKA
«CBEPXEAMHUYHO» MOIIHOCTH, HO H BJIEYET 3a coOOi

CHII Kak TapaHTHUIO

Oe3Han&XHBIE ¥  JOPOTOCTOSIIME TOMBITKH  €r0
UCIIONIb30BAaHUA B KauecTBE  CAMOCTOSTEIHHOTO
MCTOYHHKA HEPTHH.

BrlTekaromass M3 3aKOHa  COXPAaHEHHMS  DHEPTUH
B3aUMOIIPEBPATUMOCTD Pas3INIHBIX ed ¢dopm
BBIPa’KaeTCsIB YHHBEpCaIbHON B3aMMOCBSI3U
HalpspKEHHOCTEH W WMITyJbCOB  Pa3HOPOIHBIX
MOJIeH,Ha3BaHHONH A1 KPAaTKOCTH  «IIPHUHIUIIOM
B3auMHOCTH».  ClencTBHeM  3TOH  B3aHMOCBSA3H
ABJISIOTCSI  M3BECTHBIE  COOTHOIICHUS  B3aWMHOCTH

On3arepa W MakKCBEJUIONIOJOOHbIE YpaBHEHUS LIS
TpaBUTAIITUOHHBIX, QJICKTPOMAroMTHBIX,aKyCTO-
ONTHYECKUX W JIOOBIX JPYyruX TOJeH, KOTOpHIe
OOBSCHSIOTMHOTHE SIBIICHUSI B OKPYXKAIOIIEM HAC MHUPE
MOJICKAa3bIBal0 HOBBIE IYTH CO3JaHHUS HEPEaKTUBHOW
TATH B Pa3JIMYHBIX MOJAX.

CBOWCTBEHHBII HYHEProJMHAMUKE ACTYKTUBHBIM METO]
uccienoBanusi (0T OOLIEr0 K YacTHOMY) BCKpBIBaeT
€MHCTBO 3aKOHOB TIpeoOpa3oBaHus JIIOOBIX (GopMm
SHEPTWH, YTO MPOSBISIETCS HAWIYyYIINM 00pa3oM B
TEOpHH 1Mo00us YHEProycTaHoBOK. OHA yCTaHABINBAET
YHHUBEPCAIHHYIO 3aBHCHMOCTD KIT mo60ro
npeoOpa3oBaTeNsi SHEPTHH OT PEeXuMa PabdOTHI M €ro
KOHCTPYKTHBHOTO COBEPIICHCTBA, YTO CYIIECTBCHHO
JOTIONHSACT pPe3yJbTaTHl WX TEPMOAWHA-MHUYECKOTO
aHaM3a.

OTOT aHaNM3 BBIABISIET HAIMYHAE ANbTEPHATHBHBIX
M3BECTHBIM TIOJIEBBIX HCTOYHHKOB BO300HOBISIEMOI
9HEPrUH,JOCTYIHBIX KaXJOMY I0JIb30BaTENIO0 B JII000i
TOYKE Hallledl IUIaHeThl. DTO JeNaeT SKOHOMHUYECKH
BBITOJIHBIM CO3JlaHHnE JELIEHTPAIN30BaHHbBIX
6eCTOHHI/IBHbIX TEeHEPA-TOPOBIJIA Ipous3BOACTBA U
MIPOJIAXKU DIIEKTPOIHEPTHU Yepe3 JIEKTPUUYECKUE CETH,
HE TOXKHNJasaCh CMCHBI IMapaJurMbl €CTCCTBO3HAHUS.
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Application of the Ontology of Activity in the
Automation of Decision-Making Processes in
Crisis Management of Organizations

A Nikiforov * & S Smyk °

Abstract- Crisis management, or, in other words, management
in the "strong" maneuver mode, refers to the most complex
types of organizational management. The large dimensionality
of decision-making tasks coupled with a shortage of time put
forward an urgent need to automate crisis management
procedures. However, such features of crisis management as:
weak structuring of the tasks to be solved due to their
uniqueness, uncertainty of conditions, volatility of goals
(aspects) of management - serve as an obstacle to
automation. The ontological approach offers a number of
advantages with solutions and problems of crisis management
automation. Applying the activity ontology to organizational
multi-aspect management, one expands significantly the
application field of formalized methods. It makes alternatives
more detailed. The activity factors of performers and multiple
aspects of management can be taken into account. In the
article, we discuss a novel approach to decision-making
process in organizational management. The process of
forming decision-making alternatives is interpreted as a
threefold grouping of the activity ontology elements at discrete
moments time. A method of distributed formation of the
ontological networkdescribedwhich puts its elements in
groups using expert methods while ordering its alternatives by
particular criteria.Such method usually implemented in
practical design of corporate automated control systems. As a
result, we formulated the tasks for scientific research
concerned with development of scientific and methodological
apparatus of crisis management. These are: the formation of
decision-making spaces (sets of alternatives) that are invariant
to aspects of management; specification of characteristics for
these invariants (alternatives) based on ontology elements;and
reconfiguration of the whole order of operations depending on
required aspect of management. Approaches to solving the
formulated tasks are shown.

Keywords: Crisis management, organizational
management, aspect of control, decision-makingspace,
procedural regulations, the ontology of activity, tensor of
network transformation, design of procedural regulations,
decision-making process.

[.  INTRODUCTION

n management of organizations (corporations, military
forces),decision-making process is the most
important element, upon which the final efficiency of
the organization's functioning rests. The tasks solved by
the leader (commander) in the act of making a decision

Author o o: Kharkov National University Air Force, Ukraine.
e-mail: aleksey.nikiforov.62@gmail.com

are extremely complex. Particularly difficult for practical
implementation are the problems of organizational
management, especially when "strong" maneuversare
carried out, or put in other words, when crisis
management is involved.

Only few managers out of many possess the
necessary skill sets to carry out this kind of
management. Such specialists are usually singled out
and put in separate category called "crisis managers".
The main challenges of crisis management are:

- Weak structuring of the task being solved, which is
solved for the first time every time, every task being
unique;

- Large dimensionality of the problem;

- Weak studid (at the beginning of the decision-
making process) intra-system relationships, which
must be taken into account when predicting the
consequences of decisions made.

The ultimate goal of the process of developing
a solution of managing an organization for carrying out
any maneuver is: forming a list of tasks for departments;
determination of the time and order of fulfillment of the
assigned tasks; distribution of available resources by
tasks (departments); establishment of the order of
functioning of divisions in solving the tasks assigned to
them. In terms of the degree of detail, the developed
solution covers two lower hierarchical levels of the
considered control system. That is, the decision is being
worked out right down to the workshop (subdivision) , a
separate production, a separate workshop (combat
crew, crew) . In this case, as a rule, the factor of
personification is taken into account ( personal interests
(preferences) and the capabilities (competence) of
performers).

An additional difficulty of organizational
management is caused by the fact that the above
decision parameters, as a rule, are determined on the
basis of a one-time (one-step) management procedure
by the decision-maker (DM). Such techniques, for
example, as a step-by-step approximation to the desired
result by solving a sequence (cascade) of extreme
problems, in most cases are not applicable. All
constituents of a solution are highly interdependent. It is
impossible to vary any particular part of the system by
freezing its environment. The decision is made at once
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on all aspects, in the entirety of the presentation of
management processes.

Thus, organizational management , carried out
in the mode of "strong" maneuver (crisis management) ,
has a number of problems associated with the
impossibility of theoretical elaboration of decision-
making tasks in advance and their multidimensionality.
One possible method of solving these problems
protrusion is automated crisis management processes.
This determines the relevance of the scientific task of
implementing a formalized representation of such
management processes.

The first significant attempts to conduct
coordinated management of large organizations (the
economy of the state) on a scientific basis were
undertaken more than 100 years ago. These attempts
include the GOELRO plan (1920) [1] and inter-sectoral
balance model by V.V. Leontiev [2]. The plan provided
for the implementation of a "strong" maneuver for the
development of the entire country on the basis of
building inter-sectoral  balances  "production -
consumption”. The bottlenecks of this approach were:

- The impossibility of providing the necessary degree
of detail of the formed management. Inter-branch
balances did not allow to go down to the level of
individual enterprises;

- The impossibility of forming management taking into
account the activity of the behavior of economic
subjects (market relations).

The third bottleneck, unobvious at the time, was
the lack of adaptability of models and methods to multi-
aspect management in conditions of initial uncertainty.

In the future, the development of models and
methods of organizational management, including in
crisis management modes, took place in these three
areas: detailing, taking into account the factor of activity
(subjectivity) of performers and adaptation.

The improvement of mathematical models in
order to increase their detailing and expand the area of
formalized description is associated with L.V,
Kantorovich [3]. He proposed a universal method for
optimal management of industry (enterprise) - the
method of linear programming. This made it possible to
expand the scope of the formalized description of
processes of organizational management, covering the
local level (the level of enterprises). In essence, the
results obtained by Kantorovich represented a
mathematical  apparatus  for  optimal  resource
management at the local level. However, the proposed
approach was efficient under the conditions of repetitive
typical cycles of operation. Crisis management regimes
involving the introduction of external input into the model
of its structure, had been remained an unsolved
problem. In [4] - [6], decision-making models based on
mathematical programming methods were further
developed. The main problem here was the formation of

© 2021 Global Journals

optimality criteria that would correctly reflect the
management goals. S. Optner suggested using the
methods of systems analysis for this purpose.
Development problems (management goals) were
formalized in the form a difference of vector defined in
the decision-making space [7]. Taking into account [7],
a system of planning, programming, budgeting (PPB)
(program-target management) of the defense sector
was developed [8], [9]. Here, hed been a sufficient
degree of detailing of the decisions made in terms of the
allocation of limited resources has been achieved.
However, the question of the formation of the decision-
making space, the evolutionary change of this space,
subject to the continuity of the decision-making
procedures used, remained open.

The direction of improving methods and models
of decision-making, which is associated with taking into
account the active behavior of performers, is presented
in the works of N.D. Kondratyev.In [10] and [11] he
formulated the main provisions for an indicative method
of managing a multi-structure economy (multi-agent
system). Kondratyev's approaches were developed by
K. Landauer in [12] and formed the basis for systems of
market economy management [13]. The results
obtained in these works were, to a greater extent, the
character of a set of some rules, empirical proportions.
They lacked systems of mathematical models suitable
for a formalized description of management
procedures.Theoretical studies that set out a formalized
description were presented in the works of: V.N. Burkov
[14] on the theory of active systems; Yu B. Germeier and
[15] on the theory of hierarchical games; J. Nash [16] ,
J. von Neumann and O. Morgenstern [17] on the study
of equilibrium states of coalition-free interaction of
economic entities. The theory of active systems has
become a practical application of game theory. Here,
models mechanisms of organizational management
were proposed that could be practically implemented
and which made it possible to describe decision-making
procedures as hierarchical problems of allocating
limited resources with distributed formation of initial data
[18].With the proximity of the models of the theory of
active systems to the actually existing processes of
organizational management, nevertheless, it should be
noted the insufficient level of their adaptability in the
conditions of multi-aspect management.The same
disadvantage is inherent in the information theory of
hierarchical systems [19], [20].Here, the activity of
performers and the hierarchical nature of control
systems are taken into account by means of a system of
hierarchically subordinate optimization problems, which
are repeatedly solved in the process of iterative
procedure of forming a general solution [21]. In order to
achieve the flexibility of models that take into account
the active behavior of performers, the theory of multi-
agent systems has been applied since the late 80s of
the last century [22] . Multi-agent models combine



graph theory and optimal control theory and allow
simulating complex interactions of subjects with a
relatively simple formalized representation of their
behavioral reactions [23].The bottleneck of this method
is the degree of adequacy of the representation of the
behavioral reactions of the subjects (management
bodies). To overcome this difficulty, the complex
behavior of subjects in multi - agent systems is
described in the form of an activity ontology (a network
of needs and opportunities) [24], [25]. The main
difficulty in the dissemination of the ontological
approach is: the need for significant restructuring and
networks of needs and opportunities coupled with
adding their own target attitudes on the part of
subordinate decision-making centers.

The third direction — is adaptability in conditions
of multiple aspects and uncertainty of management.
This direction is presented in the works, in which are
presented: methods of forming a full space decision-
making; procedures for constructing a system of metrics
that are invariant to aspects of management; processes
for the development of procedures for the synthesis of
structures (networks) with established properties. V.A.
Bazarov-Rudnevs works from 1924 to 1928 were
devoted to methods of forming decision-making space
[24]. Later, when developing the concepts of situational
and strategic management, the scientific results of
Bazarov-Rudnev found their development in the
methods of designing the space of hypothetical future
states (worlds) when developing strategic goals for the
development of the US military forces [27], [28]. The
disadvantage of this method was the arbitrariness in
determining the initial set of parameters of the decision-
making space. In [29], a procedure (categorical
analysis) was proposed that allows one to introduce
some formalism into this element. By combining
elements of categorical pairs, the relative completeness
of the analysis of the decision-making space was
ensured. Also in [29], an approach is proposed for the
formation of a system of metrics for complex
management objects. These metrics is derivatives of
power, and are invariant to changes of management
aspects. Unfortunately, the proposed approaches have
not yet found wide practical application. G. Kron [30]
proposed a method for synthesizing networks
(structures) with given properties using transformation
tensors formed according to certain criteria. Crohn and
his followers noted the great potential of tensor
transformations in the design of organizational
management systems. In [31], a method was proposed
for the synthesis of structures based on the use of
theoretical-system constructs [32] and the apparatus of
steps of the multitude [33]. In fact, a mechanism was
proposed for the automated (automatic) transformation
of procedural regulations for the work of organizations in
the context of changes in aspects management. In [34],
the application of the apparatus of of steps of the

multitude in the design of ACS is considered In [35], the
application of both the apparatus of steps of the
multitude and libraries of constructs in the design of an
automated control system for the security of subjects in
the military-political and socio-economic spheres is
considered. Theoretical developments [35] formed the
basis for the preliminary design of the automated control
system for the national defense of the Russian
Federation, which was adopted for service
2013.Methods  for the conceptual design of
organizational management systems have not yet
become widespread in the theory and practice of
organizational management due to the relatively high
degree of novelty of approaches.

This article is devoted to solving the problem of
detailing the decisions made and adapting
organizational management systems. Here, an
approach is considered for a formalized description of
the decision-making process for the crisis management
of an organization based on the ontology of its activities.
The use of an ontological network gives advantages
both in solving problems of detailed representation of
the decisions made, and in adapting them to changes in
the target and parametric space of multi-aspect control.

The content of the ontology of the organization's
activity and the method of its formation are considered.

Scientific  tasks for the development of
mathematical models and methods for solving the
problem of automation of crisis multi-aspect
management of organizations are formulated.

[I. THE CONTENT OF THE DECISIONS MADE
AND THE ONTOLOGY OF ACTIVITY

One of the features of organizational
management, which determines the structure and
content of decisions that are made, is the property of
hierarchy [18].

As a rule, when considering management
processes, three hierarchical levels are distinguished:
the level of the corporation and the development goals
of the corporation; the level of the subjects of the
corporation (enterprises) and the tasks that are solved in
certain areas of corporate activity; the level of specific
performers (departments) and tasks, of algorithms for
solving these tasks, of resources that are used in
individual subjects of the corporation. Such a three-link
structure of the control system corresponds to the
provisions of the theory of viable systems by S. Bir [36],
as well as the hierarchy of criteria for assessing the
quality of a chess game, which was proposed by M.M.
Botvinnik [37].The figure clearly shows the target
hierarchy according to Botvinnik (fig. 1) in the form of: 1
— lower link (action of individual chess pieces), 2 —
middle link (action of groups (combinations) of pieces)
and 3 — higher link (chess position as a whole).
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Figure 1: Interrelation of objective functions in three-link control according to M.M. Botvinnik

Decisions, which are taken in the three-link
control system, have a hierarchical structure, similar to
the scheme shown in fig. 1. The structure of the formed

decision is represented as a hierarchically nested
network diagram [38] (fig. 2).

Figure 2. Solution structure

The upper (third) hierarchical level is
represented by actions, A, i=1, ..., H, which reveal the
concept of an organizational maneuver (operation). In
general, the concept represents a certain structure,
which unfolds in time.The middle (second) level is
represented by actions that detail the concept,B;;,
i=1,...,H, j=1,..., N. These are the tasks of individual
subjects of the corporation, enterprises, and unit. The
lower (first) level is the actions of individual performers,
individual technical complexes, stages of performing

individual tasks of the second level, C;;, i=1, ..., H,
j:1, ,N/‘, k:1, 'M/,/" Hel’e H, N/‘, M‘;/" /:1, ,H,
/=1, ..., N, - the number of actions that make up the

concept, the i -th action of the second level and the ij -th
action of the first level, respectively.

The edges of the network diagram (fig. 2)
establish the order of execution in time of the actions
that are planned. The sequence of actions is established
on the basis of links between the actions of the lower
(first) level.

The generated action plan, which is presented
in the form of a network diagram (fig. 2), can be written
as a double boolean of the set of binary relations of the

actions of the concept A, i=1,...,H and of discrete
moments of time t,, =1, ..., T
P=PPAxA)xt), (M

where P — is the generated solution (plan).

© 2021 Global Journals

In turn, each action of the concept is a double
boolean of binary relations of actions of the second level
and discrete moments of time

A=PP(B xB) xt). ©)

For actions of the second level, by analogy with
(1) and (2), we can write

B=P@P({xC)xt). (3)

Taking into account (1) - (3), the formed solution
can be written as:

P=PPP(P(CXC)Xt). (4)

Boolean of binary relations of actions of the first
level (stages or elements of performing tasks of the
subjects of the corporation, actions of individual
performers and technical complexes), P (C x C), is the
ontology of the organization's activities.

Thus, the decision-making process looks like a
threefold grouping of ontology elements and discrete
moments of time. That is, speaking about the formalized
representation of the processes of crisis management of
organizations, it is necessary to single out the tasks:
development of procedures for grouping elements of
ontology, as well as - synthesis, in fact, of the
ontological network.

The procedures for grouping the elements of
ontology cannot be considered separately from the



methods of their synthesis. At the moment, only expert
methods for the synthesis of alternative solutions have
been implemented, where separate procedures for the
quantitative assessment of characteristics are used.

Nevertheless, starting from empirical methods of
decision-making, it is possible to approach the
construction of mathematical models of crisis

management.

[11. DISTRIBUTED METHOD OF FORMING THE
ONTOLOGY OF THE ORGANIZATION'S
ACTIVITIES WHEN PREPARING A SOLUTION

Ontology activity of the organization is
presented as a course e set of discrete alternatives.
Alternatives are formed for a given decision-making
space and are evaluated using indicators (criteria)
defined in this space. The difficulty in forming such an
ontology is the dependence of the content and structure
of its elements on the decision-making space. That is,
the ontology of activity should be created for a specific
managerial case.

To solve the problem of forming an activity
ontology that would take into account the peculiarities of
specific situations of crisis management, one should
use the procedures for transforming the initial
(degenerate or invariant to the decision-making space)

ontology for a specific space (specific aspect) of
management.

Despite the undoubted attractiveness of this
approach, unfortunately, its practical implementation still
remains an unsolved problem that requires additional
theoretical research. At this stage, when designing
automated organizational management systems, the
method of early formation of ontologies for the
established classification of managerial situations is
used, as well as methods of accelerating the processes
of filling a variety of alternatives through the use of
automation tools.

So, for example, in [38] a method is described
for the distributed formation of alternative options for the
functioning of an organization for given goals and
conditions of use. Due to the implementation of a
distributed process of work of experts (of performers
preparing proposals (initial data) for the decision to be
made), an acceptable speed of preparation and
satisfactory detailing of decisions were ensured. To
ensure consistency in the work is, performers, preparing
options for proposals th at a decision, has been used
mechanism of dispatching automated procedures
variable of data preparation. The essence of the
dispatcher's work when controlling the process of
variable solution of informational -computational tasks is
illustrated in fig. 3.

Operator 1 Operator 2 Operator 3 Operator 4
‘ 3: ,31 ju 3:
i 0> 1 E
Var. 1
Procedure 1 .| Procedure 2 Var.1 .| Procedure 3 Var- 1 Iprocedure4| Var.1 .
! X11 = Xo1 = X310 X Xa1
Offer Options
[ Options 1 ]
Var. 2 Procedure 4| Var.2 | X115 X215 X315 Xa1
» X »>
Xs2 ! Xa2 Options 2
X115 X215 X325 Xa2
Options 3
Var.2 [Procedure3| Var.-3 |procedure4| Var.3 _ [ X115 Xl:,z; X35 Xa3 ]
X2 X3 X33 Xa Xa3
Options 4
1,0 X225 Xaa5 Xaa
Var.4 |Procedure4| Var.4
X34 X Xaa
Single execution of Double execution of Two double executions |Four single executions
procedure 1 procedure 2 for one of procedure 3 for two |of procedure 4 for four
variant of the initial variants of the initial variants of initial data
data data

Figure 3: The essence of the dispatcher's work in the distributed solution of information - computational tasks for the
preparation of options for proposals in the solution
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The dispatcher's task was to form sets of initial
data for information- calculation procedures, solved in
an established logical sequence, in order to determine
the parameters of the order of using the subdivisions
and means organizational. Each of the tasks under
consideration formed its own set (its own vector) of
functioning (state) parameters.

The prepared versions of proposals were
ordered in a certain way for subsequent decision-
making by the senior boss. Ordering alternatives was
carried out on the basis of partial criteria defined on
parametric space of the decision-making (fig. 4).

Each alternative comprises all best (for the set
conditions) the order of application entities of the means
of the subdivisions, U, and where in the implemented
parameters state, X. The quality of the proposed
alternative was assessed by the level of efficiency on the
private aspect of management, W (X, U). The specified
conditions were: resource provision and established

norms (prescriptions) on use the subdivisions of
organization.

Generating the structure of alternative options
was did according to the levels of resource
provision R$™,s =1,2,...,S, where S - is the number of
introduced levels of resource provision, and the levels of
utility (compliance) of the established norms (rules) with
the goals and objectives being solved, Q; (X,U) = 0,j =
1,2,..,], where Q;(X,U) is some function (most often
implicitly specified) of the equivalent replacement of the
undertaken actions to ensure the j -th level of utility; J -
the number of levels of utility of the established norms.
The generated structure of alternatives was set on a grid
with dimensions S xJ. For each sj-th node of this
network performers offerid such a procedure for
application of the means, Us(R§",0Q;), f=1,2,..,
(SxJ), and realized such state parameters, X;(Uy),
f=12,..,(58%x]J), which maximizes levels their
effectiveness, W;.
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Figure 4: Arrangement of alternatives by partialcriteria

The formed set of alternatives in dimension
S x Jwas used to support the decision-making of the
senior chief in a dynamic environment, with situational
management. The ordered presentation of alternatives
made it possible not to carry out a complete
enumeration of the formed set of alternative options
when solving the problems of synthesis (adjustment) of
the plan for use the subdivisions and resources of
organization.

In the general case, the procedure for
combining variants of the lower hierarchical level into an
alternative for the senior management level was
presented as a procedure for the allocation of limited
resources. After the formation of the list of alternative
options for performing the previously set tasks, a search
was made for such a combination of alternatives for the

© 2021 Global Journals

functioning of subordinate units, which should ensure
the maximum result (maximum quality) of the
functioning of the system of the senior hierarchical level
while maintaining resource constraints and norms (rules)
of functioning.

The advantage of the described method of
forming alternate embodiments of functioning (activities
ontology) organization is the fact that the content of the
formed alternatives does not contradict the local criteria
of utility (success), which are used by junior managers,
and meets their current capabilities.

Described mechanism control should reled to
methods of decision-making process with the counter
way of collecting initial data [14] (fig. 5). The figure
shows that at the first stage, the senior boss sets
preliminary tasks, formulates in enlarged form what he



would like to receive from lower-level entities as
suggestions when implementing the planned maneuver
of the organization. At the second stage, the executors
prepare alternative proposals in the decision of the
senior boss. At the third stage, a decision is made: the
consolidation (selection) of the method of functioning
and the level of resource provision for subjects of the
subordinate level on the basis of the presented set of
alternative proposals. This decision-making mechanism
is widely represented in the practice of organizational
management.lt is for this reason that he was taken into
service in the design of the ACS described in [38].

As disadvantages of the approach [38], it
should be noted that the aspects of management or the
space of decision making are invariant . The set of
information-calculation  procedures (fig. 3), the
procedure for generating alternative options, the criteria
for their assessment - for all cases of decision-making
are unchanged . Although, for various aspects of
activity, it is often required to significantly transform the
decision-making space, change the degree of detail of
the mathematical models used, the logical sequence of
calculations, the parameters of the criteria for choosing
alternatives.

General General General
Manager Manager Manager
2\
Preliminary .
instructions: Proposals: Decision (Plan):
_Tasks: - Mode of operation, U; - Tasks;
- Resources RE™ - Status X; - Resources R®"™;
- Norms - Result, W - Plan, X(t), U(t)
N\ N
Executant Executant Executant

Decision making process

)

Figure 5: Decision making with the counter way of collecting initial data

To compensate for these shortcomings
developers of ACS [38] was realizes Ana possibility of
non-automated formed of procedural regulations
decision-making, and also performed maximizing the
completeness of the set of calculation procedures for
the taken into account aspects of management.

l.e, distributed method of forming alternatives
variants (ontology) activity allows to realize managemen
for a priori certain situations - situational management.
The tasks of ontology adaptation when expanding the
list of aspects of management (in the implementation of
management according to certain aspects), at this
stage, cannot be considered solved and require further
research.

IV. TASKS FURTHER SCIENTIFIC RESEARCH

Based on the results obtained on the design of
the ACS of crisis management, the following tasks
should be distinguished for further scientific research.
This is, firstly, the task of transformation of decision-
making space in accordance with the changing aspects
of management. In a secondly, the task of constructing

(change) procedures system, providing a quantitative
assessment of alternatives in a given space. In a thirdly,
the task of synthesizing alternative solutions from
elements of the ontology of activity.

A clearly defined decision-making space allows
formalizing, and therefore automating, such elements of
crisis management as:

- classification of hypothetical states for the
implemented management maneuver, or, in other
words, the generation of variants of alternativesfor
decision-making. For example, if three parameters,
P,, P, and P, (fig.6) are selected as metrics of the
decision-making space, then 27 states of the
control object can be considered (classified) as
hypothetical management situations, if we take a
three-level scale of changes in the parameters P, , i
=1,2,8;

- Quantitative assessment of alternatives when
making a decision. Based on the entered state
parameters, objective functions and management
criteria can be formulated. For example, as a
measure of the vector difference
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Figure 6. Decision space and classification of hypothetical states

A= 3L 0 — x)?, ®)

where x;, x{ - is the realized (actual) and specified value
of the /- th state parameter;
M - the dimension of the decision-making space.

The difficulty, in relation to the construction of
the decision-making space, is to obtain the extremely
generalized characteristics of the description of
hypothetical management situations. These
characteristics should be invariant to changes in
management aspects , and should also allow their
deployment (detailing), taking into account the features
(aspects) of the implemented management maneuver.

Obtaining the most generalized characteristics
for the considered control processes is a non-trivial task
that requires , for its effective solution, a lot of practical
experience in a specific area of activity. So, in the field of
military strategy, A.A. Svechin [39] singled out as such
generalized parameters: space; time; strength (military
strength). For socio-economic systems, P.G. Kuznetsov
in [40], as the maximum generalized characteristics,
considered: power of production, energy production
power; the efficiency of using the manufactured product;
the rate of change of socially necessary time. As can be
seen from the above examples, the extremely
generalized parameters are closely related to such
concepts as: "power", "work performed", "speed of
work", "energy".

It was also noted in [40] that the invariant with
respect to different coordinate systems (a change in
control aspects can be considered as a change in the
used coordinate systems (control spaces)) is power.
The table measures Kuznetsova - Bartini shown there,
the power is represented as a ratio metrics length and
time, raised to the fifth degree L%/T°, the power change -
as the ratio of the length to the fifth power to the time of
the sixth degree, L°/T° , the power transmission rate is

© 2021 Global Journals

the ratio of length and time to the sixth power, L5T°. The
power indices, interpreted in terms of space-time
characteristics, for the mentioned table of measures,
have the highest exponents of the degree to which these
characteristics are raised. This circumstance indicates
that the indicators, which are based on the power factor,
are an invariant under multi-aspect control, they
represent an extremely generalized description of the
decision-making space. Therefore, studies on the
construction of the decision-making spaces should be
in line with the interpretation of the concepts of "power",
‘change of power", "power transfer rate" in relation to
automated de uem second activity. This will make it
possible to form an initial space that is invariant to the
considered aspects of control. Further, it is necessary to
solve the problem of concretization or detailing of
generalized (invariant) indicators for management
according to the established aspect. When
concretization generalized parameters, it is advisable to
use the method of categorical analysis, an example of
using which in relation to the formation of a space of
control for a group of unmanned aerial vehicles is
described in [41].

The construction (reconfiguration) of a system
of computational procedures for a variable decision-
making space is the second task of advanced research,
which is closely related to the first. In a generalized form,
the problem of synthesizing procedural regulations for a
given decision-making space can be formulated as
follows.

Let there be some decision-making space,
which is defined using the generalized parameters P;,
P, and P,;. Pooled parameters detailed in accordance
with the considered management aspect on groups
parameters p; , i = 1, ..., N, and they are - in a group of
parameters q;, j = 1, ..., Q, where N and Q - amount



parameters of the second and first hierarchical levels of
detail, respectively (fig. 7).

On the established parametric groups, a library
of mathematical models (algorithms, procedures) is
defined, which allow expressing some parameters in
terms of others (fig. 7)

M, (X0, X2 T,)=0, m=1,.,M™4 (6

where X1 - a list of parameters that form a subset of their
general structure, which are input data for the m-th
mathematical model;

X2 - a list of parameters that are output data for the
model under consideration (the results of the
procedure);

T,,- vector of time moments characterizing the input and
output of the m -th mathematical model;
M™d - the number of mathematical models in the library.

The task of synthesis of procedural regulation
can be written as the problem of finding the list and the
order of activation of mathematical models according to
the criterion of minimizing the "path" (the number of
computational procedures used) and when the
condition for determining with a given accuracy the
values of parameters from the established list

L(.., M, (X0, X2 T ), ..) = min, 8)

LM xin ey, xin e x* k=1,..,(m—1), (9

X eX*U..UuX*U..UXM™), (10)

where L- is an ordered list of mathematical models
(calculation procedures) selected in the generated
calculation rules. The order of the procedures in the L
list is consistent with the order of their activation;

Subsets of parameters used in different
mathematical models may overlap Y - a list of parameters of the "exit" from the controlled
object (initial data entering the control system);
Xin O X # 0, X - a list of state variables which must be defined for
= (Xn, X2, X, = (X", Xi#), management, according to the aspects taken into
m#k=1,.,M™ (7)  account
That is, the library of mathematical models is
redundant in relation to the considered decision-making
space.
Model 1

IO
_Zh

Model 4

nvl \

@@@@@@@@@@@

odel 6

Figure 7: The initial structure of mathematical models and of parameters of the decision-making space

Task (8) - (9) belongs to the type of assignment
problems. To solve it, well-known algorithms can be
apply to solve problems of this type. Can also be used
the methods tensor transform of networks [30].

To reduce task (8)-(10) to the problem of tensor
transformation of a network, the initial structures of the
models and parameters of the decision-making space
(fig.7) should be interpreted in the form of an electrical
network (fig.8). Mathematical models are represented
here in the form of electrical circuits consisting of nodes

(input and output parameters) and inductances
(laboriousness of procedures for determining unknown
values). Links between nodes can be removed. When
some connections are removed between nodes,
electrical circuits in the network are opened (fig.8). The
corresponding mathematical model (procedure) is
excluded from consideration. The presence or absence
of a bond between pairs of nodes is specified using the
bond tensor. It is necessary to find a tensor of network
connections, at which the specified network properties
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could be achieved. When voltage is applied to the
nodes, a voltage must be set in them, which interprets
the initial data - data that enter the control loop.

The task of synthesizing alternative solutions
from elements of the ontology of activity, the third
problem of prospective research, can also be
considered as an assignment task.The problem of the
large dimensionality of the task leads to the need to use
special  techniques and restrictions for the
implementation of synthesis algorithms, which should
work in an acceptable time frame. In [38], the synthesis
was carried out mainly by the expert method, when the
options for the actions of the subordinate centers were
prepared in a distributed way. The prepared options
were ranked according to the particular criteria
established by the decision maker, taking into account
the restrictions also introduced by the decision maker.

The synthesis of solutions was from the selected variant

of alternatives.
When using the formulation of problem (8) -

(10), it is possible to construct a formalized procedure
for the synthesis of a solution, provided that there are
already formed options for the actions of subordinate
centers.

In the absence formed option s action
subordinate centers, it is necessary to solve the problem
of their synthesis based on the ontology elements
(elements of activity of the first level: the elements
selected technologies, the steps specific tasks, modes
complexes (means), and so on). Using the approach of
tensor transformations of networks, such elements of
the ontology of activity can be represented in the form of
a degenerate or primitive, according to Kron [30], an
electrical network (Fig.9).

Model 1

P3

W V'Vi

Figure 8: The structure of mathematical models and of parameters presented in the form of an electrical network

Each element is interpreted as a set of two
nodes, (C; C), connected by a conductor with
inductance and corresponding impedance, z;. Nodes
are actions (states), detailed down to the first (lower)
hierarchical level of activity. For example, node C; can
be interpreted as the beginning of the takeoff of the
aircraft . The node C;- as the end of the climb to the set
height. Then the element ( the C; ; the C; ) - there is a
process of climb. The impedance, z;;, characterizes the
complexity of the operation to make the transition from
the first to the second state. The impedance of the
element under consideration generally depends on the
direction of the current. There are cases when the
current flow is possible only in one direction. The

© 2021 Global Journals

impedance for the forbidden direction of the current
takes on an infinite value. An instantaneous voltage is
applied to one of the nodes. Depending on the
magnitude of the electric voltage applied to the first
node, as well as on the magnitude of the impedance ,
an instant electric current of a certain strength, /;, arises
in the conductor. A certain instantaneous tension arises
at the second node.
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Figure 9: Degenerate (primitive) electrical network of ontology elements

The task of synthesizing the options for the
actions of subordinate centers is presented as the task
of finding the tensor of connections (transformation) of a
primitive electrical network into a network with given
properties. These properties include:

- Values of instantaneous stresses at installed nodes;
- Sequence of voltage supply to the nodes.

The set of nodes to which voltage should be
applied, and the order in which voltage is applied to
these nodes, are determined on the basis of a
formalized description of the goals and objectives of the
organization. Such a formalized description is possible if
there is a formalized representation of the decision-
making space.

V. CONCLUSION

In this ways, the crisis management has a
number of problems associated with poor structuring
and multifaceted tasks of management. One of the
possible methods for solving these problems is the
automation of management processes. This causes
relevant solutions tasks for the development scientific-
methodological apparatus for designing poliaspekinyh
ACS.

The development of mathematical models and
methods that provide a formalized description of
decision-making processes under conditions of initial
uncertainty (multidimensionality) of management occurs
in three directions: increasing the degree of detail to
practically significant levels; consideration of the factor
of subjectivity of the lower-level decision-making
centers; development of properties of rapid adaptation
of management to changing management aspects.

The implementation of crisis management
based on the ontological network of the organization's
activities provides a number of advantages in terms of
enhancing the detail and adaptability of the formed
management decisions. In this case, the process of
forming a solution looks like a threefold grouping of
ontology elements and discrete moments time.

At the present time, for the design of corporate
ACS, the method of distributed formation of an
ontological network with the grouping of its elements
based on expert methods using the ordering of
alternatives according to partial criteriahas been
realized. This approach is consistent with the decision-

making mechanism widespread in practice with a
counter-method of collecting initial data. This approach
allows one to take into account such factors as the
hierarchy of the control system and the subjectivity of
the subordinate decision-making centers.

For further development of scientific and
methodological apparatus of crisis control the actual are
the following tasks:

- Formation of decision-making spaces, defined on
sets of extremely generalized characteristics,
invariant to various aspects of control. Obtaining
extremely generalized characteristics can be carried
out by interpreting the concepts of "power", "change
in power", "power transmission rate" in relation to the
activity under consideration;

- Concretization of extremely generalized parameters
for the actual aspect of management. The solution
to this problem is possible on the basis of the
categorical analysis method;

- Construction (reconfiguration) of the system of
computational procedures for the formed decision-
making space. This task is classified as an
assignment task. It can be solved if there is a
redundant library of algorithms and programs. One
of the possible ways to solve this problem is the
tensor network transformation method;

- Synthesis of alternative solutions from elements of
ontology. The task is also a type of assignment
problem with a large data dimension. A promising
direction that allows us to overcome the difficulty of
large dimensions is the reduction of the synthesis
problem to the problem of tensor transformation of
a primitive electrical network to a network with
specified properties (the values of instantaneous
voltages and the sequence of their supply to the
nodes of the transformed network).
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Studying the Hypoxic Media Characteristics for
the Protection of Facilities from Fires

N. Smirnov °, A. Kazakov ° & V. Afanasyev *

Abstract- The analysis of two methods of using hypoxic media
(HM) for fire extinguishing, and a brief overview of the
technical means for obtaining HM have been carried out.

The first method involves the use of nitrogen-oxygen
HM in fire extinguishing systems instead of nitrogen. The
presence of oxygen in HM increases the volume of fire
extinguishing gas. A calculation has been carried out that
makes it possible to estimate how many times the amount of
gas in the system increases as compared to the nitrogen
charge on the back of the residual oxygen concentration in
HM.

The second method ensures prevention of fire in the
premises. The advantages of this method when applied in fire
prevention systems (FPS) were noted.

The main characteristics of HM for FPS is the
combustible materials ignition threshold (IT). Methods for
determining IT were presented. The limited data on IT hinder
the use of FPS.

The results of experimental studies were presented,
which replenished the information about IT of a number of
materials. Experiments proved that when the temperature in
the protected premises drops, the IT of the combustible
materials increases. This information provides an opportunity
to significantly reduce the cost of FPS to protect industrial cold
storage units and other facilities.

"WAGNER Group GmbH" has developed a program
for calculating the FPS performance equipment depending on
the facility air-tightness, wind load on the facility walls, wind
ingress frequency and a number of other parameters.

The safety conditions to use the HM for people are
shown.

The research findings can be used in designing FPS
and fire extinguishing systems to protect facilities with the help
of HM.

Keywords: hypoxic medium, nitrogen, oxygen, ignition
threshold, fire extinguishing systemn, fire prevention
system, fire test.
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AGFES - automatic gas fire extinguishing system;
HM — hypoxic medium;

MEC — minimum extinguishing concentration;

IT —ignition threshold;

FPS — fire prevention system.
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L. [NTRODUCTION

he hypoxic medium (HM) is so named due to a low
Toxygen content as compared to the air

atmosphere. HM is used in fire extinguishing
relatively recently; its characteristics and application
conditions have been studied only partially [1-4]. This
paper addressed the characteristics and conditions of
using the nitrogen-based HM, although argon or
mixtures based on nitrogen and argon [5] can be used
in HM instead of nitrogen.

The oxygen content in the premises, where fire
protection is carried out is an important factor that
determines the ignition of materials, fire propagation rate
and heat generation rate. The decreased oxygen
concentration can prevent and/or suppress a fire.

[1. CHARACTERISTICS OF THE HM TO BE USED
IN FIRE EXTINGUISHING SYSTEMS

The method of fire extinguishing by reducing
oxygen concentration has been known for more then50
years. It is used in automatic gas fire extinguishing
systems (AGFES), where, for instance, compressed fire
extinguishing gas is applied. The method provides for
fire detection by means of a fire alarm system (FAS) and
subsequent gas supply from the AGFES cylinders
through pipelines to the premises. In this case, gas
dilutes the premises and reduces oxygen concentration
up to the level that is necessary to extinguish a fire.

The findings of studies and experiments in the
field of gas fire extinguishing by means of AGFES
underly the numerous regulatory documents, for
example, ISO 14520-1 [6], NFPA 2001 [7] and SP
485.1311500.2020 [8]. The main characteristics used to
design AGFES is the design concentration of fire
extinguishing gas, which is calculated as the product of
the minimum extinguishing concentration (MEC) and a
safety factor. ISO 14520-1 [6] and GOST R 53280.3 [9]
establish the requirements for the "cup burner' method
of fire testing, based on the results of which the MEC is
determined. The method is based on extinguishing the
heptane flame in a burner, which is located in a pipe
and is surrounded by a gas mixture comprised of air
and extinguishing gas. The methods established by ISO
14520-1 [6] and GOST R 53280.3 [9] differ
insignificantly.

According to the requirements of ISO 14520-13
[10], nitrogen, which is intended for use in AGFES, must
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contain oxygen of no more than 0.1% by vol. Nitrogen
with the specified characteristics is obtained at
specialized plants, as a result of separating atmospheric
air by cryogenic or other methods.

The disadvantage of using any extinguishing
gas is the need to deliver it to the protected facility after
the AGFES is triggered in order to restore its
serviceability. This disadvantage is especially significant
at the facilities, where fires occur relatively often, and at
the facilities that are distant from supply depots.

To eliminate this disadvantage, AGFES use HM
instead of compressed gas, for example, nitrogen. This
allows using technical means that ensure obtaining HM
from atmospheric air, directly at the protected facility.

Today, two technologies are used to separate

m oxygen part from air. Both technologies provide for

[
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preliminary air purification from dust, oil, dirt and water
vapor. The purified air then enters the apparatus, where
the first technology separates oxygen part when air
passes through the membrane filters (Fig. 1). The
second technology involves the use of an oxygen-
trapping sorbent (Fig. 2) Only electric power is required
to ensure operation of such devices, whereas the filters
must be replaced periodically.

At the apparatus outlet, HM are obtained, the
oxygen content in which depends on the volumetric
capacity of the technical means. After decreasing the
apparatus capacity, it is possible to obtain HM with an
oxygen content of less than 1% by vol.

T T

Pl B =Y
CcMS cms
Behilter Behilter

TeHepatop a3oTa

Figure 2: Diagram of technical means for obtaining HM based on the adsorption technology

To extinguish fires, the HM obtained via these
technologies is accumulated in a receiver, the volume of
which exceeds the volume of nitrogen cylinders in
AGFES, because HM contains oxygen. No regulatory
documents and calculated dependencies for such fire
extinguishing systems are available in the Russian
Federation.

The authors of this article have compiled a
calculation program that determines the volume of HM
to be supplied to the premises to reduce the oxygen
concentration in relation to the source value (21% by
vol.) up to 13% by vol. With this in mind, an assumption

© 2021 Global Journals

was made that the supply of an elementary volume of
HM to the premises leads to an instant and uniform
distribution of this HM volume in the atmosphere of the
premises. The elementary volume of the resulting
atmosphere subsequently leaks out of the premises,
and the next elementary volume of HM is then supplied
to the premises. Each calculation was carried out with a
fixed residual oxygen content in the HM.

Based on the calculation results, a
characteristic curve of the HM relative volume contained
in AGFES versus the oxygen concentration in HM was
plotted (Fig. 3). A relative (dimensionless) volume of HM



in AGFES is determined as the ratio of HM volume to
nitrogen volume according to ISO 14520-13 [10], which
is required to reduce oxygen concentration in the
premises from 21% by vol. to 13% by vol.

The calculation results demonstrate that the
oxygen content in HM at a concentration of 1% by vol.
increases the volume of HM by 6.5% as compared to
nitrogen. An increased oxygen concentration in HM by
over 2% to 3% by vol. leads to a significant increase in

gas volume contained in AGFES, and, consequently, to
either elevated gas pressure in the receiver, or to
increased diameters of pipelines and fittings. The area
of drain openings ensuring a decrease in the room
pressure to the atmospheric one when supplying HM is
increased as well. The calculation results allow
estimating the increased volume of HM charge (amount)
in AGFES as compared to the nitrogen charge.

. /
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Figure 3: Dependence of the relative volume of HM in AGFES (Y) on the oxygen concentration in HM (X, vol. %)

X - residual oxygen concentration in HM, vol. %.
Y - HM relative volume.

AGFES containing HM traditionally protect
process equipment, for example, furnaces for heating
and preparing oil for further processing. The oxygen
concentration in HM depends on the characteristics of
the chosen apparatus and equipment. After supplying
HM from receiver, some time is needed to recover the
consumed gas, which can vary from several hours to a
day. Therefore, if a continuous protection of the facility is
needed, the main and standby receivers filled with HM
are used.

[11. CHARACTERISTICS OF HM TO BE USED IN
FIRE PREVENTION SYSTEMS

It should be noted that any AGFES, including
the one mentioned above that is based on HM, has
another substantial drawback - it is triggered after the
fire has already occurred and partially destroyed the
facility property. The development of a fire leads to the
development of hazardous fire factors (smoke, heat),
and this allows detecting a fire. This is a time-consuming
process. It is followed by a time delay in evacuating
people from the premises and the supply of nitrogen or
HM for one or two minutes, depending on the AGFES
design standards. During the specified time, fire
continues to develop and destroys property.

Thus, no damage can be avoided when using
any AGFES. WAGNER Group GmbH, Germany, has
developed a new method of using HM to eliminate this
disadvantage.

The implementation of new method does not
require waiting for a fire. The method provides for the
supply of HM from air separation apparatus to protected
premises and dilution of its atmosphere before a fire
occurs. After reaching the required oxygen
concentration in the premises, the supply of HM is
stopped, and an artificial HM is created, where an
ignition does not occur or it quickly goes out even if a
combustible material is exposed to ignition source.
Conditions are thereby created to prevent a fire. These
types of systems are called "fire prevention systems"
(FPS).

To date, more than 1000 FPS have been
implemented and are being successfully operated, the
maximum volume of one protected facility is 3,000,000

mé.

When the leakage of HM from the premises
exceeds the permissible value, gas detectors
automatically turn on the supply of HM from apparatus
and restore the initial conditions to prevent a fire. The
process of supplying HM is performed repeatedly -
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throughout the entire service life of the protected facility
(Fig. 4).
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Figure 4: Example of dependence of oxygen concentration in a premises on time

For FPS, an important characteristics is the
ignition threshold (IT) of various fire loaded materials in
the premises.

According to ISO 20338 [11], for flammable
liquids, IT is determined by the "cup burner" method,
which is the same as the method for determining the
MEC. The difference is that instead of MEC, IT is
determined as the limiting oxygen value in the gas
mixture flow that extinguishes the burner with a
flammable liquid. The design oxygen concentration is
calculated as a result of dividing IT by a factor of 1.1.

Experimental determination of IT of solids is
carried out according to a separate method established
by ISO 20338 [10]. It provides for the placement of a
material test item in a fire chamber with a volume of 100
m® or 10 m®, where HM is created at a given oxygen
concentration. The sample is ignited with an acetylene
burner for at least three minutes, and the burner is then
turned off and the flame combustion time is recorded. If
the sample combustion duration exceeds one minute,
then the experiment is repeated at a reduced oxygen
concentration. IT is taken to be equal to oxygen
concentration in the chamber according to the results of
at least three experiments, where flame combustion of a
sample of solid material goes out for the time not
exceeding one minute. In this case, the design oxygen
concentration according to ISO 20338 [11] is calculated
as IT reduced by 0.75% by vol.

IT and design oxygen concentration are the
main characteristics for designing FPS. In foreign
countries, the FPS is designed according to ISO 20338
[11], FprEN 16750 [12] or VdS 3527 [13], and in Russia
- according to the company standard of Wagner-RU
LLC, the latter was designed jointly with FGBU VNIIPO
EMERCOM of Russia.

© 2021 Global Journals

Standards [11-13] contain limited information
about the IT of solids, which is not enough for designing
FPS for multipurpose facilities. Therefore, Wagner-RU
LLC, with the participation of FGBU VNIIPO EMERCOM
of Russia, have conducted several series of fire tests to
replenish the information about IT of various materials,
taking into account the real conditions of their use.

The first series of experiments was carried out
according to the method established by ISO 20338 [11],
involving the materials that are often used at storage
and other facilites as a fire load or as combustible
construction, finishing or packaging materials. Some of
the results of experiments to determine IT are shown in
Tables 1 and 2.



Table 1. Ignition threshold of solid materials at a temperature of 20°C

F;c;ltlaty Type of combustible material/ Ignition threshold,
(example) mixture of materials 0,, vol. %
Data Poly(methyl methacrylate)/polypropylene (PMMA/PP) 15.9
processing ABS plastic 16.0
center Polypropylene (PP) 16.0
(DPC) Electronic and printed circuit boards from polyester/PVC 16.0
PVC cable 16.9
Warehouses/r | Polyurethane foam (foam rubber) T20 14.0
ecord-keeping | Polyurethane foam (foam rubber) T25\T30 14.5
offices Corrugated fiberboard/cardboard 15.5
Wrapping polyester fim 15.9
Pallet wood (pallet) 17.0
Car tyres 18.0
Ready-made fabric articles (clothes) in boxes on a wooden 15.5
pallet in a wrapping film
Products in cardboard packaging on a wooden pallet, 15.5
wrapped in polyester film
Wrapper rolls 15.9
Plastic (PP) container 15.9
Grain mixture in three-layer paper bags 17.5
Tobacco 13.0
Paper 15.0
Cotton 16.0
Linum 16.0
Silk 16.0
Rayon 16.0
Natural wool 16.0
Polyamide 16.0
Copper-ammonia fiber 16.0
65% polyester 4+ 35% cotton 16.0

A separate series of experiments studied the
effect of a reduced room temperature on IT. The
experimental procedure complied with 1ISO 20338 [11],
whereas the temperature of HM of minus 22°C was set
in the chamber. The samples shown in Table 2 were
used as combustible materials. The experimental results
demonstrated that a decrease in the HM temperature
causes an increased IT. For example, for corrugated

fiberboard and cardboard at 20°C, the IT is 15.5% by
vol., and at minus 22°C - 16.5% by vol. The obtained
experimental results allow using FPS with industrial cold
storage units and similar units at higher designoxygen
concentrations, which significantly reduces the cost of
equipment and electric power.

Table 2: Ignition threshold of solid materials at a temperature of minus 20°C

F?ycn:y Type of combustible material/ Ignition threshold, O,,
P mixture of materials vol. %
(example)
Cold-storage | Single face corrugated fiberboard/cardboard 16.5
warehouses Double face corrugated fiberboard 17.5
(minus Wrapping polyester film 16.5
22°C) Plastic pallets 17.0
Polypropylene boxes 17.5
Packagings with frozen food in a double face corrugated 17.9
cardboard

IT represents the main source parameter for
choosing the FPS equipment. The performance of
apparatus and  equipment is an  important

characteristics, which is able to ensure the design
oxygen concentrations over time, taking into account the
facility operating conditions. The target performance

© 2021 Global Journals

Issue II Version

(A) Volume XXI

Research

Frontier

Global Journal of Science



Frontier Research (A) Volume XXI Issue II Version

Global Journal of Science

depends on many factors: volume, height and tightness

of the premises, number of walls open for wind ingress,

average wind speed, temperatures inside and outside
the premises, and a number of other factors.

The premises air-tightness is confirmed by
measurements according to the method established by
ISO 14520-1 [6] and GOST 31167 [14].

Taking into account these parameters,
WAGNER Group GmbH has developed "Oxy-Calc"
software product, which calculates the performance of
devices and equipment contained in FPS. Calculation
results are as follows:

— Equipment performance (m?*h) at a given oxygen
concentration in the HM at the outlet of the air
separation apparatus, whereas the latter should be
no more than 10% by vol. according to the
requirements of ISO 20338 [11];

— Equipment power consumption
maximum values of kW/day).

Natural constraints for using the FPS are high
requirements for the premises air tightness, the
equipment power supply reliability, the lack of air
exchange in the heating system, and the absence of
permanent workplaces at the facility.

HM is suitable for people without self-contained
breathing apparatus, at oxygen concentrations
exceeding 13% by vol. The frequency and duration of
staying of people in the HM determine the medical
requirements, which differ depending on the regulatory
safety provisions adopted in a particular country.
General safety requirements are specified in ISO 20338
[11].

(average and

Safety requirements indicate that periodic
staying of people in a hypoxic atmosphere should not
be associated with heavy physical work - carrying loads,
etc. It is also forbidden to carry out work wearing
breathing filter equipment (gas masks, etc.).

IV. CONCLUSION

The nitrogen-oxygen HM have a number of
advantages, and they can be used for fire protection of
relatively sealed facilities. HM can be effectively used
both in fire extinguishing systems and in fire prevention
systems.

A calculation has been carried out, the results of
which make it possible to evaluate the effect of the
residual oxygen concentration in HM on the increased
volume of the fire extinguishing gas in AGFES, when
comparing HM with pure nitrogen.

The advantages of FPS as compared to AGFES
were demonstrated. The results of experimental studies
are presented, which replenish the source data for
designing the FPS.

Experimental data on
threshold of materials when

raising the ignition
room temperature is

© 2021 Global Journals

decreased allow reducing the cost of FPS to protect
industrial cold storage units and similar facilities.

It was noted that HM at an oxygen
concentration of above 13% by vol. is suitable for
periodic staying of humans, in accordance with research
results and current safety requirements [11-17].

The research results can be used in designing
FPS and fire extinguishing systems to protect facilities
using HM.
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Instruments for Measuring the Gradient of the
Absolute Values of the Magnetic Field

F. F. Mende

Absiract- Magnetic prospecting is widely used for mineral
exploration and the study of the structure of the earth's
surface. For the realization of magnetic reconnaissance are
applied the instruments sensitive to the magnetic field, that
give the possibility to measure different components of
magnetic field and its gradients. In this article, three new
devices are considered that allow measuring the gradient of
the absolute values of the magnetic field.

Keywords: magnetic field, magnetic prospecting,
minerals, rocks, magnetic field gradient.

I. [NTRODUCTION

agnetic prospecting, magnetic prospecting, a
I\/l geophysical exploration method based on the

difference in the magnetic properties of rocks
and the study of magnetic anomalies [1]. It adapts in all
stages of geological studies and it includes: the
measurement of the intensity of terrestrial magnetism or
its elements the construction of the magnetic cards; the
geological interpretation of the results of measurements,
which is rested on the determinations of the magnetic
characteristics of the rocks.

Magnetic reconnaissance studies magnetic
anomalies, created by the geological bodies,
magnetized by contemporary (induced magnetization)
and ancient (remanence) by earth's magnetic field. The
magnetization of rocks is determined by the presence of
ferromagnetic minerals (magnetite, pyrrhotite) in them.
Especially intense magnetic anomalies are created by
igneous rocks of basic and ultrabasic compositions,
magnetite iron ores, etc. Measurements during the
magnetic reconnaissance are made on the earth's
surface, from the aircraft or the helicopters
(aeromagnetic survey), from the moving vessels
(hydromagnetic survey or sea magnetic
reconnaissance.), in mine workings (underground
magnetic reconnaissance.), in the bore-holes (drilling
magnetic reconnaissance). Various magnetometers are
used for measurements. The relative values (increase in
the space) of the vertical component of the intensity of
terrestrial magnetism (ground-based DZ surveys) most
frequently are measured, the module — of the vector of
complete D intensity of terrestrial magnetism , T is
thinner frequent than the horizontal component N and
with the aeromagnetic and hydromagnetic surveys : or
its increase DT . Magnetic prospecting has to take into

Author: e-mail: fedormende@gmail.com

account magnetic variations. Ground surveys, as a rule,
are carried out along rectilinear profiles, with the ratio of
the distances between the profiles and observation
points on them from 10: 1 to 1: 1. In aeromagnetic and
hydromagnetic surveys, measurements are made
continuously or discretely in motion along a network of
rectilinear and sometimes curvilinear (in mountainous
terrain) profiles. As a result of the interpretation of
magnetic survey data, the depth and other elements of
the occurrence of magnetized bodies in the earth's crust
are determined, which serve as sources of the
anomalous magnetic field magnetic prospecting
independently, as well as in combination with other
geophysical and geological methods, is used to study
the regional deep structure of the earth's crust, including
to determine the depth of the platform foundation (when
searching for oil and gas); geological mapping of
prospecting for magnetic varieties of iron ores, as well
as ore and nonmetallic deposits associated with basic
and ultrabasic It is clear from what has been said that
the development of new devices for carrying out
magnetic prospecting is an urgent task in the search for
minerals and the study of the structure of the earth's
surface.

1. New devices for measuring the gradient of the
absolute values of the magnetic field

The work A performed when moving a closed
loop with a current | in a magnetic field is equal to the
product of the current magnitude and the change in the
magnetic flux AF coupled to this loop A = IAF. Since
® = BS, where B is the magnetic field induction, and S
is the area of the circuit, therefore A = IABS. The force
acting on such a contour is F = dA / dl, where dl is the
displacement of the contour. Hence F = dA / dl = |
(dB/dl)yS.dB/d = F /IS This ratio determines the
magnitude of the magnetic field gradient. A magnetic
needle or magnet is similar to a circuit with a current,
and in order to measure the gradient of the magnetic
field with it, one of the ends of the magnet should be
fastened with a thread and the force acting on the
thread should be measured Fig. 1.
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Fig. 1: Instrument for measuring the components of the magnetic field gradient

In this case, the magnet is attached with a
thread to the base located on the surface of the water. In
this case, the magnet turns in the direction of the
magnetic field and the force acting on it is decomposed
into two components, one of these components is
parallel to the surface of the liquid, and the other is
normal to it. These components are determined through
the total force acting on the magnet and the angle
between the surface of the liquid and the thread holding
the magnet.

The device for measuring the horizontal
components of the magnetic field gradient is shown in
Fig. 2.

Iy

Fig. 2: The device for measuring the horizontal
components of the magnetic field gradient

© 2021 Global Journals

As shown in the figure, two threads are fixed to
the base, at the end of one of which a non-magnetic
weight is fixed, which is indicated by a black ball. The
thread and the ball serve as a plumb line, in which the
thread is directed vertically. On the other thread are
attached cylindrical cobalt-samarium magnets. Such a
magnet, located in a magnetic field, is acted upon by a
magnetic force proportional to the gradient of the
external magnetic field, which turns the magnet in the
direction of the field. In this case, the force of gravity
acting on the magnet is decomposed into two
components, one of which is directed in the direction of
the thread holding the magnet, and the second is
normal to it. The gravitational component of the force
acting on the magnet in the direction normal to the
filament is balanced by the horizontal magnetic force of
the external field. This force is determined through the
angle between the two filaments. The specified equality
is approximate, and it is the more accurate, the smaller
the angle.

The considered methods for measuring the
magnetic field gradient are suitable only for measuring
large gradients, since the forces acting on the magnets
at small gradients are small. A simple float method for
measuring small horizontal magnetic field gradients is
discussed below. Even the gradients of the earth's
magnetic field, far from magnetic anomalies, can be
measured with this method. This method is shown in
Fig. 3.

N

S

Fig. 3: Float method for measuring magnetic field
gradient

As shown in the figure, a samarium-cobalt
magnet is placed on the foam float. If such a float is



placed on the surface of a liquid, then, like the insole of
a compass, it will turn in the direction of the magnetic
field, and then begin to float towards a greater field. The
speed of movement of the float will be the higher the
greater the gradient of the magnetic field. By measuring
the indicated speed, the gradient of the magnetic field
can be measured

[I. CONCLUSION

The study of magnetic anomalies in the upper
layers of the earth is of great practical importance for the
exploration of mineral resources. However, such studies
run into a lack of simple and highly sensitive instruments
for such work. New devices for measuring the gradient
of the absolute values of the magnetic field
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On the Electron Nature

Anatoly V. Belyakov

Abstract- A mechanistic interpretation of J. Wheeler's
geometrodynamic idea of the existence of closed contours
between charged microparticles makes it possible to create
the model of an electron which it is not a point particle in, but,
on the contrary, has a «hidden» mass. This mass motion as
some medium’s moving determines its charge (momentum)
and its spin (angular momentum). It is shown that the
identification of a charge as a momentum transforms
successfully all electromagnetic dimensions into mechanical
ones. The numerical values of the charge and the angle of its
projection onto our world (additional one to the Weinberg
mixing angle) are calculated.

Keywords: electron charge, «hidden»
electromagnetic  dimensions, physical vacuum.

mass,

he electron nature remains obscure and the main
reason for this is the charge and spin presence in
it, which in no way agrees with the electron as a
point object to exist. Although the introduced electric
and magnetic dimensions in the CGSE and CGSM
systems are expressed in terms of mass, length and
time units (Ampere is added in the Sl system), they
seem strange and bizarre. The charge (Coulomb) and
electric current (Amperes) units and their derivatives
ones only indicate the electron properties and
electromagnetic phenomena, but do not in any way
clarify their physical nature. The exception is the
electrical capacity unit in the CGSE system, the
dimension of which (centimeters) looks convincing.

In essence, the actual electrical dimensions,
especially Amperes (or Coulomb) are not needed,
because the basic formulas reflecting the electrical
forces of interaction between charges and the magnetic
forces of interaction between conductors with current
can be represented in such a way that the charge
dimension does not matter, only the amount of charges
matters.

For example, the Coulomb and Ampere
formulas can be obtained in a uniform form with a single
dimensional parameter uo:

Fe= ZZe pto (relfo) %, )
Fin = ZeZeotto "Lre>/( 27 1o X[ ] 2), 2)

where Me,le, Fo, L,C, Ze1, Zep - are the electron mass,
classical electron radius, distance between charges or
conductors, length of conductors with current, speed of
light, number of unit charges. Here

e-mail: belyakov.lih@gmail.com

MHo= (80 02) 1 )
there is analogue of the magnetic constant, and
€0= Me/le )

there is analogue of the electrical constant.

Thus, the dimensional coefficient u ;' is the
centrifugal force arising when an electron moves with
the speed of light along the radius r,; it is equal to the
force of interaction between two elementary charges at
a given distance, which numerically is a very ordinary
value of 29.06 N.

It is clear that the electron has some specific

1

properties, but which ones? In what physically
meaningful units should an electric charge be
measured?

[I.  ON THE ELECTRON NATURE

To explain the properties of the charge, J.
Wheeler proposed a geometrodynamic concept, where
charged microparticles are the singular points on the
three-dimensional surface of our world, connected by a
"wormhole" (i.e. a vortex tube or a current force line) of
the drain-source type in an additional dimension [1].
With this mechanistic model the charge is not a special
matter, but it characterizes the disequilibrium of the
physical vacuum, its ability to ‘circulate" along the
current tubes.

Thus, by virtue of physical analogy, the charge
becomes proportional to the amount of medium motion
along the vortex current tube contour, the spin,
respectively, to the angular momentum relative to the
contour longitudinal axis, and the magnetic interaction
between the conductors turns out to be similar to the
forces acting between the current tubes. Of course, in
this model, a point or a line is considered physical
objects with certain dimensions and mass, and the
electron size with mass m, and radius r, can be taken as
a medium unit element, and then the circulation contour
mass M becomes proportional to its length L:

M=meL/re=gl, (5)

where the electric constant
(contour) linear density.
Moreover, the matter itself can eventually be
organized by the sequential complication of the initial
elementary contours and woven into a "tissue", which in
turn is deformed into the objects we observe, which are
in fact highly fractalized, up to the microworld

&o is the vortex tube
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parameters the surfaces with fractal dimensions.
Perhaps this dimension does not reach three and is
presumably equal to the number e [2, 3]. So an
undeformed surface may be logically interpreted as
empty space or physical vacuum; this is confirmed by
the fact of the numerical determination the speed of light
on the basis of the well-known equations of waves
propagation over the liquid surface [4].

In such a scheme a free charged particle
appears as a part of an open contour, i.e. an uni-polar
vortex resting on the surface of our world and directed
along the “additional” dimension, where its charge and
spin are determined by the dynamics of “hidden” mass
[6]. This mass has gravity, which explains some
microworld properties of the [6]. However, there is
apparently no need to consider the additional dimension
in Wheeler's model as spatial; rather, it is only an
additional degree of freedom, reflecting the presence of
electromagnetic forces.

The most expedient, as it turned out, is to
accept the charge to be proportional to the ultimate
electron momentum mgc. This approach has justified
itself in determining the numerical value of the electron
charge and radiation constants [7]. Assuming the
charge as momentum and replacing Coulomb
dimension with it, one can sure that the dimensions of
electrical and magnetic quantities are strikingly
simplified and take on the meaningful and physically
obvious form: the electric current becomes simply a
force [kg m/sec?] or [N], the potential becomes the
speed [m/sec], capacity becomes the electrons mass
accumulated on the capacitor plates [kg], conductivity
becomes the mass velocity [kg/sec], the inductance
becomes the value inverse to mass acceleration
[sec’/kg], the magnetic field strength becomes the
mass acceleration [kg/sec?], the solenoid magnetic
induction becomes the density of its turns winding
[m ], etc. [8].

[1I. DETERMINATION THE ELECTRON CHARGE
VALUE

Apparently, the electron charge and spin are
projected onto our world from the "additional'
dimension, being distorted. Let us introduce the angle
g, which determines the momentum projection onto the
surface of our world, as well as the circulation velocity
(and rotation about the contour longitudinal axis)
projection v onto the preferred direction, for example,
the proton-electron axis. Then (sin )’ characterizes the
ratio of the projection value to the velocity value, where
i =1, 2, 3 (for all degrees of freedom) depending on the
velocity vector position.

Among the possible contours with different
masses M and velocities v, there is one for which the
unit electron energy is maximum E,, . Let us take into
account that the potential in a mechanistic,

© 2021 Global Journals

"Coulombless" system corresponds to a velocity of
m/sec, then for such a contour it is possible to write:

V= mec e =Eple 6)

where e is the total charge, which is identical to the
momentum (in contrast to its projection, the observed
charge ey), while for an arbitrary contour the standard
unit of potential (velocity) is

[w/c] = meVile. (7)
From (6) and (7) we find:

v= P x [/, )

where the dimensionless speed of light is introduced
Co = €/ [m/sec], and

e= meCo” x o™ x [m/c] . ©)

Since the charge (momentum) is equal to Mv by
definition, the contour mass M turns out to be equal to
m.C,22=4.48x10° electron mass, which is close to the
total mass of bosons W*, W, Z° It is for this contour
(let's call it "standard") the maximum energy of a "point-
like" electron m.c? is equal to that of the current tube,
i.e. MV? The charge and spin numerical values remain
unchanged for any contour, and have a common
component — the contour’'s momentum Mv. It should
be noted that, despite the electric charge dimension
corresponds to the momentum dimension, it is not
common to both entities, thus cannot be divided by the
mass dimensions and velocity dimensions.

The magnitude of the observed charge is the
projection of the total charge (momentum):

& = Meo*3(sing) 'x [m/d] , (10)

where, obviously, here i = 1.

To determine the projection angle q, let us
assume the vortex tube total angular momentum (i.e.
Planck's constant h =m am r,) reduced to the
electron radius can define as a vector reconstructed
from the observed charge magnitude in the most
general form, when i = 3:

hire= e/ (sinq)’= 2z amec, (11)

where a is the inverse fine structure constant.
Bearing in mind (10), it follows from (11):

sing= co*®/ (2r a)¥* = 0.881,

whence the projection angle is 61.8%, which actually
coincides with the angle complementary to the Weinberg
mixing angle q, in the weak interaction. The value
(sin q,)?> = 0.231 was determined experimentally, i.e.
0w = 28.7° and the additional angle is 61.3% At this
angle value the electric charge is calculated accurately:

&= MeCo sin61.3%% [w/c] = 1.60x10™° xam/c. (13)

(12)



Taken by definition, the "point-like" electron
charge itself and belonging to the area where the
current tube crosses our world surface, constitutes an
insignificant part of ey

mec = e/ (co**sinq) = ey / 590. (14)

The mane "standard" quantum number ng can
be expressed in terms of the contour mass M and its

linear density (electrical constant) &g
— 2/3 Vo_ U3y, _
Ns= (MeCo™ "/ (e0Rp)) = Co™ /@ = 4.884,  (15)
where Ry = a’ l'e - is the Bohr radius.

IV. CONCLUSION

Thus, such a mechanistic interpretation of
Wheeler's concept makes it possible to construct the
model of the electron that is free of contradictions. An
electron is not a point formation and has a “hidden”
mass, which moving determines its charge and spin.
The charge nature lies in the medium (physical vacuum)
own motion along the contour (current tube) connecting
charged particles, and the spin nature lies in the
medium vortex rotation motion relative to the contour
longitudinal axis. The correctness of the proposed
interpretation of the electron nature is confirmed by both
the effective transformation of electromagnetic
dimensions into mechanical ones, as well as the
numerical determination of the charge value, the
projection angle (Weinberg mixing angle) value, and the
fact that the mass of the contour connecting charged
microparticles and the total mass of bosons W*, W~ Z°
are close in value.
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Study of Two-Layer System Tin / Nig g0sWo o5
Adoptable for Creating Paramagnetic
Substrates with Cubic Texture for 2G HTS

Superconductors

T. V. Sukhareva ¢, M. S. Sunhurov °, V. A. Finkel * & Yu. N. Shahov ©

Absiract- The influence of deposition conditions on the
morphology and structure of the two-layer system
TiN / NiggsWooes Were studied. The effect of concurrent
formation of cube texture both in substrate based on
paramagnetic alloy Nijg0sWo 095 @and TiN coating was detected
by means of xray diffraction analysis. Composition
TiN / NiggesWoees May be used as a substrate in the
conductive architecture of 2G HTS to improve its critical
current density.

Keywords: 2G HTS, superconductivity, cubic texture, TiN,
Ni-W, buffer layer, paramagnetic substrate.

[.  INTRODUCTION

esearch in the field of high-temperature
qsuperconductors of the second generation (2G

HTS) based on YBCO textured films is of
particular interest because it opens up new perspectives
for creating coated conductors, which could operate in
high magnetic fields at temperature of liquid nitrogen
(77.4 K). [1 — 6]. First off all this refers to the transfer of
electric current over long distances (in particular from
the NPP to the consumer), the creation of powerful
magnetic fields, etc [7, 8]. As known the architecture of
2G HTS [9] with crucial current density above j, ~ 10°
A/cm? at liquid nitrogen temperature should consist of
three main components [10 — 13]:

1. Metallic substrate (thin flexible tape mostly of Ni — W
alloys with different compositions);

2. Buffer layer/layers (oxides, nitrides, in particular TiN
as seed layer);

3. Quasi monocrystalline film of high temperature
superconductor YBa,Cu,0,.5 (Tc ~ 92 K [14]) with
strongly reduced fraction of high angle grain
boundaries.

Fabrication of high-j;, biaxially aligned HTS films
can be achieved due to epitaxial growth on rolling-
assisted biaxially-textured substrates (RABITS) [11, 15 -
18]. The texture (100)[100] of the metallic substrate is
conferred to the superconductor by deposition of

Author e o p CJ: National Scientific Center “Kharkov Institute of Physics
and Technology,” National Academy of Sciences of Ukraine, ul.
Akademicheskaya 1, Kharkov 61108, Ukraine.

e-mail: t.sukhareva.2003@gmail.com

intermediate layers which serve as a chemical and a
structural buffers [19]. The presence of a conductive
layer acting as an electric shunt to prevent the effect of
thermal destruction of superconductor in the case of
over-current opens up prospects for use of titanium
nitride as the main seed buffer layer in the complex

architecture of 2G HTS [20 — 22].

Moreover metallic substrate must be in
paramagnetic state at low temperatures to reduce
losses during ac current transport [23 - 25]. The
property of paramagnetism is provided by increasing
the concentration of tungsten in the Ni W, alloy to x ~
0.095 [26, 27]. However, it hinders the formation of cube
texture (100)[100] due to decreasing of stacking fault
energy E, of cold-rolled alloy. The Eg decreases with
increasing the content of alloying element in the alloy
[28].

The main aim of this work is to find new ways to
control properties of paramagnetic substrates based on
NiggosWoogs alloy for the creating of high-temperature
superconductors with high current-carrying capacity (2G
HTS).

The following research program was implemented:

1. Experimental study of the effect of nitrogen pressure
during titanium evaporation on the structural
features of both components of the two-layer
system TiN / Nig g0sWo ges-

2. Experimental study of the influence of TiN
deposition time on the structural features of the
components of the TiN / Nijg0sWy 005 SyStem at the
optimal value of nitrogen pressure.

3. Experimental study of the influence of TiN
deposition geometry on the structural features of
both components of the TiN / Niy go5Wo 095 SYStem.

Development of new ways to control the
structure and properties of materials based on
paramagnetic Ni-W alloys with TiN coating.

[I.  MATERIALS AND METHODS

Preparation of substrates was carried out
according to the scheme which includes following steps
[29, 30]: 1) synthesis of paramagnetic alloy NiggosWo oos;
2) thin-layer tape production; 3) high-temperature
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treatment of NiW tapes; 4) deposition of titanium nitride
on the surface of NiW tape; 5) XRD analysis of obtained
samples.

The initial materials for obtaining the Ni — W
alloys were Ni and W powders with 99.98 — 99.99 %
purity (by metallic impurities). The following methods
were used for the purification from gaseous impurities
(the main impurity is oxygen represented as nickel and
tungsten oxides): 1) the heat treatment at temperatures
~850°C for purification of Ni powder; 2) for the
refinement of W powder was applied the high-
temperature treatment (1000 — 1200°C) in reducing Ar +
4 % H, gaseous mixture flow. The paramagnetic alloy
was synthesized be means of powder metallurgy in
deep vacuum (p ~ 10° Torr) at T = 1200°C during t = 4
hours.

Obtained ingots were rolled up to 50 = 100 pm
at room temperatures to perform metallic tapes. The
total degree of cold-rolling deformation was about 95%.
The resulting operation during the tape production was
high-temperature annealing at T = 1150°C during t = 2
hours.

Thin layers of titanium nitride (TiN) on the
surface of Ni - 9.5 at% W tapes were obtained by the
method of ion-plasma deposition[31].  Specific
parameters of the TiN buffer layer deposition varied
within the following ranges: negative substrate potential
U = 50 — 300 V; arc current | = 80 A; temperature of
substrate t, ~ 450°C; nitrogen pressure in chamber py, =
1.2—6.2 - 102Torr; deposition time 71, = 0 — 900 s.

XRD analysis (Cu Ka radiation) was carried out
to solve the following tasks: determination of the phase
composition of the system components both the
substrate Nijg0sW, 095 @nd coating TiN; determination of
lattice parameters; analysis of the texture of the
substrate and the coating [31]; determination of the TiN
coating thickness [32-34].

The method of determination the Tin-layer
thickness is based on X-ray absorption. The intensity of
the beam reflected from crystal plane (h k I) of a sample
with the coating thickness h is as follows:

[t () = Iy (0) - exp (=2h- iy /05 (8))

Ina (h) — the intensity of the beam reflected from the
substrate with coating;

Ina (0) — the intensity of the beam reflected from the
substrate without coating;

h — coating layer thickness;

uny — the linear absorption coefficient of the coating
material;

0 — the Bragg angle.

Equation (1) and mathematical modeling of the
relative intensity of some X-ray interferences, in our case
- the cubic plane (h 0 0) of the Ni - W substrate, makes it
possible to determine the coating thickness hqy within
accuracy of about 10%.

M
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I11. RESULTS

In the present study the TiN coating was
deposited on the front (“face”) and the back (“shadow”)
side i. e out of line of sight of the cathode beam of the
NiggosWo 095 SUbStrates. Two series of experiments were
carried out:

— TN deposition at constant time ty, = 3 min in a
wide range of pressures of nitrogen py = 1.2 -6.2 -
102 Torr.

— The deposition of TiN at constant (optimal) N,
pressure of nitrogen at different times ry = 1 - 3
min.

Fig. 1 and Fig. 2 present a set of diffraction
patterns  of the system  TiN/NijgesWooes for the
experimental series at different pressures for both face
and shadow deposition geometries. There are two
systems of diffraction lines, which belong to the FCC
lattice of NiggesWyees alloy and TiN lattice of type NaCl.
As the pressure of nitrogen growths, textures of the
substrate and coating exhibit variations.
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Fig. 1. Set of diffraction patterns of the system TiN /
NiggosWooes TOr the experimental series at different
pressures (“Shadow”): a) 0; b) 1.2, ¢) 1.8, d) 2.8, €) 3.8
10 2 Torr.

It is natural that the increase in py leads to
growth of the intensity of the diffraction lines of TiN, but
at the same time there is a tendency to redistribute the
intensities of the diffraction lines in the subsystem of
Ni0‘905W0‘095
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Fig. 2. Set of diffraction patterns of the system TiN /
NigoosWooes for the experimental series at different
pressures (“face”): a) 0; b) 1.2, ¢) 1.8,d) 2.8, €) 3.8 x10
2 Torr.

The Fig. 3 clearly shows considerable growth of
intensity from Ni-W “cubic” plane /4 at py ~ 1.8 - 107
Torr, indicating the sharpening of cube texture of
metallic component. The ratio of the cubic /y and
diagonal /., diffraction lines intensity was chosen as a
“texture parameter”.
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Fig. 3: Values of the ratio /g / /200 OF the Nig go5Wo 005
substrate after TiN deposition

The Fig. 4 shows dependences of TiN lattice
constant apy, on the pressure of N, for different coating
deposition geometries.
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Fig. 4: The lattice parameters change of the TiN coating
deposited onto the both sides of the NiggesWoges
substrate at different pressures of nitrogen depending
on the coating geometry: a) face; b) shadow.

As can be seen, in the case of “shadow”
geometry, the curve a is weakly dependent on the py,
while for “face” curve b decreases monotonically in the
whole range of nitrogen pressures. Dynamics of
variation of the TiN lattice parameter during crystalline
phase formation in the coating can be associated with
the change in the flux densities of titanium atoms and
atoms of nitrogen depending on the coating geometry.

The above data (see. Fig. 1 - 4) give reason to
believe that at pressures py ~ 1.8 - 102 Torr there are
implemented the most favorable conditions for the
formation of cube texture of substrate in TiN / Nigg0sWo 005
system. The evolution of diffraction pattern depending
on the TiN deposition time at optimized py = 1.8 - 107
Torr = const is plotted in the Fig. 5.
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Fig. 5: XRD patterns of Nijgos\Wo g5 alloy tapes with TiN

coating (“Face”) at py = 1.8 - 10 Torr in the range of 0
— 3 min (from the bottom up)
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As the deposition time tTiN increases up to 2
min, in other words as the coating thickness growths,
the relative intensity of (h 0 0) type diffraction lines
increases, while the intensities of reflections from the
diagonal (h k 0) and other FCC lattice planes decreases.
Such behavior of the evolution of diffraction pattern
indicates  qualitatively substantial intensification of
degree of the cubic texture component in NiggosWo o5
paramagnetic alloy tape. According to Fig. 6, that shows
diffraction patterns of TiN / NiW systems obtained at
different geometry of TiN deposition, mentioned above
effect of texture enhancing is more apparent for the
“face” coating geometry.
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Fig. 6: XRD patterns of NijgosWo 095 alloy tapes with TiN
coating (“Face”) at py = 1.8 - 10? Torr in the range of 0
— 3 min (from the bottom up). XRD patterns of
NiggosWoogs alloy tapes with TiN coating obtained at
optimized conditions at different coating geometry a)
Original sample, b) Face, ¢) Shadow.

The Fig. 7 shows the dependency of texture

parameter for NijgesWo 095 VErsus TiN coating deposition
time
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Fig. 7. Dependency of lyog / liag ratio from NiggosWo oo
substrate on deposition time. Inset: Dependency | q(t)

for titanium nitride coating
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As can be seen it exhibits strong maximum at
v = 2 min that corresponds to hyyy ~1 um. Process of
cubic texture formation is also observed in the coating
layer of TiN. This is proved by the presence of only
(200), diffraction line, which belong to cubic plane of
the TiN lattice. The inset in the Fig 7 indicates that |
from TiN monotonically increases in the whole range of
TTiN-

In order to determine fine variations of texture in
the TiN / NiggesWooes System the algorithm of circular
diagrams was used as a supplementation to the
classical ways. This method is based on the
construction and analysis of diagrams of the angular
distribution of the intensity from crystallographic planes.
In order to study the density of normals to (h k ) planes
in various directions, a sample need to be rotated by
angle ¢ about the normal to its surface.

As a criterion for the validity of the initial
hypothesis regarding the realization of perfect cubic
texture was chosen the known statistical method ¥2. To
calculate it n = 23 degrees of freedom were considered.
Of course in the case of forming an ideal cubic texture,
the value of “Chi - square” tends to be zero.

By way of illustration the Fig. 8 shows circular
diagram from plane of type (h 0 0) for TiN coating at

= 2 min, where texture effects at which texture effects
are most pronounced. The Fig. 9 shows circular
diagrams from (2 0 0) plane related 10 NiggosWg g5
subsystem before (Fig. 9a) and after coating (Fig. 9b) at
optimized parameters:

hiw=1um, py = 1.8 - 102 Torr.
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Fig. 8: Circular diagram of (2 0 0) plane for TiN coating
layer

It is worth to mention that for crystals
belonging to cubic symmetry, the polar absorption
tensor does not depend on the direction. Thus, any
change in the intensity of the diffracted beam can be
solely attributed to the processes of texture formation
occurring in a two-layer system “substrate — coating”.



One can see from the graphs above that the
deposition of the TiN coating leads to the improvement
of the cubic texture (Xupe = 0.11 — Xoaea = 0.07) in the
metal component (Ni-W) of the two-layer system TiN /
Nigg0sWoogs @S well as to formation of strong texture in
coating layer (xyy = 0.005).

[V.  DisscussoioN

The subject of discussion in this paper is a set
of observed effects related to the peculiarities of cubic
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texture formation in the thin-film system TiN / Nig gosWo 095

(see Fig. 3-9):

1. Qualitative changes in the variation of the crystal
lattice parameter dependencies of titanium nitride
on the nitrogen pressure by varying the “geometry”
of deposition during the experiment.

2. The formation of rather strong cubic texture in
metallic  layer of the thin-layer system
TiN/ Nig g05Wo,ogs-

3. The formation of quasi mono crystalline structure of

TiN buffer layer in the system TiN / Nig g5Wo g95-
90
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Fig. 9: Circular diagram of (2 0 0) plane from a) original tape based on alloy NiggosW, 095 @and b) subsystem

The identified differences in the dependences of
the lattice parameters of titanium nitride may be caused
by differences in the mechanisms and kinetics of the
phase formation of TiN titanium nitride during deposition
on different sides of the Ni-W tape. Dependence on the
“front” side reflects the increase in the proportion of
atoms with low atomic radius. On the “shadow” side the
dependence reflects the mechanical reduction of
titanium ion flux density due to deposition on the
opposite side of the substrate. It is possible that the
order of the reaction of the interaction of Ti and N ions
may change.

The set of data presented in the figures 5 - 7
clearly indicates the processes of texture formation in
Substrate based on the paramagnetic alloy
Nigg0sWo 0g5-Under influence of TiN layer. This is clearly
supported by the change of shape of intensity
distribution from (200), crystal plane as shown in the
Fig. 9.

The effect of an anomalous increase in the
degree of cubic texture of the substrate, as well as the
formation of a biaxial texture in the coating layer, is
obviously associated with the process of reorientation of
crystallites of both components of the TiN / NiggosWo gg5
system under the influence of interfacial stresses arising
at the interface of materials with different values of the
lattice parameters.

V. (CONCLUSION

Ways to control the architecture of two-layer
system TiN / NiggesWoo0s Pased on the change of
nitrogen pressure during titanium  evaporation,
deposition time, and coating geometry were developed.

The conditions for creating two-layer “substrate
— coating” compositions are optimized, which provide
the possibility of obtaining strong cubic texture in the TiN
coating layer deposited on the surface of the tape
based on paramagnetic alloy Nij gosWo ggs.

The main result of the work is the experimental
detection of the effect of correlated formation of a cubic
texture in both components of the two-layer system TiN /
Nio.90sWo.0s5, Which should provide a significant increase
in critical current density of 2G HTS coated conductors.
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e  Microsoft Word Document Setting Instructions.

e Font type of all text should be Swis721 Lt BT.

e Pagesize: 8.27" x 11", left margin: 0.65, right margin: 0.65, bottom margin: 0.75.

e  Paper title should be in one column of font size 24.

e Author name in font size of 11 in one column.

e  Abstract: font size 9 with the word “Abstract” in bold italics.

e Main text: font size 10 with two justified columns.

e Two columns with equal column width of 3.38 and spacing of 0.2.

e  First character must be three lines drop-capped.

e The paragraph before spacing of 1 pt and after of 0 pt.

e Line spacing of 1 pt.

e lLarge images must be in one column.

e The names of first main headings (Heading 1) must be in Roman font, capital letters, and font size of 10.
e The names of second main headings (Heading 2) must not include numbers and must be in italics with a font size of 10.

Structure and Format of Manuscript

The recommended size of an original research paper is under 15,000 words and review papers under 7,000 words.
Research articles should be less than 10,000 words. Research papers are usually longer than review papers. Review papers
are reports of significant research (typically less than 7,000 words, including tables, figures, and references)

A research paper must include:

a) Atitle which should be relevant to the theme of the paper.

b) A summary, known as an abstract (less than 150 words), containing the major results and conclusions.

¢) Up to 10 keywords that precisely identify the paper’s subject, purpose, and focus.

d) Anintroduction, giving fundamental background objectives.

e) Resources and techniques with sufficient complete experimental details (wherever possible by reference) to permit

repetition, sources of information must be given, and numerical methods must be specified by reference.
f)  Results which should be presented concisely by well-designed tables and figures.
g) Suitable statistical data should also be given.
h) All data must have been gathered with attention to numerical detail in the planning stage.

Design has been recognized to be essential to experiments for a considerable time, and the editor has decided that any
paper that appears not to have adequate numerical treatments of the data will be returned unrefereed.

i)  Discussion should cover implications and consequences and not just recapitulate the results; conclusions should also
be summarized.

j)  There should be brief acknowledgments.

k) There ought to be references in the conventional format. Global Journals recommends APA format.

Authors should carefully consider the preparation of papers to ensure that they communicate effectively. Papers are much
more likely to be accepted if they are carefully designed and laid out, contain few or no errors, are summarizing, and follow
instructions. They will also be published with much fewer delays than those that require much technical and editorial
correction.

The Editorial Board reserves the right to make literary corrections and suggestions to improve brevity.
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FORMAT STRUCTURE

It is necessary that authors take care in submitting a manuscript that is written in simple language and adheres to
published guidelines.

All manuscripts submitted to Global Journals should include:
Title

The title page must carry an informative title that reflects the content, a running title (less than 45 characters together with
spaces), names of the authors and co-authors, and the place(s) where the work was carried out.

Author details
The full postal address of any related author(s) must be specified.
Abstract

The abstract is the foundation of the research paper. It should be clear and concise and must contain the objective of the
paper and inferences drawn. It is advised to not include big mathematical equations or complicated jargon.

Many researchers searching for information online will use search engines such as Google, Yahoo or others. By optimizing
your paper for search engines, you will amplify the chance of someone finding it. In turn, this will make it more likely to be
viewed and cited in further works. Global Journals has compiled these guidelines to facilitate you to maximize the web-
friendliness of the most public part of your paper.

Keywords

A major lynchpin of research work for the writing of research papers is the keyword search, which one will employ to find
both library and internet resources. Up to eleven keywords or very brief phrases have to be given to help data retrieval,
mining, and indexing.

One must be persistent and creative in using keywords. An effective keyword search requires a strategy: planning of a list
of possible keywords and phrases to try.

Choice of the main keywords is the first tool of writing a research paper. Research paper writing is an art. Keyword search
should be as strategic as possible.

One should start brainstorming lists of potential keywords before even beginning searching. Think about the most
important concepts related to research work. Ask, “What words would a source have to include to be truly valuable in a
research paper?” Then consider synonyms for the important words.

It may take the discovery of only one important paper to steer in the right keyword direction because, in most databases,
the keywords under which a research paper is abstracted are listed with the paper.

Numerical Methods

Numerical methods used should be transparent and, where appropriate, supported by references.

Abbreviations

Authors must list all the abbreviations used in the paper at the end of the paper or in a separate table before using them.
Formulas and equations

Authors are advised to submit any mathematical equation using either MathJax, KaTeX, or LaTeX, or in a very high-quality
image.

Tables, Figures, and Figure Legends

Tables: Tables should be cautiously designed, uncrowned, and include only essential data. Each must have an Arabic
number, e.g., Table 4, a self-explanatory caption, and be on a separate sheet. Authors must submit tables in an editable
format and not as images. References to these tables (if any) must be mentioned accurately.
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Figures

Figures are supposed to be submitted as separate files. Always include a citation in the text for each figure using Arabic
numbers, e.g., Fig. 4. Artwork must be submitted online in vector electronic form or by emailing it.

PREPARATION OF ELETRONIC FIGURES FOR PUBLICATION

Although low-quality images are sufficient for review purposes, print publication requires high-quality images to prevent
the final product being blurred or fuzzy. Submit (possibly by e-mail) EPS (line art) or TIFF (halftone/ photographs) files only.
MS PowerPoint and Word Graphics are unsuitable for printed pictures. Avoid using pixel-oriented software. Scans (TIFF
only) should have a resolution of at least 350 dpi (halftone) or 700 to 1100 dpi (line drawings). Please give the data
for figures in black and white or submit a Color Work Agreement form. EPS files must be saved with fonts embedded (and
with a TIFF preview, if possible).

For scanned images, the scanning resolution at final image size ought to be as follows to ensure good reproduction: line
art: >650 dpi; halftones (including gel photographs): >350 dpi; figures containing both halftone and line images: >650 dpi.

Color charges: Authors are advised to pay the full cost for the reproduction of their color artwork. Hence, please note that
if there is color artwork in your manuscript when it is accepted for publication, we would require you to complete and
return a Color Work Agreement form before your paper can be published. Also, you can email your editor to remove the
color fee after acceptance of the paper.

Tirs FOR WRITING A GOOD QUALITY SCIENCE FRONTIER RESEARCH PAPER

Techniques for writing a good quality Science Frontier Research paper:

1. Choosing the topic: In most cases, the topic is selected by the interests of the author, but it can also be suggested by the
guides. You can have several topics, and then judge which you are most comfortable with. This may be done by asking
several questions of yourself, like "Will | be able to carry out a search in this area? Will | find all necessary resources to
accomplish the search? Will | be able to find all information in this field area?" If the answer to this type of question is
"yes," then you ought to choose that topic. In most cases, you may have to conduct surveys and visit several places. Also,
you might have to do a lot of work to find all the rises and falls of the various data on that subject. Sometimes, detailed
information plays a vital role, instead of short information. Evaluators are human: The first thing to remember is that
evaluators are also human beings. They are not only meant for rejecting a paper. They are here to evaluate your paper. So
present your best aspect.

2. Think like evaluators: If you are in confusion or getting demotivated because your paper may not be accepted by the
evaluators, then think, and try to evaluate your paper like an evaluator. Try to understand what an evaluator wants in your
research paper, and you will automatically have your answer. Make blueprints of paper: The outline is the plan or
framework that will help you to arrange your thoughts. It will make your paper logical. But remember that all points of your
outline must be related to the topic you have chosen.

3. Ask your guides: If you are having any difficulty with your research, then do not hesitate to share your difficulty with
your guide (if you have one). They will surely help you out and resolve your doubts. If you can't clarify what exactly you
require for your work, then ask your supervisor to help you with an alternative. He or she might also provide you with a list
of essential readings.

4. Use of computer is recommended: As you are doing research in the field of science frontier then this point is quite
obvious. Use right software: Always use good quality software packages. If you are not capable of judging good software,
then you can lose the quality of your paper unknowingly. There are various programs available to help you which you can
get through the internet.

5. Use the internet for help: An excellent start for your paper is using Google. It is a wondrous search engine, where you
can have your doubts resolved. You may also read some answers for the frequent question of how to write your research
paper or find a model research paper. You can download books from the internet. If you have all the required books, place
importance on reading, selecting, and analyzing the specified information. Then sketch out your research paper. Use big
pictures: You may use encyclopedias like Wikipedia to get pictures with the best resolution. At Global Journals, you should
strictly follow here.
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6. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right? It is a good habit
which helps to not lose your continuity. You should always use bookmarks while searching on the internet also, which will
make your search easier.

7. Revise what you wrote: When you write anything, always read it, summarize it, and then finalize it.

8. Make every effort: Make every effort to mention what you are going to write in your paper. That means always have a
good start. Try to mention everything in the introduction—what is the need for a particular research paper. Polish your
work with good writing skills and always give an evaluator what he wants. Make backups: When you are going to do any
important thing like making a research paper, you should always have backup copies of it either on your computer or on
paper. This protects you from losing any portion of your important data.

9. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality.
Using several unnecessary diagrams will degrade the quality of your paper by creating a hodgepodge. So always try to
include diagrams which were made by you to improve the readability of your paper. Use of direct quotes: When you do
research relevant to literature, history, or current affairs, then use of quotes becomes essential, but if the study is relevant
to science, use of quotes is not preferable.

10. Use proper verb tense: Use proper verb tenses in your paper. Use past tense to present those events that have
happened. Use present tense to indicate events that are going on. Use future tense to indicate events that will happen in
the future. Use of wrong tenses will confuse the evaluator. Avoid sentences that are incomplete.

11. Pick a good study spot: Always try to pick a spot for your research which is quiet. Not every spot is good for studying.

12. Know what you know: Always try to know what you know by making objectives, otherwise you will be confused and
unable to achieve your target.

13. Use good grammar: Always use good grammar and words that will have a positive impact on the evaluator; use of
good vocabulary does not mean using tough words which the evaluator has to find in a dictionary. Do not fragment
sentences. Eliminate one-word sentences. Do not ever use a big word when a smaller one would suffice.

Verbs have to be in agreement with their subjects. In a research paper, do not start sentences with conjunctions or finish
them with prepositions. When writing formally, it is advisable to never split an infinitive because someone will (wrongly)
complain. Avoid clichés like a disease. Always shun irritating alliteration. Use language which is simple and straightforward.
Put together a neat summary.

14. Arrangement of information: Each section of the main body should start with an opening sentence, and there should
be a changeover at the end of the section. Give only valid and powerful arguments for your topic. You may also maintain
your arguments with records.

15. Never start at the last minute: Always allow enough time for research work. Leaving everything to the last minute will
degrade your paper and spoil your work.

16. Multitasking in research is not good: Doing several things at the same time is a bad habit in the case of research
activity. Research is an area where everything has a particular time slot. Divide your research work into parts, and do a
particular part in a particular time slot.

17. Never copy others' work: Never copy others' work and give it your name because if the evaluator has seen it anywhere,
you will be in trouble. Take proper rest and food: No matter how many hours you spend on your research activity, if you
are not taking care of your health, then all your efforts will have been in vain. For quality research, take proper rest and
food.

18. Go to seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources.

19. Refresh your mind dfter intervals: Try to give your mind a rest by listening to soft music or sleeping in intervals. This
will also improve your memory. Acquire colleagues: Always try to acquire colleagues. No matter how sharp you are, if you
acquire colleagues, they can give you ideas which will be helpful to your research.
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20. Think technically: Always think technically. If anything happens, search for its reasons, benefits, and demerits. Think
and then print: When you go to print your paper, check that tables are not split, headings are not detached from their
descriptions, and page sequence is maintained.

21. Adding unnecessary information: Do not add unnecessary information like "I have used MS Excel to draw graphs."
Irrelevant and inappropriate material is superfluous. Foreign terminology and phrases are not apropos. One should never
take a broad view. Analogy is like feathers on a snake. Use words properly, regardless of how others use them. Remove
guotations. Puns are for kids, not grunt readers. Never oversimplify: When adding material to your research paper, never
go for oversimplification; this will definitely irritate the evaluator. Be specific. Never use rhythmic redundancies.
Contractions shouldn't be used in a research paper. Comparisons are as terrible as clichés. Give up ampersands,
abbreviations, and so on. Remove commas that are not necessary. Parenthetical words should be between brackets or
commas. Understatement is always the best way to put forward earth-shaking thoughts. Give a detailed literary review.

22. Report concluded results: Use concluded results. From raw data, filter the results, and then conclude your studies
based on measurements and observations taken. An appropriate number of decimal places should be used. Parenthetical
remarks are prohibited here. Proofread carefully at the final stage. At the end, give an outline to your arguments. Spot
perspectives of further study of the subject. Justify your conclusion at the bottom sufficiently, which will probably include
examples.

23. Upon conclusion: Once you have concluded your research, the next most important step is to present your findings.
Presentation is extremely important as it is the definite medium though which your research is going to be in print for the
rest of the crowd. Care should be taken to categorize your thoughts well and present them in a logical and neat manner. A
good quality research paper format is essential because it serves to highlight your research paper and bring to light all
necessary aspects of your research.

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING
Key points to remember:

e  Submit all work in its final form.
e Write your paper in the form which is presented in the guidelines using the template.
e Please note the criteria peer reviewers will use for grading the final paper.

Final points:

One purpose of organizing a research paper is to let people interpret your efforts selectively. The journal requires the
following sections, submitted in the order listed, with each section starting on a new page:

The introduction: This will be compiled from reference matter and reflect the design processes or outline of basis that
directed you to make a study. As you carry out the process of study, the method and process section will be constructed
like that. The results segment will show related statistics in nearly sequential order and direct reviewers to similar
intellectual paths throughout the data that you gathered to carry out your study.

The discussion section:

This will provide understanding of the data and projections as to the implications of the results. The use of good quality
references throughout the paper will give the effort trustworthiness by representing an alertness to prior workings.

Writing a research paper is not an easy job, no matter how trouble-free the actual research or concept. Practice, excellent
preparation, and controlled record-keeping are the only means to make straightforward progression.

General style:

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general
guidelines.

To make a paper clear: Adhere to recommended page limits.
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Mistakes to avoid:

e Insertion of a title at the foot of a page with subsequent text on the next page.

e Separating a table, chart, or figure—confine each to a single page.

e Submitting a manuscript with pages out of sequence.

e In every section of your document, use standard writing style, including articles ("a" and "the").
e Keep paying attention to the topic of the paper.

e Use paragraphs to split each significant point (excluding the abstract).

e  Align the primary line of each section.

e  Present your points in sound order.

e Use present tense to report well-accepted matters.

e Use past tense to describe specific results.

e Do not use familiar wording; don't address the reviewer directly. Don't use slang or superlatives.
e Avoid use of extra pictures—include only those figures essential to presenting results.

Title page:

Choose a revealing title. It should be short and include the name(s) and address(es) of all authors. It should not have
acronyms or abbreviations or exceed two printed lines.

Abstract: This summary should be two hundred words or less. It should clearly and briefly explain the key findings reported
in the manuscript and must have precise statistics. It should not have acronyms or abbreviations. It should be logical in
itself. Do not cite references at this point.

An abstract is a brief, distinct paragraph summary of finished work or work in development. In a minute or less, a reviewer
can be taught the foundation behind the study, common approaches to the problem, relevant results, and significant
conclusions or new questions.

Write your summary when your paper is completed because how can you write the summary of anything which is not yet
written? Wealth of terminology is very essential in abstract. Use comprehensive sentences, and do not sacrifice readability
for brevity; you can maintain it succinctly by phrasing sentences so that they provide more than a lone rationale. The
author can at this moment go straight to shortening the outcome. Sum up the study with the subsequent elements in any
summary. Try to limit the initial two items to no more than one line each.

Reason for writing the article—theory, overall issue, purpose.

e Fundamental goal.

e To-the-point depiction of the research.

e Consequences, including definite statistics—if the consequences are quantitative in nature, account for this; results of
any numerical analysis should be reported. Significant conclusions or questions that emerge from the research.

Approach:

0 Single section and succinct.

An outline of the job done is always written in past tense.

Concentrate on shortening results—limit background information to a verdict or two.

Exact spelling, clarity of sentences and phrases, and appropriate reporting of quantities (proper units, important
statistics) are just as significant in an abstract as they are anywhere else.

(ol olNe]

Introduction:

The introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background
information to be capable of comprehending and calculating the purpose of your study without having to refer to other
works. The basis for the study should be offered. Give the most important references, but avoid making a comprehensive
appraisal of the topic. Describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the
reviewer will give no attention to your results. Speak in common terms about techniques used to explain the problem, if
needed, but do not present any particulars about the protocols here.
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The following approach can create a valuable beginning:

0 Explain the value (significance) of the study.

0 Defend the model—why did you employ this particular system or method? What is its compensation? Remark upon
its appropriateness from an abstract point of view as well as pointing out sensible reasons for using it.

0 Present a justification. State your particular theory(-ies) or aim(s), and describe the logic that led you to choose
them.

0 Briefly explain the study's tentative purpose and how it meets the declared objectives.

Approach:

Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job
is done. Sort out your thoughts; manufacture one key point for every section. If you make the four points listed above, you
will need at least four paragraphs. Present surrounding information only when it is necessary to support a situation. The
reviewer does not desire to read everything you know about a topic. Shape the theory specifically—do not take a broad
view.

As always, give awareness to spelling, simplicity, and correctness of sentences and phrases.
Procedures (methods and materials):

This part is supposed to be the easiest to carve if you have good skills. A soundly written procedures segment allows a
capable scientist to replicate your results. Present precise information about your supplies. The suppliers and clarity of
reagents can be helpful bits of information. Present methods in sequential order, but linked methodologies can be grouped
as a segment. Be concise when relating the protocols. Attempt to give the least amount of information that would permit
another capable scientist to replicate your outcome, but be cautious that vital information is integrated. The use of
subheadings is suggested and ought to be synchronized with the results section.

When a technique is used that has been well-described in another section, mention the specific item describing the way,
but draw the basic principle while stating the situation. The purpose is to show all particular resources and broad
procedures so that another person may use some or all of the methods in one more study or referee the scientific value of
your work. It is not to be a step-by-step report of the whole thing you did, nor is a methods section a set of orders.

Materials:
Materials may be reported in part of a section or else they may be recognized along with your measures.
Methods:

O Report the method and not the particulars of each process that engaged the same methodology.

0 Describe the method entirely.

0 To be succinct, present methods under headings dedicated to specific dealings or groups of measures.

0 Simplify—detail how procedures were completed, not how they were performed on a particular day.

0 If well-known procedures were used, account for the procedure by name, possibly with a reference, and that's all.
Approach:

It is embarrassing to use vigorous voice when documenting methods without using first person, which would focus the
reviewer's interest on the researcher rather than the job. As a result, when writing up the methods, most authors use third
person passive voice.

Use standard style in this and every other part of the paper—avoid familiar lists, and use full sentences.
What to keep away from:

O Resources and methods are not a set of information.
0 Skip all descriptive information and surroundings—save it for the argument.
O Leave out information that is immaterial to a third party.
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Results:

The principle of a results segment is to present and demonstrate your conclusion. Create this part as entirely objective
details of the outcome, and save all understanding for the discussion.

The page length of this segment is set by the sum and types of data to be reported. Use statistics and tables, if suitable, to
present consequences most efficiently.

You must clearly differentiate material which would usually be incorporated in a study editorial from any unprocessed data
or additional appendix matter that would not be available. In fact, such matters should not be submitted at all except if
requested by the instructor.

Content:

0 Sum up your conclusions in text and demonstrate them, if suitable, with figures and tables.

0 Inthe manuscript, explain each of your consequences, and point the reader to remarks that are most appropriate.

0 Present a background, such as by describing the question that was addressed by creation of an exacting study.

0 Explain results of control experiments and give remarks that are not accessible in a prescribed figure or table, if
appropriate.

O Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or
manuscript.

What to stay away from:

0 Do not discuss or infer your outcome, report surrounding information, or try to explain anything.

0 Do notinclude raw data or intermediate calculations in a research manuscript.
0 Do not present similar data more than once.
0 A manuscript should complement any figures or tables, not duplicate information.
0 Never confuse figures with tables—there is a difference.
Approach:

As always, use past tense when you submit your results, and put the whole thing in a reasonable order.
Put figures and tables, appropriately numbered, in order at the end of the report.

If you desire, you may place your figures and tables properly within the text of your results section.
Figures and tables:

If you put figures and tables at the end of some details, make certain that they are visibly distinguished from any attached
appendix materials, such as raw facts. Whatever the position, each table must be titled, numbered one after the other, and
include a heading. All figures and tables must be divided from the text.

Discussion:

The discussion is expected to be the trickiest segment to write. A lot of papers submitted to the journal are discarded
based on problems with the discussion. There is no rule for how long an argument should be.

Position your understanding of the outcome visibly to lead the reviewer through your conclusions, and then finish the
paper with a summing up of the implications of the study. The purpose here is to offer an understanding of your results
and support all of your conclusions, using facts from your research and generally accepted information, if suitable. The
implication of results should be fully described.

Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact, you must explain
mechanisms that may account for the observation. If your results vary from your prospect, make clear why that may have
happened. If your results agree, then explain the theory that the proof supported. It is never suitable to just state that the
data approved the prospect, and let it drop at that. Make a decision as to whether each premise is supported or discarded
or if you cannot make a conclusion with assurance. Do not just dismiss a study or part of a study as "uncertain."
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Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results
that you have, and take care of the study as a finished work.

0 You may propose future guidelines, such as how an experiment might be personalized to accomplish a new idea.

0 Give details of all of your remarks as much as possible, focusing on mechanisms.

0 Make a decision as to whether the tentative design sufficiently addressed the theory and whether or not it was
correctly restricted. Try to present substitute explanations if they are sensible alternatives.

0 One piece of research will not counter an overall question, so maintain the large picture in mind. Where do you go
next? The best studies unlock new avenues of study. What questions remain?

0 Recommendations for detailed papers will offer supplementary suggestions.

Approach:

When you refer to information, differentiate data generated by your own studies from other available information. Present
work done by specific persons (including you) in past tense.

Describe generally acknowledged facts and main beliefs in present tense.

THE ADMINISTRATION RULES
Administration Rules to Be Strictly Followed before Submitting Your Research Paper to Global Journals Inc.

Please read the following rules and regulations carefully before submitting your research paper to Global Journals Inc. to
avoid rejection.

Segment draft and final research paper: You have to strictly follow the template of a research paper, failing which your
paper may get rejected. You are expected to write each part of the paper wholly on your own. The peer reviewers need to
identify your own perspective of the concepts in your own terms. Please do not extract straight from any other source, and
do not rephrase someone else's analysis. Do not allow anyone else to proofread your manuscript.

Written material: You may discuss this with your guides and key sources. Do not copy anyone else's paper, even if this is
only imitation, otherwise it will be rejected on the grounds of plagiarism, which is illegal. Various methods to avoid
plagiarism are strictly applied by us to every paper, and, if found guilty, you may be blacklisted, which could affect your
career adversely. To guard yourself and others from possible illegal use, please do not permit anyone to use or even read
your paper and file.

. © Copyright by Global Journals | Guidelines Handbook

XX



Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading
solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after

CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)
BY GLOBAL JOURNALS

decision of Paper. This report will be the property of Global Journals.

Topics

Abstract

Introduction

Methods
Procedures

Result

Discussion

References

XXI

Grades

Clear and concise with
appropriate content, Correct

format. 200 words or below

Containing all background
details with clear goal and
appropriate  details, flow
specification, no grammar
and spelling mistake, well
organized sentence and

paragraph, reference cited

Clear and to the point with
well arranged paragraph,
precision and accuracy of
facts and figures, well

organized subheads

Well organized, Clear and
specific, Correct units with
precision, correct data, well
structuring of paragraph, no
grammar and spelling
mistake

Well organized, meaningful
specification, sound
conclusion, logical and
concise explanation, highly

structured paragraph
reference cited
Complete and correct

format, well organized

Unclear summary and no
specific data, Incorrect form

Above 200 words

Unclear and confusing data,
appropriate format, grammar
and spelling errors with
unorganized matter

Difficult to comprehend with
embarrassed text, too much
explanation but completed

Complete and embarrassed
text, difficult to comprehend

Wordy, unclear conclusion,
spurious

Beside the point, Incomplete

No specific data with ambiguous
information

Above 250 words

Out of place depth and content,
hazy format

Incorrect  and unorganized

structure with hazy meaning

Irregular format with wrong facts
and figures

Conclusion is not  cited,
unorganized, difficult to

comprehend

Wrong format and structuring
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