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Summary

Production and consumption of different kinds of energy expand at a high
rate, that is determined by human activity in all fields. At the same time, the
energy conversion processes are getting complicated, variety of energy power
plants and power generating units that have to provide rational modes for electric
supply of different consumers is getting wider. The superconducting induction
energy storage, which is a significant intermediate link in the energy generation,
transmission and consumption systems is of key importance in the mentioned
problem solving. The topicality of energy storage problem increases so fast that its
importance is not adequately reflected in the modern scientific and technical
literature.

In the first chapter of the work a literature review of active power
adjustment in the energy system is presented. It is shown that the task of active
power adjustment is to implement the economically profitable and
organizationally proper distribution of electric system load between power
generating units of stations in the electric system. From here it is seen that
automatic frequency control tasks are closely linked to each other.

Active power and automatic frequency controllers are attached to speed
control unit of primary engines. All these controllers directly act on one and the
same supplying mechanism of the driving factor. Despite the above mentioned,
there is a definite difference between them, as well; in particular, speed control
units directly react on the change in turbine rotation number, while frequency
controllers response on the change in alternating current frequency regardless of
generator’s active power value. Active power controllers act during generator
power change regardless of generator frequency value, therefore, irrespective of
rotation number value of power generating units.

There are many types of active power storage devices in the energy system.
Among them we can consider: hydroelectric pumped storage power plants, air
storage systems, hydrogen devices, accumulator battery, supercondensers,
pendulum devices and superconducting inductive storages.

Electric energy storages make it possible to mitigate requirements for electric
power plant control that operate in basic mode, improve the efficiency of electric
power transmission lines, load of which is within 50-60% limits of nominal one
and increases its transmission capacity.

An essential advantage of inductive storages is that the energy is stored in
such a form, in which form it is used — i.e. electromagnetic. There is no necessity
to transform the energy from one form to another, also there is no large time
consumption directly for this process unlike the other types of storages. Based on
this fact, superconducting inductive storage has a unique feature of rapid transition
from electric energy storage mode to its output mode.

In the second part of the work the inductive storages (IS) are considered
according to their embodiment (design). Two main classes are singled out: linear
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storages, in which a coil (loops) are located along the rectilinear axis, and toroidal
(6-type) storages, in which a coil (loops) contains the central ring-shaped line.

Linear IS is structurally simple and processable, provides proper use of active
material but generates significant magnetic field in the external space.

Toroidal (0-type) IS are as good as linear IS according their weight and size
parameters, they have complicated design, but on the other hand make it possible
to almost completely eliminate the external magnetic field that frequently plays
essential role during designing of superconducting electric devices.

The linear IS’ parameters and indicators with cylindrical, ring-shaped,
solenoidal and spherical coils are considered, at the same time the analogous
analysis for toroidal IS of different geometry is conducted.

In the third chapter of the work a current conductivity of wires of
superconducting inductive energy storage and losses in the alternating magnetic
field are given. It is shown that development and creation of superconducting
inductive energy storage for energy purposes requires the use of superconducting
wires (SW) with high current conductivity and low losses. The mentioned goal can
be achieved by means of magnetic field localized by multicore superconducting
wires (MSSCWL), in which the mutual effect of magnetic fields of separate cores is
reduced to the minimum. For such execution of winding the current conductivity
of each superconducting core is determined by its own magnetic field and own
parameters.

The modern trends of amorphous alloys use in the magnetic circuit of the
superconducting inductive energy storage system are studied.

The calculation mathematical model of superconducting inductive electric
energy storage functioning in the active power rapid control mode is developed,
which was implemented for plotting and assessment of its energy characteristics.
The obtained characteristics secure stable operation of generators in case of
emergency taking place in the electric system.

There are considered special security issues: general rules of handling with
liquid cryogens; feature of address to liquid nitrogen and helium, control over
explosion hazardous admixture composition; organization bases of security
assurance.
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5023905, mbogodsodmo s  9bghgBHozmwo  3sb39690gdom
LBIOMWO  3mFs SbEoMbss dOMILOL JMFoLBMID s TuodRbg3s@  SFoMDYOL
AMOMOoENL. 003l 3MmFobmsb  FgsMmgdom  LRgMme 03-I  2osBbos
6530900 2569 3900 (3 lgdol Bmbsdo 3gwol BMm3MLoMmYdOL botxbg)
@S 39malo  30MMBS 353039008 OO HBY30MOL  fgsemdoo.
AMOMOEMOo  3MFoLmob  Jgomgdom  LygHyew  0d-do  0ddbgds  MBGOM
LodgEHHoo 99dBHHMEObsdor©mo dosergs, dmdJdgo bgzosbg [11].

bBIOMWO  08-0 MOz  Plymgomo  dbsMgs  dobo  OHMMEO

$996mema0m©H0 ©s8bsgds.

2.5. ©03memMo 0306 BYRodEsMmeEo 3mFsl 93M96oMgds

y39gws  3sbbomwo  09-9008 8093560  Bo3armgzsbgdsls  Fomdmopqbl
SMLgdMds  3b0dzbgermgsbo  FogbodMo  39wgdol o9 LogMgdo,
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OMIwgddsg  990degds  ogmboml  dogby  Bgaogargbs  Lbbgoolibgs
9w999639dbg 08-0L  sbewml, Fgddbsl gergdBHO™Asabo@MEmo  IdMIME9ds
3M5LBHOE0MbOME 095009000,  godmofgoml  sdsGgdomo  gbgeyool
5653502900 @5 9.30. (OR030 00-0b MOMMGMEo 3JMFs 933035¢9bEGHMM0S
352bo@Mm0 ©o3meol, MMAwol 0bmdgos B 3s6d0¢Bg 5Fo6dgol 3ol
BmIgOL, JgdM@™ds R7- ol 3GHM3mOE0Mme©  ©s  3m3sl  dogboom
dogMo 3900l @OML, Jgodgrgds  dgbodRbgzo  0dbgl  R-ob oo
36009369wmdol oMmbs.

5060360 9839JG0L LoHobsswdgam godmoygbgds 3mFols §3M9B0MYdS.

d9L5dgdg0s 936960l TGO gds, ToRdoMs©  BYOMIsABoEGWMGOO
3Owob®ol Lobom, ®MmIgEoE dmoEsgL 3mFsl [12 ]. dgmeg dbMHog 0d-olomgzol,
OmEd LIOsgs 033wgds d99ds 096900, 39MMAsabodeo 936Msbo bs3wgds©
3990boIR09, 30650056  FsLdo  500d30Gds  AMOYIMMO  ©9bgdo o
Po68mdmdl 95369 dm3gbgdl. MBO™  MbogzgMloMo ©s  9xB9IGHMM0s
99dEHO™AsRboGHMEOO  (5dBHomMmo) 93¢sbo  M3M©9bgdom. FoOBHog 93eMbL
Dot0moygbls  3593Mb0Mgdgmo  3mFsl  (OK)  fiyzowo,  39bersygdgemo
L03gEHO0O© JOMO0MIO K 3mFol 3035M00 39060l LodMEHY)do, HMaMmO3
6563969000 Bob. 2.8 93056060900 03-0l s6gsM0Td0 Fgodegds Bo@s®gl [13]
LogdzgwbY.

y3gws Lsdo 3mFpoL Bopbo@weo 39wol  39dGHMOMWo  3m@gbgoswo
39b@ogads 8h3M03d0 R- ol bsGolbol dobgzom, 890y @obwmwrgds
306390 JgBHo  9OLgdomo  figzdo  B(3M030L,  Loosbsg  dooMgds
05936056060909w0  3mFsl 396599 BHM0E. 9309b0MgdMNmo  0d-ob  GOM™OL
89903035 m33H080Bs300L H0m 3MM™mdb 3mFsl BMIGOL s Fsbsl. [13]-8o
65639690005, M@ AsLd 936096060 0T-0b, M9 3900l TguLEHYdOL O™
10-30 %96, 0BOEgds 3-5 X996 965930960090 03-0b  FsLobosb
3905M900m. ) g58Mm0Ygbgds Mo fyzowo ds93060M9gdgwo 3mFgdo, 00-
ol AsLoL ASBOEOL K JMOEMds Fgoqbl 1,5-2.
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9K K

Bob. 2.8. 3o@obnymo 3m3s gagdBH®mIsgbodto 93¢msbom mGo
535370000 3mFsL Lobol M3gboo

b3gIOMo 08-0b 93M60MIOOLIMZ0L Fgodergds godmygbgdmwo o0dbgls

bgBYIOMWo 930960 M3MIbom. bsEOMPOMEO T9850096MdOL  bgermwo
3opbo@wemo  LobBgdol  sboewobo  3mFsl  LobOMwo  Lobdob  GML

Bo@o®gdmeos [14].

2.6. OMOMOEMWO B9a59¢3Mo 0bdzom®mo d53MmMm39d9wo

AHMOMoE  3mFsdo - FHodolb bzogdo ©gbgdom A9BSR dME0s
AMOMOEM  Dgs3omDg ©s  FmoEegl  MYMEolL  396GHMIMEO  bobl.
doM0mMOEo 3900l dogbodMo  0bmdaool  boBgdo 0330905  GMMOL
©9Mdob 0630y (bsb. 2.9, o).
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| < [izzro > | N b)

655.29. mbgwo GHmOHmoEMwo 3mFs (5) ©s dsb8o dspbodmeo
fibggols dogwgdo (3)

0©JOWMM0  GHMOOLIMZOL  JOHMP35MM3560 ©IbmMmo R9bgdom yzgws
353603 MM0 39000 930MmYMHOE0s  BHMOMOEMo  bgsdocmol  Joyboom.
6996 30bLEHO30500 335d3L 296y Fsabo@mo 39w, Fo®msd obobo
00093056 8930  LHMORs©, 3000609 Dgdm obbowm  odmeol
Go3ob  3m3s8o, o3 §oMdmoagbl 9356 M30M5EGHGLMBL  GHMOHMOEIO
00-0b.

39630bowmm 5300056 Mbgwo GHmOMmoMwo 3mFs (8306 Lobdol
©96mm0  59bs), MMIGLyE  oBbos MM Oo  IgOH0OLBMEo 339000
(65629, 5.) dobo 0bwmdzon®mds [7,10].

(2.85)

.'—}’

Ly=05pyu?D(1—1—d2
Loo3 D-GmMmol oo ©0sdgEHmo; d-339m0L ©o0sdgBHeMo, d, =d/D.
©M0350 A r-BHMOMoo  3mFsl  ©obzgzol Loldg, doowgds dwmdogo,
kar- 3m3sL  893b9d0L  3m95303096¢0 D ©0009BHHbg,  i-gbo. 35806
fwr = TDAL K31 05 0oaMm30e00 96960
Wy = 0,5L,i% = 0,25u,7%(kyrJrA 2d,) (1 - VT —dZ)D%,  (286)
Loog Ar=Ar/d (Ar« 1),
306500056 3mFsl sgBoMo fimbs
My =ym k3l £diD%, (2.87)
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35306 bggoMomo 9bgMa0s
Wyar = Wy /My = ptkarh 2 (7;D)? (1—T—d2)/(47). (289)
593Hoco Hobswmmds
Ry = pd, w'zf[ﬁrka,rl
5 OMOL 3035
T = 0,51,A.rks (1 - T—dZ) D?/p (289)

(286), (287) o (2.11)-0L asmzsemobfjobgdom  dogzowgdoed  Wr-U
RQOOEMOSL  dOM3LOL  3mFoL  9bgeoslmab  Logbol ghmo s 03039
9EEmdol O™ (Qr = Mr/y = @5)

Wy /Wy = 2,225(ksz /kss)*® U7 /150 (1 — 1= d2)al /a2, (2.90)

35350, M3 kyr =kgg Jr=J5 d,=d/D =03 ©d
Ar=Ar/d =0,1 a39d69ds Wy /Wy = 0,241,

9936086530, MM BoffgMoe gm®Imesdo kir 86093690mdS 50090
DU Lodmom 3603369c0mdolmgzol. mvg Logbols 339000 8wdogos, d5dob
kyr 0BOEIds GHMONL 396GHO0LS3I6, Lowog b3ogd0 MebarmzEgdosb, g.0.
kyrmDy = kyrD = const, Loog D1-80©0 ©05393H60. s30@GHm3  890dwgds
2900530 9M k3 Lodmowm 86083690 ™md0EE odLodserw®Dy:

Karm =k3r/(1—d,) (291)

39M0m@, k37r-U 89330000 K3rm-0m (2.90)-80 950mBbgds 353GO30
(1—d.)*?, Gmdgmog 533009l Wy /W,

GO 0O HBgs30MoL  figsermdom  dgodwrgds ©omdgzem [ = g,
053 BOEOL Wi /Wi 9gmMg dbOog, OGmamOz Bgdn oym  s0b0dbyeo,
LoFoMmMms MRO™ IgBHo LoddEegmOL 33990l [ystrm.

999dGHOMs3b0GHMOO  dseols  FgxoLgdolmzol  GHmOH™MoEE  3mFsdo
30035¢0b{obgdm, ®md LEMEo ©Ybol  396mbol  Msbsbds  sB0IMEHOL

06001d300  GH™EMl  Fogbom  33MHM3MOE0MW0s T @ITMMGOOL T390

©960d59Y:
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B(r) = u,iw/(27r) 291)

(291) gmGOIMWs, 31693610305, BoBsME0sbos ©VIMHIMELOdgEMOYIEO
AL 6gdoldogMo 3390008 RMOIoL  EOML. 3065056  GHMMIL  goGgo
39000 96 5oL, d90dwgds Bsomzgoml, Gmd dol doaboo  dmddggdlL
dspbo@méo (bggo

P,, = B* (r)/2p, = p i*w?/8n’r? (292)

3963L5BE3OM™ oo, BIgmog dmddgEgdl Z ©gMdol AsoLH3mo3 o
30oLfOSx830L  BmdEo@ML  GHMEONL By bBobgzedo 5 BsOmom  J39aligsb
(z =0 LodMEHYol FodsOrm):

2 = [ Pycos@ds’ (2.93)
(292)-0L  gomzgoeolffobgdom ©s =1 + p(l—=sinf), dS'= 2mrpds
(65629, o), (293)-0b 06F9aM0Mgd0L 90y 80300)OM

Dlz-f,r.} 1+d,
F, ="t R (2.94)

39394mm  Fzr  303FL  9335¢MOWwo 3390006 9BHoMO  FomoDdy,
00300090 LoYbdo Lsdwoem d9dsb03MMo doengol J9gz3olgdsL.
fwr = TDArKs ] ad5m350lfobgdom §35d3L

1+d,

F
Orep = J— =72 ka rh.rd, (JzD)* {3”1 z.

TP 2mADk T

(2.95)

ol 3600369 mds o dgBos, M3 8dEsgzMos 00 S OO J.

rc*p

LEOMWO  (OEOIWMOO  dogs,  MMAgwog  3wddogl  GHMOL  Z  ©9Mdol
3oL)3603, 890dEgds oMW 303Mm3mm (1.35)-00sb:

Fr =05i22T —05;'%&2(1— _ ) (2.96)

T T Ji-a?

boog 7, = 0,5D

Fr doeoo 996@s 3500939L bdg®gbo gargdobdgob.

Ldgero GHmOMoEmo 3mFsbomgol @obgngol bobdg Ar=0,5(dy — dg)
®565bmBoos 2309  (dy) @5 Jos (dg)  @©0589BHMOOL  GHMOSL

39600560 339000L (65H.2.10)
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| LAT

e 7 DEA

. I .
oy

Bsb. 2.10. Ljgwo EGHMOMOEMEO 3mIFo

[15]-0  obsbds 98  09dnbggzolmzol 43946905,  d9dm3z094gbmom
5060836900 d.z =dg/D o d,y =dy/D:

Ler=
DS_UDw D{l— [1—d% +(d,,—d.z) [w(arcsind —arcsind, ;) —

LT—dG2+d3) + 21 a5 (2 +d% + 3d.4(dy — d.5))]}

(297)
3m3PL  gbgegos  fwr = 0,5(dy — dg)mDksr]r-0b  go035olfobgdom
399m0obobgds dgdgao Loboom
Wyr = 0,5Lp7i2 = 0,0625u, 72 (kypJr) f(d.g d.g )d®, (2.98)
bodg  fldupd.z)  960L  godmlbobmangds (2970 gogmGm@

RERbogddo  dox3965 Bofowdo, gsdMsgwgdmmo (d.; —d.z)*. Lowgbol

Hmbo
My = 0,257 %yk, . (d2; — d25)D? (2.99)
b39O0mo 9bgPx0d> Wrr,, = Wrr/Mrr 3560LsbRgMmgds (2.98), (2.99)-
Q@sb.
LEMWO 9 9dBHOMoboG MO doegdo
Forr = e 1+ a2, 2208] - [(1 4 2d,5d. — 436, 2222 +

1-g2
[zdaH{gn 1—d:"§:| - 2[ «H seB:]}
(2.100)
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F.rr = 0,5u, (fur)? {1 —2(d; —d.5)? [dsH (arcsind_; —arcsind_g) —

*J'fl —dip + +*Jf1 - dfﬂ]}

(2.101)
[8]-80 dmE9dos BmEmIMgdo doduodsermo FHobaabEosmo ©s
505 M0 39456037960 doerzolsmzol Lgwo GmOHmowo 3mFsdo:
6. = 0,25dy(Jrkyy) —iE_%n)

(duy—dog)(1-dug) ™

d,
Ty = G,EEdE [fl"kﬂ;r)m "

(2.102)

b doengs 0©0dgztgds (D —dg) Mol s®gdo EGHmGMol dos B3zsMTo,

Loo3 35abo@Memo 0bmdagos s0fggl doglodwmal:

(duy—d.gl(1—d.g)
Bm = D!Sﬂo [k!i,l"fl")ﬂ = 1_3,1_3 =

(2.103)

M309OM0  3M5dGH03wo  5dm35BoLLMZ0L  HoMmBmoagbl 0bEgMgll od
doOm3mmbs 3390006 HMOMOEIo  3mFol  Logmdzgwbg  (Bob.2.11, o),
Gdwol 0bmdaomcmmds dgocmg LobJob osbggzoom [1].

L, =% 2p pp e (2.104)

I oyt

bscos €. =£€/D, h.=h/D

B39 906030 AMOMOEOO 3MFol 3b65EP M0
iw = wA,+h,D*] k316

booz A.r= Ar/h, 339d69ds:

6ob. 2.11. HmGmoEYmo 3mFs FoHmgMmbs 339000 (5) s
305JLBosgrm®o (d)
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Wi = 0,251, (A ph kyr)r) Do, i*: (2.105)
My = 2my(h, + £)A +h ks D3 (2.106)
,_ Hafarhie (D) 4T
W= T ; (2.107)
uoks TA.Eh D _+:
1. = (2.108)

40 +h.)

1/3 2 af
Wr _ T Fr\° £.(8.7h) 1+h,
Wy L 524(?{55) {_.TE) (£,+h,)5E n 1-h, (2.109)

Omgs £, =h, =03 @5 A;=01 Ubgoolbgs goO®Mbs06 3oHMdd0
23996905 Wy /W = 0,206.

(2.107)-056 BsBL, GM@I dmEgdmwo D s h, LOOWIGOOLMZOL FHMMOL
©9OdNo  Loa®mdolb £, asBOm©s  0ofgg3l  FoboErgdol  godmygbgdol
989JHMOMDOL  5850wgdss, Bgmeg  dbGog f/h =4 ©s0m30©gd9dd
W r(£.) 29x0090s. 099 89333wom £, 3mFsl dmEgdne dmEmemdsdo,
8930650BMbgdm h, = const, 85906 Gmam®a (2.109)-s6 BBl Wr 9Bg@gosl
2o0Bbos  3oduodmdo  Gmgs £, =1,5h,. [16]80  s©bodbywos,  H™I
29BLsBOZOMWO  FOEMdOMO  BmIgdol G (h, ¥ 05, £, ¥ 0,8)
969603050 Wy F90dmgds  JgLodRbg3o®  2o@asFo@mdMlL Wi 9bgGaosl
AMOMo©o 03-0b Oomwo 39H0osbmwo 339m00 (FsLoergdol ghmo
@5 0039 bsx30L emMmb).

(2.105)-(2.109)-80  kir  9603369cmds,  GmamGE  B3gmegd©03
AGMOLmM30L, 500905 D ©05393HMobm30L.  dodbodogrmMo  3095303096EG0
Kyrm =kar/(1—d.y) 8000f935 B0©d ©05093HODg (Dy =D —dy) G0
©90dNsb H309d0l Fosbermgdoll 89w9as©. ©obgzg30L Lodmermm Lobdol Ar

©OML, 303 060J30)OMO0L  Josbmgdomo  sbgs®odo  {Homo o
doOmzmmbs  339000m, FgodEgds  BoBoMal  “9839J@wIm0” bgosl  36900L
bog3mdzgebg. MH@AOL  sOLo  0d6gds  Homdmagbowwo I Lobol  3mFsls

3obboegoll ML, 39Gdm  Jgdmbggzsdo  GHMMMoIo 03  JsMmIMmbo
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330000 oMo gbl  3modloswrm®mo 0d-U, Ho®mdmddbowwo Fows s oty
9GO0 3m5JBosEMOHO  300b®mgdom  (Bob.2.11, ). Eowobp®gdo
390dgds  Bs0MMML  00)3OMd0m TP FoOROGHJOOL  Lodwmsegdom,
bowem ©6Ofm  300bEMmgdl  JmMol  BodLoMmgds  LsobmEIsEoM
153900 S Fgodergds GALILMOML 25303900l sMb9dL [18].

B90m© obbowmwo GHmOmMmoEMwo 3mFgdo [Oomwo b dsGmzmmbs
339090000 56 FoM3moaabl  m3BH0dsOl  sdGHoweo  Asboergdols
399myggbgdol  doBbom, ) gogomzseolfjobgdm  03-0b  LodEzosob
doboliosmgdegdl. sbgm 3mFsdo d9MH0Eosbmwo 339000 dmddgEgOL 9GS
dbMEME  SOLYI0MOE  IMOYOMAZ5MM3b0  doggdo  goF0d30L,  966TgE
0membzol doengs, MHMAwol 3md3gblsgos 3mbLGOMIzomwo gwgdgb@gdom
bdoMo  ©3930060930s  1LodbgggdmMb.  dobogdol  godmygbgdols
dobg30m 15939mgbmL HomBmoEygbl GHMmOMmomwo 3mFs obgmo 33900L
RMOI0m, ™Il EOMBsE 390300530 doewgs 3990305, bmm ©Mb3ol
doqngs aodmMoisbmeos [17,19].

3963L5BO3IOM®D  BHMOIL MIGH0ToWMMHO 3390l BMOTs. ©s)Iz500 50
339006 g59B60s MooMLol mommgmew (ghGowdo LodOwmg £y (bob.2.12,

5).

2
h rq

3

MRS

>
*

1 2

655.2.12. D-1 9533500 BHMOHMO©MEo 3mFs () ©S dobo 3OMBoEOo
Lbgsslbgs BHMOHMOEMEMdOL £ O™l (3):
1-0,9; 2-0,7; 3-0,5; 4-0,3; 5-0,1.
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3°0m394mm  MAMEOO  9gdgbBHo  BHMOIL  Bgs3o®By, OHMIgwos
3m03o3L Z-0l mogo® gmAL s gosBbos @sOmo dS' = 2mrp,df. ©mbzol
doew3ol  2o8mGmoEbzol MM, dsbDg dmddggdl dspbodmMo (1693 Py
d0gb0sb s 98303530 doengs T, dodommwero dbgdols Lsbom BE3s6-BY.

350l Bo5BLOEL  A53MIEOBIGMMdL: Py dS' = 2Tsin(d8 /2. (2.92)-
ol gomgzgoeolffobgdom s sin(df/2) % df /2 g3qd69d> mrpgB® (r)/u, =T,
Lo0Ibo3

o, = Kr, (2.110)

Lowos K = 4nT/ [u, (i2er)?] (2.111)

5023965, 0v9 9593008530 doegzs 3d0305 FJMHOOSBME  3390F0
(T =const) @5 0pmbogo doergs @sdmMogbmwos, 3390006  LoIGMEOL
WMIOXMOHO (oo Llo Mbs 0gml 3OM3MOE0MEo T MMl BHMOOL
©90Mdosb, g.o. 33900L LodOMEg 0BMEIdS Z ©IMHIMSD  Tosbermgdol
©OML. Sy MMI bmys dgdmbggzsdo bgdobdogmo dIOHobsmzgol Z(r)

3397690.

_ [14(az sar)®]*"

B (afz/ar?) @112)
05306  (2.110)-0b  ®obsbBo  GHMmOMoEMEo  3mFsl  339000L
33005 OH0 B> 49B6oLIBOZMYGOS 25bGHMEdom
gtz 1

== —[1+ (dz/dr)*]?'? (2.113)

dr® r
K 09400035 30603900 dosbermgdoo dgodggds 99x3sbql  (2.111)-0b

dobgzom, dogommm
T % nDArKyr0,, (2.114)

LoOE  T-399B9MT3o  Losbas®odm  dgdobozmo  gsd30dsgz0  doengs.

oobs3 3mFsl 339000l 3OMBowo 0aolbdgds MPY39BHO @S 30,
35306 dobo LodgEHMOOL 30MHMdOESE Z =10 LodMEHYoL ToTom® 43946905

dZ/dr = o0, Mm@y T=1,7 =7 boog T3 ©9 T GOl FoEs © 569

oo Lgd0. sdo@M™I Mmas T =1 IOWEOL bBgos ©d J39©s dmermgdo,
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3obLsbEzGmwo (2.113), dgeHgdmeos 3OHMBowwol  3owob®eo  dbol
dbg0msb. gl dsbo  BoMmMHMWOos  (30e0bEMOL  LogHIbMb, GMIgeros
3HbBsLHmEOGOL LOIE 9gdBHOMoRboGHO doesl, MHMIgeroE F0dogl GHMOL
396GH®MO0L396. 3MHMmTBooL FowobGmmw MBsBdo, MHmymes IGmEhocsto,
dmddggdl d/dogzo 259308530 dogngs 0 306MHMdom, MM (396@Msw YOO
Logmabo 3m3s 34dbols sm3owgdge  gobsfogdmem ®oos®  dogngsls
[15]. sbgmo Lsbom sggdmmo 3mFsl 3Gmgowo Z(r), B6sBggbgdos bob. 2.12,
-9 @5 goskbos D-b Bs35M0 FMOTs, T9gbodsdqds (2.113) s FoMdmoaqbl
M33H03oOl, bmem 3mFob gfim@gds D-l dsg3560.

DL 0533500  3m3Fsb  Mo@onbgdo 1 ©o T 93930060900
05bs83sMmEMOgd0m [15]:

k

— k. — ok,
n=re g on =res;

— g
T, =41 K =051, =

(2.115)

F;  doms, 800L{6mox30l  dmogowmlb  Bgs bobgzsmo D-li 8533500
AMOL J3900L0s6 (£ = o LodMEYoL JoTsOm):

F,, = BZmrid, % (2.116)

POommo  339000L  GHMOSLsm30L  (2.116) ool (2.94)-do. Fgodengds
3956396mm, ®md (2.116) FmOIMs BodosODEosbos bgdoldogMo  gmGIob
3960056Mwo  339mobomgol  [15], 90. Fz @©@s9m300909wos  dbmErm©
AL ©35bsL0sMYPdGWo DMIGBom 8ol 9335GHMOM 339mdo (Z = o).

DU 353900 303 3OMmxBowo  Bbgoolbgs  GHMmOmMOomdom
£ =(rn—mn)/(2r,) Gogs 1, =05(rn +m) =1 BsBggbgdos (2.12,5) [20]. D-b
053560  3MOMBowo, OMamO3 BBL MIMowme  (2.110) ©s  (2.115)-0056
399030060905 800 Boms, Mo dg@0s bbgomds 1 s 13- dmMob. [20]-do
BsB3969005, MHmA DU Bsp35M0 3mFJ00 NYOOHMb39wymzgb  IAGMZ0WO
9696200l d5d0dmAL BodLoMGdYo TMEMEEMdSTO.
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Dl 9533500 3mFol 356599900  godmoliobgds dgligegol 1 Mool
9m@0x0306090v)wo gmbdisoom [10]:

LogMHgbo 300bEMOL dos Lodseng (bsb.2.12, ).

h =2 KL (K); (2.117)
b300L Loa®Mdg (3390000 39M0T9BHMO)
£ = 2mry K[I,(K) + I, (K)]; (2.118)
39600056990 339000L BSOMO
S =2mr]K[I,(2K) — e FI,(K)];  (2.119)
060099 309H™dS
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