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JUHAMUKA MATHUTHBIX 3JIEMEHTOB

Hecenedosanvl OuHamuueckue Xapaxmepucmuky MeaAKOMACUMAOHbIX MAZHUM-
HBLX 9aiemenmod 8 cnokounslx odaacmsax COAHYaA C NOMOWbBIO cmamucmuve-
CK020 aHau3a OONNJEPOBCKUX €08Uz08 U acummempuu V-npoduneri auHuu
Fe Il 630.25 nm, komopbie Oblial GbIHUCEHbL HA OCHOGAHUY HECHMAUUOHAPHBLX
MazHUmMozuopoounamuueckux modenei. Iloayueno pacnpedenerue @epmuxaib-
HBIX cKopocmell u onpedeieHa uxX KOppeasiuus ¢ OCHOGHbIMU XapaKmepucmii-
Kamu MazrumHozo nojst. HailloeHo, umo @ cpedHeM 8 MAZHUMHBLX ITeMEHMAx
Ha yposHe Gomocgepvl npeodnadarom HANPAGAeHHble 6HU3 O6UXEHUS CO
ckopocmuio 0.5 km/c. BHYmMpu CUNbHBIX MAZHUMHBIX MPYOOK cpeOHue CKopo-
cmu docmuzarom 3 km/c, a makcumanorvie 8—9 km/c. B caabvix Ougdysmoix
MAZHUMHBIX NOJSIX HPEUMYULECNEO UMEIOM 80CX00stUe OBUXKEHUSL CO cpedHell
ckopocmoeio 0.5 km/c u makcumanonoil 3 km/c. Bwoiuucaennsie V-npoguau ¢
GLLCOKUM MPOCHMPAHCMGEHHBIM paspewienuem (35 km) umerom cpeduee sHaue-
HUe acummempui amuaumyd u naowaded, oauskoe k nyaro (—1 9 ) ¢ pazma-
xom = 70 9, oan cnaboix V-npoguaed u = 10 9, oas cuavnvix. Haiideno,
YMO NPOCMPAHCMGEEHHOE YCpeOHeHue Nnpo@uiell 6Gausiem HA ACUMMEMPUFO
amnaumyo Ooavuie, 4eMm HA acuMMempuio njaoujadeti. Imo sensiemcst OOHOU
U3 NPUUUH HabAr0daemozo sghgexma npesovluieniust ACUMMEeMpUu amMnaumyo Hao
acummempuel naouwjaded. Mexdy acummempuerl V-npoguieii u ckopocmuvio
oOnapyxena caabas Koppensyus. B cpednem Hanpasennvle 68epx 0aUXeHUS
00YCAABNUBAIOM OMPUUAMEJIbHYIO ACUMMEMPUIO, A HANDAGTIEHHblEe GHU3 08U-
KeHUst — RNOJOXUMmesbHYo. Iosyuenvl makixe sapuauuu ckopocmel 6 Mae-
HumHblx a1emenmax om uenmpa k kparo oucka Cosnya. CpedHssi ckopocmb,
Hauunast ¢ cos® = 0.9, pesko yseauuusaemcss 00 2 km/c u zamem Maio
usmensiemcst X kparo. HcceneOogauvl U3MEHEHUST CKOPOCMU CO 8PeMeHeM U
OOHapyX)eHbl HeJUuHelHble KOMeDaHust CKOPOCMU ¢ NUKAMU MOWHOCMU G Nsmii-
U mpexmuHymtslX noJocax. IIpuuuHoil HeJluHerHoz0 Xxapakmepa KoaeOdanuil
CKOpOCIMU SIGJSLIOMCS. NYAbCAWUY HANPSIKEHHOCMU MazHUMHOZ0 noas. ITosy-
UEHHbLEe PEe3YAbMambl OAsl NPOCMPAHCIMBEEHHO YCPeOHeHHblX V -npoguneii y0os-
JAEMBopUMeTIbHO cozaacyromces ¢ pesyaomamamu FT S-nabnrodeHuii u ¢ psioom
Opyeux HaQONIOOeHUIl, GbINOJHEHHbIX ¢ 00Jiee GblCOKUM HNPOCMPAHCINGEHHBIM
paspeuiertem.
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JABOBHMIPHI MI'T-MOJEJI COHSIYHOI MATHITOIPAHYJISII[II. JTH-
HAMIKA MATHITHUX EJEMEHTIB, Ileminosa B. A. — Jdocxaidxeni
OUHAMIUHI XAPAKMEPUCMUKY OPIOHOMACIUMADHUX MACHIMHUX eAeMeHmia y CHo-
Kignux Oinsnkax Conyst 3a 00NOMOZOI0 CHMAMUCHUYHOZO aHaul3y OonnJe-
pisebkux 3miwens ma acumempii oouucaenux npoginie ainii Fe I A 630.25 nm,
S1Ki OV pO3paxo6aHi Ha nNiOCcmasi HeCmAauioOHapHux MazHimoziopoOuHamiuHux
mooeneli. Ompumano po3nooil GEPMUKAIbHUX ULEUOKOCH e | [XHFO KOpPeasiuiro
3 OCHOGHUMU XAPAKMepUCMUKamy MAzHimHozo noJast. 3HaileHo, wo 8 cepeo-
HbOMY Y MAZHIMHUX €ieMeHmdax Ha PIGHI pomocgepu nepesaxaroms CHpsIMO-
éani 6HU3 pyxu maenimnoi naasmu i3 weuokicmio 0.5 km/c. Bcepeduni
HAUCUABHIUUX GEPMUKATAbHUX MACHIMHUX MPYOOK cepeoOHi waéudxocmi oopis-
niorome 3 kmfc, a maxcumanenui — 8—9 km/c. YV cnabkux Oudysuux maz-
HIMHUX HOJASLX NEPesazy MarOmb CHPSIMOGAHI 620PY PYXU 3 CEPEOHbOI0 WEUOD-
kicmro 0.5 km/c ma maxcumanernoro 3 km/c. Cunmesosani V-npogini 3
BUCOKUM NPOCHOPOBUM PO30iaeHHAM (35 KM) Maromb cepeoHe 3HAMEeHHST aCUM-
mempii amnaimyd ma naouiut, oauszeke 00 nyas (—1 9, ) 3 posmaxom 3HaveHb
= 70 9, Oas caabkux V-npoginic ma = 10 9, dns cunvnux. 3naiideno, wo
npocmopose ycepeOHeHnHst NPOQIiié GNAUGAE HA ACUMemPIrO amnaimyo Oiibuie,
HIX Ha acumempiro naouy. Lle € 00HOM0O 3 npuuun CROCMEPEeXYEaH02Z0 nepesa-
KAHHSL acumempii amniimyo Hald acumempicio naowjun. Busenena caabka
kopensiyis acumempii V-npoginie 3i weudkicmio. B cepednbomy pyxu, cnpsamo-
BAHI B2OpPY, 3YMOGJNIOIOMbE HE2AMUGHY ACUMempiro, d CHPIMOGAHI GHU3Z —
nosumueny. Ompumani makox eapiauii weuokicmi y MAzHIMHUX eJleMeHmax
8i0 yenmpa 0o kparo ducka Conys. Cepedust wieudkicms, nouunarouu 3 cost =
= 0.9, cmpimko 30ibuyemocst 00 2 km/ ¢, i HOMIM MAIO 3MIHIOEMbCSL 00 KPAio
ducky. Hocnidxeno guykmyauii weuokocmeii [ 3HAU0eHO HEJUHIIHI KOJILEAHHS
weuokocmi 3 nikamu HOMYXHOCMI 8 N amu- Ma MPUXGUIUHHUX CMY2daX.
llpuvunoro Herinitinozo xapaxmepy KOJAUGAHb uigudkocmell € nyavcauii maz-
HimHozo noas. Ompumani pe3yaemamu OJISL HNPOCHMOPOBO ycepednenux V-
npoginia 3a008iAbHO Y3200XYIOMbCs 3 pesyavmamamu FT S-cnocmepexens, a
makox 3 psaooM IHWUX CHOCHIEPeXeHb, GUKOHAHUX 3 GUCOKUM NPOCHOPOSUM
POIOLNEHHSIM.

2-D MHD MODEL OF SOLAR MAGNETOGRANULATION. DYNAMICS
OF MAGNETIC ELEMENTS, by Sheminova V. A. — Dynamic characteristics
of small-scale magnetic elements in the quiet Sun are investigated using a
statistical analysis of Doppler shifts and asymmetry of V profiles of the Fe I
630.25 nm line calculated with nonstationary magnetohydrodynamic models.
Distribution of vertical velocities was obtained and their correlation with the
main characteristics of magnetic field was found. On the average, the
downflows predominate with an average velocity of 0.5 km/s within magnetic
elements. In strong magnetic tubes the average velocities are equal to 3 km/s
and the maximum wvelocities are as high as 8—9 km/s. In weak diffuse
magnetic fields upflows predominate with an average velocity of 0.5 km/s and
a maximum velocity of 3 km/s. The profiles calculated with high spatial
resolution (35 km) have an average value of amplitude and area asymmetries
close to zero (—1 9, ). For weaker V amplitudes the scatter of asymmeiry is
+70 %, and for stronger ones it is *10 %,. It was found that the spatial
averaging of profiles influences the amplitude asymmetry more than the area
asymmetry. This is a reason of the observed effect of excess of amplitude
asymmetry over area asymmetry. A weak correlation between the asymmetry of
V profiles and the velocity is found. Upflows cause, on the average, a negative
asymmetry and downflows a positive one. Center-to-limb variations of velo-
cities were found in magnetic elements. The average velocity increases sharply
up to 2 km/s, beginning from cos® = 0.9, and then it varies weakly,
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approaching the limb. Velocity oscillations are investigated, and their power
peaks in 5 and 3 minute bands are found. The non-linear character of velocity
oscillations are caused by field strength fluctuations. The Doppler shifts and
asymmetry parameters obtained for spatially averaged V profiles are consistent
with the results of FTS-observations as well as with other observations made
with high spafial resolution.

BBEJEHUWE

O6mumM cBolicTBOM MarHuTHHX nojei COMHIA ABASETCS MX TOHKAS CTPYKTYpA,
B OCHOBE KOTOPOH JICKMT TOHKAS CTPYKTypa Kak camoi mosepxuaoctu CosHIA,
TaK W akTHBHBIX ero oOmacten [8]. B 1960-x romax mpomwioro cronetns Own
HAWICHBI TIEPBHIC TOATBEPXACHUS TOHKON CTPYKTYPhI MATHHTHBIX TOJICH CHAYa-
Ja B CWIBHBIX MOJAAX OATEH, 4 3aTEM M B CIOOKOHHBIX oOmactax [8]. Bwuio
YCTAHOBJICHO, UTO BHE IATCH MATHUTHBIC IOJIS PACIIPEHC/ICHE HEPABHOMEPHO IO
MOBEPXHOCTH, B BHAC KOHICHTPHPOBAHHBIX MATHUTHEIX MOTOKOB B OUCHB MAJIBIX
(= 1" mromazkax. Kuiorayccopasg HanmpsaKeHHOCTh 9THX KOMIIAKTHHIX MATHHT-
HBIX 00pa30BAHUI NEPBOHAYAIBHO ObLIa M3MEPEHA B (DAKENIAX M B CYNEPTPaHy-
JISUMOHHOM CETKE C IIOMOIIPI0 METOZA OTHOIICHUS ABYX Junmin [24, 45, 47]. B
JMATBHEWOIEM O5TH PE3yJbTATH OBIIM TOATBEPXACHB MHOTOKpAaTHO, Cornmacuo
[45] Tunmunsit pasmep marautHbiX KouoeHTpanmin — 100—300 kM, Tunmunas
HanpsxkeHaocTh — 100—200 mTa, Tunmunas ckopocts He npespmaet 1.2 km/c,
u B cpeanem pasHserca 0.5 km/c. PazOpoc HaViACHHBIX 3HAUCHWI HAMPSKEHHO-
ctu Ob1 oueHp Man. B pabore [24] caemanm smBom, uto 90 9, dorocdeproro
MATHUTHOI'C 1mojada COCpeZ[OTOT{eHO B KOMIIAKTHBIX KI/IJIOI‘ayCCOBbIX CprKTyan, a
10 9, moseit COCTABJAIOT MOAI CHOKOMHBIX obmacredn CosHEIA €O cpemmen
mwioTHOCThI0 moToka 0.2—0.3 mTa. JanpHelinne UCCAENOBAHNA TMOKA3AIN, UTO
TOHKHWE KOHIEHTPUPOBAHHBIE MATHUTHBIE OOPA30BAHMS WMEKT HHATEBUAHYIO
dopmy, wam dopMmy TpyOOK, pACIIMPAIOIIAXCH B AWAMETPE ¢ BBICOTOH B
atmocdepe (addekr «mushrooms wim «canopys). Wx yronm HakjoHa wMeer
nambosee sepoarHoe 3Hauenue 10° [20, 32]. Onu ropguee B cpenued U BEpXHER
dorocthepe u xoaogHee B HuxkHen orochepe MO CPABHEHUID CO CIIOKOMHBIM
Connnem. Ilpmuem xpoMocepHOE YBETHUCHHE TEMIEPATYPHl HAUMHACTCS B
Oosiee riyOokmx caogx, ueM B cnokoitnoM Counie [39]. Ananns Bcex moLyueH-
HBIX JAHHBIX OOHAPYXKWI MX YIUBHTEIBHOE CBOMCTBO. HecMOTpY HA HEKOTOpHE
pasIuuMg B pasMEpax, HAMNPIKCHHOCTH M B OPUCHTALIMM, OTH MATHUTHBIC
00pa3oBaHus IPAKTHUCCKM IOXOXH MeXAy co0oil Kak mo ¢opMe, TaKk H II0
CBOMM MATHHATHBIM M TEMIICPATYPHHIM CBOMCTBAM. IlosToMy MX OOBEAHMHHIN B
OTAEIBHBIM KJIACC COJAHEUHBIX MATHHTHBIX CTPYKTYP W CTAJIU HA3BIBATH MEJIKO-
MACITAGHBIMY MATHUTHBIMM JIEMEHTAMM, MM MATHUTHRIME TpyOkamm [36, 39].
KommuecTBo MArHUTHBIX TPYOOK HA COTHEYHOM HOBEPXHOCTH YBEIUYHABAECTCS C
YMEHBIIEHHEM WX pasmepa. M xoTsa KaXmblii MArHUTHBIM DJEMCHT JAeT OUYCHb
MaJB BKJA[A B OOMWIA TOTOK COMHEYHON pagWalyy, MAIIMOHB MATHUTHBIX
SJEMEHTOB HE TOJBKO KOMIICHCHDPYIOT SHEPIUID, OJOKHPYEMYK) ISTHAMH, HO
Jaxke Cco3maroT momoaHuMTeapHYH pammanmio okoiao 0.1 % [40]. MaraurHbie
TpyOKH MOryT 0Opas3oBHIBATH KJAACTEPH PA3IMUYHBIX pasMepos. Ilogarapr, uro
9TH KJaacTepsl (GopMupyroT OOJbIIME IO Pa3MEPAM MATHHTHBIE O0pa3oBaHMS,
TAKME KaK AKTHBHAS CyICpPrpaHyasaLuOHHAA CeTKa, (hakeasl u IOKKy/el. B
HACTOAIIEE BPEMS CAMBIE MAJIBIE MATHUTHBIE JIEMEHTHI, KOTOPBIE yaaeTca HAbmo-
math (120 kM), — 5TO TaK HA3BIBACMBIC IPKHC TOUKHM B MATHATHOM ceTke [16].

B crokotiaeix yuacrkax ConHUOA BHE aKTHBHBIX LEHTPOB TAKXKE TMOCTOTHHO
BEANCh M3MEPEHHUS MATHUTHOTO Toas [6, 24], koTopoe HA3BIBAIOCH (POHOBBIM.
Ceiiuac MOXHO MPEANOJOXHTh, UYTO OTO OBLIM MOAS CHOKOMHOW MATHATHON
ceTku, 2PUMEPATBEHBIX 00JACTEN W MEXKCETOUHBIE MO/ €O CMENIAHHON TOMSIPHO-
cteio [26, 30]. Tosbeimmenne mpoOCTPAHCTREHHOTO paspemenndg (< 17) mo3BoamIo
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u3MEPIATh N0 cnokoiHoro CosiHIa BHYTPU CYNEPrpaHyaIIUOHHON CETKU, T. €.
MexceTounbie i IN-moss, Hanps:keHHOCTh KoTophix Huxxe 100 mTa [26, 52].
[Ipameie n3MepeHns ITHX MOJIEH [0 BEJWUMHE 3€EMAHOBCKOTO PACIIEILUIEHHS B
auangx MK-cmektpa [27, 29] mokaszanm, 4TO HANPSKEHHOCTh TOJCH BHYTPH
CETKHM MOXET OBITh JAXKE HIDKE YPOBHS PABHOPACIPENSICHNS MATHUTHON JHEP-
My 1 KuHetnueckoi, 1. e. Huxe 40—50 mTa. CerogHga MHOrue MCCACIOBATE/IN
HIIYT OTBET HA BOIPOC, COOEPXAT JIM MEXCETOUHBIC OIS HAPALY €O CIa0BIMU
MOJIMH TOHKHE KHJIOrayccoBeic TpyOkm? B paGore [29] Obumm HAliIcHB BHYTPU
CeTKM C1alble TPAHYJIBHBIC MATHUTHBIC TOMS ¢ HAMPSKeHHOCTBI0 20— 100 MTor.
OTH mOJg BCTPEUANOTCH B MEXTPAHYABHBIX IIPOMEXYTKAX W ACHCTBUTEIBHO
MOryT OBITh B BHAEC TOHKHX TPYOOK C HANPIXKEHHOCTBIO COOTBETCTBYIOIIECH
YPOBHIO paBHOpACTIpEACACHNUS, WAN JaxKe Kuuorayccosoi. B mccnemosanum [27]
HNOATBEPKAAETCS HAJMYKME CHIBHBIX MATHUTHBEIX TPYOOK B CHOKOMHBIX OOJACTIX,
HO B HE3HAUUTEIBHOM KOJWUYECTBE, XOTHA IOAYYEHHOS PACIPEHc/JICHUE MATHHT-
HBIX HOJIEH B TPaHyaax uMeeT mak okoto 30 MTi, a B MeXTpaHy/abHBIX 00JaCTIX
— okoao 50 mTa. B to xe Bpemd B pabore [52] He HAWAEHO MOKA3ATEIBCTB
CHJIBHBIX TPYOOK B CMOKOMHBIX ob6nactax. CornacHo otum gauabiM 93 % moroka
cnokorinoro Conama  of6ycnosneno moaamm caabee 50 mTa. Kpome sroro,
MNOABW/INCH AOKA3ATEABCTBA Ay oucHb caabeix (0.4—4 mMTa) TypOyaeHTHBIX
noei, obHapyxeHHHX ¢ momMombr Xamae-dddekra [49]. Omm muddysabe
MOJIsl, TO-BUAAMOMY, 3aHOJHSIOT BCK MOBECPXHOCTHh COMHIA, W WX MOXHO
HA3BIBATH Besaecymmmu, M3 aranmsa vabmonenuit nocaeaamnx jet B padore [30]
CACJ/TIAH BBIBOJA, UTO MATHUTHOC IIOJIC CAMBIX CHOKOﬁHbIX OGH&CTeﬁ, HUJIN MECXKCC-
TOUHOE TOJIE, COCTOMT U3 ABYX cocTasigionux. [lepBag — 2T0 rpaHyIBHBIC O
B BUje TOHKUX TPyOok ¢ HanpsokeHHocTho 20—100 MTa. Bropas — 31o cnabeie
muysubie mosa ¢ HanpsxeHHOCThI0 HIke 20 M, KOTOphe B 3aBUCUMOCTH OT
BCJINYUHBL HaHpSI)KeHHOCTI/I OXBATBHIBAKT ILIOMAAN OT HCECKOJbBKUX I‘paHyﬂ oo
BCEM TOBEPXHOCTH. B HWTOTE MOXHO CKa3aThb, YTO COTJAACHO COBPEMEHHBIM
JAHHBIM 3HAUSHUS HWKHEH TPAHWIH THUMWUYHBX PA3MEPOB MATHUTHEIX TPYGOK
CTAJIN CYMIECTBEHHO MEHBITHMHU, UEM paHee MOJYUEHHBE TI0 HAOTIONEHWIM ¢
HU3KMM pPa3pelicHUEM METOAOM OTHOUICHUS ABYX JuHUiA, [Ipambie MeToms!
uamepennsa Hanpsxeauoctu no WK-npodunam Crokca ykaswBaioTr, uTO
cpenHMil pasMep TOHKWX TPyGok okomo 40 KM ¢ HATPIKEHHOCTHIO HUXE
100 mTa [27].

B mociegHue rogsl OIHOBPEMEHHO C YCOBEPIIEHCTBOBAHMEM TEXHIUKH HAG/IIO-
OEHUH AKTHUBHO pa3pabaTHIBAIOTCI TEOPETHUECKHE MONETH MATHUTOKOHBEKITHH
cokoiHBX obmacreit Comama. MHOTO patoT GBUIO BHIMOJHEHO TO UHCICHHOMY
MOIEINPOBAHUI MATHUTHBIX 2JIEMCHTOB, MX (DOPMHUPOBAHUIO M B3AMMOICHCTBHUIO
C KOHBEKTMBHBIMU ABVDKEHUAMH (CM. 0030p [30]). Tak xak B 3710l pabore Obuin
ucnoab3oBansl aymepuabie MI/I-momesm A. C. TagyHa, MBI coesacM KpaTKWid
0030p cepmm ero pafoT, TOCBYIIEHHBIX JTHM Mmomeasm [4, 5, 14, 17, 18,
33—35]. B orsmume OT APYrux OH TPHMCHWUJ OPUTHHAJBHBIA TONXON IS
pEUICHWUS CUCTEMBI yPABHCHWH pPAAMATIMOHHOW MAaTHUTOTHAPOAMHAMUKYN [J],
KOTOPBIE OMMCHBAIOT CKUMAEMYK), TPABUTAIMOHHO CTPATHGUIMPOBAHHYIO TYP-
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0 TOMOJIOTHH MOTOKOB, TOTMA KAaK ABYMEPHBIC JYUIIE NPEACTABIAIIOT MEJKOMAC-
mrabueie gapaeand. OHU HA OMPENEICHHOM JTAIE TEOPETHUECKOTO MOTEIMPOBA-
Hug OBLIM M OCTAIOTC OUEHb MOJAE3HBIMA B H3YUEHMM CBOMCTB MATHHUTHBIX
2JIeMeHTOB. M3 pe3ybraToB aHAIM3a ABYMEPHOTO MONEJIMPOBAHMS KOHBEKITHH
[17, 35], a Takxe MmarauToKoHBekmum [1, 2, 22, 44] crmeayer, UTo AByMEPHBIE
MOIEIN HOCTATOUHO XOPOIIO BOCIIPOM3BOXLAT MHOTO SBJICHHN TPEXMEPHOM KOH-
Bekmun. OCHOBHBIE Pe3y/JIbTATH ABYMEPHOTO MOXCJMPOBAHMY MATHUTOKOHBCK-
OMH TPAHYAAIMHAOHHBIX pa3Mepos, moayueHubie A. C. lagyHOM, TIpUBEICHHB B
pabore [4]. WccaemopaHmda MeXaHH3MOB OOpAa30BAHHUY W PA3PYIICHHS MATHHT-
HBIX TPYOOK M pEXHUMOB WX YCTOMUHMBOCTH MOKA3A/IM, UTO LIABHAYL pOJIb B
pPa3BUTHN MEAKOMACIITAOHOTO MATHUTHOTO TOJY IPHHAIICXKHT TEPMHUCCKUAM
nortokaMm., @parMeHTANUS KPYTHOMACIITAGHBIX TEPMUYECKHAX IIOTOKOB MOXKET
OPUBOAUTE K OOPA30BAHHI) BEPTHKAJIBHBIX MATHUTHHIX JJIEMEHTOB M3 IIOBEPXHO-
CTHBIX TOPU3OHTANMBHBIX MATHUTHBIX MOTOKOB. JTOT paHee HEHM3BECTHBIM MEXa-
HU3M (POPMHMPOBAHMSA MATHUTHEIX TPyOOK OBLI HA3BAH MOBEPXHOCTHRIM [5, 18].
Takxe UCCISTOBAH MEXAHU3M 00pA30BAHUS KHJIOTAYCCOBBIX MATHUTHBIX TPYOOK
MyTeM KOHBEKTHBHOTO KOJIJIAICA, M HAMAEHB CPEKTPOMOIAPUMETPAYUSCKIE TIPH-
3Hakm sroro npouecca [14]. Ha ocrosanmu MI'T-moxenci [4] Geim oGHApYXKE-
HBI TPOLECCH BCIUIBITAS, TMEPECOCAMHCHNS W LUK/JIMYHOCTE (recycling) marmmr-
HOTO NOTOKA BOJM3M IOBEPXHOCTH, KOTOPHIE IIPOAEMOHCTPUPOBAHBL B [34].
Hecraumonapuasie MTTI-mogesm [4] MOTYyT CAyXWTh AHAJIOTOM HAGMIONAEMBIX
obnacreit poTocepsl, BeMUMHA HANPSOKEHHOCTH KOTOPBIX 0€3 yduera 3HAKa B
cpemrem pasasercas 40—50 mTa. Oru Takxe OBUIM MCIOMB30BHBI /IS BHIUUCIE-
wun npodunein Crokca dorocdepuvix mmamia. B paborax [11, 13, 34] npencras-
JICHBI TIEPBBEIC pedyabTaThl ananu3a npodwmaen Crokca, CMHTE3MPOBAHHBIX HA
OCHOBAHWM JTHX HEOTHOPOOHBIX (0JIE€ PeaJUCTHUHBIX MOAECIEH MO CPABHEHMIO C
JBYKOMIIOHEHTHBIMEA MOAeasmu. B uwactHoctm, B pabore [13] w3 amanmsa
V-mpodpunett uudpaxpacuoit auaunm Fe 1 1 1564.8 uMm moayueno pacmpenesicHue
HATIPSIKEHHOCTY MATHUTHBIX MOJICH, KOTOPOE XOPOIDO COTIACYETCS ¢ Pe3yabTaTa-
MU HAOMIOAECHWA MATHUTHOTO MO B CHOKOMHBIX oOmactax [27], a Takxe
MOATBEPKAACT ABYKOMMOHEHTHYK) CTPYKTYPY MEXCETOUHBIX TMOJICH,

B conaneunoit miazMe MATHHUTHOE TOJE HEMOCPEACTBEHHO CBA3AHO C MOJEM
ckopocteil. Cea3b MEXAY HUMH KaK BHYTPH TMITEH, TAK W[5 HEBO3MYIICHHON
armocdepsl CoMHITa oCcTaeTed OMHON u3 Tpyaueimux npobaem duzukn ComHna.
«[IpuK/IeeHHOCTY MO K [ABHXYLICHCS [JIA3ME, WU, APYTUMH CJAOBAMH,
«KECTKAd» CBSA3b MEXIY MATHUTHBIM IIOJIEM H IOJAEM CKOPOCTEH MOXKET OBITh
ocnabmena Gmaromapd TOHKOH CTPyKType MarauTHOoro moaa [8]. Tlosromy
MCC/IEAOBAHNE TUHAMMYECKHX IIPOMECCOB B MATHUTHBIX JJIEMEHTAX, B UACTHOCTH
BHYTPH CHJIbHBIX MATHHTHEIX TPYOOK, METOZAMM TCOPETHUECKOTO MOXEIMPOBA-
HHAY MATHUTOKOHBEKIIHH SIBJISCTCA BEChMA AKTYAIBHBIM, HOTOMY UTO MATHUTHBIC
2JIEMCHTBI, BCACACTBUE CBOMX MAJBIX TOPH3OHTAJIBHBIX PA3MEPOB, OCTAKTCH IO
CHX TIOP MPAKTHYECKY MPOCTPAHCTBEHHO HepaspemeHHbMu. C IMOMOIIBK) YMC/ICH-
Horo MI'I-momenupoanusa [1, 44] ObLI0 MPEOCKA3aHO, UTO BHYTPH M BHE
TpyOOK HA MacmTabax B HECKOJBKO COT KIJIOMETPOB CACAYET OXHAATH OOJIbIIOE
pasHooGpa3ue IUHAMUYECKHX MPoueccoB. HemaBHo Gblin onyGIMKOBAHBL PE3YJ/Ib-
TATHl BHICOKOTOYHBIX MOJISPHMETPUYECKUX HAOIIONEHNA B CHEKTPAIBHON JMHUK
Fe I A 630.25 um ¢ mpocTpaHcTBeHHBIM paspemenuem jayume 700 km [37].
[Moay4eHHBIE CTATUCTHYMECKME 3ABHCHMMOCTH IAPAMETPOB HAOIKAAEMBIX V -IIpo-
¢uneit Crokca yKaspBAalOT HA 3HAYATEABHBIC CHCTEMATHYCCKHE IBIDKCHUSA B
MATHUTHBIX JIEMEHTAX CETKH, (PakesoB u cnokonabix obaacrei. Ha mam s3rnan,
MPEACTABASCTCA WHTEPECHBIM ¢ moMoImbio asyMepabix MI'M-momeneit [4] Bocii-
pomsBecTn o0HApyKeHHBIE B paforax [28, 32, 37] mabaroomaeMble COEKTPOIIOIE-
puMmerpuueckue dPGexTH.

Fnasaoi nmeaplo Hamed paloTHl FBALETCA OHNPEACJACHHE AMHAMHYECKUX
XAPAKTEPUCTHK MATHUTHHIX 2iaeMeHTOB B (potocepe Commna. Hmxe OymyT
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MPUBENAEHB OCHOBHBIE PE3YJIBTATH HAOTIONEHWH AVHAMUKY MATHUTHBIX JJIEMEH-
TOB, 0XapaKTepu30BaHbl UCMOJAb3yeMble AByMmepHbie MIJI-monenu, mpencrasmie-
HBI PE3yJIbTATH NPUMEHEHWSI METOJA OTHOMICHWS ABYX JIMHAM K OTAM MOIEIIM
¥ TPOAHAAN3UPOBAHBI PE3yabTATHl BhIumcacHuit V-npodmacii CTokca, mx COBU-
roB, ACHMMETPHI U WM3MEHEHWH LEHTPp — Kpall Ha Macmrabax, MEHbIONX u
CPABHHUMEBIX C IIPOCTPAHCTBEHHBIM PA3PEIICHUEM HAGIIONCHUI,

HABJIIOJAEMBIE CIBUTU I ACUMMETPUY V-TTPOOUIIEN

B mccaenoBaHugX, OCHOBAHHBIX HA MATHHTOTPA(HUCCKUX HAOIIOICHNIX MATHHUT-
HBIX HOJIEM COBMECTHO C JYYEBBHIMH CKOPOCTSMH, OBUIO IOJAYYEHO, YTO BEPTH-
KaJbHBIC CKOPOCTH KAK HA TPAHMIAX XPOMOC(EPHOH CETKHM, TAK W BHYTPH €€
queek B cpemHeM pasHbl Hya [9]. B To Xe BpeMs JyueBbie CKOpPOCTH,
HAMAEHHBIE U3 COEKTPOIOIIPHEMETPAYECKIX HAGIIONEHNH, UMENH IPOTUBOPEUN-
Bole 3Hauenuda [360].

[eperie Hanboaee OOMMPHBIE MOIAPUMETPUUECKIE HAGIIOACHAS HA (Dyphe-
cnekrpomerpe (FTS-mabmoneHnd) ¢ BBICOKHM CIEKTPAJBHBIM KM HU3KHM IIPO-
CTPAHCTBEHHBIM W BpPeMEHHBIM paspemucHueM (okoao 107 w 30 mmu) mokasasm,
YTO BHYTPH MATHATHHIX TPYOOK HET 3HAUMTEIBHBIX CHCTEMATHYECKUX ABYIKEHUI
¢ tounoctery 0.25 xm/¢ [41]. DTOT pe3ysabTAT CYIIECTBEHHO OTIMYAJICT OT
noayueHHOTo panee B pabore [45] cpemmero smauenma ckopocrm 0.5 km/c.
OKOJIO ZECATH JIET CUMTAAOCH, YTO B MATHUTHBIX TPYOKAX HET CHCTEMATHYECKHX
ABUXCHUI, MOKA HE MOABWINCh HAOIIOACHUS C BBICOKMM IPOCTPAHCTBCHHBIM
paspemenuem, B pabore [32] mo HabmoacHNIM ¢ MPOCTPAHCTBEHHBIM Pa3peme-
HueM okoo 1”7 GeLto Halimeno Hebobmoe TpeobIamanne HECXOAIIINX ABUKCHAN
€O cpemHen CKopocThr 0koa0 0.2 KM/¢ M 3aBUCHMOCTD BEJUUMHBI CKOPOCTH OT
PaA3MCPOB MATHUTHBIX JJICMCHTOB. B O6]IaCTSIX ¢ MaJabIM (baKTOpOM 3ANOJTHCHU I
ObL10 OGHAPYKEHO YCUJIEHUE MOTOKOB BHM3 (3HAK TUTKC) WM yBeawueHme paszbpoca
3Hauenun ckopocreir or —0.5 km/c mo 1.5 xm/c. B pabore [20] noayueno
cpemHee 3HaueHUe ckopocten okono 0.8 xm/¢ ¢ pasbpocom 3HAUEHUN, yBEIMUN-
BAKOIMHUMCI € yMeHbHJeHI/IeM CTCIICHU HOJIHpI/ISa]_[I/II/I. PeSy]IbTaTBI TeOpeTI/II{eCKOI‘O
MORECANPOBAHUI B3AUMOACHCTBUA KOHBCKIIMU ¢ MATHUTHBIM moaeMm [1, 22]
TAKXKE TOATBEPXKIAIN HATHUNAE CUCTEMATWUECKWX MBWXEHWH BHYTPU W BHE
TpyOOK HA MAJBIX MPOCTPAHCTBEHHBIX W BpeMeHHHX Macmrabax. Hambosmee
yOETUTENbHBIE JOKA3ATENBCTBA YCUJIEHUS TUHAMWUECKWX TIPOIECCOB BHYTPH
MAaTHUTHEBIX 3JIEMEHTOB OBIJIM HEJABHO TpeacTasjacHw B paGorax [27, 37]. Tlo
OTUM HAOMIONEHHMIM C MPOCTPAHCTBEHHHIM paspemenneM 0.8—17 mucxoggamue
CHCTEMATHUECKHE IBUXEHUY nMean cpeaane ckopoctu 0.5—0.7 kM/c. B maruur-
HBIX DJIEMEHTAX C MAJAbM (DAKTOPOM 3AMOJHEHHMI CKOPOCTH AOCTHraIM +35 KM/c,
B TO BpeMd KAK B DJJIeMeHTax ¢ OoapmmuM (DaKTOPOM 3AMOIHEHUS, HIN
KJIACTEpaX, CKOPOCTH ObUIM MeEHbmUMH., Takke MNOABWIHCH JOKA3ATEIbCTBA
GOJIBIINX TOPU3OHTAIBHBIX CKOPOCTEH OKOJIO 2 KM/C B MATHHUTHBIX JJIEMEHTAX II0
JaHHBIM padorsl [51].

Kpome momIepoBCKHX COBHTOB HYJIEBOTO IEPECEUEHMS, NI AUATHOCTHKH
IOBUDKEHUN B TPYOKAX MCIOB3YIOT TAKXE ACHMMETPUIO HAGIIOAAeMBIX V -mipodu-
JIEi, KOTOpad BIEPBLIE OblIa o0HApYXeHa mo FTS-mabmoncauaM BOIM3M [EHTPA
mucka [38]. Haiimewmmaa acuMMerpuda ObLaa <«roy0Ooiis, T. €. AMIUIATYOA H
ILTOIAb A1 TOAy00ro MMKA B CpeHeM OOTbIIas, 4eM I8 KpacHoro. [lpm sTom
ACHMMETPHUS AMILINTYX B HECKOJBKO pPa3 IIPEBHIMANA ACHMMETPHIO ILIOMANEN.
Otu Hailigenabie B [38] 3aKOHOMEpPHOCTH TOKA YCTOWUWBO TONTBEPXKOATCT
HAOIIONEHHIMHI C PA3JIMUHBIM PA3PEHIEHHEM, TOMMA KAK aOCOMIOTHBE 3HAUCHUI
ACHMMETPHH CJIETKA YMEHBIIAKTCH C VBEJWUEHHEM paspemenns. Kax mokasaim
MHOTOUMC/IEHHBIE UCCASTOBAHMS, PHUMHON ACMMMETPUHU €CTh KOMOHMHALMY TPa-
JUEHTOB MATHUTHOIO MOJY W IOJY CKOPOCTEH BHYTpM M BOKPYTr TpyOkum [36].
Hemasno mo gaHHBIM HaOmomeHmit ¢ paspermncHmeM Meubme 700 kM GbuIo
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ABYMEPHBIE MII-MOIEJW COJHEYHON MATHUTOIPAHYJIALIAA

OOHAPYXXEHO 3HAUUTEIBHOE UMCA0 TPOPUIed ¢ SKCTPEMATbHO GOJBIION aCHM-
meTrpuci. Tak, manpumep, mo AamabiM [37] maga auamm Fe 1 1 630.25 BMm
KOJIHYECTBO TAaKuUX mpodumaed cocrasiager 3 % 0T Bcex HaOMIOZAEMBIX B
obsactax ceTku U (pakeaos. B mocaennee BpeMd HAMOOJIBIINI MHTEPEC BHI3BIBA-
0T a"oMaiabHbie V-mpodman, OCO0EHHO T, KOTOphIE HMMEIOT IPAKTHUECKH
TOJBKO OAHO KpeUIo. B pabore [34] ma ocHoBammm pesyabratoB MII-momenn-
poBaHud OBLIO MOKA3aHO, UTO OHM MOMBJISIOTCS B OCHOBHOM HA mnepudepuu
MATHUTHBIX JJIeMEHTOB. [IpAUMHON JKCTPEMAIBHO COJBIION ACHMMETPUN MOTLYT
OBITH CIUIBHBIC, HAIPABJCHHBIC BHI3 MOTOKH BEINECTBA HEKE «CANOPY» Y TPAHMIL
MATHHTHBIX TPYOOK.

HMTak, ¢ TOBHIIEHWEM MPOCTPAHCTBEHHOTO PA3PETICHUI MOJIIpUMETpHAUC-
CKMX HAOIIOOCHUN BBIACHUIOCH, UTO HAPAMETPH IHHAMHUECKHX XAPAKTEPHCTHK
MATHHTHBIX JJIEMEHTOB MMCIOT 3HAUMTEIBHO OOJIBINMI AVANA30H 3HAUCHUI, UeM
paHee MPeAnmoaaragoch, UTo K€ MOXKHO OXMAATb OT HAOMIOAcHMIA, Korma OymeT
paspemicHa BHYTPEHHAS CTPYKTypa MarHATHBIX 3JeMeHTOB? Ha 3ToT BOmpoc M
MOTBITAJIACh HAWTU OTBET ¢ TMOMOMIBID PEe3yAbTaToB AByMepHoro MIJI-moxemni-
poBaHUS MATHUTHBIX DJAEMEHTOB M cuHTe3a mnpodmicii CTokca CHEeKTpaIbHON

auamn Fe T A 630.25 am.

IBYMEPHBIE MTI-MOJIEJIN

MBI KpaTKo 0XapaKTEpH3yeM WCMOIb3yeMYRo mocaemoBateabHocTh MI'I-mone-
aei. Jdaa Gosee meTasbHOrO O3HAKOMJICHUS C peay/abratamu asymeproro MITI-
MOAEJNPOBAHAST MATHUTOKOHBEKIIMA MOXHO ofpatmthea K paboram [4, 5, 18].
Pasmep monemupyemont obmactu 3920x1820 xkm. Ona comepxur 112 Beprukann-
HBIX KOJIOHOK (/Iyuei) ¢ mpOCTPAHCTBEHHBIM Imarom 35 kM. B Hauasne moaenupo-
BaHus Obuna mpuHaTa koHBekTMEBHAsS ['Jl-MOmens ¢ ABYXMOASPHON KOH(Urypa-
I.[I/IGfI MATHUTHOTO II0JId, yMeHI)H_IaIOHJ;eI‘OCSI C BbICOTOfI n CPpCaHM 3HAYCHUCM
manpsxennoctn 5.4 mTa. B Teuenme aByx 4acoB MOmE/JMPOBAHWS MATHUTHOE
nosie spoaouuonupyer u gocruraer B cpexaem S0 mTa. B mauanessin mepmox
HaHpaBJIeHHbIe KOHBCKTUBHBIC ABUXKCHUA CHOC06CTByIOT 06p330BaHI/IIO JIOKAJb-
HBIX C1a0BIX MATHUTHBIX KOHIEHTPANMWA, KOTOPHIE 34TEM MUCCUTIMPYIOT U
MATHHTHOE TIOJIE IIPHOOPETAET XAOTUUHEIN XapakTep. B gaapHeiIeM IpoucXOauT
YCUJIEHUE IO B MEXTPAHYJIBHBIX 00MACTIX W 00pa30BAHUE TOHKWUX MATHUTHBIX
tpyOok. Tlocme 50 MuH MO MPOBAHUS (DOPMUPYIOTCH CHUIBHBIE MATHUTHBIE
TpyOru (B > 100 MT1), KOTOPHE 3aTeM Pa3pymaTca v BHOBL oOpasyrorcd. Ha
puc. 1 mokazan omwH BpeMeHHOU cpe3 (snapshot) MIJI-moxeneit, Tme aBse
KHJIOTAyCCOBHIE TPYOKM pA3IUUHON MOJAPHOCTH HAXOOATCA B mpoliecce cOmmxe-
HHS ¢ TIOCTEAYIOIAM BCKOPE B3aMMHBIM paspymieHneM. [opru3oHTaNbHBIE pa3Me-
pHL MATHUTHBIX TPYOOK HA ypoBHE BHguMmoi mosepxHoctu (Igr = 0) B TeueHue
SBOIIOLMK M3MeHdI0TCd 0T 35 KM a0 350 KM u, COOTBETCTBEHHO, M3MEHIETCI MX
MakcuMaspHOe mosie ot 40 MTa go 250 mTa. HauGoasmuii sxaan (oxouao 50 %)
B O0MIYIO IJICIIAAB 34 BPEMS BCETO MOAEIMPOBAHUY BHOCIT TPYOKH ¢ OHAMETPOM
80—180 xM u ¢ HanpgaxenuocTtbio 100—200 mTa [4].

19 JAHHOTO UCCACTOBAHMS MBI BHIOPAIN HMOIYUACOBYIO MMOCACAOBATEIPHOCTD
MI'O-mopenein mocae 94 mmu mopenupoBanus ¢ marom 30 c¢. B sror mepuon
AKTUBHO DBOMIOLMOHHPYIOT CHJIBHBIE MATHATHbIE TpyOkw., Yacro B oOsactu
MOAEIMPOBAHAY ONHOBPEMEHHO (POPMUPYIOTCA ABE TPYOKH C IPOTHBOMO/IONKHBI-
MU HOJASPHOCTIMHU., Kax mpaBmio, BO3/IE€ MATHHTHON TPyOKM OJHOM HOISPHOCTH
obpasyerca cmaloe moJIE TMPOTUBOMOIOKHON MOASAPHOCTH., B BepxHUX GOKOBBIX
CI0sX TPYOKM NOSBAMIOTCT TopgumMe OOJACTH, KAK CIEACTBHE TOPMOKECHHS
CWJIBHBIX TPAHY/JISOMOHHBIX MOTOKOB y CTEHOK TPyOkmu. DTm ropauume obmacTw,
HO-BHAMMOMY, MOTYyT OHITh aHAjAOramMu HaOMOmaeMbIx apkux Touek [16]. B
HEHTPAJbHBIX YACTAX IPAHYJBHBIX S4€€K NPeOoOIafaKT TOPU3OHTAJIbHBIE Mar-
HUTHBIE TOAL. Bee 9TH mepeumciaeHHBIE OCOGSHHOCTH MOAEAMPYEMOM MATHUTO-
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Puc. 1. Bepruxaneubiii paspes MI'J[-mozenn B MomeHT Momenauposanus 95.5 mun: ¢ — mnose

(UTMHA CTPEJKU TIPOMOPIIMOHANbHA BeJWuMHEe ckopoctu) M u3otepmbl 4000 K (ToHkas

CKOPOCTEI

6 — CHIOBBIE

JIMHUHW U HAIPSIXEHHOCTh MATHUTHOIO T10JId (HJ’IOTHOCTL IITPUXOBKYU HPOMIOPIIMOHAJIEHA 3HAUCHUIM

10000 K (ronkas nuHuUS);

6500 K (myukrup),

?

auaug), S000 K (xupHas ausHuMsT)

" 1BeT

— TCOMCTpHUYCCKad BbICOTA,

G — CWJIOBBIC JIMHWMHU U TIOJSIPHOCTH MATHHUTHOTO TIOJIS (cepm

Gesblil — OTpULATEILHASL)
N — uomep xonouku B MI'J[-Momesn; paccTosiHve MEXIy KOJOHKaMU 35 KM

100, 150 mTm);

’

50
— MOJIOKUTEJIbHAS [OJIPHOCTD

noas 1, 20,

H

I1o ocam:

’

D).

Omactu (puc.

uTO ¢ YMCTO HABMIOIATENPHON TOUKM 3pPeHMs m3OpaHHAs mocsIe-

TPAHYAdIW BUAHBI HA BCPTUKAJIBHOM pAa3pc3c MOACANPYCMOU O

Mpr mosaraem

?

Onacrax
), TaK KAaK MOza pacmpe-

Gsaactu pasHa 35 MTJ, a WIOTHOCTD

JOBATCIBHOCTD MOACIEH MOXET MPEACTABIATh MATHATOTPAHYJAALINAK B O

HWHOH CeTKe

Coanna (1 BO3MOXHO B CIIOKO

CIIOKOWHOTO

ACACHUS HANPIXKCHHOCTH B MOACTUPYEMOU O

notoka cocrasiager 0.2 mTa [13].

TECTUPOBAHUWE MI'A-MOJEJEU

B paGore [11] yxe ObLIO BHIIOJHEHO TECTUPOBAHHE MCHOIB3yeMbix MI-Mome-

-MOOCJICH

. 3mech MBI MPEACTABIIEM PE3YABTATHI HOBOTO TecThpoBanng MI'JI

Jeun
10
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¢ TIOMOIIBIO TPUMEHEHHUS METOOA OTHOIIEHUS M3MEPEHHBIX HAMPSKEHHOCTER B
IOBYX CHEKTPATbHBIX JUHUIX. JleTaspHoe onucaHne MeToaa MOXHO HalTh B [435].
DTOT XOpOIIO W3BECTHHIN METOJ HWHTECHCHBHO TPHUMEHSIICT A9 AHWATHOCTHKH
CIJIBHBIX MATHUTHBIX IMOJIEH BHE aKTUBHBIX oOmactedl Ha CoJHIle B CIEKTpax C
HU3KHUM IIPOCTPAHCTBEHHBIM paspemieHueMm 1—4” [19, 24, 45, 47] n npumeHnger-
Cd B HACTOMINEE BpeMI IS COEKTPOB C BHICOKMM paspemenueM (< 17) [23, 52].
Crenyer 0TMETHTH, UTO METON OTHOIIEHWS ABYX JIMHUN 3aBUCHT OT BHIOPAHHOMN
OIS KaJnOpOBKH HANPSUKEHHOCTH MATHUTHOTO MOJ4 ATMOC(EPHOH MOIEIIH.
IMooTOMY OH TAKXE HYXIAETCA B TECTHPOBAHMM HA 00Jee PeaTHCTHUHBIX
MOJENIX, UEM OBYKOMIOHEHTHBIE MOMEIH, KOTOPHE OOBIUHO HMCIOAB3YIOT I
kaaubposku [23]. TIpumensasa sror meroa Kk MTJ-momendam, Mbl pENIUIM IBE
3agaun. C OOHOW CTOPOHBI, TMPOBEPUIN MOICIH, 4 C APYyTOil — caM METOM.

Kak u B HaOmogcHuax, Ml BbIOpagu gase jguHud Fe 1 A1 524.71 uM u
525.02 M. OHM WMEIOT MOUTH OAMHAKOBBIC ATOMHBIE MapaMeTphbl, Kpome ¢dak-
topoB Jlamae, orHomcHHE KOTOpeix paBHO 1.5. Ilostomy mosyuacmbie w3
HAOJIONCHHMI OTHOIICHMY KAaAMOPOBAHHBIX CUTHAJIOB MarHuTorpada B OBYX
JUHUSIX  Bisys o/ Bsagq Wl Vs o/ (1.5V 5547) OyAyT HEUYBCTBMTCIBHBI KO BCEM
atMocepHBIM MAapaMeTpaM, KPoMe HATPSKEHHOCTH TIONd, YIVIa HAKJOHA Mar-
HUTHOTO IOJII M moag ckopocrei. Kak 6wuto mokazano B paborax [7, 46, 47],
3HAUCHUE «MATHHTHOTO OTHOLICHUS» 3ABHCUT TAKXKE OT MOJOXEHUY BHIOPAHHOTO
yuacrka V -mpoduis OTHOCHTEIBHO €r0 LEHTPAJBHON UYACTH: IO Mepe Mmpud/im-
XeHus mieaei marautorpada K IMEHTPY JUHWM OHO yYMeHbmaeTca. Kpome aroro,
OTHOIIEHUE ABYX JWHWH 3aBUCAT TakxXxe OT (hakTopa 3amoJHEHUS MATHUTHBIM
HOJIEM B paspemaemMoil obaacte m 0T GOKOBOTro mpoduis MATHATHOTO mouad. Bee
9TO 3HAYMT, UTO HAWACHHOC 3HAYCHWE MATHUTHOTO TMOJS 3aBHCHAT OT MPOCTPAH-
CTBEHHOTIO M CIEKTPAILHOTO paspelneHns HaGMOTAEMBIX CIIEKTPOB,

MBI ompemesWv OTHOMIEHWE MEXAY V-CHTHAJAMHA B 3aBHCAMOCTH OT
paccTosuus [0 ueHTpa JuHUA MLR(AL) = Vs0(AN)/[1.5V 55, ,(A)]  mas
npobmieii B pasaumuHBIX OGJIACTAX MOAEIMPOBAHHML., JOIIEPOBCKME CABHTH
V-npoduiieit OTHOCUTENBHO IEHTPAIBHON IIMHBL BOIHB [-npodhmisa Obim KoM-
nencuposansl. Ha pmc. 2 mokasaHbl TpH HalieHHBIE 3aBucHMocTH M LR(AL).
[lepBas 3aBUCHMOCTD MOJYYEHA 13 Npodmiaeh, yepeaHeHHbX mo obmactu (3), B
KOTOPOI PACIIONOXEHA OTHOCHTEIBHO caafas cyOkmmorayccosas TpyOka (B, <
< 90 mTxa). Bropag oTHOocHTCS K OOJACTH TAKOrO XE pasMepa, HO B HEH
PACIIONIOKEHE OBE CHIBHBIC MATHHTHBEE TPyOkm ¢ B, < 190 mTxa. Tperba
3aBUCUMOCTH TIOJIyUEeHA W3 Tpoduiei

0€e3 MPOCTPAHCTBEHHOIO prCZ[}-IEHI/ISI, Vizs 0 /1. 5V 7
OTHOCIIIUXCA K OCH CHWJIBHOW Mar- -
HUTHOH TPYOKM C HAIPIXCHHOCTHIO 14

B, = 180 mTx wa yporne lgr; = 0.
IMToka3adb TAKXKE 3aBUCHMOCTH OTHO-
EHAS Bsys o/ Bsps s W3 HAOMIOTEHHI

Puc. 2. Ornowenus V-upoduneit aunuit Fe 1
AL 525.0 u 524.7 uM B 3aBUCMMOCTH OT PaccTO-
auug ot uedrpa V-npodung. CIUIONHEbBE JTH-
HuuM nosyueHsl u3 MI'JI-mopeneii: kpusas [ —
s obnactu ¢ oHOM CyOKmMoray ccoBob Tpy6-
KOM, 2 — 719 00ACTH C JIBYMSI KHJIOTAYCCOBBI-
Mu Tpybkamm, 3 — IS OCH KHJIOTAYCCOBOM
TpybKM; kpectukum — Habmopgenus [7] Bue
AKTUBHBLIX 00jacTeit, aunug 4 — HaOIoReHud
[47] ana cunbHbIX (hakesoOB, JUHUS J — [ | | | | | | |
nabmonenvs [47] nna cnaberx daxenos 2 4 6 p
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cornacHo [7] u orHoweHU V 55 ,(A1)/ [1.5V 55, ,(AL)], BeBeneHHbIe U3 FTS-Ha-
Omonennit [48] ana cuapHBIX W CAabeIX (akenapHBIX obnacrei. TlomyueHHOE
HAMHW MATHUTHOE OTHOMICHWE YBEAWUWBACTCI TIPU YAAJCHUW OT LEHTPA JIMHUH,
U B JAJEKHX KPBUIbIX CTAHOBHTCA OOJMBIONMM eOUHHUIELL UeM MEHbIIe pasperie-
HHUE, TEM MeHee KpyTad 34BUCAMOCTh W MEHBIOWE 3HAUCHUS MATHUTHOTO
oraomenng (cp. 2 u 3). Xom BTOPOH 3aBHCUMOCTH, HOIYUYEHHON 1ug o0macTu ¢
OBYMS CHIBHBIMH TPYOKAMH M C HU3KHM Pa3pemicHHEM, YAOBIETBOPHUTEILHO
comtacyercd ¢ gaHabiMu HaOmogenuit. DakT coBmageHmd BHUMCACHHBX H
HabIIOTAEMBIX 3aBHCHUMOCTEH MLR TOATBEPXIAET CHEJIAHHBIE HAMH paHee
BeIBOAK [11], uTo mcmonpayemeie Teopernueckue MI'JI-monenm [4] yaomier-
BOPHUTEABHO OTHCHIBAIOT peasbHbic MATHATHBIC moasg CoaHIA.

Xon saBucumocteit MLR(AN), noayuennsix u3 MI'JI-moneneii, a9 pasHbIX
MATHUTHBIX MMOTOKOB TAKOW X¢, KaK W /I TMOJYUCHHBIX paHee ¢ ABYKOMIOHCH-
THBIMU Moaeasamu [7, 40]. DTu 3aBUCMMOCTH B ODLIEM OTPAXAIOT PA3JUUHBIE
3HAUCHWSI MATHUTHOTO HACHIMICHWS W IJWHHOBOJHOBOTO COBUTA V -CUTHAJIOB B
pPasTMYHBIX yuacTKax mpoduaeii ABYyX JAWHWM. KuaorayccoBbie MOJSI HE TOJIBKO
YMEHBIIAKT aMIAUTYAy V-mpodwias, HO TaKXe CYMIECTBECHHO W3MCHSIOT €ro
dopmy. B cunabHBIX ToNgx Tpouab Vs,s, CTAHOBUTCS HUXE W IIHPE, UEM
npoduab Vs,,;, M HA PACCTOSHHM 5—7 MM OT IEHTPA JWHHHM COOTHONICHWUE
MATHUTHBIX HACHIIIEHWH B ABYX JWHWUIX W3MEHIETCA HA TMPOTHBOMOJOXHOE:
MLR cranoBurca Oosbine emmHUubl. Takum oOpaszom, noiyueHHbie MLR(AAL)
HATJISMHO TIOKA3BIBAKOT, UTO W3MEpPJIeMble MATHUTHBIE TIOJS € TIOMOIIBEIO METOIA
OTHOWICHNY [ABYX JHHUI CHJIBHO 34aBHCAT OT BBIOPAHHOIO &Id H3MEPEHUI
yuacTka JWHWHU, T. €. OT Al.

WHoraa B MOJIPHMETPAUYECKHX HAOIIONEHUIX UCIOIB3YIOT OTHOIIEHUE AMILIH-
tyn V-npoduaeint MLR = ay 550/ (1.5ay 5:47) [47]1, koTopoe He 3aBucut ot AL, Mbt
HAITM  OTO OTHOIICHWE AMIUTATYA JJIs BHUWCJACHHBIX B KaXIO0M KOJOHKE
MTIJI-moneneit 5824 V-tipocduneil m MpeacTaBuad TOJYUYEHHBIC pe3yJbTaThl HA
puc. 3, a. Mexay «MarHUTHBIM OTHOLIEHMEM»> M AMIUTUTYAON dy 5550 HAOIIOmAET-
Cq KOPPEJIIMOHHAY 3aBUCUMOCTh. JTO 03HAUAET, UTO B CPETHEM TMPH MOBHIIIE-
HAW AMILUTATYOB V -poWag OTHOIMEHNE YMEHBIMAETCS, YKA3blBasd HA YBEJIMUE-

HUEe MATHUTHOTO ToAd. MarauTHOE

MLR a OTHOIIEHNE TAaKXe OBLIO OIpeacaeHo
i IJI9 YCPETHEHHBIX MPOduIei ¢ paspe-
1.0 >H°’< merneM B 1”. TIpocTpaHcTBEHHOE yC-
r >H<>H< >{< >{< penHeHne Tpoduaei CHIBHO TOBIAI-
0.8 >{< JIO HA BEJIWUMHY aMIUIMTYAbl V -TIpo-
= duaeit 1 TeM CaMbBIM HA OTHOIICHUE
0.6 ! ! ! | | | MLR (puc. 3, 6). 3HAUHTEIBHO yBE-
0 0.1 02 03 Juumiacd pasbpoc 3HaucHmit MLR B
r 6 KaXxjaoM HWHTEpBajae, W HAPYIIHIACh
1.0 KOPPETIIMOHHAS CBI3h MEXAY 3HA-
= * >{< ycHuIMU MLR W aMILIUTYyAOU TIpPO-
08} >’<
B +
0.6 I .

1 1 1
0 001 002 003 004 ayss
, Pue. 3. 3aBUCUMOCTH «MATHUTHOTO OTHONICHUS»
tzr % B MLR = ays250/(1.8ys5p47) OT BEIMUMHBI
ay 505.0: @ — 0€3 ycpegHeHus, 6 — C IPOCTPaH-
creeHHBIM ycpenaenueM 700 kM. Cpennme
KBaI[paTI/I‘lHI)Ie OTKJIOHECHUY IIO0Ka3aHbI JJISI BbI-
OpaHHBEIX MHTEPBAJIOB C PAaBHBIM KOJUYECTBOM
TOUEK. ¢ — 3aBHUCUMOCTL MLR 0T MAarHUTHOTO

| nons B mo pgauseiMm MIJI-mopmenu, mpeacras-
0o 50 100 150 B, MTn JIEHHOM Ha puc. 1
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bunga. AHanus BEUMCACHHBIX DPOMUIEH MOKA34d, UTo ueM ciaabee V -mpoduim,
TeM Oojbime cpear HuUX Opomaed ¢ aHOMAaJbHON (PopMOI (OXHOKPBLIHE
MpoUIN, IR ¢ HECKOJBKAMHU KPBLIbSIMH). DTO MOXET CKA3aThCd HA TOUHOCTH
BBIUKMCJICHUI cpeaHux aMiintya V -tipoduacii. Cremyer OTMETUTD, UTO TTPodHIn
guamit Fe 1T A1 524.71 am m 525.02 HM 9BASIOTCH OUEHb Y3KUMH W CHJIBHO
YYBCTBUTENbHHIMU K Temmeparype. [looToMy mng HasBaHHBIX JuHHN 2(¢hEKT
JKCTPEMAIBHON ACHMMETPHUHOCTH CAA0BIX V -mipodmiedl YCHAMBAETCd, UEM U
oObgacHdeTcd yBeauueHne paszbpoca 3HaueHwit MLR 119 MaablX AMILTHTYT
V -mipocdumeti.

YT100bl mepeBeCTH 3HAUCHHS MLR B HATPIXKCHHOCTH, MBI MX IIPOKAJIHOPO-
Ba;m. Ing sToro ObLIM MCHOIB30BAHBL AaHHble MTJI-MoOfeau, MPUBEIEHHON HA
puc. 1. dng Kaxmo#l KOJOHKH MOACAM MBI TOAYyUWIM 3HaucHuS MLR u
BHUKCTIIN 3((PEKTHBHBIC BBICOTH 00pa3oBaHud MHKOB V -mipodmicit. Ompene-
JWB yPOBEHb, HA KOTOPOM JAHHBIN METON (DUKCHPYET MATHUTHOC TOJE, MBI JJIS
HETO MOJYUYHJIH HETMOCPEACTBCHHO W3 MOACAN HATIPSKEHHOCTD TOAS W TOCTPOMIH
saBucuMoctb MLR or B (puc. 3, @. Ucnoassyss 9Ty 3aBHCUMOCTb, MBI
noyunan, uto ymeHbineaune MLR ot 0.94 o 0.82 (puc. 3, a) coorBercrByeT
yBesmucHnio B ot 30 no 62 mMTa (puc. 3, 6). Jro 03HAUAET, YTO COIVIACHO
METOAY OTHOIICHHUS ABYX JWHWHM MAKCUMAJbHOE 3HAUCHUE TOJS B MOICJVPYEMOKH
obsactm B cpemrem pocturaer 60 = 30 mTa, T. e. merom He 3adUKCHPOBAJT
npucymue gaHaeM MIT-mopmensm cuapnbie mouas okoao 150 mTa. Ecam mb
HalmeM ycpenHeHHOe 3HaueHne MLR, koropoe pasuo 0.88 + 0.10, To moxyumm
CPENHION HAIPSXEHHOCTh B Mopeampyemon obnacrm 43 mTa. D10 3HAaueHuMe
HAXOAUTCA B XOPOIIEM COTJIACMWA C PEe3yJbTATAMHA MOACIMPOBAHMS, COTJACHO
KOTOpPHIM YCPEeTHEHHAS HAMpPSKEHHOCTh MaHHOW mocacaoBareapHoctn MIJI-mo-
neqaent 40—350 mTa. KpoMe 2T0ro, 0HO COBIAZAET ¢ PE3yJbTATAMHU HAG/IIONEHMIL
[52], rme mpuMEHAJICA STOT METOA M JTd XK€ Iapa JauHMil aaga o0paborkm
V -mpodpmireit, HabmogaeMpx B cnokoiHex obmactax COHIA ¢ BBICOKHM IIPO-
CTPAHCTBEHHBIM PAa3PCIICHUEM, 3HAUMTEIBHOTO OTKAOHCHUS MLR OT equHULB
HC HafIZ[CHO, n3 4Yero CcacJaH BBIBOA, UTO MCXKCCTOUHBIC IIOJd HEC COACPXAT
KI/IJIOI‘Z[YCCOBBIX CprKTyp, a HOJIy‘{eHHElSI TUTTAYHAI HATIPAXKCHHOCTD COCTABJISACT
20—50 mTa. Tor dakr, uro manabe [52] coBmAmAOT CO CPETHEH HATPSKCHHO-
cThi0 ucmoab3yeMberx MIJI-mMomeseii, mo3BOISIET HAM MPEOMOIOXNTh, UTO MOAC-
supyemas obracts mopobua obnactn cniokovnoro CosHia.

Urak, tectupoamme wmcmoapsyembix MIJI-momeneii ¢ momompio Metoma
otHomeHng aByx sgwuHuH Fe I Al 524.71 um wm 525.02 wM mokaszamo, 4TO
BBIUNCJICHHBIC W Ha6JIIOZ[aeMbIe 3HAUCHNUA MATHUTHOIO OTHOWCHWUYI B 3dBUCHAMO-
CTH OT pPAacCTOIHWUS OTHOCHTENBHO TIIeHTpA V-mpoduisg YIORJECTBOPUTETLHO
COTIACYIOTCA. DTO CBUACTEABCTBYET, uto MI'I-Momenw [4] yOOBJETBOPUTETHLHO
OTMHUCHIBAIOT TOHKYIO CTPYKTYPY PEaJbHBIX MATHUTHBIX Mosel cmokoiroro CosrH-
ma. Kpome aroro, pe3yabTartsl TECTUPOBAHUS MOKA3AJH, UTO ¢ MOMOIIBID METONA
OTHOWIECHNS JABYX JIMHWW HEJb3s [eTeKTupoBath monasg cuapHee 100 mTa ¢
hakropamu zanoasenud (1—35 9%) B obaacrax crnokoinoro ColHNA, TakK Kak
METOH 3aBUCHT OT MPOCTPAHCTBEHHOTO paspemeHud. TeM He MeHee DTOT METOX
MOXET HATh HAAEXHYIO OIEHKY CpeIHel HANPSXEHHOCTH B HAGIIONAEMBIX
cnokoiuex obmacrtax Coniia.

PE3VJBLTATHI AHAJIN3A CUHTE3UPYEMEIX V-TIPOOUIIEN

IMpocdwan Crokca amaum Fe 1 4 630.25 HM A9 KaXA0i KOAOHKH MCTOIb3YEMBIX
MITI-momencit ObIM MOMYUCHB MYTEM WHTCTPUPOBAHUS YPABHCHUNA YHHO —
PaukoBCcKOro aad mepeHoca MOASpU30BAHHOIO M3JIyucHUd B mpubamxenun JITP
[10]. ¥Ymepenno-cuabHaa qorocdepras auausa Fe T A 630.25 um Obina Hamu
BHIOpaHA [I9 OAHHOTO AHAJNH3A, IOTOMY UYTO €€ COBMECTHO ¢ JmHueil Fe 1
A 630.15 M HamboJEE YACTO HCHOAB3YIOT B MOJIPUMETPHUECCKUX H3MEPCHUAX
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[15, 28, 30, 31, 37]. Hamuuwe temmypuueckou suanm O, B Kpbuie /-mpodmag
He orpaxaerca Ha V-mpodune. Jluama Fe 1 1 630.25 wM crana BecbMa
MOTTyIIPHON B aHanmae V-mipouieil He TOJBKO W3-3a UWCTOTO HEeOMeHIupoBa-
HOTO V -TIpodmg, HO TaKXe Ogarogaps BBICOKOW UYBCTBUTEIBHOCTH K MATHUT-
HOMY TOJK M 3HAYATEIHHO MEHBIIEN UYBCTBATENBHOCTH K TEMIIEPATYPHBIM
HEOMHOPOTHOCTSIM IO CpaBHEHWIO ¢ MarHuTHeiMA JuaHusgvua Fe I A1 524.7 n
520.5 um. V-npoduau auaun Fe 1 4 630.25 o0pasyiorcs HOBOJBHO TyOOKO B
dorocdepe, B cpearem Ha yposHE Igrs = —1, U 5T0 MO3BOIIET HAM HCIIOIB30BATH
JITP-nipubnuxenne ayis nx BEUUCASHWA. KPOME HTOTO, MBI XOTHM TOTYEPKHY TS,
UTO UCCACAYEMBIC ¢ TMOMOIIBKY JOTOM JWMHUKM XAPAKTEPUCTUKY AHHAMUKHA MATHUT-
HBHIX SJEMEHTOB CIEIYET OTHOCUTH TAKXKE K ITOMY YpoBHIO (oTocdepbl. ITo
0cOOEHHO HAZO MOMHKUTH, KOTOA PEUb HAET O MPATHEHTAX CKOPOCTH M MATHHTHOLO
MoJsg, KOTOPbIE B CHJIBHO HEOTHOPOAHOM cpede, HampuMep Ha mepudepun
KOMIIAKTHBIX MATHHUTHBIX OOpA30BAHMI, MOTYT pPE3KO WM3MEHAThC. IlooToMy
HAWIEHHBIE 31eCh BEJWUMHA W 3HAK ACHMMETPHH, CBUAETENbCTBYIOIMIAE O HAJIM-
UMK TPAAMEHTOB, 4 TAKXE CBA3b ACMMMETPHU C APYTUMU MAPAMETPAMH MOTYT
OTJIMYATHCS OT JAHHBIX, MOJYUEHHBIX IPY UCIIOJIb30BAHIUU APYIUX JIMHUM,

Iag cpaBHEHHI ¢ HAGIIOOCHUAME MBI MCIIOIb30BaaH ganusie FTS-mabmone-
Huit, arobesno npepocraeacHubie HaMm . Crendno u C. Conanku. Dtu Habm0-
OcHUd OBLIM BHIIOJHEHBI B DJAEMEHTAX CHOOKOWHOW CETKM M B AKTHBHBIX
akenpubix obaactax Ha Dypbe cnekTporpade teaeckoma Max-Macc 8 1979 r.
¢ GoapuM crnekTpasbHbiM paspemienneMm (420 000) 1 HM3KMM NPOCTPAHCTBEH-
HeiM (10”) u BpemeHHBIM (35—52 MuH) paspeumicHueM. JleTaJbHOS OMMCAHUE MX
MOXHO Hawth B paGore [48]. Mbl MCIIOAB30BAIM TOJIBKO V -NPOMUIN CIEKTPAIb-
aeix yuaniA Fe I u Fe II B pmanasone pymH BoaH AL = 445.0...557.0 am. Ona
ITUX JAUHUI ObLIN BRYKMCICHBI mapaMeTpsl V -mpodmicit mo komam C. ConaHku,
a aOCOMIOTHBIC COBUTH HYJIEBOTO MEPECEUCHHS OBLIH MOJYUCHB METOOOM, MPEM-
JOXeHHBIM B padore [3].

B pamHOM amanmse GbumM PacCMOTPEHH CIEAYIOIMIME HAPAMETPHI V -mpodu-
aeit. 1. Cpegrss amrutaryga roayGoro (b) u KkpacHoro (r) KpbLibeB ay = (la,| +
+ la,1)/2. 2. TomwIepoBCKHI COBHT HYJICBOIO MEPECCUCHUS OTHOCHTEIBHO adco-
JIIOTHOTO 3HAYCHMI JJIMHBL BOJIHBI, IIPEOOPA30BAHHBIN B JYUEBBIC CKOPOCTH V,
COIVIACHO KJlaccuueckoi copmyne. 3. Acummerpusa ammautya oa = (la,l -
= la)/(1a,) + la!) n acummerpus mrowaneir 04 = (14,1 — 1A 1)/(14,] +
+ 1Al). AMmautymsr ronyboro (@,) u KpacHOTO (@) KPBUIBCB M TOJOXCHHUE
HyJIeBOFO ODCPCCCUCHUSA BBbIUMCISINCH HyTCM COMMOCTABJICHU I COOTBGTCTByIOIJ.II/IX
yuacTkos mpodmaen ¢ nmosuHoMamu. [lnomagn A, m A, O6bM TOSYYEHBI WHTET-
puposanuem npodmas V /I, ot mynesoro nepeceuenns 1o 0.005 % B xpacrom un
ro;y0oM KpBUIbSX.

[Io amanoruu ¢ gauHbpiMu HaOmomenuin [37] MBI MCOOAB30BAIUA TOJILKO
npopmwn ¢ ammmmryaamu Goapme 0.15 9, w npodwman npasuabrol GOPMEL, T. €.
V-ipopmsip ¢ ABYMS KPBUIBSIMEM PA3JIUUYHOTO 3HAKA M C OOHUM HYJICBBHIM
nepeceucHneM. Takmx mpodmaen okaszanock 37535. Ocraneabie GBI MM OUEHB
cnabbiMu, WM MMETN AHOMAJBHYK (POPMY (CHMMETPUYHBIE, OJHOKPBLIBIE, C
HCCKOJIBKUMHW HyJIeBbIMI/I HepeCG‘leHI/ISIMI/I) n 6BIJII/I HUCKJ/IKDUCHBI U3 aHAJIMU3a.

Cpednss amnaumyda V-npogunei. Ha puc. 4 (mepswiii psag) ZeMOHCTPUPY-
eTCa pacTpefeseHne CPeaHnX aMIUINTYR V -mipoduiet, BHUNCIEHHEX (€3 Tpo-
CTPAHCTBEHHOTO YCPEeAHEHHI U ¢ ycpeanenuem 17, CpaBHuBag Tucrorpammy,
MOMYUEHHYI0 T BCeX mpodmiaeii 6e3 MCKIOUEHWd, ¢ THCTOTPAMMON Is
mpodpuaell TpaBUAbHON (OpMEL (B€3 CHIBHBIX AHOMAIWI), MOXHO OTMETHTH
YMEHbIIEHNE UNCAA CAalhIX Tpoduieii. DTO 3HAUNT, UTO CHIIHHO ACMMMETPHUU-
HBIe TPOUIN B OCHOBHOM cia0pie. CymIeCTBEHHO M3MEHIETCA BU PACTIpEaesie-
HUS BCACACTBHE TPOCTPAHCTBEHHOTO ycpenHcHus upodwmicii. Hanomuum, uto
MAKCUMAJIBHBIH THAMETP MOTEIupyeMuix TpyGok okoro 350 xm. Tlosromy
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N, % N, % N, %
2077 201 30r
201
101 101
101
0 L 0 1 0 1 I |
0 20 40 0 20 40 0 5 10 ay, %
B, mTn 1o/<1>
1507 1.4
1001
1.0
50
0 . . ) 0 . . , 06 . . |
0 10 20 30 0 10 20 30 0 10 20 ay,%
Puc. 4. Tlepssiil psim — PACHPEAEACHHUS BBIUMCIACHHBIX V-mpoduieii mo 3HAUCHMSIM CPERHEH
AMILIUTY B ¢y 1ig 52 MIJI-mopeneit; ciesa — ang Beex 5824 npodweit (ay = 7), 10 HeHTpy —
¢ UCKJIIOUEHMEM AHOMANILHBIX mpoduieit (scero 3755; ay = 9), cupaBa — g MPOCTPAHCTBEHHO
yepenrennbix npodwmeii ¢ marom 700 kM (Bcero 243; ay = 4). Bropoit psm — 3aBUCMMOCTH

HaMnpakK€HHOCTHU, YIVIda HAKJIOHAa MATHHUTHOrO IIOJd M KOHTPACTAd HEIIPEPBIBHOTO HW3JIYYEHUS OT
AMILIUTYABL aV

yepenaennse npodmm no ofaacrm 700 KM IDPOCTPAHCTBEHHO HE PAa3pEMAIOT
BHYTPEHHIOK) CTPYKTYPY MATHUTHBIX TPyGoK, m mpodmiaci ¢ aMIUIATYygaMu
Goapme 10 9% HeT HA rECTOrpaMME.

3HaucHMs cpemHEl aMmIMTyabpl HamboJIEe YacTO WCHOIb3YIOTC B aHAIU3E
Habmogaemex npodmiei CTOKCA WM KAk 3aMEHATEIb (DAKTOpa 3amO/IHEHHS,
WM KaK MHAMKATOP MPONOIBHOTO MATHUTHOTO MO8 B HAOMHAaeMbix 001acTax.
Ha puc. 4 (Bropoit pam) MBI TAKXKE MPEACTABILEM CTATHCTHUCCKUEC 3aBHCAMOCTH
OT @y, YCPCAHCHHBIX II0 HHTEpPBAJIAM 3HAUCHWHA HAMPIXKCHHOCTH B W yriaa
HAKJIOHA ¥ MArHUTHOTO TOJId, TOJYUYCHHBIC HemocpencTseHao m3 MM -mopench
HA ontmueckon TayOmue lgr; = —1 M KOHTpAacTa HEOPEPHIBHOTO H3JIY4YESHHS
1./{1.). 3nech I, — MHTEHCHBHOCTD HENPEPBIBHOTO M3/IyUEHNUS, BHIUMCACHHAS /IS
KOHKPETHOM KOJOHKH Moaean, a {[.) — MHTEHCHBHOCTb HEMPEPHIBHOTO M3JIyuc-
HU4, YCPEAHCHHAY IO BCEH MOAEAMpyeMol obaactu gammoi momenaw. Mexmy
HATPIKECHHOCTBI) MATHUTHOTO TOJIS W AMIUIUTYION dy, a TAKXE MEXAY YIJIOM
HAKJIOHA U vy MMEETCS TECHAS KOPPeJdIiMOHHAY CBA3b. TOrma Kak 3aBUCHMMOCTH
MEXTY KOHTPACTOM H @, UMeeT 0osiee COXHYI (POPMY U CBUAETENBCTBYET, UTO
cambie Caabeie MPOMUIN COOTBETCTBYIOT OOJACTIM C TOBHIMIEHHBIM KOHTPACTOM,
CaMble CHJIBHBIE — C TMOHHXEHHBIM, 4 YMEPEHHBIE — C MAaJOU3MEHIIOIUM
KOHTPACTOM.

Urak, moutu JuHeliHAY CBA3b MEXAY dy U B, HAWACHHAS ¢ UCOOIb30BAHUEM
BBHIUKMCICHHBIX V -nipoduaci CBUAETEABCTBYET, UTO CPEAHSISI aMILIATYAA V -mipo-
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N, % V,, km/c
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Puc. 5. TucrorpamMmbl CKOPOCTEi V,, BBIUMCICHHBIX M3 CIBUIOB HYJIEBOTO nepeceueHus V-npoduinei,
M UX 3aBUCHMOCTH OT aMIUIMTYAbl @y, VIVIa HAKJIOHA Y M KOHTpAcTa: IEPBBIM DI — IO BCEM
aHAMU3UPYEMBIM HpOopriaM, BTOpOM psax — 10 ycpepnenubiM (¢ marom 700 kM) mnpodriam.
IlynkTupHasg aunus v kBagpatuku — gannaeie FTS-nabmonenmin

(bI/IJIefI, MOXKCT 6bITb UCIOJIb30BAHA B CTATUCTUUCCKOM AHAJIN3C BBIUUCICHHBIX 1
Habmonaembix npoduaein CTOKCA B KAUECTEE MHAMKATOPA MATHATHOTO TIOJS.

Cosuzu nyresoeo nepecewenus. Jonneposckue casuru V-npodmneit, wm,
KaK €Ie¢ TPUWHATO HA3BIBATH, CABUTH HYJCBOTO TICPECCUCHUI, XapaKTEPU3YIOT
JIYUEBBIE CKOPOCTH, WM CKOPOCTH BEPTHUKAJBHBIX MOTOKOB WCKIIOUMTETBHO B
MarHUTHOW Tiasme. [looxuTe bHbIE (KPACHBIE) CABMTH YKA3BIBAIOT HA ABMXKE-
HUY BHU3, a OTpUUATEIbHBIE (TOyObic) — HA ABMXEHHUS BBEPX. BoumciaeHHbIC
CABUIM HYJICBOTO TEPECCUCHMs, KOHBEPTUPOBAHHBIC B 3HAUEHUS CKOpocTei V,,
MpeACTaBJeHb HA puc. § (MepBbiii pgaa) B BUAE MMCTOrPpAMM M 3aBUCUMOCTEN OT
OCHOBHBIX MAPAMETPOB, MOJIYUYCHHBIX W3 MPOoduIeii, KOTOpbie OOBIYHO OMpPEREII-
10T Tipu ananau3e Habmogenui. K HUM OTHOCHTCS cpeands aMminuTyaa V -npodu-
JS ay, KOTOpas ABJISETCS WHAMKATOPOM HAMPSIKEHHOCTH MATHUTHOTO TMOJIS, YTOJ
HAKJOHA BEKTOPA MATHUTHOTO MOJIY Y M KOHTPACT MHTEeHCuBHOCTH [ /{I ). DTHX
TPEX IapaMeTpOB AOCTATOUHO, IITO6BI BBISICHUTD, KAKOU CHJIBl W HAKJIOHA
MATHUTHBIC DJIEMEHTH €CTh B OOMACTH, W TAC OHU PACTIOIOXEHB — B TPAHYJAX
WIM B MEXTpaHyJax. YTOoa HAKJIOHA OBLT MOTYUCH M3 COOTHOIICHUS AMILIUTYX
npoduell mOMSPU3OBAHHOTO WayueHns: tgy =~ (Q° + UH)VE/VE,

U3 puc. 5 BUOHO, UTO OTHOCHTEIBHOE PACHPEOCICHHE BBIUMCICHHBIX CKOPO-
crer OTPaAXACT YCTKO BHIPAXKCHHYIOD ACUMMCTPHUIO MCXKAY MOTOKAMHW HATIIPABJICH-
HBIMH BBEPX W BHHU3. JTO MOATBEPXAACT (PyHOIAMEHTAIBHOE CBOMCTBO MATHUTO-
KOHBEKIMH 00 aCHMMETPUUYHOCTH BOCXOASIMINX W HUCXOAAIMINX TOTOKOB BEIIECT-
B4, B KOTOPOC BMOPOXEHO MATHUTHOE TIO/IC. MAaKCHMyM pacmpencieHusd CKOpo-
creii pasen mpumepHo —1 kM/c. Cpenmee 3Hauenwme 0.53 xM/c m Goapmoit
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pasmax 3HaueHmit oT —3 KM/c 10 9 KM/C CBUICTENBCTBYIOT, UTO B MATrHUTHOMN
mIasMe TPeobaafarT HUCXOAAMNE TOTOKW, MeXay CKOPOCTHIO W OCHOBHBIMU
mapaMeTpaMH €CTh KOPPEASIHOHHAS CBI3b. M3MEHEHNE CKOPOCTH B CPEIHEM OT
-0.5 m0 3 km/c ¢ yBenwueHmeM ay, ¥ u I./{I) ykaseiBaer, uto Hambomee
CKOPOCTHAYd MArHUTHAY IL1a3Ma Haxoautrcd B cuwiabHbiX (120 MTa) mourn
BEPTHKANBHEIX TpyOkax (10°) ¢ mommxeHHBHM KoHTpacToM (0.7), UTO COOTBETCT-
ByeT 60J1ee TEMHBIM MEXIPAHYABHBEIM IIPOMEXYTKaM. HalieHHbIe KOppeIsimHOH-
HBIE CBA3M MOATBEPXTAIOTCS (PU3NUECKHMM CBOMCTBAMH KOHBEKTHBHBIX JIBHXE-
HUI W TOHKOW TpaHyJSIHOHHOH CTPYKTYpol dorocdepbl, KOTOpas BIMSCT HA
pacrpeaeaeHue CKOPOCTEM M MATHUTHBIX TOJAEH B CHOKOMHBIX o6nactgax. Irto
BHIHO TAKXE M3 CXEMATHUECKOTO M300pakeHud MOaa CKOPOCTEH B BEPTHKAIBHOM
paspesze MI'II-momeau (puc. 1).

[TpocTpaHcTBEHHOE ycpeaHeHNe Tpoduieii CKa3piBACTCS HA OTHOCUTEABHOM
UHCJAE OUEHb CAa0BIX MPO(PHICH ¢ OTPHIATEIBHBIMA CKOPOCTIMH M OUEHB
CHJIBHBIX TPoHUIeh ¢ GONbIIMME HOI0XKATENIBHBIMI CKOPOCTIMA K 3TO COOTBET-
CTBEHHO OTPaXKaeTcsd Ha KOPPEAIIMOHHBIX 3aBUCHMMOCTIX, MPEACTABACHHBIX BO
BTOpOM psiny puc. 5. B pesyaprate TpOCTPAHCTBEHHOTO YCPSAHCHHS CpeaHee
3HAYEHUE CKOpOCTelr yBeqmumiock u pasao 0.72 xm/c. Bee 3asucmmoctw,
MPEACTABJICHHBIC BO BTOPOM pSAy PUCYHKA, COXPAHWIM TCHACHIWH, YETKO
BBIPAXKEHHBIC B TIEPBOM PSIOY.

[osy4eHHBIE PE3YABTATHL YAOBISTBOPUTEILHO COVIACYIOTC ¢ HAOMIOAESHN -
MU MATHMTHBIX O01aCcTEH BHE LEHTPOB AKTUBHOCTH, NPEACTABAcHHBIMEH B [37],
rae ObuIo Halimeno cpemnee 3HaueHme ckopocru 0.73 km/c, pasmax pacmpeaene-
Hug or =6 10 6 xm/c. B [27] moayuenm V, = 0.25 xkm/c m pasmax or -3 go
5 xkm/c. Ha puc. 5 raxxe npusenenn gananie FTS-maGmonennit [48] (cpemmee
3HaueHue ckopoctm V, = — 0.04 xm/c¢). B Tex yuacTRax, rge coBmagarT
3HAYEHUS AMIUIUTYH @y, HAGIKOIAEMBIE CKOPOCTH YAOBJIETBOPUTENBHO COLIACY-
OTCY C HAIMAMKA PE3YJIbTATAMH.

Ocyunnsyuu. HecMOTpsS Ha TPYyZHOCTH TMPIMOTO ACTCKTAPOBAHWS BOJHOBBIX
HPOLIECCOB B IMPOCTPAHCTBEHHO HEPA3PEMIEHHBIX MATHUTHHIX TPYOKax, pasjmu-
Hele HabmomaTeam coofmAapT 00 OCUM/UISIUOHHBIX ABIDKEHHUSX B OCHOBHOM
BRob TpyOok ¢ mepumomoM 5 muH [39]. MMeroTca Takxke A0KAa3aTEabCTBA IS
konebanmii ¢ Gosmee KopotkuM mepuoaoM [31]. B paGore [15] mo mabmoaermam
¢ BBICOKMM TPOCTPAHCTBEHHBIM PA3PEIICHUEM HAWACH OCHMJ/UIAIIMOHHBIM Xapak-
TEP CKOPOCTEN ¢ aIyKTyanumamu, KoTopeie aocturaor 1 xm/c. Teopmsa npeacka-
3BIBAET OOJIbHIOE PA3HOOOPA3ME BOJIHOBBIX MOI B COJIHEUHBIX MATHHTHBIX TPYO-
Kax M HX BAaXHYI poJib B HarpeBanum xpomocepel u Kopoubsl. CoryacHo
pesysabratam asymepuoro MU -mogenuposanusa [4] BepTUKANBHBIE CKOPOCTH
JEMOHCTPUPYIOT MMpPOKui pasbpoc 3HaueHmit (CM. puC. 5), UTO CBUAETENBCTBYET
00 OCHMIUTATIMOHHON HEYCTOMUMBOCTH obsacTeit marHurorpanyasnun. Utobnr
MCCAETOBATh XAPAKTEP M3MEHEHHMI CKOPOCTEM CO BPEMEHEM B AAHHOM 00jacTh
MOIEIMPOBAHUSA, MBI MCIIOIB30BAIHM TOJHYK ABYXUACOBYIO TOCICHOBATEIBHOCTH
MIJI-moneneit ¢ mHTEpBAJOM | MUH M9 BBRUKCICHUN V -mipoduiacii, KOTOpHIE
3aTeM ObLTM YCPETHEHBI B KAXIABIA MOMEHT BPEMEHW IO BCEN MOAEIMPYEMON
obsmactu. TTosyueHHBIE CABUTH HYJIEBOTO TIEPECEUSHUS YCPESIHEHHBIX TPoduaei
ObLTH MPeoOpa30BAHEl B BEPTHKAIBHBIE CKOPOCTH ABWXKEHWI MATHHUTHOH ILI43MBI
U TPEACTABJIEHBl HA pUC. 6, ¢ B 3aBUCHMOCTH OT BpeMeHn. Taxkxe GBI BEIUHCIEH
CIIEKTP MOIMHOCTH KOJaeOaHMil CKOpocTH (puC. 7, @), HA KOTOPOM UETKO BUIHBL
IBA THWKA MOMHOCTA B S5-mMumH moaoce (2 < v < 4.5 m['m) m 3-mMuH mosoce
4.5 <y < 7 Mm[m). MakcuMaapHAYd MOIIHOCTH AOCTUTAETCd HA 4YACTOTE V =
= 2.8 mMI'n (5.9 mun), a Menpmmii MUK HA ¥ = 4.7 MI'm (3.5 mun). [opuzoH-
TANBHON JWHUCH HA PUCYHKe Tokazan 99 9/ -ii IOBEpUTENBHBIN YPOBECHD,
KOTOpHIH OB BHUKMCACH coraacHo [23] U3 CpeAHero 3HAYEHHI MOMIHOCTH B
uHTepBane 5.5—8.3 mlm. OrmermMm, uto uactora Halikeucra aig RaHHOTO
CTEKTpa MOITHOCTH paBHa 8.3 MmI'm.
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Puc. 6. CpaBHEHME OCHMJUIIIIUI BEPTUKAIBHBIX CKOPOCTEN (JmHuS [), BBIUMCICHHBIX W3 CIABUTOB
HYJIEBOTO nepeceuenus V-npoduieis, haroKTyauuil ra30BoTO AaBieHus (JIMHUS 2) U HATIPSDKEHHOCTH
MATHUTHOTO TI0J19 Ha ypoBHE 1875 = 0 (muumga 3). HITpuxoBO¥ NpsIMOl OTMEUEHO CpefHee 3HAUCHUE
ckopoctu 0.6 £ 1.1 xkm/c

U3 pe3yapTaToB TPEXMEPHOTO MONETUPOBAHUA COJHEUHON MOBEPXHOCTHOM
KOHBEKIIMH G€3 YUeTa MATHHTHOTO TOAg B padore [43] OBIM TAKXKe TOMYUESHE
OCIMJIISIITAN CKopocTu ¢ yactoramu 2.57, 3.88, m 5.58 mI'm. ABTophl cumTaror,
UTO TIPUUMHON BO3OYKISHUSI OCHVILIAIIAN P-MOIBI ABISIOTCH CAYUAWHBIE HEATH-
abatnueckue daykTyanun gasaeHus sOamsu nosepxuocrn Connma. OHu coszma-
IOTCH PAAVATIMOHHBIM OXJIAKACHAEM, KOTOPOE JIOKATBHO B KOPOTKUE MOMEHTHI
BPEMEHU MOXET OTKJIOHATBCA OT COCTOSHUS OAMaHCA C TETJIOM KOHBEKTHBHBIX
nemxennii. Ha puc. 6, ¢ moKazaHbl BHUUCIEHHBIE 110 HAIMTAM MOTEAIM QIYKTY-
auyy Ta30BOTO AaejeHud 0P, = P, — (P,). 3nech P, — JaBJeHNUE, YCPEOHEHHOE
IO ONHOM MOJEIM B KOHKDETHHII MOMEHT BpeMeHH, a (P,) — [daBJeHHe,
yCpeaHeHHoe TO BCeM MomeasaMm B mHTepBanse Bpemenu 120 mmua. CpasHeHme
KOTE0AHWI CKOPOCTH W JABACHHUS TOKA3BIBAET, UTO MEXTY HUMHU HOJDKHA OBITH
CBA3b. Ha BBHUNWCIEHHOM CIEKTPE MOIMHOCTH I (PAYKTyauwii JaBJIcHWUS
(puc. 7, 6) MBI Takxe OOHAPYXKUIM MUKW MOITHOCTH HA TEX CAMBIX UACTOTAX,
uTO OBUTH TOJMYUYEHB IS OCHMLUISNWIA CKOPOCTH B MYTH- W TPEXMUHYTHBIX
MOJIOCAX.

Y1066 TPOCAEANTD BANSHAE MATHUTHOTO TIOIS HA OCHUISIVMA BEPTHUKAID-
HBIX CKOPOCTCH, MBI TAKMM K¢ CIIOCOOOM TIOMYUMIN (DIYKTYATMn HATIPSKCHHO-
CTH MArHUTHOTO mojid 0B (puc. 6, 6) u ux cuektp mommocTu {puc. 7, ¢). Ilpexae
BCETO MOXHO OTMETHTB KAaK MOCTOSHHOE VBCJIMUCHWE MATHUTHOTO TOAY, TAK U
JOCTATOUHO BBIPAXCHHBIC €T0 KOJICOAHWA, KOTOPHIC CBI3AHBI € TPOIECCAMMT
PasBUTHA W PA3PYUICHUS CHJIBHBIX MATHHUTHBIX TPYyOOK B MoOmeamMpyemMon obma-
ctn. CWIbHBIA MWK MOIMHOCTHA KOJCOAHMI HATPSKCHHOCTH MATHUTHOTO TIOMS
obHapyxeH mid v = 0.83 MI'n (20 Mue) ¥ MeHpmui nuk g 1.25 Mo, (13 Mun).
Cpagumeag koJcOAHWS MATHHTHOTO TIONY C BEPTUKAJBHBIMH KOJICOAHHAMEI
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Puc. 7. CHEKTpbl MOIIHOCTU  OCIHMJLISLIVI P, km2c2mry ™!

ckopoctert V,, uiykTyaumii rasoBoro naBie- a
HUS 6P U HANPSDKEHHOCTM MATHUTHOTO IOJIS 02F
3B ma yposHe lgrs = 0. Ilpamoil sauHuen
yKazaH 99-TIpOLIEHTHBIN AOBEPUTENILHBIN YPO-

BEHB, KOTOPBIN OTpEneJeH coriacHo [23] 0.1

ckopoctu V,, Mbl OGHAPYXWIU, YTO  p, 10° Ma’uru” 6
B MOMCHTH YCHJICHHS MArHHTHOTO 15[
MOJIS TIOUTH HMCYE3aET OTPUIATE/Ib-
HAas COCTAB/IAIOMAA CKOPOCTH M YCH-
JUBACTCA TOJOXHUTEIbHAL, T. €.
BOCXOIAIINE HOTOKHM CTAHOBATCA 00-
JCC MCIJICHHBIMHA, 4 HUCXOAAIINE — |

Gosee OwICTpHIMH. A JTO 3HAUMT, /\ /\/\
UYTO OCHIJLISLIHME CKOPOCTH Tmprodpe- N /\ AL M

TAIOT HEJIWHEWHBIA xapakTtep. B pa- LRSSV V..
Gore [21] yxe Obuim TpencKA3aHBI

MomoOHKE KBA3MOCHUIIIIMOHHBIE Py, MTRZMIIC!
JIBUKEHWS B MATHUTHHIX TPYOKax. 8y
Henwuetinbie OCHMIIIAAN paccMaT-
PUBAIUCH KAK CYTEPHO3UIIHAS BOCXO- L
IAIIAX W HUCXOAAIMIAX IOTOKOB C
pPazIMUHBIMKM AMILUTUTYAAMH W Pas- 4)
JIMYHOM JUIMTENBHOCTRIO. OHEM HAa-
I 3HAYEHUS BOCXONLIINX CKOPO- i
creit okono —0.5 kM/c, a Hucxomdg-
mmx — okoao 2 kMm/c. Hamm pe- ) B VAV A ¥ AV N S T R

3yJbTATHL B MOMEHTBl YCUJICHHA 0 2 4 6 v M

MATHHTHOIO MOJIY OBIBAXOT JOBOJIBHO

OJU3KMMH K OTHM JaHHBIM., Kak

BUOHO m3 puc. 06, g, MATHUTHOE IOJAEC MOXYIUPYET OCHMJUISIIAM CKOPOCTH.
Hcxona uz pesyabratos MI'I-momeauposanus [4], stor oddeKT MOXHO 00bsCc-
HUTb KOHBEKTHBHOM HECTAOHJIBHOCTBIO B MEXTPAHYJBHBIX IIPOMEXYTKAax. I1pm-
Ommzurenbao uepes 10—12 muH oT Havana GOPMEPOBAHMS CHJIBHOM TPYOKH
CO3MAIOTCT  YCJIOBUS /IS KOHBEKTHBHOTO KOJLIAICA, B PE3yJbTaTe KOTOPOTrO
CO3MAETC KMIOTAayCccoBoe mosie. 3atem TpyOka Hekoropoe Bpemsa (< 10 mun)
HAXOOUTCS B KBA3MYCTOMUMBOM COCTOSHHMM. [Ipm 5TOM OHA CTAHOBHTCS Oosee
V3KOM W BEPTHKAJABHON, TEMIEPaTypa MOBHIACTCS, YBEJINYNBACTCA HAIPSIXKEH-
HOCTh TOIM, BHIBCOHOBCKAS NEHPECCHI KOPPEAMPYET € BEPTHKAJBHON CKOPO-
¢TI0, B o6sacTn MarHMTHOH TPyOKHM yCHIMBAKOTCA OCHU/UISIUOHHBIE HUCXOMI-
mue aerkeHud. [locie Kaxkmoro pe3koro CMEICHHS MArHUTHOM KOH(HUrypaimn
BHU3 HACTYIAET MEPHO OCaa0IeHNS KOHBEKTHBHOTO KOJLIAINCA. DTH OCIUILIII
OPOXOIXAKTCH OO TEX IOpP, MOKA CHABHAS BAKyYMH3aUHUsA B BEPXHEH 4YACTH
MATHUTHON TpyOKM HAYHET pa3pyllaTh MATHMTHYK TPyOKy, T. € OO HAauajaa
o0paTHOr0 KOHBEKTHBHOTO KOJLIAIICA. B 5TOT HEPHOA HHCXOALINNAE MOTOKH
3aMCHSIOTCA HA BOCXONSIIME MOTOKM CO CBEPX3BYKOBBIMEH CKOpocTsamu, TpyOka
HAUUHACT 6bICTpO AUCCUNMMPOBATD B TCUCHNC HCCKOJBKMX MMHYT. PaSMep n
HAKJIOH TPyOKM YBEIMUMWBAKOTCS, MATHUTHOE TIOJIE W TEMIIEPATYPA OCIABITIOTCS,
BHJIBCOHOBCKAS ACTIPECCUS YMEHbINACTCH, M3-3a MaMeHEHUS AMHAMHUYECKOU CH-
TyaI_[I/II/I HAKJIOH MArdfuTHbLIX Tp}760K TAKXKEC HU3IMCHICTCA CO BpeMeHeM, T. €.
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Puc. 8 Tucrorpammbpl pacupepesieHuii V-mpoduiell 1o 3HAUEHUSIM [OAPAMETPOB aCUMMETPHUA
amruuTyy 8¢ u womaneti 6 A (cpeanuue snauenmus cootBeTcTBeHHO S = —1, 4 = —1), rpadwuku ux
paccenBaHUd M UX KOPPEIAIMOHHAS CBA3b: HEPBBINH PIg — MO BCEM AHATMBUPYEMBIM IPODIIIIM,
BTOPOM paj — 1O ycpeaHeHHbiM (¢ marom 700 kM) mpoduiaM (cpeanue 3HaueHus oa = 3, 64 =
= —2),. IlyBkTHpHAS JUHUY M KBALPATMK — naHHble FTS-HaOmronenumit

OCHMJUTMPYET. DTO MOXET MPUBECTH K BO30OYXIACHUIO BOJH, PACIPOCTPAHSIOMIMX-
Csl BIOJIb MATHUTHBIX TPYOOK [44].

TakuMm 06pa3oM, MPONECCH KOHBEKTHBHOM M CBEPXKOHBEKTUBHOM HEYCTOM-
YMBOCTY IIPOMCXOALINNE B CHJIBHBIX MATHUTHBIX TPYOKAX BHOCAT HEJMHEHHOCTH
B OCHMJUISIMOHHBIE ABMXXEHHS MATHUTHOM ILIA3MbI B MOAEIHPYEMON 061acTy.

Acummempus. Puc. 8 1eMOHCTPUPYET OTHOCUTENBHOE PACTIPSACACHUE acCuM-
METPUH AMILIUTYA Oa W Iomaned 0A W COOTHOIICHWE MeXAy HuMmu. [Iag
HEYCPEAHECHHBIX TPOWICH 3HAUCHWS ACHMMETPUH AMILIATYA H3MEHAIOTCT B
mupokux npexenax *+ 70 % maa mpodmiaei ¢ MagpIMu aMILTATYdaMA. ACHMMET-
pus MAOIAZEH HMMEET MOXO0XEE pacnpeicJeHue, HO € MEHbIMM pasdpocom
3HAYCHHI. ACHMMETpUS AMIUIATYI KOPPEJIHPYET ¢ ACHMMETPHEH ILIOIIANCH.
[MTpruem mIsd TMOJMOXHUTCABHBIX 3HAYCHWH 9TA CBI3b TOUTH TPSMO TPOMOPIIHO-
HaJIbHAY, JTO 03HAYAET, YTO ACHMMETPUIO AMILIMTYA M TIOMIAACH, MO-BHANMO-
MY, BBI3BIBAIOT OJHW W TE€ XE MPAYMHBI — TPAgMEHTBl MOJAS CKOpPOCTEH H
marauTHOre mosa. CpemHme 3HAucHMS acuMMeTpui (yKasaHHBIC HA PHCYHKE)
OMM3KKM K HYJI0 M YBEJIMUYMBAKTCH MM YCPCOHEHHBIX mpodmiacit, B obmem
MPOCTPAHCTBEHHOE YCPEAHCHUE CUJIBHO YMEHBIIACT CBA3b MexXAy 0a um 0A m
W3MCHSCT HAKJOH 3aBACHMOCTH MEXAY HHMH, T.C. ACHMMCTPHS AMILUIUTYXR
CTAHOBUTCA OOMEE TOIOKMTEBHOM, DTO MOXET 03HAUATH, UTO TMPOCTPAHCTBEH-
HOE pa3pelIcHUE TAKXKE SBALETCS OMHOM M3 IPHUMH ACHMMMETPHH HAOIIONAEMBIX
npodmaeir. [Ipuuem acummerpus ammmtya Goee UyBCTBUTENBHAS K YCPEMHE-
HAK, YeM aCUMMETpPud ILIomazci. Bo3MOXHO TOITOMY OHA, KAk IPaBUJIO,
nmeeT Gospmiee 3HAUEHHME TO pesysabratam Habmoaenmii. Tak, B paborax [37,
20] mo mabnropenmam uami Fe 1 4 630.15 u 630.25 aM Obun HaligeHB cpegaue
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s3HaucHug 0a =15 %, a d0A =6 u 4 9, coorBercTeeHHo. Ha pwuc. 8 mpeacrapicuan
TAKXKE 3HAUCHUS ACMMMETPUM AMIUTUTYXN W IUIOmAnei, HanipeHHsie mo FTS-ma-
Omonerunam [48]. Habmogaemele cpemnne 3HAYEHWS ACHUMMETPUN 3HAUNTETHHO
OPCBBIMIAIOT BBIUMCIICHHBIC. HquHHOﬁ PACXOXKACHUS, HO—BI/IZ[I/IMOMy, ABJAICTCA
CYHIECTBCHHAS PA3HMIA B IIPOCTPAHCTBEHHOM W BPEMEHHOM YCPEOHEHUH, a
TAKXE pa3IHuKe B AKTUBHOCTH HAOIIOOAEMBIX M MOAEIHPYEMOi obaacTei.
MN3eecTHo, uro HaGmoOaaemMas acuMMeTpud Iowmaiaei B 2-3 pasza Gosbiue
acuMMeTpuu amMimTyA. [IpuumHa Takoro pasjmuud A0 CUX TOP AOCTOBEPHO HE
yeranosiacHa, COMIACHO HAIMMM PE3YJABTATAM JITO PA3IHUMe MOXET ObTh 00yC-
JIOBJIEHO HEJOCTATOUHO BBHICOKMM IPOCTPAHCTEEHHBIM Pa3pEIIEHUEM HAG/IIONEHIIT

n atMochepabMu dddekramu. [Ipy yIyulleHMH KaueCcTB HAOIIOOEHUN M IIPO-
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Puc. 10. V3MeHEHMS OT IIEHTPa K KPap BEPTUKAJBHON CKOPOCTHM M MAPAMETPOB ACUMMETPUM
AMIUTUTY/, ¥ IUIOMA/CH: HEePBBIM Paf — [0 BCeM NpOoduiIsaM, BTOPOM PSA — IO YCPEAHEHHbIM (C
marom 700 kM) mpoduaam

HUCXOAAIIME TIOTOKM B CPEAHEM Yalue 00yCI0BIUBAIOT OTPHLUATCIbHYIO aCHMMET-
pUI0 aMILIUTYA,

Hizmenenue om yenmpa k kparo. 9 UCCACAOBAHNS M3MCHCHHH LECHTP —
Kpayn casuros V-mpodwiieit m mxX aCMMMETPUU MBI B3SUITA MCHBIIYK) MOCASAOBA-
renpHOCTE MIJI-Momeneit, cocrosmyro w3 10 momeseir. 3tuM MBI CMOTIH
COKpaTUTh OGBEM BBIUMCAEHHUH, KOTOPHIM 3HAUMTEIBHO BO3PACTAET JJIS MCCTEN0-
BAHWS BapWalOWid LEHTP — Kpau. PesyapTaTel M3MEHECHUS CPEAHWX 3HAUCHWUH
MCCJICAYEMBIX MAPAMETPOB B 3aBUCHMOCTH OT TIOJIOXEHUT Ha aucke (@ = cost) u
OT TPOCTPAHCTBEHHOTO paspemicHusd mpeacraencHasl Ha puc. 10. Bue umenrpa
JIMCKA CPEAHME 3HAUEHUS CKOPOCTH V, MOJOXMTENbHBIE (mpeolnaganue HUCXO-
JSTIAX MOTOKOB) W HaumHas ¢ g4 = 0.9 onm gocturaror & cpeanem 2 km/¢ m Mano
M3MEHSIOTCS K KPar AUCKA.

[TpocTpaHCTBEHHOE YCpEAHEHWE MAJIO BJAMSECT HA XOA 3aBUCHUMOCTH CPEIXHEH
ckopoctm ot i, HaGnronenms [32] mokaswBaoT, UTO B HEHTPE AWMCKA Tpeodna-
JAT HUCXOAALIME TMOTOKM, 4 HA KPaw CABUrH npoduicii B cpeqHem Oamsku K
Hy a1, [IpuuMHB PACXOXACHNS HAMUX PE3yAbTATOB ¢ HAOTIONSHUSAMH MOTYT
ObiTh pazsmuabiMEA. MBI TIPEANONATAEM, UTO YBEAWUEHUE CKOPOCTH, TMOJYyUEHHOE
MO0 HAIMM BBIYACJEHUSM, MOXET OwITh ciaeacrBmem sSddexra «canopy» B
BEPXHUX YACTAX MATHUTHBIX TPYOOK, The o6pasyrorcs mpoduan, BHUNCIECHHBIE
ma cosf® = 1. Kak mokaseBator pesymsratet MI'[-mopenmposanusa [4], B
BEPXHUX CIOAX MPEOBIANAIOT CHIBHBIE HAKJIOHHBIE TMOTOKW BEMIECTEA, HAMPAB-
JICHHBIC CJIETKA BHUA3 M K UCHTPY MEXrpaHysa (cm. puc. 1). Bropow mpuwuwmHOm
MoryT GbiTh 0cobernocTn ucnosbsyembx MU -monenen. Beaencreue 6amzoctn k
BCPXHUM TPAHUUHBIM VCIOBUSIM BEpPXHUE CJOM MOXEAN HE COOTBETCTBYIOT
peanbHBIM YCIOBHAM BepxHEU Qorocdepsl. ITO MOXET TaKXe CKA3aThCcd HA
pacuerax mpodwiel JIWHWM, KOTOpHIe BHE IEHTpa AWCKa (QOPMHPYIOTCA TeM
BeImEe B ¢poTocdepe, ueM madblie OHW HAXOAATCA OT mOeHtpa. Ho ¢ apyrou
CTOPOHBI, CJIEAYET 3AMETUTH, UTO TOUHOCTHh HAOMIONEHWIT OjuXe K Kparw AWCKA
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TAKXKE CTAHOBUTCS MEHbIIEH. MBI TaKXE XOTUM OTMETHTh, UTO YXE UMEKTCH
HaOIIOIATEABHBIE A0KA3ATEILCTBA OOMBIINX TOPUM3OHTAIBHEX CKopocreir [51],
KOTOpHIE JOCTHTAKT 2 KM/C. DTHM NAHHBIE JYyUle COTJIACYIOTCS € HAMNMEI
pe3yaIbTaTAMMU.

WN3aMeHeHNd CcpefHWX 3HAUEHWI acuMMeTpun Oa OT IIeHTpa K Kpaw, B
0COOEHHOCTH TIOJIYUEHHBIE IS YCPEOHEHHBIX HPOMIEH, YIOBIETBOPUTEILHO
COrIACYIOTCA € HaHHbIMU HaOmoxenmit. Tak, B paGore [50] mo FTS-mabmonenn-
M HAMAEHO, UTO AaCUMMETPHUS AMIUTHTYI TPU TIEPEXoae OT MEHTPA K KParo JUCKa
ymenbmaerca ot 10—15 9% mo myaqa. Cornacuwo [20] cpemrume 3HaueHWd Oa
uaMeHaiorcd or 15 9, (uentp) o =5 9, (Kpail) C TOUKOH IepeceueHusd OKOJIO
cost = 0.7. bim3kme K 3TUM JAHHBIM pPe3yabTATH MOIYUEHB Takxe B [32], HO
¢ ommoit ocobennoctbio. Kak da, Tak u A CIErKa YBEJIMUUBAKOTCA OKOJIO COoSO =
= 0.86 u 3aTeM MOHOTOHHO YOBIBAIOT K KAl THCKA.

AciMMeTpun TTOIIAneli, mMoyueHHAd HAMH, B OCHOBHOM OTPUIATEIbHAST W
HesHaunTenpHaa mo Beamunde (puc. 10). B 1o Bpema mo FTS-maGmomenuam
[50] momoxwuTenbHAS ACHMMETPHUSI B IIEHTPE YMEHBITAETCS K Kpaw ANCKA W
CTAHOBUTCA OoTpumareabHon. T. e. 0A WM3MEHJIeT 3HAK TMPH TEPEXOoAae K Kpaw
mucka. OrmernM, uto B [32] Gbuan 00HAPYKEHBL B IEATPE AUCKA OTPHLIATEILHBIE
3HAUCHUY ACHMMETPHHE ILIOMAACH y mpodmici, KOTOpHIE BCTPEUArTCd B o0ma-
CTIX ¢ MaabiM (bakKTOpOM 3aTIOJTHCHUS.

M3 puc. 10 oTueTIMBO BUAHO, UTO TMPOCTPAHCTBEHHOE YCPETHEHME TTpodmIeit
B HAUOOJIBIICH CTEIEHH CKA3aJ0Ch HA BEIUUMHE ACHMMETPHE AMILIUTYH, 0coOcH-
HO B IEHTpe aucka. Mbpl mMomuepKWBaeM €Iie pa3, uTo ACHMMETPHUS AMILTUTYR
HAuOOMEE UYBCTBUTEABHBIA M3 MCCACAYEMBIX 30ECh MAPAMETPOB K MPOCTPAHCT-
BEHHOMY YCPCTHCHUIO.

BbIBObl

B mannoi paGoTe Ha OCHOBAHHM PE3yJabTaTOB AByMepHOro MI'JI-moxenmpoBanmsa
MATHUTOKOHBEKIMK [4] ObLIM BIEPBHIE MCCASAOBAHBL ¢ BBICOKMM IIPOCTPAHCTBEH-
opM  paspemeHuem (0.05") aBMKeHMS BEmECTBA B MATHHUTHBIX OJEMEHTAX
cnokovubix  obacredt  gorocdeper Commua. Teopetmueckme MITI-mopesan un
BBIIOJIHCHHBIN aHAJMN3 BHIUKCACHHBIX V-mnpodwmiein auann Fe 1 4 630.25 um
MpPEACKAa3blBAOT, YTO B LEHTPE AMCKA B O0JACTAX CO CPEOHEH TUIOTHOCTBHIO
marautHOTe moroka 0.2 MTa BeprukasbHAsS CKOPOCTH ABMXKCHHN MATHUTHOMR
m1a3Mel OyAET MMETD CASTYIOMUE OCHOBHBIE XaPAKTEPUCTUKH M 3aBHCUMOCTH,

1. Cpennee smauenme ckopoctu pasuo 0.5 + 2 kM/c ¢ pasMaxoM 3HAYECHHHI
or -3 10 9 kM/c. B MexrpanybHBIX 001aCTIX BHYTPH CHJIbHBIX BEPTHKAJbHBIX
TpyOOK mpeobaagarnT HUCXOOAIMME ABYKCHAS CO CPEAHENR CKOpPOCThIo 3=+2 kM/c,
a B rpaHy/JbHBIX 0o0sacTax BHE TpyOoK mpeoG1agaroT BOCXOAALIME TOTOKHM CO
cpeaHuM 3HaueHueM ckopoctd 0.5+2 km/c.

2. Mexnay CKOpPOCTBIO M aCHMMETPUEH aMIVIMTYA W IUIomaznci V -mpodmiein
3aMeTHA KOPpeadiuoHHAd ¢Ba3b. C yBEAMUYCHUEM CKOPOCTH BOCXONSIIMX TIOTO-
KOB TOJIOXKUTEIBHAS ACHMMMETpPHS B CpemHeM ypeamumeaercd. OTpuuaTe/bHAL
ACHMMETPHS YALIe BCTPEUYACTCA Y HpOmISx, KOTOphie (POPMHUPYIOTCS B MECTaX,
A€ B OCHOBHOM IOTOKM HampaencHsl BHM3, CpegHee 3HAUECHHME ACMMMETPUHN
aMuTyx U mwiomanel V-npodwmaein pasuao —1 % ¢ pasmaxom smavenun 70 Y,
s caaberx V-npodmaei m =10 %, nas cusbHBIX,

3. Bpemennbie u3McHEHHS CpPemHEH CKOPOCTH HOCAT OCHA/LISLHAOHHBIN
HesquHEHHBN xapakrep. CIeKTp MOMIHOCTH CKOPOCTEH yKAa3bhIBACT HA ABA IHKA.
Oauna — Gosree MOUHBIN B S-MUHYTHOM MOJIOCE M BTOPOM — 3HAUMTENBHO ¢aabee
B J-mmHyTHOI mosoce. Konebanmsa ckopoctu xoppenmpyor ¢ QuiykTyamuama
ra30BOTO JABJCHUS HA YPOBHE TOBCPXHOCTH W 3aBUCAT TAKXE OT (PyKTyarui
MATHUTHOT'Q ITOJId. CHEKTp MOIODHOCTH q)ﬂyKTyaL[I/Iﬁ HATPAXKCHHOCTH TTOKA3BIBACT
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nuku ¢ 20- u 13-MuayTHEIME TiepuogamMu. [leprogmueckue WM3MEHEHWE HATIPI-
JKEHHOCTM MATHUTHOIO IMOJIS CBY3aHBI C IPOLECCAMU MHTEHCHU(DUKAIIUY W TUCCH-
DAIMH MATHUTHOTO IOJY B CHIBHBIX TPyOKax. B mepHombl ycuaeHHS IMOIL
BO3PACTAIOT OCUMIILAIMOHHBIE HUCXOAIINME ABHXEHUYI, KOTOPHIE IMPHUBOIAT K
HEJMHENHOCTH OCHMJIILIANA CPETHENR CKOPOCTH.

4. CpemHee 3HAUCHUE CKOPOCTH CYIIECTBEHHO M3MEHIETCI OT MEHTPA K KParo
aucka CoJHIA BCACACTBUE CHJAbHBIX HAKJIOHHBIX OBVDKCHHUI B BEPXHHMX C/A09X
obaactu Mogenupoeannd. Ha HeGOAbIIOM pACCTOIHUM OT LEHTpa AucKka (cosf =
= 0.9) cpemmad CKOpPOCTh YK€ AOCTUTAET 2 KM/C M MAajg0 H3MEHACTCA IIPH
OpHOIMXECHHH K KPAK TUCKA, ACHMMETPHI AMIUIMTYL YMCHBIIACTCH M M3MEHIET
3HAK C MOJOXUTEABHONO HA OTPHUIATE/JBHBIA HPH IMEPEXOAC OT LEHTPAa K Kpar.
B To Xxe BpeMs Ha Kpaio AWCKA YBEJIWUWBACTCS OTPHUIIATCABHAS ACHMMCTPHS
ILIOWAACH.

5. CpenHee 3HAUEHHE CKOPOCTH 3aBUCHT OT MPOCTPAHCTBEHHOTO YCPSAHCHUS
npocduacii. [ToHMXeHWe paspenicHrud 3HAUUTEIBHO BAWSCT KAaK HA BEIWUAHY
ammuTyn V-npodmiei, Tak M HA CPeAHUE 3HAUCHHWS OPYTHX IapaMeTpoB. B
pEe3yJIbTATE MX 3HAYEHMS CTAHOBATCH Ommke K HabmogaeMmpiM. AcuMMerpms
V -npodmieit HanGoaee YyBCTBUTEALHA K IPOCTPAHCTBEHHOMY YCPEAHEHUIO, DTO
0COOEHHO MPOLBASETCS HA NAPAMETPAX ACHUMMETPDHM AMILIATYA. Beaeacrsue
YCPEAHEHNS ACHMMETPHS AMILIMTY PACTET 3HAYNTEILHO GOJIBINE, YEM ACHMMET-
pus maomagen. DTo MOXET OBITh OMHOW W3 MPWUYWH MPEBBIIICHUS HAGMIOAaeMON
ACMMMETPHH AMILTATYX HAX aCUMMETPHUCH TIIOMIAACH.
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