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CPABHEHUE HA MOJIEJIbBHOI 3AJJAYE PA3JINYHBIX
BAPMNAHTOB BBICOKOYACTOTHOTI'O ITPUBJIN2KEHU £
JAJId YPABHEHNN MAKCBEJIJIA

A. U. Tony6es, H. A. cmamiosa, B. A. Tepexun
(POALI-BHUND D)

Ha mpencraBurebHOM ABYyMEpHON MOIENTHHOI 3a/1atde MPOBEIEHO CPABHEHNE TOYHOLO pPe-
menus ypaBuenuit MakcBesia ¢ pelennsiMyi yIpoIeHHbIX yPABHEHNH, BOSHUKAIONINX B Pa3-
JINYHBIX BAPUAHTAX BBICOKOYACTOTHOrO mpudmkeHus. CpaBHEHME MOKA3aJI0, 9TO JIJIsT PaC-
CMOTPEHHOH 3aJa4Y’ y4eT IPOU3BOJHBIX IO YIVIOBBIM IIePEMEHHBIM B YPABHEHUAX BBICOKOYA-
CTOTHOTO TPHUOIMAKEHUs CYIIECTBEHHO PACIIAPSET IPAHUIBI IPUMEHUMOCTHA 3TOr0 MpudJIn-
2KEHUd 110 BpEMEHH.

BBenenue

B cepeaume mectuaecaThix TOJ0B MOABUIACH KjaaccuuecKas pabora Y. Kapsaca u P. Jlarrepa [1], B
KOTOPO# BIEPBBIE OBLI OMUCAH MEXAHW3M TEHEPAIUM IEKTPOMArHUTHOrO uMmnysabca (DMIU) BeicoTHOrO
sepuoro B3pbiBa (BfIB) (Bpicota B3peiBa H > 20KM). DTOT MeXaHH3M OCHOBAaH Ha CHH(MA3HOM Mar-
HATOTOPMO3HOM HU3JIYUYEHUU PEISITUBUCTCKUX TEKTPOHOB B MAarHUTHOM T0OJI€ 3€M/IU, BOBHUKAIOIINX MPU
KOMITTOHOBCKOM DaCCesiHUM TaMMa-KBaHTOB, MOMVIOMAOIMXCs Ha Bhicorax H = 15 + 30km. B pa6ore [1]
OBLIIO TIPEJIOKEHO MCITOJIB30BATH IIPHU PEIeHNN MHOTOMEPHOI cuCcTeMbl ypaBHeHuil MakcBeia BhICOKOYa-
CTOTHOE MPUOJINKEHNE, KOTOPOE OCHOBBIBAJIOCH HA MAJIOCTH JJINTEJIBHOCTA UMITYJIBCA TaMMa-U3/Ty YeHUsT
10 CPaBHEHUIO C MPOCTPAHCTBEHHBIM MACIITabOM H3MEHEHWs TJIOTHOCTH aTMocdepbl. I[IpemioxkeHHbIiT
MOJIXO/T, TIO3BOJIHJT OIEHUTDH AMILIUTY/IHO-BPEMEHHbIE XapaKTePUCTHKN HadaabHoil (as3er DM BAB (kowm-
nonenta Ey).

Bricokowacrorroe npubsmkenue g ypaBaenuit MakcBesia MUPOKO UCIOAb3YeTCS P PACIeTax Ia-
pamerpoB KommoHeHThl Fp DM BB, a takxke B apyrux npusaokenusix (cMm., mampumep, [2—5]). Ilpn
9TOM B ypaBHeHnaX MakCBe/a 0CTaBIgiOTCa TOMBKO TIPOU3BOIHBIE TIO Pajanycy (B cdepudeckoii cucreme
KOOD/IMHAT C IEHTPOM B TOYKE B3DbIBa). [IPOM3BOHBIE MO YIJIOBBIM TIEPEMEHHBIM § W (0 B yPABHEHUSX
MakcBesia B 9T0if cucTeMe KOOPAUHAT CUUTAIOTCS MAJBIMUA U UMU TPEHEOPeraior.

B nannoit pabore Jyisi MpeAcTaBUTENBLHON MOJEABHON 3a1a4uu [6] mpuBeieHbl aHAJIUTHYECKUE DeIIeHus!
ypapHenuit MakcBesia U peleHust YIpOIIEHHBIX YPABHEHUI, MOJIYyUYeHHBIX B BBICOKOYACTOTHOM MPUOJIN-
JKEHWH C yIeToM U 0e3 ydera MpOU3BOIHBIX IO YIVIOBBIM mepeMeHHbIM. (CpaBHEHUE 3TUX PEIIeHui MOKa-
3aJI0, 9TO y4YeT MPOU3BOIHBIX 110 YIJIOBBIM TEPEMEHHBIM B 3TOM TPUOJIMKEHUN KpaifHe BaXKEH W MOXKET
MPUBOJUTH JaKe K KaUeCTBEHHOMY M3MEHEHWIO XapaKTepa PeIleHus] Ha MO3JHell CTauu Pa3BUTUS KOM-

nouenTsl ;7 9MU BAB.

BeicokouacTorHoe npubJsin>kenue ajisd ypasHeuuii Makcsesiia

B cdepuueckoii cucreme koopausaatr (7,6, @) ¢ HEHTPOM B TOUYKE B3PBIBA U MOJIAPHOI OCHIO, HATIPABJICH-
HOI1 TePIeHINKY/ISIPHO K MOBEPXHOCTH 3eMJIH, ypaBHeHus: MaKkcBesia MeloT BIJL (UCIOIb3yeT s TayCccoBa,
CHUCTEMA €JIUHUIIL):

- 19 —



A. U. Tonybes, H. A. HcmanmoBa, B. A. Tepexun

10E,  4m. 1 J(sinf-H,) 0Hp\
cor ¢ rsin@( o0 a 8(,0)’
10(Ey — Hy) A 1 0H, 10(rH,)
¢ or :_7]0+rsin9 op v o
10(E, + Hy)  4m. 10H, 10(rHp)

¢ o T T o "
10H, 1 0Ey 0(sinf-E,)\

¢ o7 _rsinﬁ(&p_ 00 >’
10(E,+Hyp) 10(rEy) 1 OE,

¢ or T v Or  rsinf dp’
10(Hy,—Eg)  10(rEy) 10E,

c or  r or ron

B stux ypasuenusx Ey, Hy,, jo (0 =7,0,) — COOTBETCTBEHHO KOMIIOHEHTHI HANPSKEHHOCTEN 37IeKTPH-
YeCKOT0 ¥ MarHUTHOTO TOJeil U TJIOTHOCTU TOKA 3apSKEHHBIX YACTHUI], ¢ — CKOPOCTH CBETA B BAaKYYME;
T =1t —r/c — 3adeporcanroe Bpewmsi.

Caenys [1], mosyunm ypaBHEHUST BBICOKOYACTOTHOTO MpUO/INKeHus. VIHTerpupys 1Ba MOCIeHUX YPaB-
Henua cucrembl (1) mo 7, HAXOAUM

rH, TEg—l——/Ech —/’I"Egch, (2)

1
Hy=—-rFE — E E,
rHy r Lp+ar/r pedT — n98<p/ cdr. (3)
—00

[TozxcTaB/isis MOTyYeHHbIE BBIPDAYKEHUsI COOTBETCTBEHHO BO BTOPOE U TpeThe ypaBHeHus cucremsl (1), mo-
JIydaeM

0 2r . 10E, 1 O0H, 1 9? 1 62

ar (rEp) = e 3 2 00 * 2sinf dp  20ro0 / Bredr 4 2 0r? / rRoedr: W
B, o 1 0E, 10H, 1 19
—(rE,)=—-""rj - = E, E

or (rBp) c e * 2sinf dp 2 99  2sinf 87“3(,0 / edr 3 20r2 / e (3)

—00
B nanwmeiitnem 6ymem mosaraTh, 9TO MPOCTPAHCTBEHHO-BPEMEHHOE MOBEJEHUE 3IEKTPOMATHUTHBIX I10-
Jlell B paccMaTpuBaeMOil 3a1a4e TaKOBO, YTO

10 0
cor or|’
nosromy Oyjem npernebperarsh B ypaBHeHHsiX MakcBesuia MpOCTPAHCTBEHHBIMY TIPOM3BOAHBIMU 10 CPaB-
HEHWIO C BDEMEHHBIMHU OT TeX »Ke CaMbIX BeJauduH (BbicoKodacToTHOe npubsmxkenue) [1]. Tlockonbky

T

rEa:i/rE ch>>—/rE cdr;
coT

—o0

0 0* 1 0?
E(TEQ) o /’)"E cdt > 25,2 / rEqcdr;

E, /Ech>>—/Ech,
T o
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rae o = 0, ¢, To ypasuenus (4), (5) 1151 MONEPEUHBIX KOMIIOHEHT 3JIEKTPUYECKOTO IO/ YITPOIIAIOTCS 110
BUIA

0 orr . 10E, 1 OH,
or (rEp) = PR + 2 00 + 2sinf Oy ;
P o 1 0B, 10H, (6)
ar UBe) === let 555, "2 00

a dopmysl (2), (3) mag onpegeseHus MOMEPETHBIX KOMIIOHEHT MArHUTHOTO TIOJIsS OY/IyT CJIe Ty FOIIAMEIL:
T T
H E+8/Ed H E —la/Ed (7)
T =T —_— CaT, r = —r — —_— caT.
v Y, e b Y sinf 0y r
—00 —00

Bripazkenust (6), (7) cOBMECTHO C ypaBHEHUSIMU /I OTPEIETIEHIsT PAINATBHBIX KOMIOHEHT TeHepUpY-
€MOr0 TEKTPOMArHUTHOTO TTOJIs

10E, 4 1 0 . 0Hy
- = ——IJr N A 0'H — = ;
c Ot ¢’ * rsin6 (86‘ (sin ?) oy >

(8)

10H, 1 (0B, 9 .
- <8<,0 50 (sin@ E@)>

00pa3yIoT MOJHYIO TPEXMEPHYIO CUCTEMY JIEKTPOJMHAMUIECKUX YPABHEHMI B BHICOKOIACTOTHOM Tpub.in-
JKEHWW, IPUMEHUMYIO [IJIsl UCCIE0BAHUs TapaMeTpoB KoMmmouenTsl £y 9MU BAB.
Pa.CCMOTpI/IM BOIIPOC O COJICHOMJAJIBHBIX CBOMCTBAX MArHUTHOTO II0JII B BBICOKOYACTOTHOM HpI/I6JII/I}I{€—
nun. B nepemennbix (¢, 7, 0, p) nmeem
0 , 1 0 . 1 0

- 1
divid = = 22, 4 <
a r2 Brr rt rsin @ 00

¢ Or  rsinf

[Tocne mepexosa oT mepeMenHoit t K 7 =t — r/c bynem umerhb

10 10 1 0 ) 0
———Hr+—2—’l“2 r+ —— | 5z Hygsinf0 + —H, | =0.
c Ot r? Or rsing \ 00 oy
[Ipenebperas B 9TOM COOTHOIIEHWW MPOU3BOMHON KOMIOHEHTHI H, 1O mepeMeHHOil r M0 CPaBHEHWIO C
Npou3BOAHON H, 110 1epeMeHHoi T, NoayYaeM CJIe/LyIOlIee yCIOBUE COJIEHOMIAIbHOCTH MAarHUTHOIO TTOJIs
B BBICOKOYACTOTHOM TPUO/IMKEHIH:
1 0H, 1 ( 0

) 0
%Hg sinf + %Iﬂp) .

c OT rsin 6

HerpyiHo mpoBepUTH, YTO 9TO COOTHOIIEHUE ABJISETCS CIeJCTBIEM ypasHeHuil (7) u BTOpOro ypaBHEHUs
u3 (8), T. e. yCIOBHE COMEHOMIATBHOCTU B 9TOM MPUOJINKEHUH BBINOJHEHO.
OGBIYHO IPU YUCIEHHOM PEIIeHUr BMeCTO ypaBHeHuii (7) UCIOMb3YIOTCS UX CIIEICTBUS:

10H, 10Ey 10BE,  10Hy 10E, 1 0

c OT cor 1 00’ ¢ or c or rsin@%Er'

(9)

CrhemaeM creayroriee 3aMedanne Mo MOBOJY TOMYUYeHHBIX ypaBHenuii. VI3 ypasuenuii (6) BugHO, 9TO

OB, 1 9E, 9
Ny ~ZrE,
0 " ar " @ ap or ¢

[TosTOMY TPEICTABISIETCS €CTECTBEHHBIM (XOTS 3TO HANPSMYIO HE COOTBETCTBYET OCHOBHOMY NPHUHIIWITY,
UCITOTb30BAHHOMY TIPH BBIBOJE YPABHEHUIT BBICOKOYACTOTHOTO TPUO/MKEHNs) B ypaBHeHusX (9) mpeme-
Opeub MpPOU3BOAHBIMU K, MO yTJIOBBIM MEPEMEHHBIM 110 CPABHEHWIO C OCTAJIbHBIMU ciaraeMbiMu. Jlasee
OyzeT 1oKa3aHOo, YTO TAKOM IOJXO0/ BIIOJIHE OIPAaBJIaH.
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AHanuTuyeckoe pelieHne MoAeJIbHOI 3adadu

[Moryunwm ¢ ucnons3osanrem ypasaenuii (1) n ypasHenuii BLICOKOUacToTHOTO mpubaunzxenust (6), (8), (9)
AHAJIMTUIECKOe PEellleHre MOJIeJIbHOM 33/[au1, aHAJIOMMIHOI pacCMOTpeHHol panee B pabore [6]. TIpemmoso-
KuUM, caenys [6], 9o cpega, B KOTOPOii HAXOAUTCS HCTOYHUK TaMMAa-U3JTy I€Hs, IBJISIeTCS HEPOBOIAIIEH.
ByeM mojarath, 9To B cuCTeMe KoopauHar (7, 0, ¢) Bee byHKIMK He 3aBHCAT OT ¢, a TIOTHOCTH TOKA
HUMeeT BUJ .

j = (jT‘ajGaO) .

B 3TOM C.quae Ipu IMOAXOAAIINX JOIMOJTHUTE/IbHBIX yC.HOBI/IHX HeHyﬂeBbIMI/I KOMIIOHEHTaM1 6yﬂyT TOJIb-
KO ET‘7 E9 — KOMITOHEHTBHI HaIIPDAKEHHOCTU SJICKTPUYICECKOTO IIOJIA 1 HLp — KOMITOHEHTa HalIPA?KEHHOCTH
marauTaoro nojs. Cremys [6], mpexmonoxum, aro j, = ji (r,7) cos8; jg = jo (r, 7) sinf. Torma pererne
ypasuenuit Makcseta (1) MOXKHO HAXOIUTHL B BUJIE

E.=E(r,7)cosb; Ey =e(r,7)sinéb; H, = h(r,7)sin6.

s mabHelero n3JioxKeHus ya00Ho mepeiitu K 6e3pa3MepHbIM epeMeHHbIM 1 (pyHKIusIM. Boibepem
B Ka4yecTBe eJAMHNI n3MepeHus cieayiomue ([a] o3Hadaer enHUILy W3MEPeHHsl BeJINYUHbI a):

hy
= tg; =1y = Cly; | =
@ =ra=ch  1j]= g

; [El=le]l = [h] = ha

C ucnonw3oBanmem 3tux eaunul, ypasHenaus: cucrembl (1) mas dyuxnmit E| e, h npusBoggarcs k sumy (3a
Ge3pa3sMepHBIMU BEeJTMYNHAMU COXPAHEHBI T YK€ 0D03HAUEHHUsI, YTO U 33 PA3MEDPHBIMH)

oF ) 2
de . 10 oh
ar TR T e G (1)

——F———re+ —. (12)

IMosyuanm u3 cucremsr (10)—(12) ypasuenue st dyukunn v = rh. 13 (11), (12) nmeem

Er(e—l—h)—l—rjz—i—E:O. (13)
I3 (10), (11) naxoxum
. !/ 2 !/ 8 !/ - !/
E=— [ jidr+—- | hdr’; re=rh— —r | hdr — [ rjdr’.
r or
0 0 0 0

[Moxcrasasist 3tu Beipaxkenus B (13) u nuddepentupyst pe3yabTupyomee COOTHOMEHUE 110 T, /s (DYyHK-
NN v TOTyIaeM ypaBHEHUe

0%v v 2w
oL = (-2 4 14
aTor (67"2 7“2> T (14)
rie
. —i—gr' —gr'
J=n or J2 o7 J2-

Tpebyerca ONpeenuTh PerIeHne 3TOro ypaBHEHNs, KOTOPOe PABHO HY/IO0 npu 7 = 0 M OrpaHUYeHo IIpu
r — 0 u npu r — co. B pabore [6] Takoe pemenne Haiigeno st § = f (1) ¢ (1) ¢ dyukuuneit

f(r)y=re . (15)

— 22 —
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DTO pellleHre UMeeT BUJ,

V() =@ (1) fo () + i () o, (16)
rme
1 2p2
fo(r)= . [l—e_c”" <1+a7“+ 5 )] : filr)=1—e* (1+4ar);
O (1) = 2%2/(7—3;) e 020 (1) dx (17)

1= (1) f(r); J2 = €J1,

rie € — HeKOTOpbIi mapamerp. Herpyauo yOeauThCs, 9T0 mpu TaKOM BBIOODE j1, J2
J=e1(T) f(r) —pa(r)rf(r), (18)
re
dep
pr(r)=(L+2)p;  a(7) = ap+ = e
OueBngpo, uro pemenne ypasaenns (14) ¢ dyukuueii j (18) MOKHO pejCcTaBUTH B BUJIE
v (’)",T) =0 (’I“, T) — U2 (’I“, T) ’

rae vy (r,7) onpenensorcs o dopmyse (16) ¢ ucnonszosanuem B (17) dbynkuuu @1 () BMecro ¢ ().
[Tockombky myist BeIOpanuoil dbyukmun f (1)

P == (1), (19)

MOYKHO BOCITOJIB30BATHCS ITUM OOCTOSATENHCTBOM M BBIYUCIUTE V9 (T, T), MCXO/s U3 BhIpazKenust st vy (1, 7) ,

KOTOpO€ IIepernumeM B BHIE
T

vy (r,7) = /(,01 () @1 (T — z,7) dz.
0

31ech ,
Py (1,7) = %02 [fo (r)T+ f1(r) (1 — %7’):| e oT/2,

Tak kak ¢dopmyta (19) mmeer mecTo 11 TPOU3BOIBLHON (hyHKINY 01 (), TO Buj dyukmmu ®q (7,7) mos-
HOCTBIO onpezessiercst dbyukuueir f (r). YaurbiBas coorHomenue (19), noxydaem, uro dyHkiys vy (7, 7)
MOZKET OBITH MPEJICTABIEHA B BUIE

T

vy (r,7) = /(,02 () @y (T — z,7) d,
0

e L) 1y [Tfo (1) 10 (1) + (%fo " -%h (7«)) TZ] |

s (,7) = Oa o

Takum obpasoMm, TouHOe pelienue ypasHenuda (14) c ket 7 (18) ompeneneno. Ilomyumm Temepb
)
NpUOJIMKEHHBIE PEIEHUs 9TOT0 YPABHEHUsI, UCITOJIB3Ysl Pa3IUIHbIe BAPUAHTHI yUeTa, MPOU3BOJHON 10 0 B
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ypasuernusax (6), (8), (9) (mamomumMm, uTo B paccmarpuBaemoii 3a1ade Bce DYHKIUN HE 3aBUCAT OT ¢ U

E,=0, H, = Hy=0).

Bapuanm 1. B ypasuenusx (6), (8), (9) mpenebperaercst Bcemu mpousBogabivu mo 6. B sTom ciydae
it (pyHKIMU v = Th TOAyYUM ypaBHEHUE

0 T,
U = —J2,

or 2

perenne KoToporo vy (7, T) JIerko BbIYUCIUTh:

v (r7) = == (M) rfo ().

Bapuanm 2. IIpoussoxmoii 1o § npexebperaercst TobKo B ypasaenun (9). B srom cayvae st byHKINH
v = rh nosyunMm ypaBHeHue
0?v v L
gror 2 v

B KOTOpPOM, B oTyimane or (18),
. . d
jo=i1(rn7) —e=Erf (r).
T

OrpanmdenHoe pereHne 3TOr0 ypaBHEHWsT HECTOKHO HANWTH, WCIOIL3ys Tpeobpazosanme Jlammaca mo T;

9TO peIleHue
Vg (7 7'):1 dr [ dr'j (:1: T')J 2 1.1 (r—1") (20)
a \T D) Ja \Z, 0 7 )
0 0

rae Jy (z) — dyukuna Beccens mysnesoro mopsiika.

Bapuanm 3. B ypasuenusx (6), (8), (9) Bce mpomssogubie 1o 6 coxpaHeHbl. B 5TOM ciyuae Takike
MOYKHO HAIMCATh OJHO ypaBHeHue 11 byHKIun v = rh, 0IHAKO aBTOPaM He yJaJI0Ch MOIYYUTh I HEro
AHAJTUTHYIECKOEe perrenre. [Ipu YHCIEHHOM pelieHnd ya00HO COXPAHUTL CHCTEMY TPeX YPaBHEHWH JJIst
dyuknuit F, v, u = re. I1a cucrema nMeer BT

9B +1= EU; 22’(1, = —rjs — E; g (v—u)=—-E. (21)
or r? or or

[Tpu gucrennom penternn ypasaenuii (21) nCnosmb30BaIach MOMHOCTHIO HESIBHAS CXeMa 0Erymiero cde-
ta. [laru mo mepeMeHHBIM T, 7 BRIOMPAJINCH TAKHM 00pa3oM, ITOOBI IpH 3aMeHe OCIEIHEr0 ypaBHEHNs
B (21) Ha ypaBHeHHe u = v YHCJIEHHOE DEIIeHUEe STUX YPABHEHUi ¢ HeOOXOIMMOI JJisi CDABHEHIi TOYHO-
creio cosmagano ¢ (20). B mambreitmem dbyukius v, nomyuaemas npu pentenun ypasuenuii (21), Gymer
0003HAYATHCS IEPE3 V.

Cpasrenue Tpub/IMKEHHBIX PEIIEHUIT 1), Ug, Ue C TOYHBIM PEIlieHneM v ypaBHenuit Makcsesiia mposegem
nuist pyskiun [7]

(v + B) exp (7 (- To))
p(r) =
B+ vexp((v +8) (1 — To))

CO CJIEAYIOMIMMU ITapaMeTpaMu:
y=1,5-108c¢"1; B=3-10"¢c"; T0=2-10""c¢"1;

3Havenme mapaMerpa « B (15) momoxmM paBEHBIM « ~ 3,3KkM '. BLibmpasd 3a eJuHUILYy H3MEpeHHs T

ty = 1076 ¢, momywaem ciemyiomue 3HaUeHUs MApaMeTpoB B (DOPMYJIaxX JIs IIOTHOCTH TOKA:

a=1; v = 150; 6 = 30; 0 = 0,2.
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Enwnauna namepenus h, 1719 KOMIIOHEHT IMOJIell MOXKET ObITh BHIOPAHA, MTPOU3BOIBLHO; HA, HUKECIEY IOIINX

PUCYHKAX MPUBOAATCS HGe3paszMepHble 3HaUYeHusT (PYHKIINIA.
[Ipex ie ywem MpoBOAUTH CpABHEHNE PA3IUIHBIX PEIIeHUIT, pACCMOTPUM DO0Jiee JeTaIbHO TOUHOE PeIlleHre

~

v (r,7). Ilpm 3Hasenusix r Takux, aro ar > 1 (1. e. BHe 30HBI TOKOB), fo(r) = 1/r, fi(r) = 1 u,

CJIE/IOBATENIHHO,

1 1 2,2
B % e (1= )0 @l e (1250,

Do ozmagaer, uro npu ar > 1 v (r,7) crabo 3aBucur or pagmyca 7. I[losTomy, 9To6GBI GosIEe MOTHO
CPABHUTH TOYHOE U MPHUOINKEHHBIE DEIeH s], BEIOEpeM KOHTPOJIbHBIE TOUKH 10 7" KAK B 30HE TOKOB (1 ~
~ 1), rak u BHe ee (ar > 1), a umenHo noaoxkum ar = 1; 2; 5; 10.

Ha puc. 14 npeacrasiensb: 3aBucuMOoCT U (7) B KOHTPOJBHBIX TOYKAX 110 T, MOy YeHHBIE TIPU Pa3/Id-
HBIX 3HAYECHUAX ITapaMeTpa E. BI/LZ[HO7 9TO 3TN 3aBUCUMOCTHU COAEPZKAT [ABE€ YETKO BbIDAKECHHBIE TIOJIY-
BOJIHBI: Y3KYIO OTPHIATENbHYIO U 60jiee MMUPOKYIO MOJOKUTETHHYIO; JIJIsi HALISJHOCTH Ha puc. 1,6—4,6
OTJIESIBHO MOKA3aHbI 3aBUCUMOCTH v (T), COOTBETCTBYIOIIME TTOM0KUTENLHON onyBoHe. Kak ciemyer u3
[IPEJICTABIEHHBIX JTAHHBIX, aMILIATY/a OTPUIATEIHHOM MOJYBOJIHBI MEHSeTCsS MPOMOPIMOHAIBHO £, aM-
IJTATY/TA TOJIOKUTETLHON MOTYBOIHBI 3aBUCUT OT € 3HAYUTETbHO ciaabee. Cpasmenne v (7) Ha puc. 3, 4
MOKa3bIBAET, uTO npu ar > 5 dyakums v (r,7) c1abo 3aBUCHT OT T, ITO y¥Ke TOSICHSAIOCH BBIIIE.

C yueroMm mpoBeeHHOr0 00CY XK IeHUsT TTPU CPABHEHUH TPUOJINKEHHBIX PEITeHUil ¢ TOYHBIM OTPAHUINMCS
caygaeM € = 0,4. Ha puc. 5—8 mokaszaHbl MOJly9IeHHbIE TIPU 9TOM 3HAYeHUN € 3aucumoctu v (7), vg (7),

v v
0,02
- T D N e o
fm 0,00 o
0,00 X ‘ ?
w Ea
-0,08
-0,02 2
: ;
-0,16
-0,04 !
F -0,24
-0,06
U 0,32 z
-0,08 T 0,1 1 10 -
0,1 1 10 i
a
v
v 0,03
0,015
-
0,02 =
Ay u:\
0,010 TN
K :u‘* i"’&\.
;l' e ¥
0,01 3 N E
i:‘; ol
i 2
0,005 HE &
i
0,00 |3
-
i T
000 E 1 10
' 10
G 6
Puc. 1. 3aBucumoctu v (1) mpn ar = 1: a — obuwit Bug;  Puc. 2. 3aBucumoctu v (1) mpu ar = 2: ¢ — obuwii Buz;
6 — TIONOYKUTEbHAS MOMYBOJHA; — — € = 1; — — — — 6 — TOJIOKUTEIbHAS MONYBONHA; — — € = 1; — — — —
e=0,7; - —e=04;——-— —e=0,1 e=0,7; - —e=04;——-— —e=0,1
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0,00 |-
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Puc. 3. 3aBucumocru v (1) nupu ar = 5: a — obuuit Bu;
6 — TONOKATENbHAS NOJMYBOIHA; — — € = 1; — — — —

e =0,7;

—e=04--—-—¢e=0,

0,017

0,000

-0,017

0,034
0,1

Puc. 5. Touroe u npubnmKkeHHbIe pentenus mpu ar = 1:
- ()

— —v(n);
Ve (T)

10

T

(1); == —

1
0,50 4
1
1

-0,75 J
T

-1,00

0,1

0,04

0,03

0,02

0,01

-0,01

6

Puc. 4. Basucumocru v (1) npu ar =10: a — obwwii Bu;
6 — TONOKATENbHAS NOJMYBOIHA; — — € = 1; — — — —
e =0,7; —e=04--—-—e=0,

0,05

s

f
f
i

0,15
0,1 1

-0,05

0,10

T

10

Puc. 6. Touroe u npubimKeHHbBIE PEIIEHUsT IPU QT = 2:
() v (1) ()~ —

Ve (T)

Vg (T), Ve (T) B KOHTPOMBHBIX TOukax ar = 1, 2, 5, 10 coorsercreenno. st Gombmeil HATISIHOCTH HA
puc. 7,6, 8,6 BBIHECEHBI 3aBUCUMOCTH, COOTBETCTBYIOIINE TOJ0KUTEIbHON moyBoiHe mpu ar = 5, 10.

W3 npepcraBieHHBIX JAHHBIX CIEAYET, UTO BO BCEX BAPUAHTAX BBHICOKOYACTOTHOIO MPUOIMKEHUS OTPU-
arejabHas TOJYBOMHA XOPOIIO COTJIACYeTCsl C TOYHBIM pereHueM. OTMeTuM, 9T0 BpeMeHHas [TUPUHA
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v v
Phtdies i a ., bt = 2 0 = -H‘:-i":-.—-_” ——
0,0 r ! £
! i3
0,1 0.1 f
-0,2 '0!2 ,
03 £ J
04 B
94 4 0.1 1 10
0.1 1 10
a
a
] v
0,03 0,034
0,02
0,017
0,01
0,000
0,00

Puc. 7. Touroe u npubnmkenubie pemnienus mpu ar = 5:  Puc. 8. Tounoe u npubauxkennsie pemienus mpu ar = 10:
a — O0IIMii BU; 6 — MOJIOKUTEbHAS TIOJyBOIHA; — — G — OOINWiA BUI; 6 — MOJOXKUTETHHAS MOJIYBOIHA, —— —
D() === w0 (1) e = (7~ v (1) (T — v (D) e — v (1) = — 0 (1)

OTPUIATETHHON TIOYBOIHBI COOTBETCTBYET XapPaKTEPHONW BPEMEHHOI JIMTENTbHOCTH Ty, yHKIUE ¢ (7).
[TomoxkuTebHAS TIOMYBOMHA B BapuanTe 1 (HATOMHMM, 9TO 9TO TPaJUIMOHHBIN BAPUAHT BBHICOKOYACTOT-
HOTO MPUOJINKEHNS) OTCYTCTBYeT. B BapuanTe 2 MOJI0KUTETbHAs TOMTYBOIHA, YI0BIETBOPUTENBLHO OMUCHI-
BAETCsI MPH BCEX PACCMOTPEHHBIX 3HAUEHUSIX (v, B BApDHAHTE 3 — TOJBLKO BHE 30HBI TOKOB (CM. puc. 7,0,
8,6).

Takum 006pazoM, TPOBEIEHHDBIN AHAINZ PA3JUIHBIX BAPUAHTOB BBICOKOYACTOTHOTO MPUOINKEHUS I
ypaBHennit MakcBesia Ha MOAETBLHON 3a/1ade MOKA3hIBAET, UTO BAUAHNE MPON3BOTHBIX MO YIJIOBBIM TIEpe-
MEHHBIM OKa3bIBAETCS CYIIECTBEHHBIM HA BPEMEHaX, OO/IBIMNX XapaKTePHONW BPEMEHHON JINTEIbHOCTH Ty,
dbyukmum p (7). Viaepxkanue STUX MPON3BOJHBIX B PAMKAX BHICOKOYACTOTHOTO MPUOJINKEHNUS CYIIECTBEHHO
YBEJUYUBAET 00IaCTh €ro MPUMEHUMOCTHU [0 BPEMEHU T.

3akJiroueHue

B nannoit pabore Ha MpeICTABUTEIBHON ABYMEPHON MOIEIBHON 3a/ade MPOBEJEeHO CPAaBHEHNE TOYHOTO
pemiennst ypaBueruit MakcBesia C perieHusMy yIIPOIEHHBIX YPABHEHW, BOBHUKAIOMIMX B Pa3IUIHBIX
BapUAHTAaX BBICOKOYACTOTHOTO mpubsnkenus. CpaBHEHHE MOKA3a/0, UYTO YUET MPOU3BOIHBIX 10O YTJIO-
BBIM TEPEMEHHBIM B YPaBHEHUSX BBICOKOYACTOTHOTO MPUOMKEHUsT CYIECTBEHHO PACIIADSET T'DAHUIIBI
MIPUMEHUMOCTH ITOT0 MPUD/IMKEHNS 10 BPEMEHMU.

[Toka 3T0T hakT MPOULITFOCTPUPOBAH JIUIITH TTPEJICTABUTE/THHBIM MOJETBHBIM IpUMepoM. B manbhelinem
MIPEJIIIOIAraeTCs MTPOBECTH JIOMOJHUTEIbHBIE MCCIEIOBAHUS /I TOTO, YTOOBI MOATBEPAUTH MOy Y€HHbIT
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pes3yJbTaT Ha 3ajJavax ¢ 0ojee peaJUCTUIHBIMU UCTOUHuKaMu DM, B wacTHOCTH, P yUueTe HECTAI[HO-
HAPHOIT MPOBOJUMOCTH CPEJIbl B 30HE TOKOB.
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