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1 BgBegenune

Kak xoporrio n3BecTHO, B pe3yibTaTe BUPTYATbHOTO POKIEHNS M aHHUTUIISAIINE SIJIEKTPOH-
MO3UTPOHHBIX MTap BO3HUKAET HEJIMHENHOE caMOeiCcTBIE HJIeKTPOMArHUTHOTO moJisi. Pac-
merienre (GOTOHA BO BHEITHEM TOJIE SIBISETCS OMHUM U3 mpotieccoB memmreinon KOII.
Habmionenne sToro mporiecca 10 CUX TIOP OCTAETCS BBI30BOM Il HKCHEPUMEHTA.
TeopeTnueckoe nsyuenne paciiernienus GoTOHa BO BHEITHEM TIOJ€ BENIETCS yiKe B Te-
yeHWe JJTUTETbHOTO BpeMenn. B nauvasne 70X romoB mpolecc paciiemienus GoToHa B Ol
HOPOHOM ¥ TMOCTOSHHOM MarHUTHOM Mojie GBI paccMOTpeH B paborax [1-4], Tam ke
UMEIOTCS CCLUIKH Ha Gosiee pannue paboThl, okasaBiiuecs olrubounbivu. B paborax [1],
[3] mpotiece paceMaTpuBacs Kak BO3MOKHbI MEXaHU3M OOPa30BaHUs JIMHENHO MOJISPU30-
BaHHBIX (POTOHOB B CMJILHBIX MAarHUTHBIX MOJISX HEHTPOHHBIX 3Be3m. It poToHOB Masoi
sueprun (w < m, m - Macca >JIeKTPOoHa, fajiee Mbl GyIeM HCHOIb30BaThH CUCTEMY €IIHHIL
¢ = h = 1) npornecc paciieniens MoXeT ObITh PACCMOTPEH ¢ MCHOMb30BaHneM >hdek-
TuBHOTO Narpanxkuana ['eiisentepra-Ditnepa (I'D), cm., manpumep, [5]. B mpenere cirabbix
noneit H < Hy (Hy = m*/e = 4.41 - 10" O - kpuTnueckoe MarunTHOE TONE, € -3apsi
571eK TpoHa) >OGEK TUBHBII JTarpaiKnai MOKeT ObIThH Pa3jiokKeH B CTENEHHON PsJl, U BKJTAT
B aMTUTUTY/Iy TIpollecca JaeT TOIBKO MEPBBI YIeH Pa3IoXeHns, MPeIcTaBIsieMblil ecTn-
yrombipiMu amarpammamu (cm. [1], [2]). Baxkmyio ponb B ommcanum mporiecca MrparoT
npaBmiia oTbopa 1Mo Moaspu3anusiM (HOTOHOB, B TOM YNCJIe BOZHUKAIOIINE TIPU yUeTe JNC-
nepcun GoronoB B MarmuTHoM nosie. Owuum 6buin paccmorpens B [1], cm. Takxke [5],
pazmener 129, 130, rme mpuBeneno meTalbHOE PacCMOTPEHME TpoTiecca T ciydast w << m
u H <« Hy. Tlonpobustii ananus npobsiemsl 611 poBenen Amsepom [3]. B sroit pabore
Oblila HalileHa aMIUTUTY/a Tpolecca paciiensienns GoToHa ¢ MCMOIb30BAaHUEM TTOTHOTO
BEIpakeHus mis >GpPekTUBHOTO Jarpankuana D, koTopas clpaBelinBa, €CTECTBEHHO,
npu w & m, HO TpH JIIOOOI HAIPSKEHHOCTH MarHuTHOTO noJis. st actpodusnueckmnx
MPUIIOKEHNN HEOOXOMMMO 3HaHWE aMITUTYIBI B OOIIEM Cydae MPOW3BOIBLHBIX YHEPTHUH
(dhoTOHA M HANPSKEHHOCTH BHEITHETO MarHUTHOrO mosisi. Takoe BbrumciieHue ObIIO Tak-
Ke mponenanuo B [3], rae Obula HalifleHa aMIUINTYNa Pa3spelieHHoro mpaBiiaMu oT6opa

nepexona s w < 2m. WMmenno sta obimacTh TpencTaBisieT peajbHBI UHTEpeC s

3



npunoxennii. I[lpn Gonee BBICOKON HHeprum (POTOHA BKJIIOYAETCS MPOIECC 06pa3oBaHms
(POTOHOM DJIEKTPOH-TIO3UTPOHHOI Maphbl BO BHEIIHEM MOJie, NPUBOAAIMI >HPEKTUBHO K
norJiotennio GoToroB. BepoaTHocTh mocieanero mpomecca B JOCTATOYHO CHITHHOM TOJIE
Ha MHOTO TTOPAKOB MPEBBINIAET BEPOSTHOCTH TIpollecca paciienienns gorona. B pabore
[3] ucnonwsoBanach Gynkuus ['puna diaekTpoHa Bo BHENIHEM MarHUTHOM IOJIE B MPECTa-
Biennu cobcrBennoro Bpevenn Illsunrepa. [lonyuennoe Taknum 06pa3oM BeIpaKenne s
aMIUTHTY/IBl OKa3aJ0Ch O4eHb TPOMO3/IKMM, 9TO 3aTPY/HAET €ro JajbHeilllee MCIobh30-
Banme. TeMm He MeHee, I yKa3aHHONW aMILIUTYALI NPH w = m W NOpH w & m ObLIN
NOJTYyYeHbl YNCIEHHBIE Pe3ybTaThl B IMMPOKOM MHTepBajie MarHuTHLIX nonein H < H.
B [4] Takxe ¢ ucnonb3oBannem dyuxnun ['puna saekTpona B MpeICcTaBIeHNE COOCTBEH-
HOTO BpeMenu GbLIJI0 W3ydeHo pacirerienre GoToHa B TaK Ha3bIBAEMOM CKPEIEHHOM ToJIe
E | H,F = H. [lpyroe nipencrapienne s aMIUTUTYIBI paciiernienus GoTona ObIIO
nosiydeno B [6] ¢ mcnosb3oBanneM MHOTO NpeacTaBienus Gynkun | puna ssiek Tpona.

[losznnee, paciienenne GoToHa B OMHOPOIHOM ¥ MOCTOSAHHOM JJIEKTPOMATHITHOM MO~
Jle TIpU TIPOM3BOJILHBIX 3HadeHns obonx nonesbix mupapwantos F, G (F = (EH), G =
(E?—H?)/2) 6Bu10 paccMoTpeno aBropamu [7]. B sroii paboTe mcnonbsoBatach onepaTop-
Has nuarpaMMHbas Texuuka passuTas KarkosbiM, CTpaxoBeHKO U ofHUM U3 aBTOPOB [§],
YTO TMO3BOJIMJIO CYIIECTBEHHO YIPOCTHThL PEIIeHne 3TOil TeXHNYECKW BeChbMa HempoCcTOn
3amaun. AMIUTATYIBI, TOJyYeHHble TS YaCTHOTO Cydas PaBHOTO HYJTIO SJIeKTPUYECKOTO
(MM MarHUTHOTO) OIS, WMEIOT TOpas3no Gosee KOMIAKTHYIO GOpMY, YeM Haii/leHHbie B
[3]. B npenemsubix caydasx, korga w < m u (wnn) H < Hy, aMnanTynbl HaiifleHHbIE B
[7] cormacytoTcst ¢ coorBercTByiotmMi Bennantavu B [1]-[3]. Eciu B [3] wncnenmnie pac-
YeThl NPOBOIMINCH NI OHEPI Uil POTOHA HIKE MOPOTa POKAEHUS DJIEK T POH-TIO3UTPOHHOI
napbl, 70 B [7] 6bu1 paccMoTpen ciaydaili w > m. Hac mnrepecoBasia BO3MOKHOCTL Ha-
6mofenus pacierienns GoToHa B CHIALHBIX 3JIEKTPUYECKUX MOJISX OPHEHTHPOBAHHBIX
MOHOKPUCTAIIIIOB Ipu Bhicokoli sueprun [9]. Bo Becex nnrupoBanubix paboTax UCIOML30-
BaJINCh PEIATUBUCTCKA KOBapMaHTHLIE N KaJuOPOBOYHO MHBapUaHTHLIE (POPMYITUPOBKN
KBaHTOBOIl 3JIEKTPOIMHAMUKMN.

Hemnasno mpomecc paciteruienus potona 661 pacemoTpen errie pas B [10]. Morusanueii
5TOi PabOTHI MOCTY KWW HOBEINe JOCTIKEHNS PEHTITEeHOBCKON acTponoMnn. Pacder B
[10] mpoBomMCs ¢ UCMIONBL30OBAHUEM HEKOBAPUAHTHON TEOPUH BO3MYIIICHUI U KaauOPOBKU
Jlanmay. PesynbraTsl 5Toil paboThl MOSHOCTHIO TIPOTHBOPEYAT BCEM HAIEHHBIM B Ipe-
apinymmx paborax. Tem He Menee yike MOSBUINCH MONBITKHA MPUJIOKEHHUS PE3YIHTATOB,
naiinennpix B [10], k actpodusuke [11]. Pesyaprarnr pabor [10] u [11] momseprammch
KecTkoll kpuTuke B [12].

[TockonbKy BO3MOKHBI BaKHbIE aCTPO(PU3NIECKIE TPUIIOKEHNS PACCMaTPUBAEMOTO TTPO-
necca (cM.,Hanp., [13]), MBI IpoBeN YrCIERHbIe PACYETH W AHAJIN3 aMIUTHTYIBI PacIIer-
nennst POTOHA, OCHOBBIBAsACH Ha pe3ysbTaTax aHaIUTHYECKNX BLIYNCIEHWIl, TTOJTyYeHHBIX
mamu B [7]. Mul paccmaTpuBaeM nambosiee MHTEPECHYIO 0GIACTh dHEPTUi w < 2m Tpu
NPOM3BOJILHOM MarHuTHOM Tosie H.

B kpatkom Bune pesynbTaTsl 510l paboThl 6butn npenctasienst B [14]. Tocre oszna-
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KOMJIEHUSI ¢ DTUME pesylbTaTaMu, nosBuminchk pabots [15] u [16]. B pabore [15] npemo-
JKeH ellle OfMH BBLIBOJ BbIPaKEHUs s aMIUTUTY LI TIpoliecca, nosydennoro B [3]. Kpome
TOTO yKa3bIBAETCS, YTO B BRIpAKEHUAX [ aMIUTUTY LI Tporiecca B [3], [6] u [14], ssisio-
IIUXCSA aHAJOTMYHBLIME MHTErPaJbHLIME MPEICTaBICHUSME, MOIbIHTEr palbHble (GyHKIUNA
yrcaenno copnanaoT. B pabore [16] npusnaercs, uro B pabore [10] conepxurcs omubka,

a HOBBINl pacueT corjacyeTcs ¢ Haiieil paboroit [14].

2 Ilongapm3anmoHHBIN ONEepPaTOpP B MAarHUTHOM

ImoJjie

C To4km 3peHust pacnpoCTpaHeHus JIEKTPOMarHUTHBIX BOJIH 06JaCTh IPOCTPaHCTBa, 3a-
HATas MAarHATHBIM TOJIEM, MOXKET PacCMaTPUBAThLCA KaK Cpela ¢ OTINYHLIM OT eUHUIIBI
noKasaTeJjleM IpesoMyenns. Beawmunma nokasaTesls IpegoMJIenns CylecTBenHa s mpa-
BIJI 0TOOPa MO NOJIAPU3aIIIM HadaJbLHOTO U KOHEUHBIX (JOTOHOB B IIPOIECCe PaCIIEIICHNUS.
s cnyuas w < mu H < Hg sToTr Bonpoc npoananusuposan B [1], cm. takxke [5]. 3necn
Hac 6yly T MHTepecoBaTh IIpaBuia 0T60pa IIPU MTPOM3BOILHOM 3HAYEHIH MATHATHOTO MOJIS
n sHeprum porona w < 2m. [lokasaTens mpesoMaeHns HAXOMNTCS U3 TOJIAPU3AINOHHOTO
onepaTtopa (orona. Bkaam B nonspusannonusiii onepatop 11, (k) snexTpornoii netsim Bo
BHEIITHEM TIOCTOSHHOM U OIHOPOIHOM BJIEK TPOMArHUTHOM mnoste 6 Hatinen B [3], [17] u
8].

Ham meob6xommMo paccMoTpeTh cilydail, korma siexkTpudeckoe moite E = 0 u k? =
0. Honstpusanmonnwiii onepatop I, (k) nMeer 4 B3auMHO OPTOTOHAILHBIX COOCTBEHHBIX
BeKTOpa bY, onpesenseMble ypaBHEHUEM:

I, (k)b = wibss, (i =1,2,3,4). (2.1)

k3

CO6CTB6HH])IG 3HaYEHUA K; UTPalOT PpOJb KBadpaTa MacCChl (pOTOHa B 1IOoJIe B COOTBECTBY-

IOHIefI Moze. Pemenns sToro YpaBHEHUA B paCCMaTpPpUBaEMOM YaCTHOM ClIydae€ €CTh (CM.

[8] ):
b= bl =k*, bE = (Bk)", b= (Ck)", (2.2)

rersopel B u C, Benenubie B [18] (em. dopmynnr (11.2), (11.3), (I1.8)). Ilpu E =10
OW = F:u/Hv B, = W/Hv (2'3)

rae F,, - TeH30p BHEIIHETO dJIEKTPOMarHuTHOrO mosis, Fy, - nyanbubii Tensop, H Benn-
YMHa MarHUTHOTO TIOJIS.

CobcTBennbie sHadenus k; nMeioT Buj (cMm.[8]):
o 1 < dz
K1 =— R4 = 0, K23 = ——w2023273, 3273 = / dU/ — 3423 6Xp(-¢), (24)
4m -1 o shx

rne o = e = 1/137, 02 = k% Jw? = sin? ¥, ¥ - yron Mexmy mampaB/leHHeM MarHHTHOTO



TOJTSE ¥ BOJTHOBLIM BeKTOpoM (doToHa Kk,

hx — ch
a; = ch(zv) — v cthe sh(zv), ay = &Y ;: (av) ay,
Hy chz — c%}%xi) (2.5)
az = (1 —v°)chz —ay, ¢ = T QTT+$<1—T(1—U2)) \
wlo?
nr=- o Mt yusn B (2.4) u (2.5), 94T0 HUKe MOPOTa POKIEHUS SIIEK TPOH-TO3U T POHHOI
m

mapel (r < 1) B uHTerpanax, onpenensionunx ¢pyuakunu Ry n Rs B [8], MoXKHO HOBEpHYTH
KOHTYp MHTerpupoBaHus 1o r: x — —ixr. B pe3syibTare mnosydyeHHble TPENCTaBIEHUs
st GyHkiuin Ry u K3 SBIIsSIOTCS BellleCTBEHHBIMU W yIOOHBI 71l TPOBENEHNSI YUCITEHHBIX
BBIYKMCJIEHWH, TMOCKOJIBKY TMOJNBIHTErpajbHble BbIPAKEHUs HE CONEPKAT OCHUILTUPYIOIINX
byukui. 3ameTum, 9T0 5T GYHKINHA 3aBUCAT TOILKO OT k; = wo.

AmmnTyna pactieruienust GOTOHA OTIWYHA OT HYJS TOTLKO B CHTYAIllWU, KOTJA 0 #
0 (k. #0). B cuny kanubpoBouHoll MHBApUAHTHOCTH MOAbI | m 4 BKJam B pacrieniie-
nue portona we mator. Ilns momer 2 mynesas kommnonenta b = 0, a BekTop by/w = e
MepIeHTUKYIsIpeH IockocTn obpasoBamnoii BekTopamu H w k. Ins momer 3 mymeBas
kommonenTa b # 0, a bs || H. Tlpn Berancnennyn aMminTynbl paciiernaenns GoToHa MOXK-
HO BOCIOJTH30BaThCs KaJMOPOBOYHON MHBapMaHTHOCTHLIO U BBIYECTh N3 BEeKTOpa b BekTop
MPOIOPIINOHATLHLIN k*, Tak 4TOOBI HyJleBas KOMIIOHEHTA PA3HUILI BEKTOPOB 0OpaTHiIach
B HyJib. [locse sToro mpocTpaHcTBEeHHAsE KOMIIOHEHTA TIOJIY YEHHOTO BEKTOPa Oy/IeT JexKaTh
B YTIOMSIHYTOH BBIIIE TUIOCKOCTH W TleprieHnnkyiaspia BekTopy k. Kax yxke ormeuanocs,
001acTh 3aHsATas MarHUTHBIM TOJIEM, MOXET PacCMaTPUBAThLCS KaK Cpela ¢ TMmoKaszaTesemM

MpesIOMJIEH s, KOTOPBIN CBsi3aH B Bequunuoi x;. Ilns mon 2 u 3 umeem:

K @

2 2,3 2

ny,=1——"=1+—0"Ry3. 2.6
[TpoBenem amanus ¢yukuuit Ry u Rz B npenenbubix ciayuasx. [lpm H < Hy ocHoB-

HOW BKJIaJl U WHTErPaIbl OMpenessionine 5T GyHkinnn naet obmacth © <K 1. Pazmaras

runepbonnyeckre GyHKIWN B P U BLIYUCIIS WHTErPAJIbl, UMEEeM

20 / H\? Ta [ H\?
=14+ —1— 2 =1 —<—) 2, 2.7
m=t s <H0) 7 M=t o \m,) 7 (2.7)
H().I’
B ciiy4dae, Korja kL <m (r < 1), MoKa3aTellb YKCIIOHEHTHI B (popMmy e (2.4) L/) — 7
WHTETPAJBI IO U JIETKO OepyTCcs, W B MTOTE MMEEM
< dx 2 2
Ry, =2 ﬁexp(—x/b) {ch:z; (sh T — 2z ) +z shx},
G (2.8)
_ 2
Rs = ; 3:EQWexp(—x/b) {sh?x (2:1: — 3) + 6:1:},

rne b = H/Hy. Tlocne moncranoBku B (2.6) momydaeM GpopMyITbl I7Tsl TOKasaTesel TpeoM-
JIEHNsI, COBTTANAIOIINEe C COOTBETCTBYIOIMME (GOPMYITaMU, CIENYIOMNMHT 13 3(HPEeK TUBHOTO

marpamknana 'O, KOTOPBI TPUMEHNM TPU MAJILIX 9acTOTaX W MPOM3BOILHON BEeTNUNHE



BHEIITHETO TOJIsl. B mpenenbHbIX citydasx nHTerpaist B (2.8) GepyTes:

1652 282
bgl: Ry=——, R3=—;

445 n 45 (2.9)
b>1: Ry=—-, R3=—.
>> 2 37 3 3

B npenene b < 1 acumnToTnkn MHOTOKpaTHO obcykmamuch (em. [3], [5]), ecTrecTBento
orn coryacyiores ¢ (2.7). W3 nomydennoit GpopMysibl BUIHO, 4TO ecian B mpenene b <&
1 ¢yuxnum Ry m R3 oTawdaroTcs TOJBKO YMCIEHHBIM KodpduiumenTom, To mpu b > 1
cuTyanus nnas: Gynkuns Ry #e 3aBUCHT OT moJis, a Gynknus R TMHEHo pacTeT ¢ moJiem.

[Tonyuennble HaMu pe3yIbTaThl CHPaBEINBLL, KOrAa ngs — 1 < 1. DTO BKBUBAIEHTHO

o
TOMY, 4TO — — <K 1.

3 Ho

10 ' T T T y T T

R3/b

0.25 0.5 0.75 1 1.25 1.5 1.75 2

Puc. 1: ®dynkuus R3/b B 3aBUCHMOCTH OT W = wo/m TIpU pasHbIX 3HaAYEHUIX MapamMeTpa
b= H/Hy: b=0.1 - xpuBas 1; b =1 — kpusas 2; b = 30 — xpuas 3.

[Ipu npousBonbubix 3uavenus napamerpoB b = H/Hy u r pyuxuun Ry u R Bbiun-
cnsnuch uncienno. Ha puc.l usobpaxkena saBucumocth Gyukiuu Rs3/b or w = ki /m
MIPU pasindHbIX 3HadeHus MapaMeTpa b. Bunno, uto B6mmM3u mopora poxaeHus maphl HTa
(YHKIINS 3aMeTHO TOfipacTaeT Mpu GOMbINX 3HadeHusx noss. [pu w < 0.5 npu m10661x
snavenusx b pynkuus R3/b npaxTuuecku He 3aBUCUT OT W, a €€ 3HAUYEHUs TIPU PA3HLIX b
COBIAIAIOT € TIOJYUYeHHBIME U3 d(pdek TUBHOTO arpamkuana ['0. Uto kacaercs Gpynxinnm
Rs, To ee 3aBuCHMOCTH OT w sIBIAsETCS BechbMa ci1aboil. JTO BHUIHO W3 PUC.2, Tie TpUBe-
JleHa 3aBUCHMOCTD GyHKIuu Ky oT b ipu nByX 3nadenusx mapamerpa w = 0.1 w w = 1.9.
[Tpu npomexyTOUHBIX 3HAYEHUAX HTOTO MMapaMeTpa KPUBBIE JIeKaT MeXIy IBYMs MpuBe-
nermbivu. Ha puc.3 npuBenennt snavenus Gyukiuii Ry n R3 or b npu pasubix snadenusx
w, mpudyeM QyuKIuUs [y npuBenena npn w = 1.9. Bumno 4To npu 006X 3HAYEHUAX W

nMmeeT MecTo [R3 > Ry, T.e. Bcerma ng > na.
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40 50
H/Ho

Puc. 2: ®ynkuus Ry 8 saBucumoctu ot b = H/Hy npu pasubix 3sHadeHusx w = wo/m:

w=0.1-xpuBasg 1 w w = 1.9 — xpuBas 2.

10

RZ2,R3

0.5 1 1.5 2 2.5 3 3.5 4
H/Ho

Puc. 3: ®ynxuns Ry npu w = 1.9 (kpusast 1) u ynkuus Rs npun w = 0.1 (kpuBas 2);

npu w = 1 (kpuBas 3) w npu w = 1.9 (kpusas 4) B saBucumoctn ot b = H/Hy.



3 Pacr_uemleHMe q)OTOHa B MAarHmTHOM IIOJIe

Pacemorpum Tenepsb paciiiensenne GoToHa ¢ dHeprueill w Ha ABa GOTOHA C DHEPrUSMU
w1 1 wy. B komnmueapnom npubnmkenun (cM., HanmpuMep, [5]) BEpOATHOCTDL TMpolecca
paciienienus GoToHa B €NWHUIY BpPEMEHW HUKE MOPOTa POXKIEHWs Tapbl BhIpaKaeTcs

Jepes ero aMIIuTY/Iy CIedyIolninM oOpa3oM:

dW = — | T |? @ﬂ(wln( 1+ wgnﬁz) — wn?), (3.1)
rnie n(1), N(2) U N - 3aBUCAIINE OT MOJIApPU3alnil TOKa3aTesn IPEIOMIIeHNS IJ1 YHEePI Uil wy
wy n w. Bxomsimas B 5Ty dhopmyny Y-dyuknus ompenessier, mapsany ¢ C' P unBapuanTHo-
CTBIO, TIpaBmiia 0T6Opa 1o nosspusanusaM dorona ([3]). B mambueiimem, kak u B crarhe
[7], 6ynem obosnauath Mony 2 kak B u mony 3 xak C'. Kax ussectno, C' P paspemennbiMu
sBisioTes nepexonol: B — CC, C — BC u B — BB. U3 ¢opmyn u pucyukos, npuse-
TEHHBIX B MPENLIAYIIEM pasfiese, CIeIyeT, 4TO P TPON3BOILHOM 3HAYEHUN MAaTHUTHOTO
moJTst 06a MoKa3aTess TPeIOMIIEHUST MOHOTOHHO PACTYT € 9aCTOTON U TIPH PUKCHPOBAHHOM
3HaYEHNN MAarHUTHOTO TIOJISl MOKa3aTeslb MPeIOMIIEHUs Ik MOILl B Menbiiie moka3aTesns
npenomierus st Monnl C' mpm smoboM cooTromennn dactor. OTcioma ciemyer 4To u3
Bcex (P paspeleHunix nepexofoB apryMenT U-GyHKInn 6ObIle HyJIls TOIBLKO s Tepe-
xona B — C'C. Panee sto npasuio 6bi10 nosydeno B [1] mius noneit H < Hg u onepruit
doroHa w K m.

Avmmmuryna T paciienienus GoTOHa B MarHUTHOM TIOJIE IS PA3PEIIeHHOTo TTepexona

nosrydaeTcst 13 ob1iiero Beipakenus (dpopmyinr (2.16)-(2.18), [7]) mocne moncranoBkn £ =

0:

0

4 3/2 ) exp —H—J} T 2] .
ot o) g ]
0 0

"~ zshlz

roe

x 2shz ’

Hy <wa)2 to(x —ty)  chx — ch(2ty — x)

c=—1|—) ., &=

H \m

b = [leg(tl — tg)(tl — tg + fl?) — thl(tl — fl?)—

—z3la(ty — x)]/x — [(1 — z122)cha — 21 ch(2t; — ) (3.3)
—z3 ch(2ty — x) + 2122 ch(z + 2t; — 25)]/(2shz),

G = {1 — [z1 ch(2t; — x) + 23 ch(2ty — z)| chz} /z
422129 sh®(ty — 11) {21 sh®t + 2y sh?(ty — :L')}

3nech z13 = wy/w, o, BBemena B (2.4). Ilns momyuenust (3.2) MBI HOBEpHYIH KOHTYP
WHTErPUPOBAHNS 110 KaXkIOW MepeMentoi : & — —ix, 119 — —it1 2. DTO mpeobpaso-
BaHue MpUMeHNMO pn w < 2m. B pesynbrare mompinTerpanbhoe Bhipakenue B (3.2)
HE CONEePKUT OCUMLUTHPYIONINX TPUTOHOMETPHYECKNX (PYHKINUIT, 4TO BechMa YI0OHO Iph
IPOBEIEHNY YUCIEHHBIX PAcYeTOB.

O6cynum cpoiicTBa ammumTyabl 1. Jlerko nokasarh, yro ammmmaTyna 1 cuMmMmeTprdna

OTHOCUTEIJILHO TIEPECTAHOBKN KOHEYHBIX (pOTOHOB (L{)l > (.()2). I[.HH 3TOTro0 MOXKHO cOdejiaTh
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3aMeHy TepeMeHHbIX {y = & — Ty, 1y = T — Ty W TIOMeHATH TOPSANIOK MHTErpUpPOBaHUS
1o MEpPEMEHHBIM Ty U Tp. B cmily kKaambpoBouHOW WHBapuMaHTHOCTH npu w — 0 amnsiu-
tyma T < wwiwy, n Takxke T — 0 mpu w; — 0 mmas mo6bIX w. DTO 03HavaeT, 9TO B
(3.2) mpoucxonsT ouennh CHIbHbIE KOMIIEHCATINI, YTO AOMKHO OBITH TPHHATO BO BHUMAHIE
[pU TTPOBENIEHNN YUCIEHHOTO MHTErPUPOBaHMs. Bbrumcienus ymporamoTces, ecian mnpoBe-

c® c®

CTHU BbIYUTaHWA B MNOABIHTETPAaJIbHOM BbIpaXKE€HUU B (32) (S — €

C(D() C(D()

— 1 nns mepBoro
iena B (¢ (mponopiuonasnbioro 1/z) u e — e°® — 1. Hemocpencraentoe BuIYbIcene
NOKa3bIBa€T, 9YTO CYMMa BLIYNTAEMBIX YJIEHOB paBHa HYJTIO.

[Ipn w < m ocHOBHON BKJaj B aMIUTUTYAY AaeT obsacTh mepeMenubix, riae ¢ < 1,
c®y <« 1. Pasmaras cooTBeTCTBYIOIINE HKCTIOHEHTHI W COXpaHss JMHEHHBIE TI0 ¢ WJIEHBI
MOKHO B3ATh MHTErpasibl N0 {1 n ty. PesyabTaT coBmajaeT ¢ aMILUIUTYAON paciierienus
doToHa, HalileHHON ¢ UCHoNb30BanneM 5hdekTHBHOrO narpamknana ['D (dopmyna (22)
B [3]). llpu w ~ m unrerpupoBanme B (3.2) mpoBomuiaoch unciento. [lockonbky sHeprus
W W mapamMeTep ¢ BXOAAT B aMIUINTyny 1 TOJbLKO B KOMOMHanum wo, To Ge3 morepn
OBIITHOCTN MOXKHO MOJOKNATHL 0 = 1.

Ha puc.4 npusenena sasucumocts Benuuunbl 1'/Ty ot suepruu xoneunoro Gporona mpu
H = Hy/2 (a) w H = Hy (b) nus pasnudubix sHepTuil Hada bHOTO GOTOHA, Tie

To

13 (4ma)3/? W° <H )3 (3.4)

315 w2  m? \H,
st w/m = 0.1 pesyabTar ¢ o4eHb BLICOKOI TouHOCTBIO (syumne wem 1072) coBmamaer ¢
pPe3yILTaTOM TOJYYEeHHBIM 13 5 (OEeKTUBHOTO Jarpamkuana [0,

Ha puc.5 nokasana mosHasi BEpOSTHOCTH pa3pellieHHOro nepexona W, BbipaxeHHas B

enunuiax Wy, kax ¢pyukuus w = w/m. Bepostuocts Wy paBna

w\% / H\®
Wo = T2/(960mw) = 0.116 (-) (—) em™ (3.5)
m HO
Kpusast (1) coorsercryer H/Hy = 1, a kpusast (2) coorBercryer H/Hy = 1/2. XoTs B
paccMaTpuBaeMOM WHTepBaJe TapaMeTPOB BEPOATHOCTH M3MEHSIETCS Ha MHOTO TIOPSIIKOB,
ocHoBHas 4acTh maMenenus cBszana ¢ Wy, ®dynkmus Wy ectn me uro mnoe, kak BKITam
MECTUYTOLHBIX InarpaMM B BEPOSTHOCTH paciierienus (Gorona npn w K m. CrenoBa-
TEILHO, PUC.D TOKA3LIBAET OTIIMUNE BEPOSTHOCTH, BLIYMCIEHHON TOYHO TIO TMapaMeTpam
w/m u H/Hy, or BeposTHOCTU HaliICHHON B HU3IIEM MOPSIKE M0 DTUM HapaMeTpaM. Be-
positHocTh Wip, onydennas ¢ ncnonbioBanuem 5hdeK TUBHOTO JTarpamkuana [ '), Takxe
nponopuuonanbha (w/m)®. [losToMy TOUKEM mepecedenrs KPUBLIX C OCBIO OPAMHAT JIAIOT
Ham BeposTHOCTh Wggp. W3 puc.5 moxno Buners, uto npu H ~ Hy Beposithoctu W
u Wypg cymecrsenno menbiie, uem Wy, B 1o ke Bpems W/Wyg 3amerno pacrer npu
w — 2m. CremoBaTeslbHO, HEOOXOMNMO MPUHAMATL BO BHUMAaHUE TOYHYIO 3aBUCHMOCTD
oT sHeprun Qorona. Harmm gmcnennbie pesyabTaThl COTIACYIOTC (¢ TOYHOCTHIO 10 He-
CKOJILKMX TIPOTEHTOB) ¢ HalNeHHbIMI AslepoM B cTaThe [3], T/ie YnciienHble 3HadeHus

IpUBENEHbI O W = M.
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H/HO0=0.5

H/HO=1

0.08}

0.06¢

T/T0

Puc. 4: 3aBucumocTs aMmmTy bl pacienienns GOTOHa OT SHEPIUH OJHOTO M3 KOHEUHBIX
doronoB (z; = wy/w) mus H = Hy/2 (pucynok a) u H = Hg (pucyrnok b) mis pasubix
sHepruil HauanbHOro dorona: w/m = 0.1(1), w/m = 1.5(2) n w/m = 1.9(3). Amnnuryna

T nopmuposana na ammantyny To, dopmymna (3.4).
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Ha puc.6 nokasana 3aBUCHMOCTH TIOJTHOM BEPOSITHOCTH pa3perienHoro nepexona W, Boi-
pakennoil B enunutax Wi, or Maramrroro moss (B enuannax Hp) TpU pasHbIX SHEPTHIX

HavaabHOTO (poToHa. Bepostnoctn Wi paBna

Ho\® 5
W, = W <ﬁ0) = 0.116 <i) em~". (3.6)

m

Ha puc.6 Bunno, 4To npu 60ALIINX NOAAX POCT BEPOATHOCTH CYIIECTBEHHO 3aMEIJIAeTCS.
B cBa3u ¢ 5TuM usyuenue noseneHns aMILTATY AL T IpU O4eHb CUILHOM MarHUTHOM HOJIe
H > Hy npencrapigeT o4eBHUIHLIA TeopeTHUeCKU HHTEpecC.

[Ipu H > Hp ocHoBHOIl BKJIaJl B MBYKPATHBI WHTerpai B (3.2) maioT obmactn x ~
H/Hy w © —t; ~ 1. B tpexkpatHoM muTerpaie B (3.2) OCHOBHOII BKIJIaj] [AlOT IBe
obnactu : x ~ H/Hg, ty ~ H/Hy, v — g ~ 1;mwx ~ H/Hy, t; ~ 1,13 ~ H/Hy. Tlocne

COOTBETCTBYIOIINX PA3IOKEHNN MHTETPATLI OEPYTCS, U MBI HAXOMUM

24m* w1 w3
T(H > Hy) =T, 3 [ arctg | ———
W Ly /4m? — wi 4m? — w? (3.7)
Wa Wi w
+————arctg — 2]
wiy/4m? — w} 4m? — wi 4m
roe
Ara)3? B
T, = (4ma)™” w (3.8)

1272 m?2
Bunno, yro amnnuryna T upu H >> Hy He 3aBUcHT OT MarHUTHOIO NoJs. AMmnauryna,

BbIYNCJIEHHasd C UCIIOJIB30BaHUEM 3(1)(136KTI/IBHOI‘O JJarpaHXKHWaHa I'o opu H > HO PaBHa
7 2
THE = lelwg/w .

BaBucumocTh aMmumaTyasl T oT sHeprum kKowewnoro ¢porona (z; = wy/w) B paccMaTpu-
BaeMOM Tpejieie NoKazaHa Ha Puc.7 mis pasnmuyHbIX SHEpPruii HadagbHOTO (poToHa. [lpm
CUJILHOM TIOJIe U w — 2m Ha Puc.4 u 7 Bunna Tennentus GopMUpPOBaHWS TIJIATO B IEHTPE
pacupenenenus. Bepostaocts W,, = W(H > H,) nokasana na puc.8.

3ameTum, 9TO MpH JTOOBIX 3HAYEHUSIX MATHUTHOTO TIOIS aMIUTUTY/a W BEPOSTHOCTD
mporiecca ABISIOTCS KOHETHBIME PN W = 2Mm.

Takum o6pa3oM, MBI TTPOBEN pacyeT aMIIANTYALI paciienaenus GOoToHa, UCIOIL3Y
TOYHYIO GOPMYITY, TPUMEHUMYIO IJIs MPOM3BOILHOTO MarHUTHOTO nois H mw w < 2m.
[IpuBenennnie rpad@uknm MOKa3bIBAIOT 3aBUCAMOCTH aMILUTHTY/IBI U BEPOSTHOCTHU IIPOIECCa
OT MarHWTHOTO TIOJs ¥ >Heprum (POTOHa BO BCeM WHTepBajie nx 3uadenuit. llpm w < m
HAI Pe3yTbTAThl COTIACYIOTCA ¢ aMIUTUTY/ION, TTOIyYennoi n3 >POEeK THBHOTO Jrarpan-
xwnawa ['D. Mur manumm, aro B ouent cunbuoM moste H > Hy ammimTyna He 3aBUCHT OT
MarauTHOTO mosist. [lockorbKy mMeeTcst TOMBLKO OnWH pasperrennniii mepexon B — C'C',
TO (POTOHHBIH KacKa I MOXKET Pa3BUTCS TOILKO MPU yCIOBUU, YTO MArHUTHOE TIOJIE MEHIET
cBoe HalpaBieHne (Ha PACCTOSHUSX MHOTO GOIbIIE YeM [InHa (GOPMUPOBAHUS TIPOIEcca

paCIIEeTIens ).
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Lw]
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(%)
(o]
9]
<
~J
wun
[y
=
38
(8]
=
(@]
|
~J
o
8]

Puc. 5: 3aBucumocTs mosnoil BeposTHOCTH pacierienus Gorona W (Bbipaxennoil uepes
BeposTHocTh Wy, dopmyma (3.5)) ot sueprum portona (w = w/m) nns H = Hy (xpuBas

1) w H = Hy/2 (xkpusas 2).

7 T

0. i " i L
5 10 15 20
H/HO

Puc. 6: 3aBucumocTsb moIHOIN BeposITHOCTH paciteniieenus Gotorna W (BeIpaxkeHHON de-
pe3 BeposTHOCcTh W1, hopmyiia (3.6)) or marauTHOTO Nostst (B enmanax Ho) miis pasubix
sHepruil HavalbHOro (oToHa: KpmBas | mas w = w/m = 0.1 (sTa xpuBas ¢ xoporreit
TOYHOCTBIO COBNAJIAET C BEPOATHOCTBLIO HAIEHHOM ¢ MCHOIb30BanneM >Pp(MEeKTHBHOTO Jla-

rpamxkuana 1'9); kpuBas 2 mus w = 1.1; kpusas 3 s w = 1.5; kpusas 4 nast w = 1.9.
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H>>HO0

Puc. 7: 3aBucumocts ammmutynst T' oT sweprunm komeunoro dotona mist noias H > H
[pPU pasHbIX YHEPrusaX HavaipHoro dorona: w/m = 0.1(1), w/m = 1.5(2) and w/m =
1.99(3).

12 " r —— —

Was /Wl
(521

Puc. 8: 3aBucumocts Bepositnoct W3 = W(H > Hy) ot sHeprum HadaabHOTo $oTOHA

(w=w/m).
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