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BbicokodHepruyHbie BCbIIIeYHbIE
npounecchbl Ha CoJlHIe U HX HCcJIe/I0BaHue
Ha poccuiicknx cnyTHukax KOPOHAC

10. 1. Kotos

1. Benenne

Coummeunsle muccun Skylab (1973 r.), SMM (Solar Maximum
Misson) (1980 r.), Yohkoh (1991 r.), SOHO (SOlar Heliosp-
heric Observatory) (1995 r.) ocyiiecTBUJIM HHCTPYMEHTAJIb-
HYIO PEBOJIIOIIMIO, OTKPBIB 3Py HAOJIOJEHUN COJIHEYHBIX
SIBJICHUI B yJIbTPa(UOIETOBOM U PEHTTEHOBCKOM JIMAMNa30-
HaX C YIJIOBBIM pa3pelleHneM B HECKOJIBKO YTJIOBBIX CEKYH/I.
Habronenust, BEIIOJTHEHHBIE MU, & TAKKE ITOCIIETYFOIIMUI
cnytHukamu TRACE (Transition Region and Coronal
Explorer) (1998 r.), KOPOHAC-® (2001 r.) u RHESSI
(Reuven Ramaty High Energy Solar Spectroscopic Imager)
(2002 r.) moAHSIM HA HOBBI YPOBEHb IIOHUMAHUE TLIA3MEH-
HBIX IIPOILIECCOB B COJIHEUHOH KOopoHe [l], TenyoBBIX U
HETETJIOBBIX MPOIIECCOB MPU 3aPOXKICHAN U PA3BUTHU BCIIbI-
LIEYHBIX CTPYKTYP [2, 3], IMHAMUKHU TPEXMEPHOTO Pa3BUTHS
npoieccoB B renuochepe u 1.1a. [4]. Bnewatnsromumid npo-
rpecc B Iu(GPOBON PEHTITCHOBCKOM ONTHKE U CIIEKTPOMETPHH,
00€eCTeunBAOIINX OTPOMHBIN HAOIIOJATEIbHBIN MaTepual,
JTAFOIIMA HE TOJILKO HOBBIE CBelleHHsI MPO(ecCHOHATIbHBIM
HCCIIEIOBATENISIM, HO ¥ HOBBIC BICYATJICHUS IIHPOKUM
Kpyram OOIIIECTBEHHOCTH, & TaKXe BO3pOcCIIue Ojaroaaps
3TOMY BO3MOHOCTH HAOJIFOJICHUI HA pPaHHEW CTa MU KOPO-
HAaJIbHBIX BBIOPOCOB COJHEYHOH IJIa3Mbl B MEKILIAHETHOE
MPOCTPAHCTBO MPHUBEIN K TOMY, YTO HEHTP TSKECTH COJTHEU-
HBIX CIYTHHKOBBIX HCCJICOBAHWIA B MOCJICJHUE TOIBI CMe-
CTHUJICS B 00J1aCTh MOJIYYCHUSI ONITHYECKUX, YIbTPadHOIeTO-
BBIX M PEHTTEHOBCKUX HM300pa)keHUH, TAaKUX KakK ObLIU
MOJIyYeHbl Ha HeJaBHO 3amyiieHHbIX muccusix (Hinode
(Smonmst), STEREO (Solar TErrestrial RElations Observa-
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tory) (NASA), SDO (Solar Dinamic Observatory) (NASA)) u
KOTOpBIE TJIAHUPYETCS MOJIy4YaTh Ha MOATOTOBIISIEMBIX K
3amycky (Picard (ESA), Aditay-1(Munus)) u oO6CcyxaaeMbIx
B KayecTBe MEPCIeKTUBHBIX MpoekToB Solar-C (Anonus),
Solar Probe (NASA), Solar Orbiter (ESA), "Nuteprenuo-
Boua" (Poccust).

OnHako BBUIY TOTO YTO CHEKTD M3JIyUeHHH, TeHepupye-
MbIX Ha COJHIIE B Pa3JIMYHBIX JJIEKTPOMATHUTHBIX U sIIEP-
HBIX TpoIeccaX, OXBAaThIBaeT 14 MOPSIIKOB BEJIMYUHBI, OT
JUTHHHOBOJIHOBOTO  PaMOU3ITYYCHHUSI 10 BBICOKOIHEPIHY-
HOTO TraMMa-U3JIydeHUs, [JIsl TOJIYYeHHs aJeKBATHOTO
Habopa cBeleHU OO0 IHEPreTUUYECKUX XaPAKTEPUCTUKAX U
JUHAMUKE TPOTEKAIOLINX TaM MPOLECCOB HEOOXOAMMO MPO-
BeJIeHIe KOMILIEKCHBIX HAOJIFO/IEHNIA, B TOM YHCJIE C OpOH-
TaJIBHBIX ANMAPATOB, KAK MHHUMYM, B THATIA30HE JJIEKTPO-
MAarHUTHBIX W3JIYYEHHUH OT XECTKOTO YJIbTPa(UOJIETOBOTO
(Y®) 10 BBICOKOIHEPIMYHOI'O IaMMa-U3JIy4YeHHUsI, & TaKXe
ONpe/eIeHNe IEMEHTHOTO, U30TOMHOTO COCTAaBa 3apsDKEeH-
HBIX YACTHI, BBIOPACHIBAEMBIX B COJIHEYHBIX AKTHBHBIX
Iporieccax B MEXIJIAHETHOE TPOCTPAHCTBO.

Hauunas ¢ 1990-x rogoB Poccuiickas akangemusi Hayk
(Coer PAH mno xocmocy) u Poccuiickoe kocMHuyeckoe
areHTcTBO ocymecTBisroT nporpammy KOPOHAC (Kowm-
mwiekcHble  OpOutanphbie  OkoJsiozemHble  HaOmroneHus
AxtuBHOCTH COJIHIA) TyTEM CO3AAHHS KOMILIEKCA HAYYHOU
anmapaTypbl W TPOBEIEHHS] HAOIIOJNCHHNA CO CHEeNUAJIbHO
pa3padaThIBAEMBIX OKOJIO3EMHBIX KOCMUUYECKUX AlapaToB.

IlepBpiIM u3 3TOW mporpamMmbl  ObLT  CHYTHHK
KOPOHAC-U, HaxoauMBIIKICSA HA OKOJIO3EMHOU opOute ¢
mapTa 1994 1. mo nexabpp 2000 r. BropsIM cTan cmyTHUK
KOPOHAC-®, paborasumii Ha opoute ¢ uroiist 2001 r. mo
nexabpb 2005 1. ["os10BHOM HAYYHON OpraHU3alUeH 0 ITUM
JIBYyM CIIyTHUKAaM, CO3JaHHBIM B KOHCTPYKTOPCKOM OIOpO
(KB) "IOxuoe" (r. JHenponeTpoBcK, YKpauHa), sSBJISUICS
MHCTUTYT 3¢MHOT0 MarHeTu3Ma 1 pacupoCTpaHeHus paguo-
BosH nMm. H.B. ITymkosa PAH (M3BMWPAH). B nepsom u3
CIIyTHHKOB IIOCJIE HEMPOJAOJKHTEIBLHOW paboThl HA opOuTe
0 TEXHUYECKMM TNpUYUHAM ObLIa HapylleHa padoTa cuc-
TeMbl opreHTanuu Ha CoJIHIIe HayYHbIX IPHUOOPOB U COJIHEY-
HBIX MaHeJed, YTO He MO3BOJIMIO BBHIMOJHHUTL HAa HEM BCe
3aIUTAHMPOBAHHBIE HccIeqoBaHusl. Ha BTOpOM cryTHHKE Kak
MTATHbIE CHUCTEMBI ammapata, Tak W HAayYHble TPHOOPHI
pabotaim BcE Bpems €ro CYIIeCTBOBAaHWs Ha opoOwuTe.
BricoTa opbutsl cocraBisuia okoso 550 KM, HakJIOHEHUE
paBHsI0CH 82,5°.

CocraB HayuHoii anmapatypsl ciyTHuka KOPOHAC-®
TO3BOJIST TOJIyYUTh MOHOXPOMATHYECKHE HU300pAXKEHUS C
BBICOKAM YIJIOBBIM pa3pellieHueM, H3MEPSITh MOTOKH U
SHEPreTUYECKUE CIEKTPBI JJEKTPOMATHUTHOTO W3JTyIEHHS
OT yJbTpaduoIeTOBON 00JaCTU A0 O0JACTU ramMma-u3Jry-
YeHMsI, PETUCTPUPOBATH COJIHEYHBIE KOCMHYECKHE JIYUH.
OCHOBHBIE XapaKTePUCTUKNA HAYYHBIX MPHOOPOB CITyTHHKA
KOPOHAC-® npeacraBieHbl B CTaTbe HAYYHOTO PYKOBO-
muTens ykazanHoro mpoekta B.JI. Kysnemosa B xHure [5].
Psity BeIyIIux CIEIMaIUCTOB, CO3/1aBaBIIMX HAYYHYIO aIla-
patypy 3TOro npoekTta, opuia npucyxaena [Ipemust npasu-
tenbcTBa Poccmiickoit ¢eneparmu 2008 roga B objactu
HAYKH U TEXHUKH "'3a cO3/1aHNEe KOMILJIEKCA HAYYHON anmnapa-
TYpbI C HOBBIMH MH(GOPMAIMOHHBIMI KaHAJAMHU PETUCTpa-
UM KOPIYCKYJISIPHOTO ¥ 3JEKTPOMATHUTHOTO H3JIyYCHUMN
CouHIla, a TakXe 32 IPUOPUTETHBIE Pe3yJIbTaThl HaOIIoAe-
HUH COJTHEYHOW aKTUBHOCTH U €€ BO3ACHCTBHS Ha 3eMIIIO CO
cnytauka KOPOHAC-®".

B xuure [5] Take NpencTaBJIeHbl CTATbU, B KOTOPBIX
W3JI0KEHBI PEe3yJbTAaThl IKCIEPUMEHTOB, BBITIOJHEHHBIX Ha
yKa3aHHOM chyTHuKe. HauOospiume HaOIrogaTeIbHBIE U
MHQOPMAIIMOHHBIE PECYpChl OBLITN TPEIOCTABIICHBI CO3/IaH-
aomy B @usmueckom muctutyTe mM. [1.H. JleGenera PAH
(®PUAH) xommekcy CITUPUT, cocrosiBiieMy U3 COJIHEY-
HbIX peHTreHoBckux TejeckonoB CPT-K u peHTreHOBCKHX
cnektpometrpoB PEC-K. B npubope PEC-K Bnepsbie ObLI
pean30BaH METOJI MHOTOKAHAJIBbHOU MOHOXPOMATUYECKONU
n300paxaromnieii criekTpockonuu Bcero CoTHIIa B peHTT€HOB-
CKOM M KpaiiHeld BakyymHOH yibTpaduosieToBoii (BY®D)
obsiactu 1uMH BOJH. ITosydyeHHast 3TUM KOMILJIEKCOM COBO-
KYIHOCTb JAHHBIX BIIEPBBIE MO3BOJISIET MPOCIEIUTh CTPYK-
Typy W TUHAMUKY TJIa3Mbl BepxHell atMochepsl ConHIa B
IIIPOKOM JUANa30He TapaMeTPOB: MO BEICOTE — OT XPOMO-
chepsl 10 naTtu paguycoB CoJiHIA, 1O TeMmIepatype —
oT 10 TeIC. 10 30 MJIH rpalycoB, MO JJIUTEILHOCTU HAOJIIO-
JIEHUN SIBIEGHUM — OT HECKOJILKUX CEKYHI OO0 BpeMEHH
HECKOJIbKUX COJIHEYHBIX 0OOPOTOB, MO YIJIOBOMY pasperie-
HUIO — 3—5 yrioBbIX cekyHa. Ha ocHOBaHMU MOJTyYeHHBIX
JTAHHBIX OBUIM MPEJIOKEHBI MOIU(PUINPOBAHHBIE MOJIEIIH
SHEproBbICJICHNS BO BCIBIIIKAX, 3pekTuBHO paboTatromue
B YCJOBMSIX HU3KOW KOPOHAJBHOMW IJIOTHOCTH ILJIa3MbI U
HAXOJSIIMECS] B XOPOILLEM COTJIACHHU C Pe3yIbTaTaMH JKCIle-
pumenTa [6].

BaxHBIM TOCTOMHCTBOM MPUOOPHOIO COCTaBa CIIyTHH-
koB nporpamMmbel KOPOHAC sBisieTcs KOMIUIEKCHOCTh
UCCJIENOBAHUM 3JIEKTPOMArHUTHBIX U KOPIYCKYJISIPHBIX
U3JIyYeHU aKTUBHBIX COJIHEUHBIX MPOLECCOB B SHEPreTHYE-
ckoMm nuana3oHe oT BY®-uznydyenns 1o ramMma-u3rydeHust
BbIcOokO sHeprun. B npoexte KOPOHAC-® makcumasibHas
3aperuCTPUPOBAHHAS SHEPIHsl BCIBIIIEYHBIX TaMMa-KBaH-
toB mocturaia 300 M»sB [7, 8]. ComnocraBiieHue BpeMEH
perucTpanuyd ramMMa-KBaHTOB, BO3HMKIIMX OT pacmaja
70 — ¥ + v, U SHEPTUYHBIX CONHEYHBIX HEHTPOHOB, POKIEH-
HBIX YCKOPEHHBIMH NPOTOHAMHU (siApamMu) B aTtmocdepe
CouHIla, ¢ XapakTepPHBIMU BpeMEHAMU MSITKOTO W JINHeH4a-
TOrO TaMMa-U3JIy4YeHHUs] O3BOJIMIIO C/AEJIATh BBIBOJ O TOM,
4TO YCKOPEHUE IPOTOHOB 110 3Hepruil ~ 1 I'sB npousonuio B
0o0JlacTd BCHBILIKK, 4 CPaBHEHHE CO BPEMEHEM MNPUXOAa
BBICOKOOHEPTUYHBIX MPOTOHOB K 3eMJie B 3THX BCIBIIIKAX
MO3BOJIMJIO 3aKJIFOUUTh, YTO NO KpaiHell Mepe B TpEX
MOIIHBIX BCOBIMKax KjraccoB X17,2; X28,0 u X7,0 mpoToHBI
nokuHyyu atmocepy CosHIA cpa3y MOCie UX YCKOPEHUSI.
Ha ocHoBe aHanmM3a COBOKYNHOCTHM JAHHBIX aBTOPHI [§]
MIPUILLTA K BBIBOAY O TOM, YTO MOJIEIH YCKOPEHMS YACTHIL,
JIOCTATOYHO XOPOIIO COTJIACYFOIIHECS C IKCIEPHUMEHTAb-
HBIMH JTAHHBIMH B 00JIACTH MEHEe SHEPIMYHbIX H3JIyYCHHH,
O0Ka3aJIMCh HEAJIeKBATHBIMHU [JI1 OOBSICHEHUS IKCHEPHUMEH-
TaJbHBIX (PAKTOB B O0OJACTH CaAMOW BBICOKOIHEPTUYHOU
YaCTHU CIEKTPa HEUTPAILHOTO U3JTYyUEHHSI BCIBIIIEK.

2. Conytouk KOPOHAC-@OTOH

TpeTuil cnyTHHK COJIHEYHOW NpPOrpaMMBbl — CIIyTHUK
KOPOHAC-®OTOH. I''onoBHOW Hay4yHOW OpraHu3anuei
no HeMy siBiseTcd HanumoHanpHBIA UcCCIeq0BaTEIbCKUN
sIIEpHBIA yHMBEpCUTET "MOCKOBCKMI HMHXEHEPHO-(pu3nye-
ckuit wactutryr" (MUDU), cnyrauk co3gan B Hayuwo-
HCCIIEIOBATEILCKOM  WHCTHUTYTE  3JEKTPOMEXaHHUKHU
(HAUDM) (r. Uctpa, Mockosckasi 061.). CriyTHUK BECOM
1860 kr, Brirouast 600 kr HayuHoOU anmapatypsl, 30 sHBaps
2009 r. ObLT BBIBEJICH HA OPOUTY BBICOTOM OK0JIO 565 KM U
HakjoHeHHeM 82,5°. CyTouHblii 00BEM mepemaBaeMoil Ha
3eMJTIO HayuHoU nHpopmanuu He MeHee 1 0.
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Ta6anua 1. [JlanHble TPEX BCIBIIIEK [22]

XapakTepucTuka 3 uronst 1982 1. 24 mas 1990 T. 4 urons 1991 r.

KoncranTa ocnabnenus y-nmuauu 2,2 MaB, ¢ 160 £+ 30 47 £ 04 420 + 50
190 + 30 1600 + 400

KoncranTa ocnabienus y-nuHuit 4—7 MaB, ¢ 70£5 28 £04 300 £ 100
230430

KoncranTa ociiabiieHust y-KBaHTOB 68 + 8 30+5 720 + 360

ot n’-pacnaga t; (GBICTPBI KOMIIOHEHT), C

KoncranTa ociabieHus y-KBAHTOB 700 £ 180 > 1000 3000 £ 200

ot n’-pacnaa 1, (Me/UIeHHbIH KOMIIOHEHT), C

JMTeIbHOCTh FEHEPALY HEUTPOHOB > 300 1130 ~ 4000

¢ s”eprueit 6ostee 100 MaB, ¢

Heiirponnas ceetumocts T > 100 MaB, cp~! 8 x 1038 (3,8 £0,3) x 103 ~1x10%

Cycle 23-24 Sunspot Number Prediction (March 2006)
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Puc. 1. IToBegenue COJIHEYHOM AKTUBHOCTH B 23-M U 24-M LMKJIaX.
(a) IIporuos, caenannsli B 2006 T., 1 (0) COBpeMEHHBIH (CKOPPEKTHPO-
BaHHBIN) NMPOTrHO3. BepTukanbHas mpsiMasi yka3bIBaeT TEKYIIYIO AATY.
Jlomanast JIMHUSL — H3MEPEHHOE CpeHeMeCsIYHOe YucIIo msiTeH. Crurom-
Hasl JIMHUS — HPOTHO3 ITOBE/ICHHs] AKTHBHOCTH, MYHKTHPHAsI — OIIEHKa
TOYHOCTHU HPOTHO3A.

Panee cnyTHHK mpeanosarajoch 3amycTUTb B Havaje
24-r0 nMKJIa COJTHEYHOUM aKTUBHOCTH, IPU 3TOM HMCII0JIb30Ba-
JIOCh MIPEICKa3aHIe X0Aa COJTHEUHOM aKTUBHOCTH, CACIAHHOE
skciepramu NASA (National Aeronautics and Space Admi-
nistration) (CIOA) B 2006 r. Ha pucynke | mpejacraBieH
MPOTHO3 COJTHEYHO aKTHUBHOCTH B 24-M IIUKJIE, CICJIAHHBINH
skcniepramu NASA B 2006 1. (puc. 1a) u B 2009 r. (puc. 16) [9,
10]. JTomaHoi1 JInHUEH TTOKA3aH X0 CPEAHEMECSYHOM aKTUB-
"Hoctu. OgHako BIJIOTH 40 KoHIA 2009 r. cojiHEUHAs] AaKTUB-
HOCTh OCTaBajach KpaifHe HH3KOH, TaK YTO OJKCIepTam
MPHIILIIOCh KOPPEKTUPOBATH CBOE Mpe/ICKa3aHue X01a AKTHB-
HOCTH CO CIABUTOM BPEMEHHU [IOCTIDKCHHS MAaKCUMyMa ¢
cepeaunnl 2010 1. Ha cepenuny 2013 r., T.e. Ha TpH rojaal
Takoil BpeMeHHOU CABUT M OJHOBPEMEHHOE YMEHBIIIEHUE
MpeJICKa3aHHON CTENIeHN aKTHBHOCTH B MAKCUMYyMe ITOYTH B
nBa (!) pa3a moka3pIBaeT, HACKOJIBKO HE TOYHBI CYIIIECTBYIO-
IIIFe METOJIUKH JOJITOBPEMEHHOT 0 TIPeACKa3aHUs COJTHSUHOU
AKTHUBHOCTH.

[IposiBuBIIAsicS aHOMAaJbHO IMTEIbHAs ¢asza cmaja
23-10 MK TOPOIUIIA MIPEANOIOKEHHUS O TPSIYIIEM MUHH-
myme Maynnaepa. Ilo kpaitHeir mepe, cnman 23-ro mukia

BILUIOTH 10 KoHua 2009 r. moxox Ha cmag 4-ro IukKJia.
ITocnenoBaBimii nocyie AJIMTENBHOTO criaja 5-i LUKJ OKa-
3aJIcsl UMIOIIAM OYeHb HEOOJIBIIYI0 aKTHBHOCTH B MAaKCH-
MyYMe, 4TO U3-32 HEOOIbIIIOT0 YMEHBIICHUS TIOJTHOW COJTHEY-
HOW pajuainuy, MO-BUIMMOMY, HMPHUBEIO K TOXOJIOJAHHIO
kaumaTta B 1800-¢ romgel. Bmecte ¢ Tem, Ha cmajge 23-To
[IUKJIAa AaKTUBHOCTH MPOU3ONUIO HEOXUAAHHO OOJIbIIOEe
YHCIIO KPYMHBIX COOBITUI. MHOTOUNCIICHHbIE HAOIIO A TENb-
HbIE JAHHBIEC IO KCTPEMATILHO MOIIHBIM COJTHEYHBIM COOBI-
THSIM, TPOU3OIIEAIINM B OKTsI0pe —Hos16pe 2003 1., cucte-
MAaTU3UPOBAHBI U U3JIOKEHBI, B YACTHOCTHU, B IyOJIMKAIMIX
[11,12].

Takum oOpa3oMm, YYUTHIBAS BBIIIECKA3aHHOE, €CTh BCE
OCHOBAHUS OXHAATh, YTO 24-it Uk OyAeT 3aMETHO OTJIH-
4aThCSl OT MHOTHX MPEIBIIYIINX, W MO3TOMY JeTaIbHOE
U3YyYeHHE XapaKTepa COJHEYHBIX U3JIyYeHUI B HAYABIIEMCS
IUKJIE MOXET [aThb BO3MOXHOCTL JIyYllle IOHSTbL POJb
COJIHEYHO-3€MHBIX CBsI3€ B HaMeYarolllelCsl TEHICHIUU
MOTETJICHU I KJIMMATa.

[11010TBOPHOCTh  MCMOJIb30BAHMUS HAOIIOAATEIHHBIX
JIAHHBIX TIO0 TAMMa-HU3JIyYCHUIO C JHEPTUe OT HECKOJbKUX
equaul MaB u Bmmots no 300 M»sB, naGmronéHHOMY B
JKcTpeMaabHOU Bemblike 29 suBaps 2005 1., mMpoaeMoH-
ctpupoBana B paborte [13]. ComocraBiieHHe BPEMEHHOTO
X0J1a TaMMa-u3JIydeHusi ¢ sHeprusiMu 1o 2,2 MaB moxa3zao,
YTO KaK HPOTOHBI C 3Heprueil BmjiioTh 10 10 M»B, Tak n
9JIEKTPOHBI OBUIM YCKOPEHBI B TJIABHOW (pa3e BCHBINIKH B
MarHiuTHOM TI0JIe aKTUBHOU obsiactu. Mexay Tem, mmoBeje-
HUEe ramma-usjaydyeHus ¢ E > 60 M»sB mnokassiBaeT, yTO
OOJIbIIIAs YaCTh U3JIyYCHUS 10 BpEeMEHHOMY X0y Oim3Ka K
MEHBIINM JHEPrUsIM, XOTs HEKOTOpas YacThb W3ITyYEeHHS
MOXET CO3JaBAaThCsl JOJITOXHUBYILEH KOMIIOHEHTOW BBICO-
KOSHEPIUYHBIX (POTOHOB. DKCIIEPUMEHTAJIbHbIE JaHHbIE U3-
3a (POHOBBIX U CTATUCTUYECKUX OIPAHUYECHHUN HE TO3BOJISIIOT
KOJIMYECTBEHHO OIPEAeIUTh IMTEIbHOCTD 3ama3IbIBaro-
LIETO U3JIYYSHUs] i eT0 HHTEHCUBHOCTD.

XapaKTepUCTUKH BBICOKOIHEPTHIHOT O M3JIYUCHUS, TOJTY-
yeHHbIe B [13] mi1s 3KCTpeMaJIbHOW BCIBIIIKM, HE BIIOJIHE
corjacyrorcs ¢ 6osiee paHHUMH HAOJIIOIEHUSIMHU BCIIBIILIEK
1991 r. Cc BBICOKO’HEPIMYHBIM H3JIYUYCHHEM CIyTHHUKAMU
SMM [14, 15], CGRO (Compton Gamma Ray Observatory)
[16], "Tamma-1" [17-19], Granat [20, 21]. B kauecTBe
npuMepa B Tabiy. 1, B3aToil 3 paboThl [22], mMpUBEACHBI
JIaHHBIE MO TPEM BCIBIIIKAM, U1 KOTOPBIX 00OOIICHBI
KpuBble OJiecka B SACPHBIX aMMa-JIMHUSAX, B BBICOKOHED-
TUYHOM W3JIyYeHUM U B HEUTPOHAX BBICOKOW SHEPruu,
nomeammx ot CoutHna 110 3emuu Oe3 pacnaja.
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Oxkazajiochb, YTO BBICOKOIHEPIMYHOE H3JIy4eHHE COIEp-
JKUT JBa BPEMEHHBIX KOMIIOHEHTA, IJIMTEIbHOCTH OJIHOTO
73 KOTOPBIX COCTABJISIET HECKOJIbKO YacoB. Mcxomst u3 Buaa
CIEKTPa, MOXXHO 3aKJIFOYHTh, YTO BHICOKOIHEPTUIHOE U3ITY-
YeHrE MPOM30ILIO OT pachaga n'-Me30HOB. ITOCKONBKY
MEHee YHEPIruYHble KaHaJbl He OOHAPYXXHUBAIOT TAKOM JJIH-
TEJIBHOCTU, HEOOXOAMMO MPEAINOoJIaraTh JMOO0 J0Jroe yaep-
JKaHME TOJbKO BBICOKOIHEPTHMYHBIX HPOTOHOB (sIep) B
KaKUX-TO MArHUTHBIX JIOBYIIKAaX C JOCTATOYHO OOJBIION
JUUIS TeHepaIlii ME30HOB IUIOTHOCTBIO, JIMOO CYIECTBOBA-
HHUE Crenu(pUIecKoro MeXaHu3Ma YCKOPEHUSI UMEHHO BBICO-
KOSHEPTMYHBIX MTPOTOHOB 0€3 BUIUMOIO NMPOSIBICHUS MPO-
[IECCOB MHXXEKIMK M HAYaJBbHOTO ycKopeHus. [1puBenéunsie
HaOIOIaTEeNIbHBIE JAHHBIE TTO3BOJIMIN TMPUUTH K CIEIYIO-
eMy 3aKJIFOUCHHIO:

® COJIHEUHbIE HEUTPOHEI ¢ 3Heprueid £ > 200 MaB o6pa-
3yI0TCS B TEUEHUE IPOIOJDKUTENBHOIO BpeMeHH, 6oJee 10—
60 MuH;

® UITEJILHOCTb OOPA30BaHUS BHICOKOIHEPT MIHBIX HEUT-
POHOB CpaBHHMa CO BpeMeHEeM OO0pa3OBaHUs Y-KBAHTOB OT
MMHOHOB;

e BpeMeHHOE MOBeleHue JuHuK 2,2 MaB He oTpaxaer
JUTUTEJIbHOCTH TE€HEPALUH BBICOKORHEPTUYHBIX COJIHEYHBIX
HEUTPOHOB, XOTsI, BEPOSTHO, COTJIACYETCS C POXICHUEM
COJIHEYHBIX HEUTPOHOB ¢ 3Heprusimu 1 —100 M»B;

e coObiTust 4 U 6 urOHS OBLIM 3apErUCTPUPOBAHBI B
SINOHMYM HEHTPOHHBIM MOHHUTOPOM (64 M?), HEHTPOHHBIM 1
MIOOHHBIM TE€JIECKOIAMU.

Ha ocHoBe Ha0 110 IeHUIT BLICOKOIHEPTUYHOT'O U3JTYUSHHSI
cnytaukoM "Tamma-1" B pabote [23] clesianbl BBIBOABL:

e HA AKTHBHOW CTaJWM HMMEIOTCSI KOPOTKHE BCILJIECKH
JUITATEILHOCTRIO MeHee 0,2 ¢;

 JICKTPOHBI K HOHBI YCKOPSIFOTCS OJTHOBPEMEHHO, COOT-
HoOllIeHre MeX 1y ux motokamu — 100—1000;

® JJIEKTPOHBI HM30TPOIMHO pACHpeAeeHbl MO Yriy, a
MPOTOHBI KOJUTIMUPOBAHBI.

OrMmerum Takxke Tpobiemy "IJIeKTPOHHO-TOMUHHPO-
BaHHBIX" BCIBIIIEK, B KOTOPBHIX OTHOIICHHE IOTOKOB B
SIEPHBIX JIMHUSIX K TOPMO3HOMY H3JIy4E€HHIO 3JIEKTPOHOB B
10 pa3 Menbiue, yeM B "crammapTueix" Benblmkax. Tpe-
OyeTcsl SKCTIEPUMEHTAILHO MOATBEPAUTD B OOBSICHUTH Clie-
JTyFOIIIAe OCOOSHHOCTH TAKHMX BCIBIIIEK:

® TIOJIOTHH CHEKTp (moka3aTesib 0 ~ 2) TpU IHEPTHsIX
okoJio 1 MaB;

e MaJIbIi BKJIA SIACPHBIX JINHUM;

® BLICOKAs CTENEHb "MMIIYJILCHOCTH', CX0XKas ¢ KOCMH-
YeCKHMMU FaMMa-BCILIECKAMU;

® HE3aBUCHMOCTD IMOKA3aTeNs CIIEKTPA OT TeJIUONECHTPH-
YEeCKOTO YIJIa, CBHIICTEJILCTBYIOIIAS O MAJIOW CTEIICHU aHU-
30TPONHUH U3TYYAIOLINX YACTHIL.

Taxum oOpa3zom, J0 CHX TOpP HM3-3a KpaiHEe CKYJIHOTO
HAOII0ATEILHOTO MaTepHajga MO BBICOKOIHEPTHYHOMY
W3JIyYCHUIO B COJIHEYHBIX BCIBIIIKAX MpoOJjieMa IINTENb-
HOTO YCKOPEHUSI/yePKAHUS BHICOKOIHEPTUYHBIX TPOTOHOB
(BO3MOXHO, M 3JICKTPOHOB) OCTa€TCs OIHOW M3 3arajiok
(bU3MKU COTHEUHBIX BCIBIIIEK.

Crenyetr OTMETUTD, YTO ¢ Havyaja 1990-x To10B BBICOKO-
SHEPTUYHOE TaMMa-U3JTydeHne He ObLIO 3aperucTpUPOBAHO,
MPEXe BCETo, M3-32 OTCYTCTBUS HA 3aMYIIEHHBIX B MOCIEI-
HHE MOJITOPA JECATUIICTHS COJIHEUHBIX MUCCHSX, 3a MCKJIFO-
yeHueM cnyTHUKOB KOPOHAC, cooTBeTcTBYIOI1IIEH anmnapa-
Typhl. S nepHoe uzmyuenue c sueprueit 7o 10 MaB ¢ Beicokum
9HEPreTUYECKUM Pa3PELICHUEM B JIMHUSAX MOT PETUCTPUPO-
BaTh ciyTHUK RHESSI, onHako a3 dekTuBHOCTD ero repma-
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Puc. 2. CTpyKkTypa MarHUTHO# apKH.

HHEBOTO JAETEKTOPA CYIIECTBEHHO CHIIKAETCSI IPU IHEPTHSIX
raMMa-KBaHTOB, npeBbiaronmx 1 MaB.

IMapamMeTpsl TPHOOPOB OMPEAEISIOTCS BHIOM CIIEKTpa
W3JIyYEeHUs, KOTOPBI (GOPMUPYETCS BO BCIIBIIIKE B PE3YJib-
TATE TEIJIOBBIX M HETEIJIOBBIX MPOIIECCOB B ApKe, YIPOIIEH-
HBI CXeMAaTHUYECKUI BMJI KOTOPOH NpeAcTaBlieH HA pHC. 2
[24]. TlepBoHauaJlbHOE 3HEPTOBBIICICHUE B pE3yIbTATE
M3MEHEHNs] KOHQUTYpalMd MarHUTHOTO TOJIsI (TlepecoeIu-
HEHHE MArHUTHBIX CHJIOBBIX JIMHHI) NMPUBOJUT K HArPEBY
KOPOHAJIbHOHU IUIa3Mbl U OJJHOBPEMEHHOMY UJIM IIOCJIEIOBA-
TEJbHOMY YCKOPEHHIO 3JIEKTPOHOB, IIPOTOHOB M s1ep. B
BepIIMHE apKW, IAe IJIOTHOCTb HEBEJIMKA M TeMIeparypa
mocturaet 15-20 MiIH TpaaycoB, BO3HUKAET TEIIOBOE
KECTKOE yIbTPa(QHOIETOBOE U MATKOE PEHTI€HOBCKOE U3JIY-
4eHHeE, a TOK 3aPSDKEHHBIX YACTUIL CO31AET paJuOU3JIyYeHUe C
pasyIn4HO 4acTOTOH.

[I10THOCTL BEpPIIMHBI apKH OOBIYHO HEAOCTATOYHO
Besuka i 3(G(GEKTUBHOIO BO3HHKHOBEHUSI TOPMO3HOTO
W3JIyYCHUsS] IJIEKTPOHOB M SIAEPHOTO HU3ITydeHHs, 00yCIOB-
JICHHOTO B3aMMO/ICHICTBIEM YCKOPEHHBIX MMPOTOHOB M SIIED,
[O3TOMY M3JIyue€HHME OT 3THUX YacTHUL Habyrofaercs Iociie
JIOCTHXKEHUST UMH Xpomocdepbl. B Monmenu mpocreiimien
apK¥ TPOTOHBI (SIApa) W JIEKTPOHBI JIBHKYTCS MO KBA3UC-
NUPAJIbHBIM TPAEKTOPHUSIM K OCHOBaHUIO apku. Ilpm am-
MOJILHON CTPYKTYpEe MATHUTHOTO IMOJISI MOTYT BO3HHKHYTH
KoJsie0aTeNbHble JBUKEHUS YACTHUI[ BIOJb apKd MEXIy e
OCHOBAHUSIMH, UYTO MPUBEJET K KBAZUIIEPHUOIMUESCKAM ITyJIb-
canusM/Bapuanusm (KIIIT) paguousiaydeHus u xKECTKOTO
3JIEKTPOMATHUTHOTO u3jayueHus. [lepuos Takux kojaeOaHui
OTpeAeNsIeTCsl pa3MEpPOM apKH, HapaMeTpaMH MarHUTHOTO
TI0JIL B HEH U 3HEPTrUYECKUM CIEKTPOM 3aXBAUCHHBIX apKOU
yacTul. PeasibHasg kapTHUHA IpoLecca MOXKET ONPEeAesThCs
TaKXe NEPEMEHHOCTbIO CAMOM MHXXEKIUH B apKy U BO30YX-
nenreM BoJIHOBBIX mporeccoB B Heil. KIIIT neonnokpatHO
HAOJIIOJATNCh BO BCIBIIICYHBIX H3IyYeHHSX BO BCEX Ha-
OJroATeIbHBIX TUANA30HAX — OT PaJUOM3JIYUYeHHS [0
ramMa-u3iydenus [25—27]. HaGmromaemble mepuoasl Jie-
KaT B Ipelesiax OT HECKOJIbKUX MUJLIUCEKYHN (AOCTOBEP-
HO HaOJIFOAEHO B paJuoIuana3oHe) U 1O HECKOJIBbKUX COTEH
CeKyH/l (0 HAOJIIOJCHUSIM B KECTKOM 3JICKTPOMATHUTHOM
W3JIyYCHUN).

B uactHocTH, B paboTe [28] mpuBeAeHbI JaHHBIC HAOIIO-
nenust obcepsatopueit "I'pamar" Bo Bembimke 10 mrons
1990 r. JInuTebHOCTD BCIBIIIKY B aHAJIM3UPOBAHHOM PEHT-
reHoBckoM aAuamna3zone §—20 k3B 2 4, mepuon myibcaruit
peutrenoBckoro uziydenusi 143,2 40,8 c. MakcumanbHas
aMILIATY1a MyJIbCAIIMN cocTaBisia 5 % OT MOJIHON WHTEeH-



T. 180, Ne 6]

KOH®EPEHIIMM U CUMIIO3MYMBbI 651

Kopona

p & P €

5 O6macrs  p(@) o

y B3aUMOJIEH- o (%) |
CTBUS /
3
12
4-2 . C 12+ 2c
e wt T
U T St
d o _'_‘;:"J-,_y . doTtochepa

Puc. 3. BbICOKO3HEprHUYHbIC MPOIECCHI B3aUMOJICHCTBUS YCKOPEHHBIX
yactun ¢ atMochepoii CosHila, mpuBOAsiIIMe K 00pa30BaHUIO raMma-
M3JIyUYeHHs] U HEHTPOHOB, HAOIIOJAEMBIX Y 3eMJIH.

CHeKTp U3JIyYeHUs MOIITHOM COJTHEYHON BCIIBIIIKH

1010
o TerutoBoe U3JIyUEHUE TIA3MBL
3 T=2x10" K, EM = 10% cm~?
n
EG T=14x10"K, EM = 10% cm?

- D

ES 10° =
> A
g & Topmo3sHoe u3yuenne
> Q
2 3
z 5
£ E 100 Pacnan
&5 n’-Me30H0B
g
5 Sl nepHble JIMHUH
=

10-°

10° 10! 102 103 104 10°

Oueprus poToHoB, k3B

Puc. 4. KOMIO3UTHBIN CHEKTP U3JTyYEHUS! TUITUYHON KPYITHON BCIIBIIIKH,
peructpupyemoii y 3emun 3a 100 ¢. EM (emission measure) — mepa
9MHCCHH.

cuBHocTU. OTCIO/Ia, B YACTHOCTH, CJIEAYET pa3Mep MarHuT-
ot apku — (1—3) x 100 cm.

Monenb BOZHUKHOBEHHUSI KBAa3UIEPHOINUECKUAX MyJIbCca-
nuid obcyxaaiack B pabotax [2, 29]. U3mepeHHble mapa-
METPBbI aJIbBEHOBCKUX OCIMJUISIIMNA TMO3BOJISIOT OICHUTH
TEMIIEPATypy U IUIOTHOCTHh HMCHAPSIONICHCS U3 OCHOBAHUS
APKHM MJ1a3Mbl ¥ BEJIMUUHY MarHUTHOTO T0JIst B apke [30].

B ramma-mmanazone 2—-6 M»sB kBazumepuommueckue
myJbcanuu ¢ mepruogoM 40 ¢ oOHApyXeHBI BO BCIIBIIIKE
1 staBapst 2005 r. o naraeiM npudopa COHI (COnHeuHbIE
Hetitponsl u 'amma-kBauThl) Ha ciyTHuke KOPOHAC-®
[31]. Ux cymiecTBOBaHME B 3TOW BCHBIIIKE MOATBEPKIACTCS
JIaHHbIME paguorenorpada Nobeyama u JaHHBIMHU CHYT-
nuka HESSI B nuanazone suepruit 80— 225 x3B.

OueBUHO, YTO IS MOJIYYEHUs CTATUCTHYECKH ITOCTO-
BEPHBIX JTAHHBIX O TEPHOJAX JUIUTEIHHOCTHIO BIUIOTH [0
HECKOJIbKAX MUJUTACEKYHII B KECTKOM DPEHTICHOBCKOM H
ramMma-Jmana3onax TpedyroTcs mprubopbl ¢ 00JIbIION 3 dek-
THBHOH ILJIOIIA/IbIO, BBICOKMM OTHOIIIEHHEM CHUTHAJI/IIYM U
BBICOKOH MH()OPMATHBHOCTBHIO KAaHAJIOB MepeNavyd JaHHBIX
Ha 3eMJIIo.

IMpu monajaHNK YCKOPEHHBIX (HETEIJIOBBIX) 3JICKTPOHOB
1 sep B IUIOTHBIE CJIOU XpoMochephbl MPOUCXOIAT Pa3HO-
0o0pa3Hble B3aUMOJEHUCTBUS, CXEMAaTHYECKH MPEICTaBJICH-
Hble Ha puc. 3. B pe3ynbprate pa3anmvHbBIX 3JIEKTPOMATHHT-
HBIX ¥ SIACPHBIX B3aWMOJICWCTBUN BO3HUKAET HU3IIyUeHHE,
CyMMapHBIii CHEKTp KOTOpPOro moka3zaH Ha puc. 4 [32].
MHTEHCUBHOCTH M SHEPTETHYECKHIA CIIEKTP OT/CJIBHBIX KOM-
MIOHEHTOB M3JIy4eHHs COAEPXAT UH(POPMAIMIO O COCTABE U
9HEPIUsIX YCKOPEHHBIX YaCTHUI], TEMIIE X YCKOPEHUSsI, COCTaBe
cpenbl, MOHBI KOTOPOW BOBJIEKAIOTCS B YCKOpDEHHE, U O
JIPYTUX XapaKTEepUCTHKAX YCKOPUTENIbHOIO mporecca [33—
37]. Tlopassromas 4acTh TepsieMoil B aTMocdepe 3Hepruu
YCKOPEHHBIX JJIEKTPOHOB M TMPOTOHOB C JHEPTUEH II0 He-
CKOJIbKMX JecsiTKOB M5B HAET Ha KyJIOHOBCKHE IMOTEPH,
MPHUBOJIALINE K HATPEBY BEIIECTBA U €r0 MCHAPEHUIO BIOJIb
MAaTrHATHBIX CHJIOBBIX JIMHUH.

VckopeHHbIe 271eKTpOoHB! (JinHUS 1 Ha puc. 3) UCHBITHI-
BAIOT TOPMO3HOE U3JTy4YeHHe, POPMUPYIOIee HeMPEPbIBHBIN
SHEPreTUYECKU CIEKTP € MAaKCHUMAaJbHBIMH 3HEPrUSIMU
TMOpSIAKA HAYaJIbHOM KUHETHYECKOW HSHEPTHH 3JIEKTPOHOB.
CrekTp He UMEET CHEeKTpaJibHbIX ocobeHHocTel. [Tpu cyo-
PENIATHBHUCTCKUX U PEISTUBUCTCKUX JHEPTHUsIX (OTOHBI UC-

MYCKAIOTCSI MPEUMYIIECTBEHHO BIEPEN C XapaKTePHBIM
yriioM OTkJIOoHeHust 0 ~ 1/y, rae y — JOpeHI-QaKkTop
qacTunbl. [ MOHOHANPABJIEHHOTO IIyYKa 3JIEKTPOHOB,
AMEIOIIUX Pa3IMuHbIe SHEPIUU, HAOII01aeMbIi CIeKTp (o-
TOHOB OyJeT 3aBUCETh OT YIJIa HAMPABJICHUS IBUXKEHHS
My4YKa 0 OTHOUICHUIO K HAOJrOAaTeN 0. DTOT (PaKT MOXKET
OBITH UCTOJIL30BAH JJIS1 CTATUCTUYECKOTO AHAJIM3a COBOKYII-
HOCTH BCIIBIILIEK C LIEJIbIO OLIEHKH YIJIOBOT'O paclpeIeeHus
M3JIyYaIoIIUX JJIEKTPOHOB. 3aBHCHMOCTbH CHEKTPATBHBIX
XapaKTepUCTHK PEHTTEHOBCKOTO H3JIYYEHUS COJHEYHBIX
BCIBIIIEK OT YIJIOBOW AHWU3OTPOIMH YCKOPEHHBIX YaCTHIY
uccienoBaiach B padote [37] A peHTIeHOBCKOTO H3JTyue-
Hus B Auamna3one 10—600 k3B n1st pa3HbIX yriIOBBIX pacmpe-
JIeJIEHUN YCKOPEHHBIX 2JIeKTpoHOB. M3 conocTaBieHus gaH-
HbIX iprbopa CHEI'-2M3, paboTaBiiero Ha 60pTy KOCMHU-
veckux ammapatos (KA) "Benepa-13, -14", ¢ pe3yibraTamu
pacuéra [37] cnenyet [38], uTO OOHapyXeHHOE CMSTYCHHE
CIEKTPOB K IeHTpyY mucka CoJHIA, BEpOSITHEE BCEro, 00yCiI0-
BJICHO YTJIOBOM aHU30TPONHENH YCKOPEHHBIX 3JIEKTPOHOB.
ITosyyensl yka3aHusi HA TO, 4TO YIJIOBOE pacmpe/esieHHe
9JIEKTPOHOB MEHSIETCS] OT BCIIBIIIKY K BCIIBIIIIKE.

[Tpu HaTYMH YTII0BOW AHU30TPOTIHU B3aNMOICHCTBYIO-
IIUX DJIEKTPOHOB BO3MOJXKHO TOSIBJICHHE JTIMHEHHOW MOJISIPH-
3alMM Y HAOJII0JAeMBbIX PEHTTEHOBCKOIO M T'aMMa-u3JIyye-
Huit. Ha Bo3MoxHOCTD mostyueHust uHGpopmanmu o0 yriioBoM
pacnpeneeHnn yCKOPEHHBIX YACTHIL BIIEPBBIE ObLIO YKA3aHO
B pabote Kopuaxa [39]. [lepBble ClyTHUKOBBIE MOJISPH3a-
MUOHHBIE U3MEPEHHSI PEHTI€HOBCKOT'O BCIBIIIEYHOTO U3ITY-
4yeHus ObLu ipoBeieHbl coTpyaankamu PMAHa Ha criyTHE-
kax cepur "Murteprkocmoc" [40]. i3smMepeHHbIE 1151 HECKOJIb-
KX BCIBIIIEK BETUYUHBI MOJISIPH3ANNH JIEXAT B 00JIacTH
3HAYEHUH, TOMYCKAEMBIX MOJEJISIMH, PACCMOTPEHHBIMHU B
[41, 42], u, HECMOTPSI Ha OOJIBbIINE TOTPEIIHOCTA U3MEpPe-
HUii, BEPOSITHO, CBUJICTEILCTBYIOT O CHJIBHON aHU30TPOIIHU
OBICTpPBIX 3JIEKTPOHOB. ClieyeT OTMETHTh, YTO IEPBOHA-
JaJbHO ONMYOJIMKOBAHHASI BEJIMUMHA CPEAHEH HOJIIpU3alnu
IUIs1 TPEX CIIAOBbIX BCIBIIIEK B OKTsIOpe —HOs1Ope 1970 r.
coctaBmiia 40 £ 20 % [43]. 3aTeM oHa ObLIA CKOPPEKTUPO-
Bana g0 20%. B skcmepumente Ha "HMntepkocmoc-11"
M3MEpEHHAs] BEJIMUMHA JJIsl IBYX BCIBIIIEK COCTABHJIA HeE-
CKOJIBKO MPOIICHTOB NP 3HEPTUU 0KOJI0 15 k3B [44].

B 1990-x rogax monsipu3aiioHHbIe CIIyTHUKOBBIE IKCIIe-
PUMEHTHI He MPOBOAMIINCh. OHU BO30OHOBIUIACH C HAyaja
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2000-x rogoB Ha crnytHHKax KOPOHAC-® (nossipumetp
CITP-H) [45] u RHESSI [46]. X0oTs mepBOHAYaIbHO ariia-
patypa cnytHuka RHESSI He npenna3navanace s mosis-
PHU3AIMOHHBIX U3MEPEHHH, 0Ka3aJioCh, YTO TaKHe U3Mepe-
HUSI MOXHO BBITIOJHUTD IYTEM COOTBETCTBYIOILIETO OTOOpa
cOOBITUI B IBYXCEKLIMOHHBIX NETEKTOpax. B IByX BCHBIII-
Kax s nuana3ona sHepruit 0,2—1 M»sB mosydensr cie-
Iyrole 3HaveHus: BeawumHbl mosspusaruu: 0,21 + 0,09
(23.07.2002r.) m —0,11 £ 0,05 (28.10.2003 r.) [47].

3a 4eThIpEXJIETHUI TEPHUOJI SKCIEpUMEHTa HpUOOpOM
CIIP-H 3apeructpupoBano 128 COJHEYHBIX BCIBILLIEK, IPU-
4éM JUIs1 25 BCTIBIIIEK OTCUETOB OBLIO TOCTATOYHO ISl TO-
HCKa a3UMYTAJLHON aCMMMETPHUU PACCEesHUS, BBI3BAHHOU
JIMHeitHOM nossipusanueit. s coobitust 29 oktsiopst 2003 1.
OB TIOJIYYECHBI CIIEAYIONINE 3HAYCHUs TMOJSpU3Ald B
3aBUCUMOCTH OT 3Hepruu (potoHos: 6osee 70 % B xaHamax
40—60 k3B u 60— 100 k3B, oxosio 50 % B kanaze 20—40 k3B
[45]. BcnenctBue OJM30CTHM BCHBIINIKK K IEHTPY AHCKA
Comnnna (S15W02), yka3aHHbIE BEJIMYUHBI HE MOTYT OBITh
COTJIACOBAHBI C TEOPETUYECKUMHU OLEHKAMH, CICJIAHHBIMH B
MIPEATNOJIOKEHNH, YTO apKa He UMeeT aHOMAJIbHO OOJIBIIIOTO
HakJIOHA K oBepxHocTH CoJHna. [{J1 OCTaJIbHBIX BCIIBIILIEK
YCTAHOBJIEHBI JIUIIIb BEPXHHUE MPEAesIbl JOJIM HOJISPU3OBAH-
HOT'O U3JIy4eHHs!, Ha ypoBHE OT 8 % 110 40 %.

W3 pe3ynbTaToOB MPOBEAEHHBIX TOJISIPU3AIIMOHHBIX H3Me-
peHMIi BHJHA HEIOCTATOYHO BBICOKAS YYBCTBUTEIHLHOCTH
UCIOJIL30BAHHBIX NMPUOOPOB U 3HAUYUTEIIbHBIN BKJIA (HOHO-
BbIX 3(EKTOB, MOCKOJIbKY MPH UCIOJb30BAHUH METOUKU
KOMIITOHOBCKOT'O PACCEsSHUSI CTENEHb a3MMYTaJbHON acuM-
meTpuu coctasiser 10—-20 %.

VCKOpEHHBIE TPOTOHBI, 0-4aCTHIILI U sapa “He (manms 2
Ha puC. 3) IpU SACPHOM B3aUMOJCUCTBUH MOTYT BO30OYXK-
JIaTh siipa Ccpeibl, KOTOPbIE 3aTEM HEPeXOJsiT B OCHOBHOE
COCTOSIHUE C UCIYCKaHHEM JINHEHYaTOr0 TaMMa-U3JIyueHusl.
BeneactBue cpaBHUTENBbHO HEOOIBIIOTO KYJIOHOBCKOTO
OTTAJIKUBAHUS TIOPOTOBAsI JHEPTUS ISl BO3OYKICHUS TIPO-
TOHAMM OJIM3Ka K DHEPruM ramMma-kBaHTOB. CeueHHe Mpo-
1IECCOB BO30YXIEHHS MAKCUMAaJIbHO TIPU SHEPrUsX B He-
CKOJIBKO JIecATKOB M»3B, mo3atoMy [U1sl CpeTHUX U TSDKENBIX
saep cpeabl 3(pQeKThl yIIMpeHUs JUHWM, CBS3aHHBIE C
oThaueil siapa, HeBenuku. Hambosiee MHTEHCUBHBIE JIMHUU
nexar B avanaszode sHepruii ot 0,847 MbsB mia °Fe no
6,13 MsB ms !°O. ITo COOTHOLIEHUIO WHTEHCHBHOCTEMN
JIMHUA MOJHO OIPENeIUTh COOTHOILIEHHWE KOHLEHTpAlMi
3JIEMEHTOB B COJIHEYHOH aTMocdepe B 00J1aCTH TOPMOXKe-
HUSl YCKOPEHHBIX MPOTOHOB M ¢-4acThL. [10 COOTHOIIEHNIO
JIMHUH € PA3JIMYAIOIIIMCS TOPOTOM UX BO30YKICHUS MOXKET
OBITh OLIEHEH XapaKTep 3HEPreTUYEeCKOro CIEKTpa B3aUMO-
JIEHCTBYIOIIUX IPOTOHOB. DTa OICHKA OyJeT OTHOCUTBHCS K
JIUATIa30HYy OT HECKOJIbKUX €IMHUIL JO HECKOJIbKUX JECSITKOB
MbsB.

Baxnoe acTpodusuieckoe 3HaUCHIE UMEET ONpeeSICHIE
1o uHTeHcuBHOCTH JinHuil 0,429 MsB u 0,478 M»sB o0pa-
30BaHus peakux suep 'Be u 'Li B o— o-B3aUMOJENCTBHSX,
TMPOUCXOSIIMX BO BpeMsl BCHBIIIKK. BBHIY paBHBIX Macc
CTAJIKUBAIOIINXCS B 3TON peakUuy sep yIIMpeHHe yKa3aH-
HBIX JUHUWEA BeneacTBue 3ddexta Jomiepa OyaeT 3HAYH-
TEeIBHBIM (CM. OJIPOOHOE ONHUCAHHME BO3MOXKHOCTEH simep-
HO¥1 CIIEKTPOCKOIINY COJTHEYHBIX BCIIBIIIEK B [48, 49]).

IIpu BO30yXaeHMM YCKOpPEHHBIX siaep (JIuHUA 3 Ha
puc. 3) ucmyckaemoe M3JIyueHUe MOABEPKEHO TpaHchopMma-
uH, 0OyCIOBJICHHOHN ABIKEHUEM YCKOPEHHBIX siAep (COBUT,
ylIupeHne JuHuM). [Ipu BBIOENEHUM STUX JTUHUNA U3 KOH-
THHYyMa MOXHO ONPEHEIUTh CTeleHb 00OTaIlleHHs YCKO-

PEHHBIX $JIEp B 3aBHCHUMOCTH OT INOTEHIMAJIa MOHHU3AINU
aToma.

Bricoxoanepruunsie mpotonsl (7> 300 M»aB) moryt
BBI3BIBATH 00pa30BaHUE HEUTpaJIbHBIX (JIMHUS 6) UK 3apsi-
JKEHHBIX (JUHUS 4) THOHOB C TMOCJEAYIOIIUM UX PACIaIOM
(cm. puc. 3). Bo3Hukaroiye no3uTPOHBI MOCTIE 3aMe/IJICHUS,
BpeMs KOTOPOI'0 OIPEeAEIseTCs IIJIOTHOCTBIO Cpebl, OyayT
AHHUTUJIMPOBATH C JIEKTPOHAME C OOpa30BAHMEM raMMma-
kBaHTOB c 3Heprueii 0,5 MaB. Bo3nukaromme raMMa-KBaHTBI
ot pacmazga i’ — ¥ + ¥ 06pa3yIOT 3HEPreTUUYECKHil CIIEKTP C
IMPOKUM MakKcuMyMoMm B obOisiactu sneprun 70 MsB B
ciIydyae M30TPOMHOTO DACHpeesIeHHs] YCKOPEHHBIX MPOTO-
HoB. Ilpu poxaennu 1’ MyYKOM YaCTUIl MAKCEMYM H3JIyYe-
HUs1 OyJIeT U3MEHSITHCS B 3aBUCUMOCTH OT YTJIa HAOIFOICHU ST
OTHOCHUTEJIbHO HATIPABJICHUSI IBUKEHUS IMyUyKka. B mpuHImIe,
MIPU TOCTATOYHOU CTATUCTUKE BHICOKOIHEPTUYHBIX (POTOHOB,
BO3MOJXKHO Pa3jInyaTh Cllydau IeHepaly MIOHOB IyYKOM U
HM30TPOMHBIM YIJIOBBIM PACTIPEACTICHUEM YACTHIL.

Haxownen, npu B3anMoAeHCTBIM SHEPTUIHBIX IPOTOHOB 1
SIIEP CO Cpefioil MOTYT 00pa30BBIBATHCS HEHTPOHBI C 3HEP-
TUSIMH OT HECKOJIbKUX €JIMHHUIL 10 HECKOJIbKIX cOTeH MaB n
Gosiee, B 3aBUCUMOCTH OT JHEPIUU B3aUMOJCHCTBYIOLIMX
vqactul. HuskosHepruyHble HEUTPOHBI TOCJIE 3aMEJICHUS B
(doTtocdepe MOryT OBITH 3aXBaueHbl IPOTOHAMH B PEAKIIUU
n+p—d+vy (E, =2,2 MsB). 3HaunTenpHas 10 BBICO-
KO9HEPTMYHBIX HEHTPOHOB MOXKET YJIETETh B MEKILIAHETHOE
MPOCTPAHCTBO, M YacTh M3 HUX CMOXET JTOCTHYb 3eMUIIH.
Bricoko3HepruyHble HEHTPOHBI ¢ FHEeprusiMu 6ostee 200 MsB
¥ TaMMa-KBaHTBI OT pacmaga n’ — 2y co3faroTcs OJHOH u
TOW XK€ MOMyJsAlMedl B3aUMOJCHCTBYIOLIUX AaJIpOHOB CO
CXOIHBIMH CEUEHMSIMHU (SIIEPHBIMHU), MOITOMY BPEMEHHEIE
NpOoGUIN WX UHTCHCHUBHOCTEW JOJIKHBI OBITH MOJO00HBI. B
YACTHOCTH, TPU CTEHEHHOM OJHEPreTHYECKOM  CIEKTpe
dN(T)/dT ~ T~ makcumanbhas 3pQPeKTHBHOCTh POKIE-
HUS ATHX YACTHI IPUXOJUTCS Ha SHEPTHIO B3AMMOIEHCTBYIO-
mwmx mpoToHOB okoy10 700 M»aB.

Takum oOpa3oM, 3ajaveid ammapaTypbl TPOEKTa
KOPOHAC-®OTOH sBisieTcs mojiyueHne HabJroaaTelb-
HBIX [JAHHBIX, MO3BOJISIIOLINX, B YaCTHOCTH, NPOSCHUTH
yKa3aHHBIE TPOOJIEMBl 3apOXKIEHHUS W PA3BUTHS BBICOKO-
9HEPTUYHBIX MporueccoB Ha CouHne. [IpuHIMNHAIbHBIM TIpe-
umytiecTBoM ucciieqoBanuit Ha ciiyTHukax KOPOHAC-® n
KOPOHAC-®OTOH, no cpaBHEHHIO ¢ YIIOMHHABITUMUCS
CIYTHUKOBBIMH 3KcnepuMeHTaMu 1990-X ronos, sBisieTcs
BO3MOXHOCTb HaOJIIOIeHHs], IOMUMO TaMMa-U3JIyueHus, Ha
TOM K€ CIIyTHHKE WJIM Ha APYTUX HaXOISIINAXCS Ha opouTe
COJIHEYHBIX ammapaTax, BCOBIIIETHOTO MPOIIEcCa B )KECTKOM
YIBTPA(PHOJIETOBOM U PEHTTEHOBCKOM JIHAMIA30HAX C BBICO-
KHMM YTJIOBBIM pa3pelieHueM, BILIOTh JO HECKOJIbKHUX CEKYH/I.

3. e npoekta KOPOHAC-@OTOH
B mpoekre KOPOHAC-®OTOH 6butn onpenesieHsl ciie-
TTYFOIIIHE TIEJIH.

o IIpoBeneHne HaOIIOAATEIBHBIX HCCIIEAOBAHMIA AeTalel
MPOIIECCOB, BBI3BIBAIOIINX BOSHUKHOBEHUE COJTHEUHBIX BCIIbI-
IIEK, ONPEIEISIOUINX UX EPUOAUIHOCTD U UHTEHCUBHOCTD,
U COBEPIICHCTBOBAHME HA JTOM OCHOBE MOJEJEH KpaTKo-
CPOYHOTO U JOJITOCPOYHOTO TMPOTHO3a COJTHEUHOM aKTUBHO-
CTH.

o [Tonyuenne HaOIFOIATENBHBIX JAHHBIX IO THILY, JHEP-
T'HsIM U BpDEMEHHOMY ITOBEJICHUIO H3JIyICHHM, TeHEPUPYEMBIX
BO BCIBIIIKAX, W COBEPLICHCTBOBAHHE HA O3TOH OCHOBE
Monesell YCKOpeHHs 4YacTull (3JIeKTPOHOB, NMPOTOHOB U
WOHOB) C JHEPTUSMH BIUIOTH IO YJbTPApPEISITUBUCTCKUX,
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pacrpocTpaHeHHs YCKOPEeHHBIX yacTuil B atMochepe CosHia
W BbIXOJa (BBIOpOCa) MJIa3Mbl U JIHEPTMYHBIX YaCTHUI[ B
MEXIUTAHETHOE TIPOCTPAHCTBO.

e Halmronenne BHIGPOCOB KOPOHAJILHON MAacCChl M 3pYI-
THUBHBIX IPOTYOEPAHIIEB, a TAKXKE ONpeiesieHe (PU3NIECKOTO
COCTOSIHUSI TUIa3Mbl B 9TUX INpoleccax: e€ TeMIepaTyphl,
3JIEKTPOHHOW M MOHHOMW TUIOTHOCTH, a Takxke AudpepeHIu-
aJIbHOM Mepbl aMuccnu. MI3MepeHns pU3mIecKoTo COCTOSHIS
MJ1a3Mbl HEOOXOAMMBI IIJIsl pacu€Ta dHeprodaslaHca aKTHUB-
HBIX KOPOHAIBHBIX MPOIECCOB.

e [Tonydenune yCcpemHEHHBIX MO BPEMEHHM CHCTEMATHYe-
CKUX JAaHHBIX C BBICOKOH aOCOJIOTHOH TOYHOCTBIO 00
n3nyyenun COJHIA B PA3JIMYHBIX TUAaNa3OHaX IJIMH BOJIH,
OT YJIBTPAPHUOIETOBOTO AUANA30HA IO JHATa30Ha BBICOKO-
SHEPTHYHOT O TAMMa-U3JTyYeHUSI.

e Onpe/esieHre Ha OCHOBE IAHHBIX 1O BBICOKOIHEPTUY-
HOMY U3JIyYEHUIO BCIBILIEK XapaKTEPUCTUK YCKOPUTEIILHOT O
MexXaHu3Ma.

e OnpeneneHne KOJIMIECTBA YCKOPEHHBIX SIIEP U JJIEKT-
POHOB W HX JHEPIeTUYECKOTO CIEKTPa, B TOM YHCJIEC HAW-
OOJIBIINX SHEPT U YCKOPEHHBIX YACTHII.

e OnpefesieHre TeMIAa YCKOPEHU s, JUHAMUKH YCKOPEHUS
U pacrpoCTpaHeHus (BpEMEHHEIC H3MEPCHU S, YJIbCALN).

e VccenqoBanne TMHAMUKH PACTIPOCTPAHEHHUS B COJTHEY-
HOW aT™MoOcdepe, YTEUKH B OKOJIOCOJHEYHOE MPOCTPAHCTBO
(TOHKasl WJIM TOJICTAasi MUIIIEHb B3aUMOJCUCTBUS, YIJIOBOE
pacmpezeseHue).

e [lolyueHrne [OaHHBIX O COCTaBe Cpeabl, B KOTOPOI
MIPOUCXOISIT B3aUMOICHCTBUS.

e OmnpefenieHre COCTABa YCKOPEHHBIX YaCTHUI, OTIMIAIO-
IIETOCSI OT COCTaBa CPeIIbl U3-3a M30UpaTeIbHbIX 3 deKTOB
MEXaHU3MOB YCKOPEHHSI.

e YCTaHOBJIGHUE CXOJICTBA (MJIM PA3JINYUsI) MEXIY YCKO-
pEHUEM IPOTOHOB (S7IEp) ¥ YCKOPEHHEM 3JIEKTPOHOB;

e OnpeneneHre COOTHOIIEHUSI MEXaHU3MOB YCKOPEHHSI U
Harpesa.

e VccenoBanue MpUpOIbI AJIEKTPOHHO-TTOMUHUPOBAH-
HBIX BCIIBIIIICK.

o [TosryyeHye NaHHBIX O POXKIECHUU BO BCIBIIIKAX PEAKUX
9JIEMEHTOB NPY B3aUMOEHCTBAN MPOTOHOB U JIETKUX SIAEP.

ITpudop TECUC (Teneckon Coneunslii/I300paxkaro-
it CriekrpomeTp), obJiagaromuil yHUKaJIbHBIM HA00pOM
M300paXaronux KaHaJIOB, KpOME 3aIaud MOJTydeHIs] KOppe-
JINPOBAHHBIX C Apyrumu npudopamu cnytauka KOPOHAC-
DOOTOH naHHBIX, ©IMEET ABTOHOMHYIO MPOTrpaMMy HCCJie-
JIOBAHUS AMHAMUKY TOJITOXKHUBYIIUX IIJIA3MEHHBIX CTPYKTYP
B COJIHEYHOU KOPOHE, HAIIPUMEDP aKTUBHBIX 00JIACTEH U KO-
POHAJIBHBIX JIBIP.

Honoanume.avnvte nayunote 3aoauu npoekma KOPOHAC-
D@OTOH.

e Actpodusmka:

— HCCIIE/IOBAHNE PEHTTEHOBCKOTO W TaMMa-M3ITyIeHHsI
KOCMHYECKHX TaMMa-BCILJIECKOB.

o Ou3MKa KOCMUYECKUX JIyUeit:

— U3MeEpeHNe XapaKTePUCTHK U MUTY-YIJIOBOIO pacipe-
JIeJIeHNsT KOCMHMYECKUX JIyded (9JIEKTPOHOB, MPOTOHOB H
anb(a-4yacTuIl) Ha OpOUTE CIYTHUKA.

e Omsuka atMochepsl 3eMiTu:

— MOHHUTOPHUHI BEPXHUX CIIOEB aTMOC(ephl 3eMIH MO
MOTJIOIIEHUIO JKECTKOTO  YJIbTPA(PUOTIETOBOTO HU3ITyUCHUS
CooHia;

— HCCIIEIOBAHUE  XAPAKTEPUCTUK  YJIbTPAKOPOTKHX
ramMMma-BCIIBIIICK, OOpa3yIOIIUXCS B BepXHEH atmocdepe
3emu.

V4acTHUKAMU MIPOEKTA, CO3AABIIMME HAYIHYIO allapaTypy
1 00€eCTIeUNBAIOIIMMH MPOBEICHUE KOCMHUYECKOTO IKCIEPH-
MEHTA, SIBJSIFOTCS B OCHOBHOM POCCHIICKHE CIEIUAUCTHI,
paboTaromue B pa3jIMYHBIX HAYYHBIX M HAYYHO-TIPOU3BOJI-
CTBEHHBIX OPTraHHU3AIHIX:

F0.4. Koro, B.H. HOpos, A.M. Apxanreibckui,
M.B. Bbecconos, A.C. Bycnos, K.®. Bnacuk, A.C. I'ns-
menko, B.B. Kagumun, IT.A. Kaameikos, A.B. Kouemacos,
E.O. Jlynaps, U.B. Py61os, FO.A. Tpopumos, B.T". Thirtike-
Bud (MU DU —rosoBHast HayuHaAsI OpTraHU3AIUS IO TIPOEKTY
KOPOHAC-®OTOH); P.C. Camuxos, FO.M. AnukuH,
M.II. Taccuea (HUMDOM); C.1. Boaasipes, B.Jl. Ky3He-
noB, H.W. Jle6enes (MSMIUPAH); C.A. Boraues, FO.C. lBa-
HOB, A.T1. Urnatees, C.B. Ky3un, A.A. Ilepuos (PUAH);
P.JI. Anrtexapr, C.B. Tonenenxuii, B.A. [epraues,
B.H. Unbunckuii, EM. Kpyrnos, B.I1. JlazyTtkos, . A. Mart-
BeeB, E.Il. Ma3zen, M.!. Casuenxo, [.B. Ckopoaymos,
A.B. Vnanos, M.B. Vnanos, [I.[1. ®penepukc, FO.A. Yu-
yukaiitok  (Pusuko-texHuueckuit  mHCcTHUTYT — (PTU)
uMm. A.®. Nopdpe PAH); K.B. Anydpeiiuuk, M.B. ByHTos,
N.B. Kosnos, A.B. Hukudopos, A.Jl. Ps6osa, 11.B. Uyiakos
(UuctutyTr xocmuueckux wuccnenoBanuii (MKU) PAH);
FO.M. [enncos, B.B. Kaneraes, M.U. INanacrox (Hayuno-
HCCIIeJOBATEIbCKUMI UHCTHUTYT SIACPHOM ¢uzuku
uMm. I1.B. CkoGenbipiHa MOCKOBCKOTO TOCYAapCTBEHHOTO
yausepcuteta umM. M.B. Jlomonocosa (HUMUADP MI'Y), a
TaKkKe CHenuaaucTel w3 Ykpamnsl — A.B. [lynHuk,
N.N. 3amo6osckuii, B.K. IlepcukoB (XapbkoBckuil Hauo-
HanbHbId yHUBepcuteT (XHY) um. B.H. Kapasuna); Unauu
— A. Haumu (Indian Centre for Space Physics, Kolkata,
India), C. Cpukymap, C.K. Hakpabaptu (Indian Centre for
Space Physics, Kolkata), A.P. Pao (Tata Institute of
Fundamental Research (TIFR), Mumbai), C. CankapaTui
(Vikram Sarabhai Space Centre, Thiruvanthapuram) u
IMonbim — . Cunbbectp (LleHTp KOCMHUUYECKHX UCCIIEA0BA-
Huit [Tonbckoii akagemun Hayk (LIKU ITAH), Bporias).

Kowmmexe vayuHoii anmapatypsl cnytHaka KOPOHAC-
®OTOH BxJirouaer B celst:

® BOCEMb MPUOOPOB IJIsi PETUCTPALUH JIEKTPOMATHUT-
Horo m3iyueHus aucka CosHna (OT OJvkHero uHppakpac-
HOTO JIO TaMMa-U3J1y4eHUs) U COJTHEUHBIX HeUTpoHOB: H-2M,

"Konyc", "Iluursun", BPM (BuicTpblii PenTrenosckuii
Mounutop), PT-2, SphinX, ®OKA, COKOJI (COaHeuHbIC
KOJIe6anus);

e Tejieckonn TECUC, mmeronmii HECKOJIBKO OTJIEJILHBIX
KaHAJIOB;

e 1Ba MpHOOpa I PETUCTPALUH 3aAPSIKEHHBIX YACTHIT
(TpOTOHOB, 35IeKTPOHOB, saep): CTII-® u "Dnekrpon-M-
ITecka";

® MAarHUTOMETP IS U3MEPEHUsS MATHUTHOTO TOJIS
3emin Ha opouTe cnyTHuka (CM-8M);

e /[Ba CIIy)KeOHBIX Tpubopa (OJI0K yrmpaBjIeHUs armmapa-
Typoit BYC-®M u cucrtema cbopa U perucTpaiu HayqYHOU
napopmanuu (CCPHN)).

Peructpupyemble COOTBETCTBYIOIIMMHU TPUOOPAMU BH-
JIbl U3JIyYEHUN U OpraHu3alMU-pa3padOTUUKH alnapaTypbl
npuBeJeHbI B Ta0I1. 2. Pa3mMellieHre npuOOpoB HA CIYTHUKE
moka3ano Ha puc. 5. [IpogonabHas och CHyTHHKA HA THEBHOM
YacTH OpOMTHI OPUEHTHPOBAHA Ha HeHTp aucka CoiHIa c
TOYHOCTBIO £2 YIJIOBbIE MHHYTBI, CKOPOCTh JIECTAOMIIN3a-
LUK HATIpABJIEHHs IPOI0JILHOM ocu He Gostee 7,2 ¢!, Bpems
BOCCTAHOBJICHUsI opueHTanmu Ha COJIHIIE MOCJe BBIXOAA U3
TeHH — OKO0JI0 80 C, TOYHOCTh BPEMEHHOU MPUBA3KHU JAHHBIX
10 OTHOIIIEHUIO K MIPOBOMY BpeMEHH He Xyxke 1 Mc.
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TTpu6op

OcCHOBHbBIE XapaKTEPUCTUKU. L[I/IaHaSOHI)I perucTtpanuu

Opranuzanus-pa3padoTyuk

CrekTpoMeTp BBICOKOIHEPIUUHBIX U3JTyUCHUH

"Haranbs-2M" CIIEKTPBI

TI'amma-mzmyuenne (0,3 —2000 MaB), aMumuTynHbIe H BpeMEHHELR

Heiirpons! (20—300 M3B)

MUDU, Mocksa

Teneckon-CeKTpOMETP HU3KOIHEPI HIHOTO
ramMa-usiydenust PTT-2

Pentrenosckoe nsnyuenue (10— 150 k3B) B pocBuu-moze
Tamma-uznyqenue (0,10—2 MsB) B ciekTpoMeTpUyYecKoi MoJie

TIFR, Mymb6au, Unaus

ITonsipumeTp-cIeKTPOMETP KECTKOIO pEeHTTe-

HOBCKOTO u3ityuenus "Tluarsun-M" MOJISIPU3ALIMI

Pentrenosckoe uznnyuenue (20— 150 k3B), usmepenue nuHeHON

Pentrenosckoe/ramma-usnyuenue (0,015—5 MaB)
Pentrenosckoe u3nyyenue (2— 10 kaB)

OTU PAH, Cankt-IleTepOypr

Counneunslii Testeckon-cnekrpomerp TECUC

Baox COMHKC (B coctaBe TECUC)
pagurycoB CoiHIa

Teneckon B uanu MgXII (8,42 A)

Crnextporemmomerp (280—330 A)

Teneckomnbl (130— 136 Au 290—320 A)

Koponorpad (29— 32 um), n300paxeHne KOPOHbI 10 YE€THIPEX

CrieKkTp B MSITKOM peHTIeHOBCKOM m3uryueHnd (0,515 kaB)

DUAH, Mocksa

LIKU TTAH, Bpounas, ITosbmra

BPM (BbIcTpblil pEHTI€HOBCKII MOHUTOD)

Pentrenosckoe nsiyuenue (20— 600 k3B), mecTs kaHas10B

MUDU, MockBa

MOHHUTOP COJTHEYHOTO KECTKOrO Y D-n3iyde-
nuss POKA

Misirkoe penTrenoBckoe ussyuenue (1—11 Hm)
Keécrkoe YD-uznyyenue (27— 37 Hm)
Kéctkoe Y P-uznyuenue B muHuu Bogopoaa 121,6 aum

MUDU, Mocka

PenTrenoBckuii n raMMa-CiIeKTpoMeETp

"Konyc-P®" 12 MaB)

CrHekTpsl B peHTTEHOBCKOM U ramMa-auana3onax (10 kaB—

OTU PAH, Caukt-IletepOypr

MHorokanaysHbli poTomerp COKOJI

1100, 1500 1M

V3MepeH#st MaJIbIX EPUOIMYECKIX KOJICOAHUIN COJTHEUHOTO
M3JIyYeHHs] B OKHAX C JUTMHaAMHM BOJIH okoJ10 280, 350, 500, 650, 850,

N3MUPAH, Tpowuiik,
MockoBckast 061.

AHaNTM3aTOP 3aPSHKEHHBIX YACTHIL
"Jnexrpon-M"

IIpoTowns! (1-20 M3B)

Onextponst (0,2—2 MaB)
Snpa (Z < 26), 2—50 M3B Ha HyKJIOH

HUNAD MI'Y, Mocksa

HoB CTOII-®

CIyTHUKOBBIH TEJIECKON 3JIeKTPOHOB U 1poTo- | [Iporons! (9,8 -61,0 MaB)
Dnextponsl (0,4— 14,3 MaB)
Anbda-yactunsl (37—-246 MsB)

XHY, XapbkoB, YkpanHa

Marnuromerp CM-8M
(=55—+55mxTn)

M3mepenne TpEX KOMIIOHEHT MATHUTHOTO TOJIS 3eMJIi

HIIII "T'eonoropassenxa",
Cankt-ITeTepOypr

Cucrema cOopa B perHCTpaIliy HAYYHOU HH-
tdopmaru (CCPHN)
1 T'Gaiit

C6op HayuHOIT HHpOpMANUH, BbIIa4a MU(PPOBLIX KOMAH AJIS
Hay4HOI anmapaTtypbl. OOBEM 3alIOMHUHAIOLIETO YCTPOCTBA

MKW PAH, Mocksa

Biiok ynpasinenust u coenunenuit BY C-OM

Bbl1aua nuTaHUS U KOMAH[ U1l HAy4HOM anmapaTypsl

KU PAH, Mocksa

: COKOJI
TECUC-B]I SphinX CTOI-®

TTpubopusrit
IepPMOOTCEK
RT-2G

DOKA-IM
RT-2/S
"Snekrpor-M "
Peructpupyrommii
60k "Hatanbs-2M"
o 'Munrsun-MJ"

BPM-]I

Maruuromerp

"Konyc-P®-1" .
RT-2/CzT CM-SM ———=

Puc. 5. Pasmenienne na cnytauke KOPOHAC-®OTOH nay4HbIX mpH-
60pOB, OPUEHTHPOBAHHBIX B HATIPABJICHNH HA [eHTP aucka CoHIa.

Opranuzanust npuéMa HayYHOW TEJIeMETPUYECKON WH-
(dbopmanuy, e€ XpaHeHHsS] M IEpe/lavd MoKa3aHa Ha CXeMe,
mpuBeAEHHON Ha puc. 6. Kak BUIHO U3 CXeMBI, BCE B3aUMO-

JIEHCTBHE MO MOJYUYCHHUIO U PACTIPOCTPAHCHUIO HHPOPMAIH
ocymecTBisioch yepes MUDHU. Tam xe ocymiecTBisiach
MOATOTOBKA KOMaHIHBIX 33 JaHUN I Iepeiaun ux Ha O0pT
CITyTHHKA C IIeJIbIO YIpaBJieHus: paboTtoii mpudopos. MHbpop-
MAaIOHHBIE PECYPCHI MO3BOJISUIH 00ECIeUnBATh HEMPEPHIB-
Hyto paboty Bcex npubopoB omHoBpemenHo. [loapobHoe
ONMCAaHHUE amnapaTypbl, opraHu3anuu e€ OoTpadoTKH Ha
pPa3JIMYHBIX 3Tanax HOATOTOBKM M MPOBEICHUS 3KCIEPH-
MEHTa, a Takxe noctpoenue u pynknmonnposanus Lientpa
3KCIpecc-00pabOTKHM, HAKOIJICHUS M XpAHCHHS TAHHBIX
(I20OHX /) mano B coopuukax [50—53].

4. TIpeaBapuTe/ibHbIe IAHHBIE, MOJyYeHHbIE B MEPHO

¢ ¢eBpaas no Hosiops 2009 T.

Kax yka3sBajoch B pasjelie 2, HACTYIUIEHHE HOBOTO aKTHB-
HOT'O COJIHEYHOTO IHUKJIA CIBUHYJIOCH MIOYTH HA TPH rOja, B
pesyJbTaTe 4ero B yKasaHHbli nepuo CoJHIle HaX0IUIOCh
B OKCTPEMAJIbHO CIMOKOWHOU (ha3e ¢ MOYTH MOJIHBIM OT-
CYTCTBMEM BCIIBIILEK. 3a mepuo mnoséra npubopom "Iunr-
BuH-M", MMEIOUIMM OETEKTOP MACKOIO PEHTIEHOBCKOTO
U3JIyYeHUs] ¢ HIKHUM SHEPrETHYECKUM MOporoM 2 K3B,
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Puc. 6. CTpykTypa Ha3eMHOT0 KOMIUIEKCA 110 PHEMY, HAKOIUICHHUIO, SKCIPecc-00paboTKe, paCIPOCTPAHEHHIO TEJIeMETPHIECKIX HAYYHBIX JaHHBIX H
OpraHM3aliy yhpaslieHds paboToil HayyHoll anmapatypel. BHUUOM — Hayuno-npou3BoAcTBeHHOE npeanpustue "Beepoccuiickuil Hay4dHO-
UCCIIEIOBATEBCKAN HHCTUTYT 3JIeKTpOMeXaHuku ¢ 3aBogoM uM. A.I. Mocudwsana" (Mocksa), IVIT — Lentp ynpasienus nojéramu, KHA —
KOMILJIEKC Hay4HOi annapaTtypsl, MO — Munuctepctso o6opoHs!, HLI OM3 — HayuHblit neHTp onepatusHoro Mouutopusra 3emi, PHUU KIT —
Poccuiickuit Hay4HO-UCCIIEI0OBATEILCKUIT HHCTUTYT KocMuueckoro npubopoctpoenus, ITK-2 u ITK-7 — npuémusie komiuiekcbl, FTP — File Transfer
Protocol (mporoxous nepenauun ¢aitnos), HDOHX — Llentp 3kcnpecc-o0pabOTKU, HAKOIUICHUS] M XpaHEHUs NaHHbIX MHcTUTyTa acrpodusuku

MU®DN.

OBbLIO 3apEruCTPUPOBAHO 172 COJTHEYHBIX BCIBIIIKU, B TOM
ypciie 101 Bembimka kimacca B m 13 Bembimek kiacca C.
Bempikm xi1acca A u 6oJiee ciadble B 00IBIIIOM KOJTHIECTBE
OBLTH 3aperucTpupoBaHbl MpuOopoM SphinX, 4yBCTBUTEIb-
HBbIM B HHTepBaJie sHepruii 1,5—15 k3B.

Pacxoxnenune ¢ gqanapiMu GOES cBsizaHO ¢ Hamu4ueM y
cnytanka KOPOHAC-®OTOH Butkos, koraa KA 3axoaut
B T€Hb, U OTCYTCTBHEM IO TEXHUYECKAM MPUINHAM JTaHHBIX
CO CIlyTHHKA B HEKOTOPBIE, CPABHUTEILHO KOPOTKHUE, MPO-
MEXYTKH BPEMEHH, a TaKXKe C IepeMeHHBIM (POHOM, 00yCI10-
BJIEHHBIM 3apPsDKCHHBIMHU YACTHUIIAMHU BHYTPEHHErO UM BHEIL-
HEro paJIualOHHBIX MOSICOB 3eMIId. B pa3inyHbIX JETEKTO-
pax, B 3aBUCHMOCTH OT WX TOJIIMHBI, pa3mMepa W HHBIX
XapaKTEepUCTUK, (OH HrpaeT CYyIIECTBEHHO Pa3IHMYHYIO
posib. B wacTHOCTH, M3-3a MaJBIX pa3Mepa M TOJIIHHBI
JIETEKTOPOB €ro PoJib MaJia B IpUOOpax JIsl pEeruCTpaIliu
W3JIyYeHUH OT ONTUYECKOrO AHama3oHa /10 MSTKOrO pPEeHT-
reHOBCKOT O auana3ona. C Ipyroit CTOpOHBI, B IpuOOpax s
perucTpanuu XECTKOro PEHTTEHOBCKOTO M3JIyYSHUs, H OCO-
OCHHO [JIs PETHCTPAIMHA TaMMa-U3JIyYeHUs, €ro BIISHHE
Besmko. JIJ1s mpuMepa Ha puc. 7 mokasaHa BeJuuuHa GoHa B
netektopax mpubopa "HaTtanbs-2M" B 3aBUCHMOCTH OT
MIOJIOXKEHUS CIyTHHKA Ha opouTe.

B TeueHune oOCYk)AaEMOr0 YHUKAJIBHOTO CIIOKOWMHOT'O
TePHOAa COJTHETHOI aKTUBHOCTHU OBLJIO BO3MOXKHO UCCIIEIO0-
BaTh mpocTeiiue, "deMeHTapHbIe" JIMHAMHYECKHE TIPO-
necchl B kopone CoJIHITA B MPOCTEHINUX KOH(PUTYpAIMsIX
MAarHuTHBIX CTPYKTYP.

3a yka3aunblii nepuo aBTopsl 3kciepumenta TECUC Ha
60opty KOPOHAC-®OTOH noJtyuniu cieayromme pe3yJib-
TATBL:

e clieJIaHbl IEPBbIE B MHUPE M300paKeHUs MPOMEXKYTOU-
HOU (Ha paccrosiHusIX oT 0,5 1Mo 1,5 COJIHEUHBIX paJMyCcOB)
kopoHb! CoTHIIA B KOPOTKOBOJHOBOM JIHATIA30HE;

e coBMecTHO ¢ obcepBatopueit Hinode (SImonus) oOHa-
pyxeH HOBBIH TN "ropsumx" KOpOHAJNBLHBIX BBIGPOCOB
MAcChl ¢ TEMINIEPaTypoil T1a3Mbl opsaaka 1 x 100 K;

e BIIEpBBIE B MHpE ACTAIBbHO 3a(UKCHPOBAH MpPOIECcC
"oraenenus" BLIGpOCa KOPOHAIBHOM MACChl OT MATHUTHOTO
nosst CoJiHLa,

e BIIEPBBIC B MUpPE U3MEpPEeHa TMHAMHUKA TOPSYUX KOPO-
HAJIbHBIX PEHTI€HOBCKUX TOYEK M XPOMOC(HEPHBIX CIUKYJ C
BPEMEHHEIM pa3pelleHneM nopsiaka 1 c. Jlydiue npeasiay-
e u3Mepenus, nojydennsle cyTaukom SOHO (EBpomna),
HMeEJI TOYHOCTB 0K0JI0 60 C;

e BIIEPBBIC 3apETUCTPUPOBAH HOBBIA THN COOBITHH —
BCIUIECKM COJIHEYHOTO W3JIyYeHHsI B SPKUX KOPOHAJIBHBIX
TOYKaX M AKTHBHBIX OOJIACTAX MPOJOJDKUTEIHHOCTHIO
Mmenee | muH. Panee Takast ObicTpast aktuBHOCTh CoJHIA
ObLIIa HEM3BECTHA M3-32 OTCYTCTBUSI BO3MOXHOCTH TMOJIyYe-
Hust u300paxenust CoJHIIA C pa3pelieHneM Jrydire, yem 1 /;

® BIIEPBBIE  CIHEKTPOCKONMYECKAMH ~ MeToaaMH (1o
IIUPUHE CTICKTPAIbHBIX JTUHUNA U3JIyYSHUS]) U3MEPEHBI TOY-
Hble TemnepaTypbl ropsunx (7 > 5 x 10% K) MukpocTpykTyp
COJIHEYHOU KOopoHbl. HaliileHbI XapakTepHble 3HAUEHUS pac-
Mpe/ieIeHNs MTHOBEHHBIX W CPEIHUX TeMIepaTyp 1O aH-
caMOJIIO CTPYKTYP.

ITonyyennsie npudopom TECUC nzobpaxeHus HIIPOKO
IPEICTABJIEHbI B 3JIEKTPOHHBIX CPEACTBAX, B TOM YUCIIE HA
caiite www.tesis.lebedev.ru srabopaTopun pEeHTIEHOBCKOU
actponomun Cosiniia ®UAH [54].
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06.03.2009 20:28:35

Bpewms, UTC

07.03.2009 22:08:35

Puc. 7. Bpemennoii xona ponosoii 3arpysku nerekropos AC, AK, LD, LA, LB u LC npu6opa "Hatanss-2M", cBA3aHHBII ¢ INAUPOTHOM 3aBUCHMOCTBIO
MOTOKOB IIPOTOHOB U 3JIEKTPOHOB BO BHYTPEHHEM M BHEIIHEM PaIMAIMOHHBIX TIOACAX 3EMITH.

Taémmua 3. [TapamMeTpsl H3MepUTEIHHBIX KAHAJIOB

Kanan OuibTp (HOMUHATIbHAS INonaBneHue GpoHa BUAUMOTO cBe-| Jlnama3oH, HM IIpumedanne
TOJIMHA, HM) Ta (BKJIA OCTATOYHOTO
(ona B curnain)
OCHOBHBIE KaHaJIb
Ne 1 (Buaumblii cBeT) Crexio KC-4B — 155-1100 TexHOJI0TNUeCKHd ONITHYECKUI
KaHaJ
Ne 3 (Ly-o) MNurepdepenHunonnsie GUIbTphbI 3 % 10% (21 %) 116-125 Kanan 115 uamepenus jaitmas-
anbda-u3TydeHns
Ne 6 (Cr/Al) Cr/Al (100/200) 108 (35 %) 0,5-7) OunbTp, HaNBUIEHHBIH HA POTO-
u (27-37) IO/
Ne 7 (Ti/Pd) Ti/Pd (200/100) 5% 107 (52 %) 0,5-11 DuibTp, HANBUIEHHBIH Ha (HOTO-
AUO0Q
KanubpoBouHble kKaHAIIBI
Ne 2 (Ly-o-xamubpoBka) | MuTepdepenmonnbie GuibTpbl 3 x 10% (25 %) 116—-125 Kanan ny1st u3smepenus aiimaH-
anbda-u3IydeHns
Ne 5 (Cr/Al- xamubpoBka) Cr/Al (100/200) 3 x 107 (65 %) (0,5-0,7) OunbTp, HANBUIEHHLIN Ha (HOTO-
u (27-37) MO/
Ne 4 (Ti/Pd-kamubpoBka) Ti/Pd (200/100) 107 (86 %) 0,5-11 DuibTp, HANBUIEHHBIN Ha (HOTO-
AUoaQ

HenpepbIBHBIT MOHATOPHHT MMOTOKA BAKYYMHOTO YJIBT-
paduosieroBoro usiryuenusi Ha 6opry KOPOHAC-®OTOH
ocymectsisiyics: paguomerpom POKA B nuanazonax 0,5—
11 am, 27-37 am u 116—125 um xaxasie 0,4 c¢. U3mepsro-
LIIMU 3JIEMEHTAMH SIBJISIIOTCS (POTOIMOIbI HOBON KOHCTPYK-
mun AXUV-50 (AXUV — ab6peBuatypa ot aHri. absolute
extreme ultraviolet). Brimenenne m3mepsieMoro amama3zoHa
U3JTyYEeHUsS] U3 OOIIEro COJTHEYHOTO CBETOBOTO MOTOKA OCY-
mecTBaseTcsl GunbTpaMu. I[lapaMeTpbl H3MEPUTEIbHBIX
KaHaJIoB JAaHbl B Ta0J1. 3. KaymOGpoBouHble GUILTPBI OTKPHI-
BAaIOTCS TOJHKO B MOMEHTBHI KaJIuOPOBOK. Pe3ynbTaThbl
OKKYJIbTAIIMOHHBIX (3aTMEHHBIX JIJIS CITyTHUKA) U3MEPEHHUH,

MOKa3aHHbIE HA pUC. 8 IS ClTydasi BBIXOJA M3 TEHU 3eMUIH,
MO3BOJIIFOT OLEHUTH BKJIAJ BUANMOTO CBETA B M3MepsieMbIe
MOTOKH, & TaKXKe OCYIIECTBIJIATh H3MEPEHUS TOTJIOIIAFOIIEH
CIOCOOHOCTH BepxHeill atmMocdepbl 3eMJId MPU  KaXaI0M
3aX0/€ CIyTHUKA B TEHDb U MPH BLIXO/E U3 HEE.

[lepecuntanHoe ocliabieHNEe MOTOKA B 3aBUCUMOCTH OT
BBICOTHI OKKYJIbTAIMHA (MAHUMAJLHON BBICOTHI MPOCBEUH-
BaeMol oOJiactu aTMocdepbl) MPeACTABICHO Ha puc. 9.

N3mepennsrit 28.02.2009 r. paguomerpoM POKA noTtox
B quanasore 0,5—7 HM cocTaBisteT 6,0 x 1075 Br M 2.

IIpn BbluuciieHHH aOCOJIFOTHBIX BEJIMYMH TOTOKA W3
HAOJIFOAaTeIbHBIX JAHHBIX HEOOXOIMMO 3HATH AETAJBHYIO
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Puc. 9. 3aBHCUMOCTb OTHOCUTEIbHONH MHTEHCUBHOCTH MOTOKOB BY® oT
BBICOTBI OKKYJIbTAallMM (MUHUMAJIbHOW BBICOTHI Ha 1 3eMJIEH Jiyua 3peHust
oT npubopa k ueHTpy aucka CoJHia).

(dbopmy criekTpa. YKa3aHHbIH NOTOK HOJIyYeH NP UCTIOJIb30-
BaHMHM B KauecTBe Oa30Boro (reference) crekrpa, peKOMeEH/10-
BaHHoro nabopatopueit LASP (Laboratory for Atmospheric
and Space Physics, USA) nns neproga MUHUMYMa COJTHEY-
HOI aKTUBHOCTH B OTCYTCTBUE BCIBIIIEK. JJIsI 3TOM e MaThl
npubop XPS (X-ray Photoelectron Spectrometer) Toi xe
J1abopaTOpUH, YCTAHOBJICHHBIM HA AMEPUKAHCKOM CITyTHHUKE
SORCE (Solar Radiation and Climate Experiment), aus
Toro xe mmamazoHa maét 7,1 x 107> Bt M~2 (c omeHEHHOM
METOJINYECKON IMOTPEIIHOCTBIO IKCIIEpUMEHTOB 12—30 %)
[55].

ITOTOK COJTHEYHOTO M3JIyYCHUS B JIMHUH JaliMaH-aIbda,
m3MepeHHbId 28.02.2009 r. paaguomerpom POKA, cocraBui
5,7 x 1073 Bt M2 ¢ ToyHOCTbIO He Xyxe 15 % [55]. daunoe
3Ha4Y€HHE XOPOILIO CorjlacyeTcs C BeNu4uHON 5,77X
%1073 Bt M2, m3smepennoit mpuopom SOLSTICE (SOLar
STellar Irradiance Comparison Experiment) cnyTHuKa
SORCE B TOT € /ieHb.

Bo Bpems Bemblek ki1acca B u Bplllle BKJIA[ BCHBIIIEY-
Horo BY ®-uznyuenus cocrasiuser He MeHee 10 % oT cBeTH-
MocTH Beero aucka CoJTHIIA B 9TUX e TUaNa30Hax.

7YOH, 1. 180, Ne 6

Puc. 10. ITpumep noBeaeHus kK3B-HOro n3nyueHus B NepuoI CHOKORHOTO
Conana no gaHHBIM AeTekTopa SphinX. / — HHTEHCHBHOCTH IOTOKA
PEHTTCHOBCKOT'O M3JTyYCHHSL.

Hetextop SphinX (Solar photometer in X-rays), pa6o-
taroruit coMmectHo ¢ nmpudbopom TECUC, siBisieTcst BbIco-
KOYYBCTBUTEJBHBIM U OBICTPBIM CHEKTPOGHOTOMETPOM JIJIsI
PErucTpalyu COJTHEYHOT O MSTKOTO PEHTTEHOBCKOT O U3JIyye-
Hus B auanaszoHe 0,85—15,00 k3B. DHepreruyeckoe paspe-
mrenre 0,1 k3B, Bpemennoe paspemienue 10 1 ¢. SphinX
crocoOeH BBISBIISATH BApUANUIO MSTKOTO PEHTTEHOBCKOTO
u3irydenusi, B 100 pa3 MeHbIIIYIO, YeM paJInOMETPbI CITy THH-
koB GOES. B kauecTBe npumMepa BO3MOXHOCTEH JeTeKTopa
Ha puc. 10 mpuBeneHa ycpeaHEHHAs MO MSITUMHUHYTHBIM
MHTEpBAJIAM MEPEMEHHOCTh IMOTOKAa MSTKOTO PEHTTEHOB-
CKOTO W3JIyYeHHUs 3a YeThIpe Mecsina HaOmromenws. MuHH-
MaJIbHbIE PETUCTPUPYEMbIE 3HAYCHUs MOTOKA, KOTOphIC B
20 pa3 wmenbine nopora pammomerpa GOES, cootBer-
CTBYIOT, IO-BUAUMOMY, U3JIYUEHHIO MOJHOCTBIO CTIOKOMHOM
COJIHEYHOU KOPOHBI. BernmunHa nmoToka u ero nepeMeHHOCThb
YBEJIMYMBAIOTCS BO BPEMsI CYIIIECTBOBAHUS aKTUBHBIX 00J1ac-
teit Ha qucke CoJiHIa, HOMepa KOTOPBIX YKa3aHbl Ha puc. 10.
Perucrpupyemoe nossiiesne B 10 u 6ojee pa3 cooTBeT-
CTBYeT MHHUMAJIBHOMY YPOBHIO aKTHBHOCTH KOPOHBI
CoJIHIa B OTCYTCTBHE BCIIBIIIEK B OOIIECHPUHSATOM HX
MIOHUMAHHU.

Haunbonpimmii HaOJIF0AaTENBHBIN MaTEPHAII IO MITKOMY
7 KECTKOMY U3JTYUECHUIO TTOJTy4eH HECKOJIbKAMH IPHOOpaMuU
MUCCHH JUTS IBYX BembIiek: 5 uroiist 2009 r. (xkimace C2.7) u
26 okTsa6ps 2009 r. (xacc C1.3).

Bcemprmka S uronsa 2009 r. Havasia pa3BuBaTLCS, COTJIACHO
nanabiM GOES, B 07:07:00 UTC (Coordinated Universal
Time) B obnacTu mucka ¢ koopamHatamu S26WO01. B atoT
MOMEHT COJIHEYHOE U3JIyYeHHUE MONa ajI0 Ha MPUOOPHI ITOCIIe
IIPOXOKACHUS BEPXHUX CI0EB aTMOC(hephbl HA MUHUMAIbHON
BbICOTE (BbICOTE OKKYJIbTanuu) 170 kM. MI3MeHeHne BBICOTHI
OKKYJIbTAIIMN CO BpeMeHeM moka3aHo Ha puc. 11. [Toatomy
noTok BY®-u3nydeHust HOCTUraeT CIyTHHKA ¢ ocjabJie-
HUEM, YTO WLIIOCTPUPYETCS YMEHBIIEHHEM CHrHaja OT
¢oromerpa DPOKA (puc. 1lr). B 07:10:00 UTC, mno
JAHHBIM KaHAJOB M3MEPEHHUS] MSAIKOTO PEHTICHOBCKOTO
U3JIy4eHusl, Hayaja OBbICTPO YBEIHMYMBATHCS CBETUMOCTH
BCIBIIIKA B KaHAJIaX C SHEPTUSIMH OT HECKOJILKHX K3B 1o
10 k3B (puc. 12). CpeueHue B 3TUX KaHajJIaX HJOCTHUIJIO
MAaKCHUMAaJIbHOW BEJIMYMHBI 4Yepe3 TSATh MUHYT (TemIepa-
Typa 1,27 x3B, mepa smuccun 2.4 x 10¥ cm3). 3atem
MPOM3OIILJIO OCTHIBAHUE C XapaKTepHBIM BPEMEHEM craja
Ha mopsmok 3a 10 MUH, WM [Oajee OXJIaXACHHE MPOIOJ-
JKaJoch B TeUYeHHMe MOYTH JABYX 4acoB. [loBeaeHue Oolee
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Puc. 11. BpemennOe noBeneHne B COTHEUHOI Bembliike 5 uroist 2009 T.
(xmacc C2.7) MSITKOTO PEHTTEHOBCKOTO H3JIy4CHHSI, 3aPErUCTPUPOBAHHO-
ro cinyrankoM GOES u npu6opamu ®OKA u "TTunrsus-M" cnyTHuka
KOPOHAC-®OTOH. M3 OKKyJIbTAIMOHHOM 3aBUCUMOCTH (puc. 0) cite-
JIYeT, 4TO BCHBIIIKA HA4aJ1aCh B MOMEHT YaCTUYHOT O 3aTEHEHHsI CITy THUKA
OCTaTOYHOM aT™MOchepoit 3emiIn.
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Puc. 12. BpemeHHbIe TpO(GIIN HHTEHCUBHOCTU MSTKOTO PEHTTEHOBCKOTO
M3JIydeHHs B COJIHEUHOM Bembike 5 urotisg 2009 r. (kitacc C2.7), mo3Bo-
JISIOIINE ONPENessiTh AUHAMHUKY TeMIepaTypbl B Mepy 3MUCCHH H3ITy-
varoieit obsactu (naHusie npubopa "Tunrsuu-M").

KECTKOTO M3JYYEHUs 10 JaHHBIM mprubopos "Konyc-PO" u
PT-2 mnpencraBneno Ha puc. 13. VckopeHue OBICTpPBIX
3JIEKTPOHOB HAYaJIOCh OJHOBPEMEHHO C TEIJIOBOU (a3oil u
MPOJIOJIKAIOCH (C MPUMEPHO PABHBIMU BPEMEHAMH IOIb-
éMa | craja) oKoJIo TpEX MHUHYT. MakcHMallbHasl 3HEPTHUs

Puc. 13. BpemennOe noBeeHne B COTHEUHOI Bemblike 5 uroitst 2009 T.
MSTKOTO PEHTTEHOBCKOTO M3JIy4eHHUsI, 3aPETUCTPUPOBAHHOTO B KECTKUX
PEHTreHOBCKUX quana3onax npudopamu "Konyc-PO" u RT-2/S.

U3IIy9EHHUs], 3apErucTpupoBannoro npudopom "Konyc-PO",
JIOCTUTaeT 1o KpaiHeilt mepe 60 k3B.

XOopoIIo BUIHO, YTO C BO3PACTAHUEM JHEPTUH U3JTyYCHU ST
MPOSIBJISIETCST BPEMEHHASI CTPYKTypa, HamboJiee 3HAYNMO
Mpe/ICTaBJIeHHAs B IaHHBIX npubopa PT-2, koTopslil nMeeT
MeHbIIMA BKJIag (oHA B KECTKOM PEHTTEHOBCKOM JIMATla-
30He OJy1arogaps UCNoJb30BaHUIO (pocBMY-meTekTOpa (phos-
wich detector) u maccuBHOro KoyumMaTopa. B pesyibrarte
MPOBEAEHHOTO AaHAJM3a MOATBEPXKICHO CYIIECTBOBAHUE
KIIIT ¢ mepuomamu 12 u 16 ¢ [56]. [TockoJIbKY OTHOBpE-
MEHHO C 9TUM COOBITHEM HAOJI01aJICS JOBOJBHO MEIJICHHO
PpaCTIpOCTPaHSIONIUICS KOPOHAJIBHBIA BBIOPOC, BO3ZMOXHO,
YTO TMPOIECC MOCTENEHHOro (GOPMHUPOBAHUS IUIA3MOUIA B
00J1acTH NIePeCOeIMHEHUS MOXET OOBSICHUTD OCIUJUISIIIAN C
Ha0II0 IEHHBIMY BpEMEHAMU.

Benbiika 26 oxTsiOpst 2009 r. Havana pa3BUBATHCH,
coriacao gaHaeiM GOES, B 22:38 UT B obGmacTi gucka ¢
koopauHatamu N19W35. PazButue 310t Bembiiikn B BY ©-
nuana3oHne (kaHaibl npudbopa POKA u Msrkue peHTTeHOB-
ckue Kananol npubopa "ITunreun-M") npejacraBiieHo Ha
puc. 14. XopoIio BHIHO, YTO BPEMEHHOE MOBEIACHUE Kak
MATKOro, TaK U KECTKOrO M3JIydYeHUs B O3TON BCIBILIKE
MPUHIUIHAIBHO OTJIMYAETCS OT TAKOBOTO B MPEIbIAYIIEM
ciaydae. B mepBoit yacTu MAHHOW BCIBIIIKA WMEETCS JIMIIb
MSITKO€ TEIVIOBOE PEHTTEHOBCKOE U3JIydeHHUEe CO ci1abo mepe-
MEHHOW MHTEHCHBHOCTBIO. XapaKTepHOE BPEeMs BapHAIUU
(ocThiBaHMS U HarpeBa) okoyio 2 MuH. B 22 4 49 munH
HavyaJlacb BTopas ¢aza ¢ BO3pACTAaHUEM B HAUOOJIbIIICH
CTETeHN KECTKOTO PEHTTEHOBCKOTO M3JIyUeHHUs C HAOIr01ae-
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22:30 22:35 22:40 22:45 22:50 22:55  HOTO paccemBaTeliss U3 OCPHILIUST UCIOJb30BAJIOCh YEThIPE
. ' OPraHNYeCKUX CHUHTHILIATOPA, CHTHAJIBI OT KOTOPBIX BKJIIO-
Lx10-6 GOES-100,1-0,8 am 26.10.2009 (C1.3) YaJIUCh HA COBIAJEHUS C CUTHAJAMH OT AETEKTOPOB pac-
o XA e race CEeSIHHOTO W3JIyueHHsl (IIOTJIOTUTENIEH), YTO PE3KO CHIKAET
P r Bkjaa (oHa. XapaKTEpUCTUKH BCEX JIETEKTOPOB ObLIN
& 0 1 1 1 1 OXBAY€Hbl CUCTEMON AaBTOMATHYECKOW CTaOWMIM3anuu u,
_ 800 ®OKA 0,5-7u27-37um KpOME TOTO, PEryJsipHO KaJIuOPOBAJIUCH BCTPOEHHBIM B

o MPUOOP UCTOUHUKOM.
£ 700 = VkaxeM, HaKOHeIl, HA UHTEPECHBIN pe3yJIbTaT, CBSI3aH-
§ 600 L . HBII ¢ aJIb0EI0 PEHTTEHOBCKOTO U3JIyYeHUS! OT aTMoc(hepbl
g DOKA 05— 11 m 3emuin. Ha cnyTHuke c nejblo yBeJuueHUus pabodero Bpe-
§ 200 L MEHH [JIsl PErUCTpalii raMMa-BCILJIECKOB, UMEIOILUX U30-
) TPOIHOE pacipe/esieHue no HebecHol cdepe, ObLIO ycTaHO-
BJIEHO Ba AeTekTopa npudopa "Konyc-PD" ¢ yriom 3penus
350 T‘H = L ' ' no 180°, ock OMHOTO W3 KOTOPBHIX ObLTA HAIpaBlieHa Ha

uarsua-M" 1,7—5,5 k»B
105 L CoJtHIle, a APYroro, WACHTHUYHOTO, UMEJIa aHTHUCOJTHEUHOE
- HanpaBsienue. Ha pucynke 15 npuBeaeHbl moka3aHusi 000MX
(Ij’ JIETEKTOPOB BO BpeMsl HAOIIOACHUS IBYX YKA3aHHBIX BBIIIIE
z ax108 o L 3aperucTPUPOBAHHBIX BCHBIIIEK. [10-BHINMOMY, H3JTyUYCHHE,
7 Huursun-M" 5,5-10,1 k3B PErHCTPUPYEMOE BO BPEMsI COJIHEYHOM BCIIBIIIKY 26 OKTSIOPs
E 2% 10° | 2009 T. aHTHCOJHEYHBIM JIETEKTOPOM, MPEACTABIIICT COOOM
5 anpbeno oT aTMocdephl. YBeJInYeHNe NHTEHCUBHOCTH aJlb-
S 0 o | | | 06el0 ¢ BO3pACTAHMEM JHEPTUU CBSI3aHO C COOTHOIICHUEM
& "Muareua-M" 10,1-20.0 k5B CEeUYEHUH MTOTJIOIIEHNS M paccesiHus B aTMoc(depe B 3aBUCHMO-
1x10% - cTH OT 3Hepruu GpoToHoB. VM3 BeIMUUHBI 3eMHOTO aIb0e10,
BBIYHCIICHHOU B paboTe [57] 111 KOCMUYECKOTO PEHTI€HOB-
ckoro m3aydeHus: B guamazone 1—1000 k3B, B wactHOCTH,
0 CJIEJIyeT, YTO MAKCUMYM KO3 (UIIMEHTA OTPAXKEHUS JICKUT B
22:30 22:35 22:40 22:45 22:50 2255 nmanasone 30— 100 k3B, 4TO KAYeCTBEHHO COTIIACYETCS C
Bpems (UTC)

Puc. 14. BpeMeHHOE TOBEICHHIE B COJTHEYHOM BCIBIIKE 26 OKTIOpst 2009 1.
(xmacc C1.3) MSATKOro peHTI€HOBCKOTO U3JTy4eHHUsI, 3aPETUCTPUPOBAHHO-
ro cinytankoM GOES u npubopamu ®OKA u "ITunrsus-M" cnyTHuKa
KOPOHAC-®OTOH.

MBIMH 3SHEPrUsIMH BIUIOTH 10 3HaueHus okojo 200 x3B.
JaHHple TO KECTKUM KaHAJIAM JUIS OTOW  BCHBIIIKA
(cornacuo npu6opy "Konyc-P®") npeacrasiens! Ha puc. 15
B CPaBHEHUM C TMOJOOHBIMU HaHHBIMU ISl MpeAbLAYLIEi
BCHBIIIKK. I3 cpaBHEHMSI 9TUX JAHHBIX XOPOIIO BUIHO, YTO
SHEPIUYHOE U3JIyYCHUE MIPUCYTCTBYET JIUIIb B OoJtee caadoit
10 KJIACCY BCIBIIIKE, B TO BPeMsl KaK HHTEHCUBHOCTH B K9B-
HBIX KaHAJaX U MTHTEHCUBHOCTH M3JIYUYCHHS B MAKCIMyMe BO
BenbllIke Kjacca C2.7 Ha MOPSIOK BBILIE.

Hanuuue %ECTKOTO M3JTyYeHUs BO BCIBIIIKE 26 OKTIOps
2009 T. MO3BOJHMIJIO MPOBECTH AHAIU3 C IEJIbIO MOUCKA IO
JAHHBIM noJspuMerpa npubopa "Ilurrsun-M" anuzorpo-
MM PACCESIHUS, CBSI3aHHOW C HAJMYMEM JIMHEWHOUN TMOJIs-
pu3anuu KECTKOTO PEHTTeHOBCKOTO m3iyueHus. C yuyéTom
noBeleHNUsT (OHA 3aPSDKEHHBIX YaCTHUL, U3MEPSIEMOro Ha
6opry mnpubopom "Diexktpon-M-Tlecka", mis anaauza
OblT BBIOpaH wHTepBan BpemeHn ot 22:49:31 UTC po
22:50:17 UTC. Amnanm3, BBINOJHEHHBI COTPYIHUKAMU
MUOU, B TOM uuciie aBTOPOM JOKJIada, MO3BOJIUI Mpe-
BapUTEIHHO 3aKIFOYUTh, YTO CTEHCHD MOJIIPU3AIUY U3JTyUe-
HUS B YKa3aHHBIN mepro/ cocTasisuia (24 + 5) %. BaxHocts
MOJISIPU3AIMOHHBIX M3MEPEHUI 1 UMEIOLINECs] HEMHOT OUHC-
JICHHBIE Pe3yJIbTAThl OOCYKIAJIUCh BBIIE, OTMETHM JIHIIb,
4T 3 pexTUBHAS IUIOMmAL prubopa "Iunrsun-M", ycpen-
HEHHAA 1O CIEKTpPY, COCTaBifeT 5 cM? (mIs CpaBHEHHS,
cooTBeTCTBYIOIIAass BeanmuuHa y npudopa CIIP-H, pabo-
tapmrero Ha 60opty KOPOHAC-®, 0,3 cM? a1a sHeprum
20 ¥3B u 1,5 cm? ans ameprum 100 xaB). Kpome Toro, B
npubope "IMuursuna-M" BMeCTO TpaAMIIMOHHOTO TACCHB-

7*

HAIIMMHU HAOJIIO IEHUSIMH.

Yrto kacaercs OTCYTCTBUsS Takoro xe s3¢ddekra mpu
HaOroieHun BCbIIKU 5 uroys 2009 r., TO 3TO CBSI3aHO C
OpHeHTAIel CITy THAKA OTHOCUTEILHO 3eMJIU B TOT MOMEHT.
Kak oTMeuasoch BbIIIIe, 3Ta BCIBIIIKA COBIAIA TI0 BPEMEHH C
BBIXOZOM CIyTHHKAa M3 O0JaCTH YaCTHYHOM OKKYJIbTAIIWH,
YTO, B CBOIO OUYEPE/Ib, O3HAYAET, YTO CIYTHUK OBLIT PACIOJI0-
JKEH MPAKTUYECKU TMapasijie]IbHO OTHOCUTEIBLHO MOBEPXHO-
cti aTMochepsl. YcimoBusi popMupoBaHUS anbOeq0 U Ha-
MPaBJICHHOCTh AHTHUCOJIHEYHOTO JETEKTOpa HUCKIIIOYAJIN
MOTIaTAHNE B HETO BCIBIIIEYHOTO U3JIyYEHHUs, OTPAKEHHOTO
oT aTMocdepbl 3eMJIn.

5. 3ax/04enne
IIpoBenénubie B mepuo] JETHBIX UCIBITAHUN CHyTHUKA
KOPOHAC-®OTOH c¢ ¢eBpans no Hos6ps 2009 T.
HACTPOECYHBIE U TPATyHPOBOYHBIE PAOOTHI HAYYHBIX TPUOO-
pOB, JKCIpecc-aHAIM3 MOCTYMAIOIIMX JaHHBIX H UX 00pa-
00TKa, 4YacTh pe3yJbTATOB KOTOPOW NpeAcTaBlieHa B
JOKJIa/ie, MOATBEPAMIIM B IIEJIOM HOPMaJibHOE (hYHKIIMOHH-
pOBaHME BCEX HAYYHBIX TPUOOPOB, YCTAHOBJICHHBIX Ha OOPTY
cnyTHHUKA. JlaHHBbIE, MOJyYEeHHbIE O HECKOJbKUM IPOU30-
MIEIIAM B TOT TEPHOJ BCIBIIIKAM, MOATBEPININ TLIOHO-
TBOPHOCTh MPOBEIEHUsS] KOMILIEKCHBIX HCCIIeTOBaHUN
COJIHEYHOU aKTUBHOCTH ¢ OOpPTa OJTHOTO CIIyTHHUKA.
Pazpabotka, co3gaHue, 3alyCK M IKCILTyaTalus CIIyT-
Huka KOPOHAC-®OTOH ocyiiecTBisUIuCh B COOTBET-
ctBuu ¢ PefepaabHON KocMUYecKoil mporpammoii Poccnu.
Vuactanku npoekta KOPOHAC-®OTOH 6maromapast
MHOTHM CIHENUAIHCTAM U3 TOCYIapCTBEHHBIX U BEIOMCTBEH-
HBIX OpraHW3aINii, HAYYHBIX U MPOMBIILICHHBIX OpraHu3a-
muii Poccuu m VkpauwHbl 3a BBINOJHEHHYIO pabOTy Ha
Pa3IMYHBIX 3TaNax, OT pa3pabOTKH HAYYHOH anmapaTypsl U
CUCTEM CITyTHHUKA J0 3alycka U olecreveHus ero paboThl B
nepuo1 10 aexadpst 2009 r.
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Puc. 15. ConocrasiieHre BpeMEHHOTO OBEICHNS B IBYX COJIHEUHBIX BCmbIKax — S5 uroist 2009 1. (a) u 26 oxts6ps 2009 r. (0) — MHTEHCUBHOCTH
H3JIYYEHHs], 3aPErUCTPUPOBAHHOIO COJIHEYHBIM (S1) 1 anTHCOIHEUHbIM (S2) netekTopamu npubopa "Konyc-PO".

Cromcok JMTepaTypbl

1.

2.

Aschwanden M J Physics of Solar Corona (Berlin: Springer-Verlag,
2004)

ZaiieB B B, Ctenanos A B Y@H 178 1165 (2008) [Zaitsev V V,
Stepanov A V Phys. Usp. 51 1123 (2008)]

Priest E, Forbes T Magnetic Reconnection: MHD Theory and
Applications (Cambridge: Cambridge Univ. Press, 2000) [[Ipuct 3,
®opoec T Maenumnoe nepecoedutnerue. MazHumo2uopoouHamude-
cxas meopus u nputoncenus (Ilep ¢ auri. nox pen. B [ Ky3uerona,
A T ®pank) (M.: ®uzmatiur, 2005)]

Aschwanden M J Space Sci. Rev. 101 1 (2002)

Kysumenos B [, B ¢6. Coaneuno-semuas ¢usuxa. Pesyivmamoi
axcnepumenmos Ha cnymuuke KOPOHAC-® (ITon pen. B 1 Ky3ue-
noBa) (M.: dusmatiut, 2009) c. 10

Kutnuk U A u np. Acmpon. secmn. 39 495 (2005) [Zhitnik I A et al.
Solar Syst. Res. 39 442 (2005)]

Kotos O [1, B ¢6. Coaneuno-3emuan ghuzuxa. Peszyavmamsl 3xcnep-
umenmos na cnymmuke KOPOHAC-® (Ilox pen. B 1 Kysnenosa)
(M.: ®usmatiut, 2009) c. 178

Ky3snenos C H, B ¢6. Couneuno-semuas ¢pusuxa. Peszyavmamor
akcnepumenmog na cnymmuxe KOPOHAC-® (ITon pen. B 1 Ky3ne-
nosa) (M.: ®usmatiur, 2009) c. 178

Dikpati M, de Toma G, Gilman P A Geophys. Res. Lett. 33 L05102
(2006)

Solar Cycle Prediction, http://solarscience.msfc.nasa.gov/predict.
shtml

Becenosckuit I C u ap. Kocmuu. uccaeo. 42 453 (2004) [Vese-
lovskii I S et al. Cosmic Res. 42 435 (2004)]

ITanacrox M U u np. Kocmuu. uccaed. 42 509 (2004) [Panasyuk M I
et al. Cosmic Res. 42 489 (2004)]

Grechnev V V et al. Solar Phys. 252 149 (2008)

Chupp E L et al. Astrophys. J. 263 L95 (1982)

Forrest D J et al., in Proc. of the 19th Intern. Cosmic Ray Conf., La
Jolla, USA, 1985 Vol. 4, p. 3179

Kanbach G et al. Astron. Astrophys. Suppl. 97 349 (1993)

AxumoB B B u ap. ITucoma 6 Acmpon. ncypu. 18 167 (1992)
[Akimov V V et al. Astron. Lett. 18 69 (1992)]

23.

24.
25.

26.

28.

29.

30.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Tanbnep A U u ap. Hucema 6 KDTD 63 889 (1996) [Galper A M et
al. JETP Lett. 63 931 (1996)]

Akimov V V et al. Solar Phys. 166 107 (1996)

Talon R et al. Solar Phys. 147 137 (1993)

Vilmer N et al. Astron. Astrophys. 412 865 (2003)

Debrunner H, Lockwood J A, Ryan J M, in Proc. of the 24th Intern.
Cosmic Ray Conf., Rome, Italy, August 28— September 8, 1995
Vol. 4 (Eds N Tucci, E Lamanna) (Roma: Intern. Union of Pure and
Appl. Phys., 1995) p. 167

Djantemirov H M et al., in Proc. of the 24th Intern. Cosmic Ray
Conf., Rome, Italy, August 28— September 8, 1995 Vol. 4 (Eds
N Iucci, E Lamanna) (Roma: Intern. Union of Pure and Appl.
Phys., 1995) p. 94

Tsuneta S Astrophys. J. 483 507 (1997)

Aschwanden M J, in Turbulence, Waves and Instabilities in the Solar
Plasma (Eds R Erdelyi et al.) (Dordrecht: Kluwer Acad. Publ., 2003)
Nakariakov V M, Melnikov V F Space Sci. Rev. 149 119 (2009)
Jakimiec J, Tomczak M Solar Phys. 261 233 (2010)

TepexoB O B u np. IHucvma 6 Acmpon. xcypu. 28 452 (2002)
[Terekhov O V et al. Astron. Lett. 28 397 (2002)]

BaiiueB A A, CrenanoB A B ITucbma ¢ Acmpon. sncypn. 15 154 (1989)
[Zaitsev A A, Stepanov A V Sov. Astron. Lett. 15 66 (1989)]
Stepanov A V, Urpo S, Zaitzev V V Solar Phys. 140 139 (1992)
Nakariakov V M et al. Astrophys. J. 708 L47 (2010)

Lin R P et al.,, in The Reuven Ramaty High-Energy Solar Spectro-
scopic Imager (RHESSI) (Dordrecht: Kluwer Acad. Publ., 2002)
p.- 1

Chupp E L Annu. Rev. Astron. Astrophys. 22 359 (1984)

Ramaty R, Murphy R J Space Sci. Rev. 45213 (1987)

Aobpamos B U, Kotos O [l [Tucvma 6 Acmpon. ncypn. 13 142 (1987)
[Abramov V I, Kotov Yu D Sov. Astron. Lett. 13 58 (1987)]
Ramaty R, Mandzhavidze N AIP Conf. Proc. 522 401 (2000)
Borosasnos C B, Koros YO I, Ycrunos I1 JI IHucvma ¢ Acmpon.
acypn. 23 300 (1997) [Bogovalov S V, Kotov Yu D, Ustinov P L
Astron. Lett. 23 263 (1997)]

Borosasnos C B u ap. Acmpon. scypn. 65 147 (1988) [Bogovalov S V
et al. Sov. Astron. 32 76 (1988)]

Kopuak A A JAH CCCP 173 291 (1967) [Korchak A A Sov. Phys.
Dokl. 12 192 (1967)]

Cowmos C B, Tungo U IT Kocmuu. uccaed. 16 683 (1978)



T. 180, Ne 6]

KOH®EPEHIIMM U CUMIIO3MYMBbI 661

41. Leach J, Petrosian V Astrophys. J. 269 715 (1983)

42.  Borosajnos C B, Kenbuep C P, Kotos FO [ Acmpon. scypn. 64 1280
(1987) [Bogovalov S V, Kelner S P, Kotov Yu D Sov. Astron. 31 672
(1987)]

43.  Tindo I P et al. Solar Phys. 14 204 (1970)

44. Tindo I P, Shuryghin A 1, Steffen W Solar Phys. 46 219 (1976)

45.  Kurauk U A u np., B ¢6. Coaneuro-3emuas gusuxa. Pezyavmanvl
akcnepumenmos na cnymuuxe KOPOHAC-® (Ilox pen. B 1 Ky3ne-
moBa) (M.: ®uzmatiut, 2009) c. 128

46.  McConnell M L et al. Solar Phys. 210 125 (2002)

47. Boggs S E, Coburn W, Kalemci E Astrophys. J. 638 1129 (2006)

48. Koros 1O [, Borosayos C B, Ennanosa O B 436. PAH. Cep. ¢pus.
61 1201 (1997) [Kotov Yu D, Bogovalov S V, Endalova O V Bull.
Russ. Acad. Sci. Phys. 61 938 (1997)]

49. Ramaty R, Lingenfelter, Kozlovsky, in The Light Elements and
Their Evolution: Proc. of the 198th Symp. of the Intern. Astronomical
Union, Brazil, 1999 (Eds L da Silva, M Spite, J R de Medeiros)
(Provo, UT: Astron. Soc. of the Pacific, 2000) p. 51

50. Maxkpugenko JI A, Koros 1O [, bosipauyk K A, Bosnkos C H,
CamuxoB P C (Pen.) Kocmuueckuii xomniexc "KOPOHAC-
@®OTOH". Cnpasounvie mamepuarsr (M.: ®TVII HIII
BHUNDM, 2008)

51. Hasupos P P, Uynakos U B, FOpos B H (Pen.) Ilepsvie smansi
ACMHBIX UCHBINMAHUIL U 8bINOAHEHUE NPO2PAMMbI HAYHBIX UCCACO08A-
Huti no npoekmy KOPOHAC-@OTOH (M.: UKU PAH, 2010)

52. Kotos O I u ap., B ¢6. Hayunas ceccus MUDPH-2009 T. 1 (M.:
HUSY MU®DU, 2009) c. 100

53.  Apxanrensckuit A U u ap. Tpyoer HIIII BHUHDM. Bonpocul
aaekmpomexanuxu 111 (4) 9 (2009)

54.  TECHC, http://www.tesis.lebedev.ru/

55.  LISIRD, http:// lasp.colorado.edu/lisird /index.html

56. Rao A Retal. Astrophys. J. 714 1142 (2010)

57.  Churazov E et al. Mon. Not. R. Astron. Soc. 323 93 (2001)

PACS numbers: 42.62.Be, 87.50.W-, 87.63.—d
DOI: 10.3367/UFNr.0180.201006i.0661

Jlazepnas ¢pu3znka B MeHIIHE

N.A. lllep6akoB

B oGnactu nazepHoit Meguiabl MHCTUTYT 001Iel (U3uKH
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HBII HEHTP cepAeYHO-cocynucToi xupypruu uM. A.H. baky-
neBa PAMH, LlentpanbHast xiamHuYeckass 6oapHUIa Ne |
OAO "Poccuiickue xeje3nbie goporu", a Takke psi KOM-
Mepueckux kommanuii: "Onrocucremer", "Buszuonuka",
"Hosble snHepreTmyeckue Texuosorun", "JlazepHble TEXHO-
aoruu B Mmeaunuue", "Knacrep", HayuHo-TexHu4ecKuit
ueHTp "BOJIOKOHHO-ONTUYECKKE MH(POPMALUOHHO-U3MEPH-
TeJIbHBIE CUCTEMBI".

VHUKaJIbHBIE CBOWCTBA J1a3epa, MO3BOJISIONINE MAKCH-
MaJbHO KOHIICHTPHPOBATH JHEPIHIO B MPOCTPAHCTBE, BO

N.A. lllepéakoB. UucTutyT 06mei ¢puznku um. A.M. IIpoxoposa PAH,
Mocksa, P®. E-mail: director@gpi.ru

BPEMEHHU U CIEKTPAJIbHOM AMANa30He, 1eJ1atoT 9TOT NpUoop
HEe3aMEHUMBIM HHCTPYMEHTOM BO MHOTHX O0OJIACTSIX YeJIOBe-
YeCKOW AESITeIbHOCTH, B YACTHOCTH B MEAUIIMHE.

Ha pucynke 1 nmpuBeieHbI IJIMHBI BOJIH JIA3€POB, HAIIIS/I-
IUX B TOHM WJIM WHOW CTENCHU MPUMEHEHHE B MEAUIINHCKON
npaktuke. Kak BUAHO, CHEKTpaJIbHBIM AMANa30H MPOCTU-
paercst OT yJabTpadHuoJIETOBOW A0 CpeaHel MHppaKpacHOU
obmactu. Ilpy 3TOM OMana3oH IUIOTHOCTH JHEPTUU OXBa-
ThiBaeT Tpu nopsaka (ot 1 Ix cm2 mo 103 Ix cm2),
JIMANa3oH IUIOTHOCTH MoIHOocTH — 18 mopsiakoB (oT
1073 Bt cm~2 1o 10" Bt cM~?), BpeMeHHOI guana3on —
16 mopsinkoB, OoT HenpepbiBHOro usyyuenust (~ 10 c) mo
dbemTocekyHaHLIX nMmmynscoB (1071° ¢). Ilupokme mmama-
30HBI U3MEHEHHS IMapaMeTPOB H3IYUYeHUs JAIOT BO3MOX-
HOCTh OpPraHM3OBBIBATHL CaMble pa3Hble MEXaHU3MbI BO3-
JIeicTBUSI HA OMOTKAHHU.

Ha mepBBIX cTamusix pa3BUTUS JIA3€pHOH MeIULUHbI
MOJIelIb OMOTKAHM MPEACTaBIsAIaCh Kak Boaa C 'mpume-
csaMu", MOCKOJIBKY YEIIOBEK, KaK M3BECTHO, Ha 75-—80 %
CcOCTOUT U3 BoAbI. [103TOMY MEXaHM3M BO3JACHCTBHS Ja3ep-
HOT'O U3JIyYeHUs] HA OMOTKAHH OIPEJIEISeTCs MOTJIONICHUEM
BoAbl. IIpum mpuMeHeHMM HENpPEPBIBHLIX JIa3epoOB TaKas
KOHIenmsi Oblla 0Oojiee WM MeHee paboOTOCIOCOOHOM.
Ecnm HeoOXoauMO OpraHu30BaTh BO3ACHCTBHE HA MOBEPX-
HOCTH OMOTKaHH, TO CJeAyeT BHIOPAThH JJIMHY BOJIHBI U3ITY-
YCHHUsI, CUJIBHO IIOrJjiomaeMoro Boaoi. g o0bEMHOrO
BO3JICHCTBYSI HA OMOTKAHUW, HANPOTHUB, TPEOYeTCs M3JIyde-
HHE C TAKOU JJIMHOM BOJIHBI, YTOOBLI OHO CJ1a00 MOTJIONIAIOCH
Bosiol. OJHAKO, KaK BBISICHUJIOCH B JAJIbHEHIIIEM, Apyrue
KOMITOHEHTBl OMOTKaHM Takxke OOJAJaloT CIOCOOHOCTHIO
MOTJIOMATh. B 4acTHOCTH, B BUIMMON OOJIACTH CHEKTpa
CYIIECTBYET CUJIbHOE NoTJioleHne kposu (puc. 2). [Tpumwuio
MOHUMAaHHUE TOTO, YTO OMOTKAHb — 3TO HE MPOCTO BOJA C
MPUMECSIMH, & TOPa3/10 00JIee CJI0KHBINA OOBEKT.

B To xe BpeMs HayaJy NPUMEHSTLCS HMILYJIbCHBIE
Jazepbl. Bo3neiicTBre Ha OMOTKAHU MIPH ITOM OTIPEIeISIeTCS
KOMOWHAIe!d JJINHBI BOJHBI, TUIOTHOCTH 3HEPTUU H JJIH-
TEJHbHOCTU UMITYJIbCA U3JIyYeHUs. B 4acTHOCTH, IJTUTEIIb-
HOCTb JIa3€PHOTO MMIIYJIbCA SIBJISIETCSI BAXKHBIM (haKTOPOM,
MO3BOJISIIOIIUM PA3ACIUTh TEPMHUUYECKOE M HETEPMUUECKOE
BO3/eiicTBHE.

B mpakTuKy BOILIM MMIYJIbCHBIE JIa3epbl C OOJBIINM
UATIa30HOM U3MEHEHHUs JUIUTEIbHOCTH UMITYJIbCa — MILI-
JIUCEKYHbI, MUKPOCEKYH/IbI, HAHOCEKYH/IbI, MTUKOCEKYHbI U
demrocexynae! (1071 ¢). Ipu 3ToM okaswBaroTca 3(ek-
TUBHBIMH DPA3]IMYHOTO POJA HEJIMHEHHbIE IPOIECCHl, a
WMEHHO: ONTHYECKHIA MPOOON HA TOBEPXHOCTH MHUIIICHH,
MHOTO(OTOHHOE TOIJIOIIeHNe, 0o0pa3oBaHHe W pa3BUTHE
IJIa3Mbl, TEHEpAIWsl W PACHPOCTPAHEHUE YIAPHBIX BOJIH.
CTano OueBHIHBIM, YTO HEBO3MOXXHO CO3HAaThb EIUHBIN
AJITOPUTM TIOWCKA HYXXHOTO Ja3zepa U B KaXJIOM KOHKDET-
HOM cJIyuae Tpebyercs cBoit anroput™. C OJTHOW CTOPOHHL,
9TO KpaifHe OCIIOXHWJIO 3aJady, ¢ JApPYrod — OTKPBLIO
COBEpIIIEHHO (DaHTACTHYECKHEe BO3MOXXHOCTH BapbHPOBATH
CrocoObI BO3/IEMCTBHSI HA OMOJIOTMYECKYIO TKaHb.

Bonbiioe 3nauenne mpu B3aMMOJEUCTBUU WU3JIyUEHUS C
OMOTKaHSIMH MMeEeT Takxke paccesHue. Ha pucynke 3 mpu-
BeZICHBI J1BA KOHKPETHBIX MpPHUMEpa pacrpeleieHus] NHTeH-
CHBHOCTH W3JIyY€HHS] B TKAHSAX MNPEICTATEIHLHOU >KeJe3bl
co0aku pu NaJeHUM Ha €€ TOBEPXHOCTD JIa3ePHOr0 U3JIyde-
HUs ¢ pa3HbIMH JiMHamMu BoJH: 4 = 2,09 mkm (Ho:YAG-
nazep) u 4 = 1,064 mxm (Nd :YAG-nazep). B nepsom cityuae
MIOTJIOIIEHHE TPEBAJUPYET HAJl PACCESIHAEM, BO BTOPOM —
cutyanusi oopatHas (Tadi. 1).

© N.A. llep6akos 2010
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102 L L L e HUSL, 4 — oxunaemast popma pacupe/eseHuss HHTEHCHBHOCTH U3JIyYeHHS
10! 100 10! B IPUIIOBEPXHOCTHOM CJIOE.

I[JII/IHa BOJIHBI U3JTYYE€HUSI, MKM

Puc. 2. 3aBHCHMOCTD IOTJIOMICHUS! OT AJIHHBI BOJIHBI PACHPOCTPAHSIOLIE-
rocsl Ja3epHOTo U3IydeHHs I [ — Boma; 2 — aopTa; 3 — KPOBb.
CxemMaTHYHO yKa3aHbl JJIMHBI BOJIH PA3JIMYHBIX JIA3€POB U 3HAUYCHHUS
K03(PUIMEHTOB IOTJIOLICHUS UX U3JIYUCHHUS B BOJE.

B ciyuae cuiibHOTO MOTJIONIEHUSI TPOHUKHOBEHUE HU3JIY-
YCeHHUsI TIOTUMHSsIETCs 3akoHy Byrepa —Jlambepra—bBapa, T.e.
UMeET MECTO IKCIIOHEHIAIbHOE 3aTyXaHHeE.

B ycioBusX TOMMHUPOBAaHHUS paccesHUsl Haj MOTJIONIe-
HUEM, XapaKTEePHBIM JJ151 OOJBIIMHCTBA OMOJIOT MIECKHX CPET
B BHIUMOM U OJIMKHEM WH(PPAKPACHOM IWANA30HE IJIAH
BOJIH, JIOCTOBEPHBIE OIEHKH MOXHO IOJIYYUTb, UCHOJIB3YS
MpU aHAJM3€ PACHpPOCTPAHEHUS JIA3epHOTO H3JIyYeHHUs B
OMOJIOTHYECKUX TKaHSAX MoJenb aud@dy3Horo mpubdimxe-
HUSI, UMEIOILEro BIOJIHE 4YETKHE PAMKH NPUMEHHMOCTH,
KOTOpBIE HE BCET1a MPUHIMAIOTCSI BO BHUMAHUE.

M3 Bcero cka3aHHOTO CjeayeT BBIBOJI O TOM, YTO HpPH
NMPUMEHEHNH TOTO WJIM WHOTO Jia3epa JJIsi KOHKPETHBIX
onepanuii HLOOXOAMMO YUUTHIBATH IEJIbII Psii HEJTMHEHHBIX
MIPOIIECCOB U COOTHOILICHNUE PACCESHUS U TOTJIOLIECHUSI.

Ha ocnoBe Takoro monxoma B MO® PAH cozman
Jla3epHblii xupyprudeckuit komiuieke "Jlazyput", koTopsiil
MOXET BBICTYNATh B KA4eCTBE KaK CKAJIbIEJSI-KOATYIsATOpA,
TaK U JIATOTPUIITOPA, T.€. MprOOpa JIJIsl pa3pyllieHUs] KaMHel
B opraHax dejoseka. [IpuuéM juToTpunTop padoTaer Ha
HOBOM OPHIMHAJILHOM MPHUHIUIE, OOECIIeYMBAIOLIEM €MY
YHUKAJIbHbIE CBOUCTBA. 17151 3TOTO UCIOJIb3YeTCsl U3TyUeHIe
JIBYX JJIMH BOJIH. DTO OCHOBHAS JJIMHA BOJIHBI JIazepa Ha

Ta6mua 1. [TapamMeTpsl J1a3epHOTO M3JIYYEHHS] U ONTUYECKHE XapaKTe-
PUCTHKH TKAHH IPECTATEIBHOM Xelle3bl COOaKn

Nd: YAG Ho:YAG
A, MKM 1,064 2,09
E, T 1,0 3,0
T, MKC 1,0 1,0
Uar M7 0,27 26,93
wl, em ! 17,6 —
Ocff, CM 0,26 0,04

ocHoBe kpuctajuia Nd:YAIO3 (4 = 1,0796 MxM) u ero BTO-
pasi rapMoHuKa (U3JIyuyeHHE B 3eJIEHOW O0JIACTH CIEKTpA).
VcranoBka cHaOxeHa 6J10koM 00pabOTKH BUIEOM300paKe-
HU# 1 Ja€T BO3MOXXHOCTD CJIETUT 32 OTlepalneil B peaIbHOM
BpPEMEHU.

JIByXBOJIHOBOE JIa3€pHOE BO3JEHCTBHE MUKPOCEKYHIHON
JUTMTEJILHOCTU obecnieunBaeT (pOTOaKyCTHUSCKUN MEXaHU3M
(parMeHTaUM KaMHEW, OCHOBAHHBI HA ONTUKO-aKyCTH-
yeckoM 3¢ deKTe — reHepanuy yIapHbIX BOJIH IIPH B3aUMO-
JIEACTBUYU JIA3ePHOTO U3ITyUEHHS C KHUIKOCThIO, — OTKPBI-
ToM A.M. IIpoxopoBbIM ¢ coTpynnukamu [1]. BozneiictBue
SIBJISICTCS] HEJIMHEMHBIM U MHOTOCTaIMAHBIM [2, 3] (puc. 4) u
BKJIIOYAET B ceOst:

a) onTuyeckuii mpoOOii Ha TTOBEPXHOCTU KAMHS;

0) oOpa3oBaHuUe MJIA3MEHHOMN HCKPHI;
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] | 2 3 4 Rmax =4 MM
4 MM
510 mkc 604 mMKc 896 mkc

Puc. 4. TlunaMuka pa3BUTHsI KaBUTAIIMOHHOTO Iy3bIps: / — IUIa3Ma ciycTs 10 MKC mociie mafeHus! H3JIy4eHHs Ha TOBEPXHOCTh KaMHsT; 2—4 — pocT
KaBHTAIIMOHHOTO Iy3BIPS JO MaKCHMAJILHOTO paanyca R = 4 Mm uepe3 312 MKc; 7 — MOMEHT KOJUIaIca KaBUTAIMOHHOTO My3bIps ciycTs 708 mxc [3].

Tab6mua 2. XuMuuecKuil COCTaB KaMHeH 1 mapamMeTphl Ja3epHOT0 U3JIyueHHs IPpK (pparMeHTaIuu B 9KCIEPUMEHTAX in vitro

Ne Tun kamust Yacrora, ' Dueprusi, Mx JI MM TeIbHOCTD, C Yucio UMIyJIbCOB
3 Harpus ypat MoHOTHApAT 10 90 16,2 162

11 BeBmyuuT (KasibIus OKCaJlaT MOHOTHAPAT) 9 100 46,8 421

17 uctun 9 123 76,4 687

B) pa3BUTHUE KABUTAIMOHHOTO My3bIPS;

I') pacnpoCTpaHeHHEe YIapHOM BOJIHBI MPHU KOJIIATCe Ka-
BUTALIMOHHOTO MY3bIPSI.

Taxum o6pa3zom, pa3pylieHHe KaMHs IPOUCXOIUT MpH-
MepHO uvepe3 700 MKC ¢ MOMEHTa MAaJeHUs Ja3epHOro U3-
JIy4eHWs] Ha TIOBEPXHOCTb KAMHS B pe3yJIbTaTe BO3JCUCTBUS
YIapHO BOJIHBI, TEHEPUPYEMOTl IIPH KOJLIANCEe KABUTAIIUOH-
HOro my3bIpsi. OueBUAHbIE IPEUMYILECTBA TAKOTO METOAA
JIMTOTPUIICHH COCTOSIT B CIICTYIOIIEM:

a) obecrieyeHa 0E30MACHOCTb BO3/ICHCTBUS HA OKPYIKato-
e KaMeHb MSTKIe TKaHW, TaK KaK yAapHasi BOJIHA B HAX HE
TOTJIOIIAETCS ¥, CJIEJOBATEIBHO, HE HAHOCUT UM HHUKAKOTO
Bpe/Ia, MPUCYILEro APYrUM JIa3epHBIM METOJAM JIMTOTPHII-
cuu;

0) BbICOKAS 3PPEKTUBHOCTD MpHU (PparMEeHTAIIMUA KaMHEH
JIF000i1 JIOKaIM3aIuu U XMMUYECKOTO cocTaBa (TadJr. 2);

B) BBICOKASI CKOPOCTh (hparMeHTaImu (cM. Tab. 2), mpo-
JIOJDKUTEIBHOCTD Pa3pyIleHus] KaMHEW BapbUPYyeTCs B qHUa-
ma3oHe 10— 70 ¢ B 3aBUCUMOCTH OT MX XMMHUYECKOI'O COCTaBa;

') OTCYTCTBHE NTOBPEXACHUS BOJJOKOHHOT'O HHCTPYMEHTA
MIPH TOCTABKE U3JTyUeHUs], OJaro1apsi ONTUMAJIBLHO BEIOpAH-
HOMW JUIMTEILHOCTU UMITYJIbCA;

1) pauKajIbHOE CHIKCHUE YKCIIa OCTIOXKHEHUIA U COKpa-
IICHHE MOCIICONEPAIOHHOT O TIEPHO/Ia JICUCHUS.

Komiuteke "Jlasyput" Bkirouaer B ceOsl TaKKe CKallb-
MeJIb-KOATryJIsITOP, KOTOPBIA MO3BOJISIET, B YACTHOCTH, Ie-
JIATH YCIICIIHbIe YHUKAJbHBIE OTEpAIH HAa KPOBEHAIIOTHEH-
HBIX OpraHax, TaKuX, HAIPAIMEDP, KaK IMOYKa, OCYIIECTBIISTh
PE3EKIMIO OMYXOJIeH MPU OHKOJOTHYECKAX 00pa30BAHMSIX C
MHUHUMQJIBHOM KPOBOMOTEped, 0e3 mepekaTusl MOYEYHBIX
cocyloB 1 0e3 co3aHMsl UCKYCCTBEHHON HIIIEMHM Oprasa,
COTYTCTBYIOIIIEH TPUHSATBIM ceiiuac crnocobamM XUpypru-
YEeCKOTO BMEIIATENIbCTBA. Pe3eKIMs OCYIIECTBISETCS IPU

JlanapockonunueckoM goctyne. [Ipu apdekTuBHON TIIyOUHE
MIPOHUKHOBEHHS UMITYJILCHOT'O OJJTHOMUKPOHHOTO U3JIy4EHUSsI
~ 1 MM OJIHOBPEMEHHO OCYILECTBJISIFOTCS PE3EKIMs OIy-
XOJIM, KOATYJISIMS], TEMOCTa3 U JOCTUTaeTcsl a0IaCTUIHOCTh
paHbl. B HacTosIee BpeMst MPOXOAUT CTaAMs Pa3pabOTKu
HOBOW MEIWIIMHCKOW TEXHOJIOTHU PE3EKIUH MOYKU H TOJIY-
YEeHUs pa3peleHns Ha e€ MPUMEHEHHE B MacCOBOM IOPSIJIKE.

CoBpemeHHyro o(pTaabMoJIOru0 TpYIHO cebe mnpejacra-
BUTh Oe3 mpumeHenus JazepoB. B MO® PAH co3nmana
oranbMoiioruyeckas JiazepHas cucrema '"Mukpockan"
I pepakMOHHONH Xupyprum Ha ocHOoBe ArF-skcmmep-
HOTO Jlazepa ¢ AJIMHON BOJHBI u3iayueHus: 193 mm. C eé
IIOMOIIIBEO  OCYILECTBJIIETCS KOPpPEKIusi OJIM30PYKOCTH,
JAJIbHO30PKOCTH U acTUIMaTu3Ma. Peann3oBaH Tak Has3bl-
BaeMbIil METOJ JIETAIOIIETO MITHA, 3aKJIIOYAIOLINICS B TOM,
4TO POTOBHIA TJIa3a 3aCBEYMBAETCS MSTHOM H3IIyYCHUS
nramMeTpoM mopsiaka 0,7 MM, KOTOpOe CKaHHUPYETCs 1o eé
MTOBEPXHOCTH T10 aJITOPUTMY, 3aJAHHOMY KOMITbIOTEPOM, U
u3mensiet e€ popmy. Koppekuus 3peHust Ha OIHYy IUONTPUIO
MpU YacToTe MOBTOpeHHs umilysibcoB 300 Iy obecneun-
BaeTcs 3a 5 c. Bo3meiicTBue siBiIsieTCSl TOBEPXHOCTHBIM, TaK
Kak usjyueHue ¢ 4 = 193 HM CHJIbHO MOTJIOIIAETCS POTo-
Buneil riaza. CucreMa ciexeHHs 3a TJIa30M IO3BOJISIET
00ecneynTh BBICOKOE KAa4YeCTBO OIEpPAIMU HE3aBUCUMO OT
[OJIBMKHOCTH TJla3a MarueHTa. YcranoBkoi "Mukpockan"
ocHalleHbl 45 poccuiickux KJIuHUK. OQTaibMOJIOTHYeCKHe
9KCHMEpHBIE CHCTEMBI [l pedpakIMOHHOW XHPYPIHH,
paspaboranasle B MO®, B HacToslee BpeMsl 3aHUMAIOT
55% OTEeYeCTBEHHOr0 pbIHKA. YcTaHoBKa "Mukpockan"
ceprudummpoBana B Poccum, crpanax CHI, Espomne u
Kurae.

IIpu nognepxxe PegepalbHOTO areHTCTBA MO HAyKe U
uHHOBAIWUAM, 1ipu yuactuu UO® PAH, UTIJIUT PAH, MT'Y
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Puc. 5. IIpouecchl 0qHOGOTOHHOTO U MHOTO(GOTOHHOTO MOTJIOIIEHUS B
TKaHU POTOBHIIBI TJ1a3a u3iydeHus (a) nazepa "Mukpockan" ¢ [UIMHON
BoJIHBI A = 0,193 MkM u sHeprueii Gporona 6,4 3B u (6) nazepa "demro
Buszym" ¢ mmHON BosHBI A = 1,06 MKM, JJIMTEILHOCTBIO HUMIIYJIbLCA
T = 250—400 ¢c u sneprueit porona 1,2 3B.

co3/MaH Oo(pTaIbMOJIOTMYECKAN KOMILJICKC, BKJIFOUAIOIIUI B
cebs MOJEPHU3UPOBAHHYIO YCTaHOBKY '"Mukpockan" —
"Mukpockan Buzym", nquarHocTudecKkyro ammaparypy, Co-
CTOSIIYIO U3 abeppoMeTpa, CKaHMPYIOLIEro O(pTaIbMO-
CKOTa, & TAaKXKe YHUKAJIbHYIO (PEeMTOCEKYHIHYIO JIA3EPHYIO
oramemosorudeckyro cuctemy "®emto Busym". Coznanue
TaKOTO KOMILIEKCA SIBJISETCSI MPHUMEPOM ILIOJOTBOPHOTO
COTPYJIHUYECTBA aKaJeMHUYecKux opranuzauuii ¢ MIY
uM. M.B. JlomoHocoBa B paMkax eauHou mporpammel. [1pu
3toM B MO® PAH Ob111 pa3zpaboTaH XUpypruveckuii HHCTPY-
menT, a B MI'Y u UTIJIUT — nmaraoctudeckast ammapa-
Typa, 4TO TMO3BOJISET MPOBOJAUTH KOMIUIEKC YHHKAJIBHBIX
0 TaJIbMOJIOTMYECKUX OIEPALIMA.

Ha npunnune paboTel peMTOCEKYHIHON OPTaIBMOJIO-
TUYECKOM YCTAHOBKU CJIEAYET OCTAHOBUTBLCS MOJpOOHee. 3a
€€ OCHOBY OBLI BBIOPAH HEOUMOBBIH J1a3ep ¢ JTMHOM BOJTHBI
n3nyuenus 1,06 mxm. Eciu B ToM cityuae, Korga mpuMeHsLICs
9KCUMEPHBI J1a3ep, POTOBUIA CUJIHHO MOTJIOMAJA, TO MPU
JUTHHE BOJIHBI OKOJIO 1 MKM JIMHEHHOE MTOTJIOLIEHHE SIBJISIETCS
cnabbiM. OgHako Orarogaps Majiol JJIMTEIBHOCTH HM-
nynbca (400 ¢c) npu PoKycMpOBaHUM H3JIYYCHHUS peasiu-
3yeTCsl BBICOKAsl IUIOTHOCTh MOIHOCTH H, CJIEJOBATENIBHO,
CTAHOBATCSA 3(PPEKTUBHBIMH MHOTO(POTOHHBIE TPOIECCHI.
IIpu opranu3anuy COOTBETCTBYIOLIEH (HOKYCHPOBKH OKa-
3BIBAETCSI BO3MOXKHBIM OCYIIECTBUTH TaKoW crnocod BO3-
JIECTBHUS, IPU KOTOPOM IOBEPXHOCTh POTOBUIIBI HUKAK HE
3aTparuBaeTcs, a MHOrO(OTOHHOE TOTJIOIIEHHE OCYIIECT-
BJIsieTcsl B 00bEMe poroBunbl. Takum oOpa3zoM, B KauecTBe
MEXaHM3Ma BO3JCHCTBUS BBICTYIAET POTOMECTPYKIHUS TKA-
HE! POTOBUIIBI IPU MHOTO(OTOHHOM TOTJIOUIEHUU (pHC. 5).
IIpu 5 TOM OTCYTCTBYET TEPMUUECKOE MOBPEXKACHUE OJIM3JIe-
JKAIIMX CJIOEB TKAHW W CTAHOBUTCS BO3ZMOXHBIM OCYILIECT-
BJICHUE BMEIIATEIbCTBA C IPEIM3NOHHON TOYHOCTHIO.

Ecim s w3jydeHHsT 3KCHMEPHOTO Jla3epa JHEpPTHs
¢dotona (6,4 5B) cpaBHMMA C IHEprHEd JUCCOIMAINU, TO B
citydae OqHOMUKpOHHOTO u3iyuenus (1,2 3B) oHa no kpaii-
Heil Mepe BIIBOE, a TO U B CEMb Pa3 MEHbIIE, YTO U obec-
MEYNBAET ONMMCAHHBIA 3PEKT U OTKPHIBAET HOBBIE BO3MOX-
HOCTH B JIa3epHOH OPTATHLMOJIOTHH.

VHTEHCHBHO pa3BUBAIOIIMMUCS CeHYac METOJIaMu
SBJIIOTCSL (POTOAMHAMUYECKAS] AMArHOCTUKA U Tepamus
paka, B OCHOBY KOTOPBIX IOJIOKEHO UCIIOIb30BaHUE Jla3epa,
MOHOXPOMATHYECKOE H3JIyYeHHE KOTOPOTO BO30YXKIAeT
(bayopecteHMIO kKpacuteiss GOTOCCHCUOMITN3ATOpA U UHH-

UUPYET CEJICKTUBHBIC (HOTOXMMUUYECKUEC PEAKIUH, BBI3bI-
Barollue OMOJIOTHYECKHe NMpeoOpa3oBaHusl B TKaHsX. Jl03bl
BBeseHus1 cocTaBisatoT 0,2—2 mr Ha 1 kr. [Ipu 3ToM doTto-
CEHCHOUIM3AaTOP HAKATUIMBAETCS MPEUMYIIIECTBEHHO B OIIY-
xosm. diyopecrieHIst GOTOCCHCHOMIN3ATOPA TMO3BOJISIET
YCTAaHOBUTD JIOKAJIM3AIMIO ONYX0JId. 3a cuéT addexTa nepe-
HOCA SHEPruy U YBEJIMYEHHS] MOILHOCTH Ja3epa NPOUCXOIUT
00pa30BaHUE CHHTJIETHOTO KUCIOPOAA, SIBIISIOLIETOCS CHIIb-
HBIM OKHCJIMTEJIEM, YTO MPUBOIUT K PA3PYIICHUIO OIYXOJIH.
Takum 00Opa3oMm, ONMHCAHHAST METOIMKA OCYIIECTBIISIET HE
TOJIbKO JTUATHOCTHKY, HO W JICUEHHE OHKOJOTHUYECKHX 3a-
Ooneanuii. CielyeT 3aMETUTh, YTO BBeJCHHE (POTOCECHCH-
Omnm3aTopa B OpPraHM3M YeJIOBEKa HE SIBJISETCSl BIIOJIHE
0e300uHOM MPOTIeTYPO U TIO3TOMY B PSIJIC CJIyYaeB OKa3bl-
BaeTCsT BO3MOXHBIM IPUMEHSITh TaK HA3bIBAEMYIO Jiase-
POMHIYIIPOBAHHYIO ayToduryopectennuto. Oka3aaock, 4TO
B HEKOTOPBIX CIIydasix, B OCOOCHHOCTH C WCIOJIb30BAHUEM
KOPOTKOBOJIHOBOTO JIA3€pPHOTO U3JIy4eHUSs], 310POBbIE KJIET-
KM He (JIyOpeCIUpyIOT, TOT/Ia KaK paKoBbIe KJIETKH OOHApY-
XUBarOT 3GGEeKT QuryopeclieHnun. DTa METOIUKA SIBJISIETCS
MPEIIOYTHTENLHOM, OTHAKO OHA MPUMEHSIETCS B OCHOBHOM
IUTS. TUArHOCTUKHU, XOTSI B TOCJETHEe BpeMsl MPEIIpPUHU-
MaroTcs IIard I Peau3alud U TepaneBTHYECKOTO 3¢-
¢dexta. B UO® PAH paspaboTtanbl cepuu npubOpOB Kak
st (bIIyOpeceHTHOW TUATHOCTHKH, Tak M At poToauHa-
MHYECKOU Tepanuu. ITO 000pyAOBaHHE CePTHHUIMPOBAHO
W BBITycKaeTcsl cepuitHo. MM ocHarmeHbl 15 MOCKOBCKHX
KJINHHK.

JIJ1s1 9HAOCKONMYECKUX U JIANapOCKOMYECKUX Oneparui
HEOOXOAMMBIM KOMIIOHEHTOM JIa3€pHON YCTAHOBKH SIBJIS-
FOTCSl CPENICTBA JOCTABKHU M3JIyYeHUs M HOPMUPOBAHUSI €T0
noJjist B objiactu B3aumozeiicteusi. B MO® PAH paspabo-
TaHbI TaKWe YCTPOWCTBA HA OCHOBE MHOTOMOJIOBBIX OIITH-
Y4eCKHX BOJIOKOH, IO3BOJISIONINE PAa0OTAaTh B CHEKTPAIbHON
obsnactu ot 0,2 MKM 110 16 MKM.

Ilpu nmognepxke PeaepalbHOTO areHTCTBA MO HAYKE U
WHHOBAIIUSIM C UCTIOJIb30BAHNAEM CIIEKTPOCKOIINH KBA3HYIIPY-
TOTO paccestHusI CBeTa pa3padaThIBaeTCsS METO KA U3Mepe-
HUSI pacrpe/ie/ieHus] pa3MepOB HAHOYACTHUI] B XKHUIKOCTH, B
JaCTHOCTH KPOBH 4esioBeKa. OKa3bIBAETCs, YTO IPUCYTCTBUE
B )KMJKOCTH HAHOYACTHIl MPUBOJIUT K YIIUPEHUIO HEHTPAJIb-
HOTO TMHUKAa PIJIEEBCKOTO paccesiHus. V3MepeHne BeTUYIMHBI
9TOTO YIIUPEHUS! MO3BOJISIET OINPENeNsiTh pa3Mephl HAHO-
vqactun. VccinenoBaHue CEKTPOB pa3MepoB HAHOYACTHIL B
CBIBOPOTKE KPOBU MAIMEHTOB C CEPJCYHO-COCYAMCTBIMU
HApYUICHUSIMH TIOKa3aJid MPHUCYTCTBHUE OEJIKOBO-JIMIUIHBIX
KjactepoB Oosibiioro pasmepa (puc. 6). Takxke ObLIO
YCTAHOBJICHO, UTO HAJIMYHE YACTHI OOJIBIIIOTO pa3mepa Xa-
pPaKTEpHO | JIJIs1 OHKOJIOTHMIECKUX OOJIbHBIX. Bostee Toro, mpu
MOJIOKUTELHOM Pe3yJIbTaTe JICUCHUS MUK, OTBEYAFOIIHNI 3a
4aCTHUIBI OOJILLIOTO pa3Mepa, UCUe3al U CHOBA MOSBJISICS B
ciaydae peruauBa. Takum oOpa3oMm, pazpadaTbiBaeMasi Me-
TOJMKA BeChbMa IOJIE3HA [JIs AUATHOCTUKU KaK OHKOJIOTH-
YECKHX, TaK U CEPIICUHO-COCYANCTHIX 3200 IeBaHUT.

B NO® PAH panee Obl1 pa3paboTaH HOBBIA METOJ
OOHAPY’KEHUS NPeeIbHO HU3KUX KOHLUEHTPALUN opraHuye-
ckux coeauHeHud. OCHOBHBIMHU COCTABJISIOIIMME MPUOOpA
SIBJSUTUCH JIa3ep, BPEMSINIPOJIETHBI MACC-CIIEKTPOMETP U
HAHOCTPYKTYPHPOBaHHAS IJIACTHHA, HA KOTOPOU ajacopou-
poBaJicsl UCCIeAyeMblil Ta3. B HacTosmee BpeMs 3Ta ycra-
HOBKA MOTU(PHUIUPYETCS [IJIs1 aHATIN3a KPOBH, 3TO TAKXKe TaET
BO3MOJXHOCTb PaHHEH JUATHOCTHKH MHOTHUX 3200JIeBaHUI.

Pemenne mesoro psaa MEIUIMHCKMX HPOOJIEM BO3-
MOJHO TOJILKO NP MPOBEACHUN (PYHIaMEHTAIBHBIX UCCIIE-
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Puc. 6. CriekTp pa3MepoB MOJIEKYJIIPHBIX KOMIUIEKCOB CBIBOPOTKH KPOBH
(a) 310pOBOTO MaIKeHTa, (0) ManKreHTa ¢ CepACYHO-COCYAUCTHIMU HAPY-
IICHUSIMU.

Konuenrpanusi, OTH. €.

JIOBAHMIA IO JJa3epHON (DU3HKe, B3AaUMO/ICHCTBUIO U3JTyYCHUS
C BEIIECTBOM, IMPOIIECCOB MEPEHOCA IHEPTHH, MEIUKO-OnO-
JIOTHYECKUX MCCJIEIOBAHUM M pa3paboTKe MeIUIUHCKUX
TEXHOJIOT A JICUCHHUSI.

B 3axirouenue xotesaoch ObI HOMYEPKHYTD, YTO MHOHE-
pPOM NIpUMEHEHHUS] METOAOB Ja3epHOH (HU3MKH B MEAHMIMHE
6bL1 Astexcannp Muxaiiosnu [1poxopoB, ocHoBaTenb UH-
ctutyTa o61el pusuku. MHOTHE N3 PabOT, O KOTOPHIX IILIA
peub BbIlle, ObLIM HAYATHI 110 €r0 MHALUATHBE.
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Pa3Butue siiepno-¢pusnieckoil Me MIAHbI
B UncTuryTe sigepubix uccienosanuii PAH

JI.B. KpaBuyk

1. BBenenne

PazpaboTku B 0o6iacTu simepHOd MemuiHbl B IHCTHTYTE
simepubIx uccinenoBanmii (MAM) PAH Ha nmepBoHayaabHOM
9Tare B OCHOBHOM OBLITH CBSI3AHBI C CO3JJAHIEM U IKCILTyaTa-
[UEH IKCIIEPUMEHTAJILHBIX YCTAHOBOK, TAKUX KaK YCKOPH-

JI.B. KpaBuyk. nctutyT sinepubix uccienosanuit PAH, Mocksa, PO
E-mail: kravchuk@inr.ru

TEJIM TIPOTOHOB WJIA 3JIEKTPOHOB M JIETEKTOPHI YACTHI] MJIU
n3nydeHus. Ha mocrieayrommx sTamax HEKOTOpPBIE paspa-
OOTKHM M MPOEKTHI MPUOOPETH CaMOCTOSTEIbHBINA CTATYC U
pPa3BUBAIOTCS B 3aBUCUMOCTH OT MX BOCTPEOOBAHHOCTH Ha
PBIHKE MEUIIHCKUX YCIIYT, HAJIMYUSI ICTOYHUKOB (PHMHAHCH-
poBaHus U T.4. B nokiaae KpaTko npencTaByeHbl HEKOTOPhIE
HanOoJiee ycCreniHble Ha JaHHOM J3tane npoektel SN B
00J1aCTH SIIEPHOM MEAUIMHBI, 6ojiee MOAPOOHOE OMHCAHME
KOTOPBIX, TaK Xe Kak W psaa ApYyrux pa3paboTok, JaHO B
coopuuke [1]. OcHOBHOe BHUMaHUE B HOKJIAAe YIEJIICHO
BO3MOJKHOCTSIM U COCTOSIHUIO YCTAHOBKY MOJIYUYEHUS Paao-
HYKJIMJIOB M KOMIUIEKCa MPOTOHHOW Tepamuu, 0a3zupyro-
LIUXCS] HA CUJIbHOTOYHOM JIMHEIHOM YCKOpUTEJe MPOTOHOB
AU PAH B 1. Tpourke MockoBckoit o6actu. JJaHHbIN
YCKOPHUTEJIb, PACCUMTAHHBIM Ha sHepruto g0 600 MsB u
cpemamii Tok 110 0,5 MA (puc. 1), — eTUHCTBEHHBIN CHIILHO-
TOYHBIN JIMHEHHBIA yckopuTeab IPOoTOHOB B Poccuu (1 moka
emé B EBpone) — HCIOIB3yeTCs B HACTOSIIEE BpeMsl s
npoBeaeHUs] (PyHIAMEHTAIBHBIX U MPUKJIAAHBIX UCCIEI0BA-
HUI B 00J1acT! (U3UKM KOHIACHCHPOBAHHBIX CPEl, SIIEPHON
¢uznku, aToMHON 3HepreTuku u Ap. [2]. [Ipu 3TOM 3HAUM-
TeJbHAs [10JIs1 MyYKOBOTO BpPeMEHH JMOO HapasljiesIbHO C
(bU3HUECKMMU HCCIIeIOBAHUSIMH, OO0 B CIIEIMATN3UPOBAH-
HBIX CEaHCaX OTBOAMTCS MCCIEIOBAHUSM M HCHOJb30BAHUIO
JUISL METAIMHEIL.

2. TTosryuenne paMOHYKJIHI0OB MeUIMHCKOr0 HA3HAYEHHSI
IToTpebHOCTE B paauon30TONAX JJIsl IUATHOCTUKH Pa3Jiny-
HBIX (IIpeXJae BCEro CepAcYHO-COCYIUCTLIX M OHKOJIOTH-
YecKkuX) 3a00JICBAHUN €XEroJTHO BO3PACTAET, COTJIACHO
MOCJIETHUM JTAHHBIM, TPAKTUYECKH JIMHEHHO, a IS TepaTiu
— TOYTH 3KCIHOHEHNHUAJILHO. Psi Takux m30TOnoB Tpedye-
MOH YHCTOTHI U B OOJBIINX KOJUYECTBAX MOXET OBITH
MOJIyYEH C JOCTATOYHO BBICOKOM S3KOHOMUYECKOH 3 (hexTHB-
HOCTBIO Ha YCKOPHUTEJSIX IPOTOHOB CO CPeIHEH (HECKOJIBKO
coTeH M»aB) sHeprueil. B mupe noxa neiicTByeT JuIb ISATH
ycranoBok Takoro tumna: B USIU PAH (r. Tpowunk), Jloc-
Anamocckoit HanmoHasibHOH 1abopatopun (LANL) u Bpyk-
XeHBEHCKOI HanmoHabHO# 1abopaTopun (BNL) B CIIA; B
HanumonanbHol J1abopaTopuu (PU3MKM YACTHI[ U SIACPHOU
¢usuxu (TRIUMF) (Bankysep, Kanana) u B JJabopatopuu
iThemba (Keitntayn, FOAP).

Ha nuueiinom yckoputene U PAH ocymecTBiéH
IPOMEXYTOUHBIA BBIBOJ Iyuka IIPOTOHOB C JHEpPrUed 10
160 MaB, KOTOPBIi HCIIOJIB3YETCS HA YCTAHOBKE OOJTyUEHUS
MHUILIEHEH IS TOJIyYeHUs] PaJUOW30TONOB B OCHOBHOM
MEUIMHCKOTO Ha3zHavyeHus. JlaHHAs YCTaHOBKA, YCIIEIIHO
JefcTBYOIAs 6oJiee IECSITH JIET, SIBJISCTCS €TMHCTBEHHON B
EBpone u A3um u omHOW W3 KPYIHEUIUX B MuUpe (puc. 2).
VcranoBka 06J1a1aeT BBICOKOM CTENEHbIO aBTOMATU3ALUH U
obecrieueHus: 6e3onacHocT 3kciutyatanuu [3, 4]. B AU
pa3paboTaHbl U BHEAPEHBI TEXHOJIOTHU TMOJIYYEHUS PaIuo-
AKTHBHBIX H30TOIOB, KOTOPBIE YCIIEIIHO MPUMEHSIIOTCS B
Poccun n CIDJA. Ha npoTsikeHHU IecsITH JIET OCYILEeCT-
BJISIFOTCSI PETyJISIpHBbIE TIOCTABKM MHUIIICHEH, 00JTyIEHHBIX HA
yckoputenie B Tpowurnke, B LANL, rie nmpoBoasT pamuo-
XMMHYECKOE BBIIEJICHUE YUCTHIX PAAMOHYKIINIOB M U3rOTO-
BIISIEIOT paanodapMareBTHIeCKyro MPOLYKIUIO, UCTIOIb3Yye-
MYIO JUISl TUATHOCTUKY psifa 3aboneBanuii. C MCMONIB30Ba-
HHUEM, HallpuMep, cTpoHnus-82, mpoussenénnoro B AU, na
YCTaHOBKAaX MO3UTPOHHO-3MUCCUOHHOU ToMorpaduu (ITIT)
MPOAMATHOCTUPOBAHO Oosiee 110 ThIC. MAIMEHTOB, B OCHOB-
HoM B CIIIA u Kananme. MHOTHe Ipyrue U30TOIbI TPOU3BO-
narcs B S B MeHBIINX KOJIMYECTBAX, HO B OJIMDKaMIIEM

© JI.B. KpaBuyk 2010
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Puc. 1. CHUIBHOTOYHBII JIMHEHHBIH yckopuTelb ipoToHoB SN PAH: (a) HauanbHas (1o 100 M3B) yacts yckoputels, (6) ocHoBHas (100—600 M»3B)

JacTb YCKOPUTEJIA.

Puc. 2. LleHnTpanbHas 4acTh YCTAHOBKY MOJIyYEHHS! PAJMOHYKJIMIOB HA
JIMHENHOM yckoputese npotoHos MU PAH.

OyayllieM HEKOTOpble M3 HUX MOTYT HMMETh Ba)KHEHIIee
3HAYCHHUE [JIs TepANUM OHKOJOTHYECKUX U CEPACYHO-COCY-
IUCTBIX 3a00J€BAHMIA, B YaCTHOCTH 0JIOBO-117m u3 muie-
Hel, coJepxalux CypbMy, najuiaauii-103 u3 cepeOpsHbIX
MHUIIIeHEH, cesleH-72 U3 MUIIeHel apceHuaa rajums, repma-
HUH-68 M3 TaJUIMeBbIX MUIIICHEH, HATPUA-22 U3 aTFOMUHUE-
BBIX MJIM MAarHMEBBLIX MMIIIEHEH, kaamMuii-109 U3 MHAUEeBBIX

MHUIICHEeH; aKTUHUI-225 1 paanii-223 U3 TOpUeBbIX MUILICHEN
U ap.

OcTaHOBUMCSI Ha OCOOEHHOCTSIX M NpobJseMax Mpous-
BOJICTBA HEKOTOPBIX HamboJjiee MEePCIeKTUBHBIX PATHOU30-
TomoB. [Ipexe Bcero, peub MONAET O IPOU3BOJCTBE CIIPOH-
yua-82 [5] (mepuop monypacnana 25 nHEH) U eeHepamopos
cmponyus/pybéuous-82 nas TIDT. B 2010 r. B mupe OyneT
HaxoauThcsi B pabore okosio 4000 ycranosok I19T, u3
koTopbIx 0koJio 3000 — B CIIIA. OCHOBHBIMH YCTAHOBKAMU
IUIsL IPOBEJICHUS TIO3UTPOHHO-OMHUCCHOHHOW ToMOTpadun B
KJIMHUKE SIBIISTFOTCSI, KAK TMPABUJIO, IUKJIOTPOH [IJIsl CHHTE3a
YIBTPAKOPOTKOKHUBYIIIMX HYKJIUIOB, aBTOMAaTHYECKas pa-
JUOXUMUYECKas! JJabopaTopuss U COOCTBEHHO IO3UTPOHHO-
SMUCCHOHHBII ckaHep. Mcnosib3oBaHue reHepaTopa KOpoT-
KOXXUBYIIIETO HYKJHAA, B JaHHOM cliyyae pyoumms-82 c
nepuoioM mnojypacnanga 1,3 muH (puc. 3), 3apsokaeMoro B
ycranoBke [I1DT omuu pa3 B MecsIl, MO3BOISET UCKJIIOYNTH
HEOOXOAUMOCTh B HAJMYMM IUKJIOTPOHA M PagUOXUMHU-
4ecKoi J1abopaTopuM B KJIMHMKE, YTO CYLIECTBEHHO YIe-
LIEBJISIET MPOUEAYPY AMATHOCTUKU KapAuo3aboJieBaHUiA, B
TOM 4HCJI€ paHHed AMAarHOCTUKU HHGpApPKTa MHOKap[a.
MNmenHo Takum myTéM B OCHOBHOM ocyiuecTisercs [19T-
muarnoctuka B CIIA, rae cMepTHOCTH TO TPHUYMHE Cep-
JIeYHO-COCYAMCTHIX 3aboJieBanuii (koTopast B Poccuu 3anu-
MaeT MepBOE MECTO, B TOM YHCJIE M3-3a KpailHe HU3KOTO
YPOBHSI paHHEHl NMATHOCTUKH HACEJICHHsI) TepeIBUHYJIACH

MuxeknuoHHas cucrema T'enepatop

SnO,-copbeHT
AsicopbupoBanHbiii 82Sr (25 mHeid)
pacnanarornuiics B 8?Rb (1,3 mun)

/ dusuosnorneckuit
pacTBop
0,9% NaCl

82RbCl B pacTBOpE

Kposenocnas
KOMI’IBIOTGPHOG cacreMa
m3obpaxenue € — — TanyeHTa

Pacman $2Rb

cepama

TI3T-ckanep

Puc. 3. ['enepatop crpoHuust/pyouusi-82 1ist O3UTPOH-IMUCCHOHHOM ToMorpaduu: (a) NpuHIUI paboThl reHepaTopa, (0) BHEIHUIA BU/] TeHEpaTOpa.
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Ha BTOPOE MECTO MOCJE CMEPTHOCTH OT OHKOJIOIMYECKUX
3aboneBanuii. USI1 PAH coBMecTHO ¢ KaHAJACKMMU MapT-
Hépamu paspaboTtai 6osiee 3PPEKTUBHBIN CTPOHIUMN/PYyOH-
nmii-82-renepatop [6] (cM. puc. 3), YCHENIHO MPOIIIEIITHi
MPEIKJIMHUYCCKUEe WCHBITAHUS W HAXOJSINUHCS ceidac
Ha CTaJWM KJIMHUYECKHX UcHbITanuil B Poccuiickom Hayu-
HOM IIEHTPE DPAJAMOJIOTUM U XUPYPrHYECKUX TEXHOJOTUH
(PHLIPXT) (C.-ITerepbypr). PazpaboTka maHHOTO TreHepa-
TOpPa Ha OCHOBE 3aperucTpupoBannoro "noy-xay" ynocroena
3osioToir Menaim Bcepoccuiickoro BBICTABOYHOTO HEHTpaA
(BBL) u npyrux mnpectuxHbIx Harpan. Mcnonb3oBanue
redepatopa s [19T B crpanax mupa kpome CeBepHOU
AMEpUKH 10 TIOCJIEOHErO0 BPEMEHHU CIEPKHUBAECTCS MAaJon
JIOCTYITHOCTBIO HCXOJHOTO MaTtepuaja — CTPOHNUs-32.
NS PAH Bmecte ¢ maptH€pamu, [ ocygapcTBEeHHBIM
HAYYHBIM IEHTPOM "OH3HMKO-3HEPreTHYeCKU HHCTUTYT"
(CrHL ®2U) (r. O6nmnck) u PHLPXT, opranuzoBan
MPOU3BOACTBO CTPOHIMS-82, er0 XMMHUYECKOE BBIACIICHUE U
M3TOTOBJICHUE TeHepaTOpoB. I OpraHu3anuyu MaccoBOTO
MPOU3BOJCTBA W BHEJAPEHUS TeHEpATOPa B IIHPOKYIO MEIH-
IUHCKYIO MpakTuky B Poccnu m 3a pyOexxoM TpeOyroTcs
MHBECTULIUH.

0.1060-117m SBJISIETCS] yHUKAIBHBIM U BBICOKO3((HEKTHUB-
HBbIM MEIUIUHCKAM TEePANEBTHYECKUM PATHUOHYKIUIOM, KO-
TOPBI HCITyCKaeT MSATKUE OXKe-3JIEKTPOHBI, MMEIOIINe He-
GosbiIoit mpober B Omosornueckux TKaHsX. Ero mcmosib-
3YIOT, B IEPBYIO OYepe/ib, B CBSI3M C HECPABHIMO BBICOKHM
OTHOULIEHHEM MEX/y [103aMHM, HOTJIOIIEHHBIMU KOCTHOM
MIOBEPXHOCTBHIO U KOCTHBIM MO3TOM, ISl TEPAIIUH KOCTHBIX
OHKOJIOTHYECKHX 3a0o0sieBaHuil. B To e BpemMs ucciemoBa-
HUSl MOCIIENHUX JIET MOKA3BIBAIOT UPE3BBIYAHO BBICOKYIO
TEPCIIEKTUBHOCTH MCIIOJIb30BAHUS 3TOI0 U30TOIA JIJIs Tepa-
U cocyucThix 3abosieBannii. B USU npu yuactum BNL
pa3paboTaHa TEXHOJIOTUs TPOW3BOJCTBA o0JioBa-117m B
cocrosHun "6Ge3 Hocutens" u3 OOJAYYEHHBIX MHMIIEHEH,
comepxamux cypbmy [7]. Beinenenune mpou3BengéHHOTO Ha
JmHeHOM yckoputene UAW npoagykTa HpOUCXOAHMT B
"ropsiunx kamepax" THL ®DU. OnbiTHbIE 06pasibl, MOJIy-
YeHHbIE 110 TEXHOJOTUM, 3alMIUEHHON poccHiickuMU U
3apyOeKHBIMHU TaTeHTaMu, npoxoaat ucnbitanus B CIIA.
[ns  opraHuzanmmy peryjsipHOrO TMPOM3BOACTBA ITOTO
paIMoOHYKJINAA, pa3pabOTKH POCCHICKOTO paanodapmaies-
THYECKOT'0 Npenapara Ha ero OCHOBE, POBEICHHS OMOJIOTH-
YeCKUX U JOKJIMHUYECKUX UCIbITaHuil B Poccuu ¢ yuactuem
MeauuuHCKOro  paguoJIOTHYECKOr0  HAy4YHOTO  LEHTpa
(MPHLI]) PAMH (r. O0HuHCK) TpeOyeTcsi 0KOJIO TPEX JIET
TIPH HAJIMYMH COOTBETCTBYIOIIErO (PMHAHCHPOBAHUS.

WHCTUTYT siAIepHBIX HCCIIeIOBAHUN ¢ yuacTueM HayduHo-
HCCIIEJIOBATENILCKOTO  (PU3MKO-XMMHUYECKOTO  WMHCTUTYTA
um. JI.A. Kapnoa (HUDPXUN) (r. OGHUHCK) U IPOU3BOJICT-
BeHHOro oO0beauHenus "Mask" pa3paboTaj TEXHOJOTHIO
TOJIYUeHUsT HYKIIUAQ nasiaouii-103 w3 cepeOpsHBIX MHUIIIe-
Hell, 00Tyu€HHBIX Ha JImHeHoM yckopuTele [8]. Ha ocHoBe
storo B MPHII co3gansl paanodapmaneBTHUSCKHE TIpera-
paThl — aJbOyMHHOBBIE MHUKpOC(hEpBI IJIs JICUCHUS aje-
HOMBI IPOCTATHI, PaKa MEYCHU U MOJIOYHOH JKeJIe3bl, ACIUT-
HBIX OIYXOJIe M PEeBMATOMTHOTO apTpHUTa, — KOTOPBIE
MPOJAEMOHCTPUPOBAIN CBOIO 3()(PEeKTUBHOCTH B OHMOJIOTH-
YEeCKUX 3KCIIEPUMEHTAX U MOKa3aJi MPAKTHYECKOE PEIICHHE
po0JIeMbl BBIBOJIA TIpenapaTa W3 OpraHu3Ma Mocie Tepa-
IIUH.

Axmunuti-225 u paouti-223 — HOBBIE Ype3BbIYAWHO TEep-
CIIEKTHBHBbIE alb(ha-aKTUBHBIE DPAAMOHYKIHMIBI, 00JIagaro-
e MaJIbIM NpoOeroM B OMOJIOTMYECKUX TKAHSAX M 0OJIb-

IIMM 9HEProBblAEIeHUEM. MaccoBoe HPUMEHEHHE ITHX
PaJIMOHYKJIMIOB KaK HEMOCPEJACTBEHHO, TaK U B KAauecTBe
TeHEPATOPOB JOUYEPHUX KOPOTKOKHUBYIIMX PaIUOHYKIUIOB
BUCMYT-213 u cBuHen-211 MoOXeT KapAMHAIBHO YJIYYIIUTH
CUTYalHIO C Tepanuei IeJ0ro psaa OHKOJOTUYECKHX 3a00-
sieBaHUi. OcoOEHHO 3(P(PEKTUBHBIM SIBJISETCS] UCTOJIb30BA-
HUe ajib(a-aKTUBHBIX DAJAMOHYKJIUIOB B KOMOMHAIMHM C
HAHOCTPYKTYPaMH, CBSI3AHHBIMU C MOHOKJIOHAJIbHBIMH aH-
TATEJIaMH, IS JOCTaBKH B OoibHBIe KieTku. Ilupoxoe
MPUMEHEHHE TaKUX PAJUOHYKIUIOB B MUPE CIECPKHUBACTCS
UX BECbMa OTrpaHUYEHHBIM TPOU3BOACTBOM. MIHCTUTYT siziep-
HBIX MCCJIEIOBAHMN B COTPYIHHYECTBE C XMMHYECKUM (a-
kyiapretoM MIY u WHcTUTYyTOM (U3MYECKOW XUMHH U
anekTpoxumun PAH paspabortan MeToa TpoOW3BOJCTBA
aKTUHUA-225 1 paaus-223 U3 TOPUEBBIX MUIIICHEH, 00TyuEH-
HbIX YCKOPEHHBIM MPOTOHHBIM MYYKOM, YTO MO3BOJMT
YBEJIMYUTH MPOU3BOJACTBO 3THX PAJMOHYKJIMJIOB Ha JBa
nopsiaka [9].

B nacrosiiee Bpemst USAM tonpko momyvyaer paauo-
HYKJIUJBl Ha JIMHEHHOM YCKOpHTENle MPOTOHOB, TOTAa KaK
nepepaboTKka € BBLACJIEHMEM KOHEYHOTO MPOAYKTa U IpPO-
U3BOJICTBO paanodapMaLeBTUUECKUX IPENApaTOB OCYILECT-
BJISIETCS B APYTUX, B OCHOBHOM 3apy0OeXHBIX, J1a0OpaTOPUsIX.
B WU 3aBeprieHO NpOEKTUPOBAHUE PATUOXUMHUYECKOU
naboparopud ¢ "ropsuumu kamepamu'" 11 nepepabOTKH
00JTy4EHHBIX HA YCKOPHUTEJIE MUIIICHEH W IMOTYYSHUST YACTHIX
paIMOaKTUBHBIX U30TONOB. [IpoekToM nmpenycmaTpuBaeTcs
COOpYXKEHUE NOMEILEHHUS ISl COOTBETCTBYIOLIEH J1abopaTo-
puUM B BHUAE NPUCTPOHKU K CYIIECTBYIOIIEMY 3JaHHUIO C
JedcTByIOIEeH cucteMoil kommyHnukanuii. Kpome toro, s
CYIIECTBEHHOTO PACHIMPEHHS TPOU3BOJICTBEHHBIX BO3MOX-
HOCTEH MIpPEIIOJIaracTcsl B IOIOJIHEHUE K [EHCTBYIOLIEMY
JIMTHEHHOMY YCKOPUTEJIIO IPOTOHOB IPUOOPETEHHE HOBOI'O
CHJILHOTOYHOTO IMKJIOTPOHA ¢ 3Hepruei no 120 M»sB u
pa3MelleHne ero B 3JaHUM JIeHCTBYIOLIETO DKCHEPUMEH-
TAJIBHOTO KOMILJIEKCA.

3. Kommiekc Jiy4eBoii Tepannu

OHKOJIOTHYECKHX 3200/1eBaHui

BasoBoii spepHo-pusnieckoit yctanoBkoit Komruiekca Jjryue-
BOM Tepamuu B T. Tpoulike sIBJISIETCSI TMHEHHBIN YyCKOPHUTEIb
npotonoB VAU, ynosnerBopsitominii OCHOBHBIM TpeOoOBa-
HUSIM JIYUeBOM TEPAIHU MO MapaMeTpaM IMydyKka: TUana3oHy
sHepruit 70—250 M5B, MIUTEILHOCTH MMITYJIbCa TOKA J10
200 MKc, 4acToTe MOBTOpeHui umitysbcoB 1o 100 I'n. Kax
XOPOIIIO U3BECTHO, OCHOBHBIM MPEUMYILIECTBOM IPOTOHHON
Tepamnuu SBJISIETCS CBSI3aHHAS C OCOOCHHOCTBIO TIIYOMHHOTO
JI030BOTO PACHpPE/IEICHUS TPOTOHOB BO3MOKHOCTD ITOpaXKe-
HUS TJIyOOKO PACIOJIOKEHHBIX OIYXOJIeH JIF0O00H (HOPMBI 1
JIOKaJIu3anuy 0e3 CyLEeCTBEHHOTO MOBPEXACHUSI OKPYKAIo-
KX 310poBBIX TKaHel. IlpoToHHas Tepamus moka3aHa
0ko0J10 20 % MmanueHToB CO 3JI0KAaYeCTBEHHBIMU OMYXOJISIMU,
a mMeromuecss B Poccuy MEHTpB MOTYT UPHHSTH JIUIIb
HeMHOruM Oosiee 1 % ot umcna takux GosipHbIX. B UANU
3aBEpIICHO COOpYXKeHHe nepBoil ouepenu Komrekca jryye-
Boii Tepanuu [10], B cocTaB KOTOPOTO BXOJST TPH OCHOBHBIE
YCTAHOBKH JIMCTAHIIMOHHOW paauotepanuu (puc. 4): mpo-
TOHHASI JIy4eBasl YCTAHOBKA C TOPU3OHTAJIBHBIM (PHKCHPO-
BaHHBIM ITyYKOM, YCTAaHOBKA (POTOHHOU paguoTepanuy Ha
6aze yckopures a1ekTpoHoB CJI-75-SMT (sHeprust aJiekT-
poHoB 6 M»3B) u peHTreHoTepaneBTUYECKass YCTAHOBKA, a
TaK)Xe pPeHTreHoBcKuil ToMorpad ¢upmbl "Toshiba". s
MPOTOHHOU U (POTOHHOI JIy4eBBIX YCTAHOBOK pa3paboTaHbl
COBpEMEHHBIE TPEXMEPHBIE CUCTEMbI KOMITBIOTEPHOTO TLTA-
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Puc. 4. Panuosiornueckue ycranosku Komrutekca styueBoii repanuu AN
PAH: (a) xamepa nmpoToHHOH Tepamuu, (0) yCKOpUTEIb 3JIEKTPOHOB
CJI-75-5 MT, (B) pentrenorepaneBtuieckas ycranoska PTA-02.

HUPOBAHHS OOJIyYECHUS] U CUCTEMBI M3TOTOBJICHUS WHIVBH-
NyaJIbHBIX (OPMUPYIOMINX YCTPOUCTB, MEIUIMHCKUE
“HGOPMAIIMOHHBIE CUCTEMBI CONPOBOXACHUSI MAIMEHTOB.
CoueTaHue 00JIyu4eHHU TPOTOHAMHU U (POTOHAMHU MOBBIIIAET
3pGEeKTHBHOCTD U HAJEKHOCTD UCIOJIb30BAHMS YCKOPUTES
MPOTOHOB WM YBEJIMYUBAET JOCTYMHOCTDH JIYYEBOTO JICUCHUS
OIyXOJIeH, TpeOYroIMX OOJIBIIOTo Yncia Gppakuuil ooyde-
Hus. B nponecce coznanus Komriekca corpynankamu MAN
ObLT pa3paboTaH M M3TOTOBJICH PsiI IPUOOPOB U CUCTEM,
MPEBOCXOISIIUX 10 TMapaMeTpaM CYIIECTBYIOLIUE aHAJIOTH.
Hanpumep, OblIH cO3IaHBI MHOTOKAHAJbHBIE BO3IIYIIHBIE
MOHM3AIMOHHBIE KAMEPbI C PEKOPIHO BBICOKUMH MPO3pad-
HOCTBIO M YyBCTBUTEJIbHOCTBIO, IIPELU3NOHHASI aBTOMATHU-
3UpOBaHHas cucTeMa (pukcanuy 1 NepeMelleHns NalueHTa,
nudpoBasi PeHTITEHOBCKAsl CHCTEMa HEHTPALUH MAlUeHTa U
np. [11]. CorpynaunkaMu 1a0opaTOpUU METUIHHCKON
¢usuku USU BemyTes mcciieqoBaHusI O Pa3BUTUIO TEXHO-
JIOTHH KOH(DOPMHOTO 00JIydeHHs] MPOTOHAMU, HEUTPOHAMHU
u poroHamm, a Takxke pa3pabOTKa COBPEMEHHBIX PaqHO-
JIOTMYECKMX NMPHUOOPOB M METOAOB TUATHOCTHKHM U Pajuo-
Tepanuy ¢ UCTIOJIb30BAHNEM paanodapManeBTHUECKUX Mpe-
napaToB. YHUKAIBLHOCTh YCKOPUTENSI IPOTOHOB U IKCIIEPH-
MeHTaJIbHOTO KoMIutekca MU mosxeT ObITh B OJIHON Mepe
peanu3oBaHa MPU CO3MAHUU U BBEACHUM B IKCILIYATAIMIO
BTOpOU ovepesau, AJIs1 KOTOPOU B HACTOsIlEee BpeMsl pa3pa-
00TaHO TEeXHMYECKOE 3aJaHMe Ha IpoekTuposaHue. [Ipen-
MOJIATAETCSI, YTO B HOBOM 3JaHHUHU, CTPOUTEIHCTBO KOTOPOTO
3aBepIIaeTcs, OyayT pacrmojaraThes: 1abopaTopus paHHeR
JIUATHOCTUKU C HUCIOJIb30BAHUEM CKaHEPOB MO3UTPOHHO-
SMUCCUOHHON KommbroTepHOd ToMorpaduu (ITDT/KT) u
0AHO(POTOHHOM IMUCCUOHHOI KOMITbIOTEPHO# TOMOTpaduu
(OD3/KT); BTOpasi IPOTOHHASI YCTAHOBKA C HECKOJIBKUMU
HAIPaBIICHUSMHU IIyYKa, JIa0OpaTOpHsl paaHOHYKIJIUTHON

Puc. 5. IlepdopaTtop Ha Gaze s3pbueBoro yazepa majis 3ad0opa KpoBU Ha
anaim3: (a) Jjasepubii nepdopatop "Ipmen-304", (6) HoBas Mouesb
J1a3epHOro nephoparopa co BCTPOSHHBIM [IFOKOMETPOM.

Teparnuu, B TOM 4YHCjIe OpaxuTepamnuu; JJabopaToOpusi HEWUT-
POHHOW, B TOM YHCJIE HEUTPOH-3aXBaTHOM, Tepanuu.

4. Jla3epnblii nepopaTop co BCTPOEHHbIM I'TIOKOMETPOM
PazpaboTtka B koHIE 1980-X rOA0B HCTOYHUKA MOJISIPU30BAH-
HBIX MPOTOHOB C ONTHYECKOW HAKAYKOW JJI JIMHEHHOTO
yckoputesst mpotoHoB MW npusena x naee nCnoiab3oBa-
HUSI TBEPAOTEILHOIO J1a3epa st OECKOHTAKTHOI'O MPOKOJIa
TKaHel maJjblia Ja3epHbIM nepdopaTtopoM mnpu 3adope
kpoBH Ha anam3. B 1991 r. npu SN 6bu10 co3mano Maoe
npennpustie "VHXEHEPHBIA EHTP HOBBIX TEXHOJOTHIA"
(MLIHT), B xoTOpOM OBLIM peajiu30BaHbl JAHHBIE UOCH U
HaJIa)XEHO MacCOBOE MPOU3BOJCTBO Ja3epHBIX HepdopaTo-
pos "Opmen-304" (puc. 5a) [12], cepTudUUMPOBAHHBIX B
Poccuu, CIIIA u EBpome. B HacTosiee BpeMst HAET 3amycK
MPOU3BOJICTBA M TPOJIBIDKEHHE HA PBIHOK KaK JIa3epHBIX
neppopaToOpoOB HOBOTO THMA IS 3a00pa KPOBH HA aHAJIN3 B
MEUIIMHCKUX YIPEKICHUSIX, TAK U MaJIOorabapuTHBIX Jia3ep-
HBIX NepPHOPATOPOB CO BCTPOEHHBIM IJIIOKOMETPOM IJIS
MPOBEICHHS IKCIPEcc-aHAM3a ONpeaesieHHs] YPOBHS ca-
xapa B kpoBu. O0a npubopa UCIOJIb3YIOT JIa3ePHOE U3JTyue-
HUE TPEXMHUKPOHHOTO CHEKTPAJBHOTO IUAna3oHa. AKTHB-
HBII 3JIEMEHT H3JTydaTeIs JIa3epHOTO IepdopaTopa M3roro-
BJEH Ha OCHOBE KpHUCTalja UTTPUMH-aJIOMUHHUEBOIO
rpaHara, jierupoBanHoro monamu spousi (YAG: ER). Uc-
MOJIH30BAHUE JAHHOTO KpHUCTAauia OOYCJIOBJIEHO TEM, YTO
T0Jbk0 YAG :ER uMeeT AjiuHy BOJIHBI TeHEpaluWH, Ha
KOTOPO# KO3(h(HUIMEHT MOTJIOIEHNS CBeTa B BOJAE TOCTHU-
raeT 3KCTPEeMaJIbHO BBICOKHX 3HAYCHHWH (3a CUET 3TOTO
MPOUCXOAUT HMCHapeHue TKaHeil). Jlpyrue AJUHBI BOJH
JIa3€pHOTO M3JIYyYEHUs CIIOCOOCTBYIOT KapOOHHU3AIMHM TKa-
Heit. Oco00oro BHUMAaHUS TPEOYET MPOU3BOACTBO MOHOKPH-
craioB YAG : ER, mockoJIbKY MPaKTHYECKH BCe KOMILIEK-
TyroImme npubopa, 3a UCKJIFOYEHHEM aKTUBHOTO JJIEMEHTa,
noctynsbl Ha peike. B MITHT MW PAH paszpaborana
TEXHOJIOTHSI MacCOBOTO MPOU3BOJCTBA MOHOKPHUCTAJIIOB
YAG : ER 1 ux kaueCTBEHHOU ONTHKO-MEXaHU4ECKOI 0Opa-
6OTKH.

Jaszepuwiii nepghopamop HOBOTO TOKOJICHHS, KOTOPBIA
nMeeT HeOombmme pasmepbl (120 x 80 x 30 MMm) u Bec
oxo0J10 200 1, MO3BOJIIET OCYLIECTBISATH MpoLeAypYy 3abopa
KpOBU C MUHHMMAJIbHBIMH OOJIEBHIMHU OIIyIIeHHsIMHU. Ilep-
(dopatop 001a7a€T YHUKATHHBIMU CBOMCTBAMM CTEPHIIM3A-
UM TKaHEH B pajuyce NEHCTBHS TPEXMUKPOHHOTO Ja3ep-
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HOTO U3JIyYeHUS], YTO AAET BO3MOXHOCTH €ro UCIOJIb30Ba-
HUSl B JIFOOBIX YCJIOBUSIX C MHHHUMAJBHOH BEPOSITHOCTHIO
3apakeHusl. 3aKUBISIEMOCTh TKAHEH MOCIIE €T MCIOJIb30Ba-
HUS TIPOUCXOTUT Ha TIOPSIOK OBICTPEE, YeM IPH HCII0Ib30Ba-
HAM METaJUIMIECKNX ckapu(uKaToOpoB W JaHIETOB. Pecypc
3apsSAKU aKKyMYJIITOPHON OaTapen paccuuTaH Ha MpOBee-
HUe cTa nepdoparmid.

Maaoeabapummplii aazepHwlil nepdopamop co 6cmpoen-
HbIM  2AI0KOMEempoM — TpHOOp s 0e300JIe3HEHHOW U
OBICTPOI MPOLEAYPHl CAMOAMATHOCTUKY YPOBHSI caxapa B
KpoBU (OeckOHTAaKTHOH mnepdopaunuy TKaHEH majbla u
MPOBEACHUS 3JKCIIPECC-aHaIM3a KPOBHU) IMpPU 0OeCHeYCHUU
MOJIHOM CTepUJIbHOCTH — TMpeIHa3HAayeH I OOJIbHBIX
caxapHbiM mmabetom. [abaputsl TpubOpa CpaBHUMBI C
MOOWIBHBIM TeslehoHOM (puc. 50), pacxo/IHbIe MaTEPHAIIBI
BBITIOJTHSFOTCS B BUZIC CMEHHBIX KAPTPUIDKEH ¢ TPEX THEBHBIM
3anacoM. [Ipubop uMeeT psi NPeuMyIIECTB epe.] APYTrUMHU
KOHTAKTHBIMHU aHAJIOTAMU: MUHUMAaJIbHbIE 00JIeBBIE OLITyIIIe-
HUsl, OBICTpasi 3aXXUBJIIEMOCTb TKaHHM, aOCOJIOTHAs CTe-
PUJIBHOCTDH, MEHBIIIASI CTOMMOCTh OJlaromapst 6osee aemé-
BBIM PACXOJHBIM MaTepHayaM, OOJIBIIOW CPOK IKCILTyaTa-
1y (6oJiee nATH JIeT), yI0O0CTBO M MPOCTOTA IKCILTYyaTAIIMH.
Cero/iHsi ONBITHBIE 00PA3Ibl 3TOTO MPUOOPA YCIEITHO TMPO-
XOJAT ampobanuio B MEIWIMHCKUX yupexaeHusx Poccuwm,
EBpornsl u FOxHoi#t Kopen. Tpebyercst opaboTka mpOMBIIII-
JICHHOTO JW3aifHa ¢ UCIOJIb30BaHNEM HOBOTO M3JTYy4aTelIs C
0oJiee BBICOKMM K.M.J. W MEHBIIUMH TrabapuTaMH, 4YTO
MO3BOJIMT €I CHU3UTh CeOECTOMMOCTD M CliejaTh Ipubdop
0e3yCJIOBHO NMPUBJICKATEILHBIM JJI51 IOTPEOUTEIS.

5. TexHos0rus HApKO3a U Tepanuu CMeCSIMH

0.,1aropoIHLIX ra3oB ¢ KHCJIOPOJIOM

B pa6orax H.E. Bypoa noxasano, 4yTo razoBble cMecH (50 —
80 % KceHoOHA ¢ KUCIOPOJIOM) MPH HOPMAJILHOM JaBJICHUH
00ecreunBaroT He JAIOIIMNA OTPHUIATEIbHBIX TOCIEACTBUN
HapKO3 U 00JIAAIOT SIPKO BBIPAKEHHBIM TEPATEBTHUSCKIM
3¢ dexToM: yIydmIaroT COCTOSHHE MMMYHHOW CHCTEMBI
HAIMeHTa, BOCCTAHABJIMBAOT KAMUIAPHYIO CHCTEMY KpO-
BooOpatuenusi. Corpynaukamu USU, co3narommmu ycra-
HOBKY JUISI ©3MEPEHUsI MacChl HEUTPUHO, ObLIT pa3paboTaH
NaTPOH aACOPOLUH C HU3KUM COITPOTHBJICHHEM MTOTOKY rasa,
obecreunBaronuii 3GpGEeKTUBHOE MOTJIOIIEHNE KCEHOHA U
CYIIECTBEHHO YJCIICBISIIOIANA IIPOBEICHNE HapKo3a.
PaboTta no BHeIpEHNIO KCEHOHOBOTO HAapKO3a B MEIUIMH-
CKYIO IpPaKTUKY Oblla OoTMe4YeHa 30JI0TOM Medajiblo Ha
V MOCKOBCKOM MEXIYHAPOAHOM CajJOHE WHHOBALMN H
naBectunuit (BBL, 2005 r.). Bnociencrsun MAW cos-
mectHO ¢ bompauneir PAH B 1. Tpowurke paspaboran u
co3aaJI MHOTO(YHKITHOHAJILHYIO IBIXaTEILHYIO YCTAHOBKY
JUIS1 IPOBE/IEHUSI KCEHOHOBOT'O HAPKO3a U TEPANEBTHYECKUX
npouenyp [13]. B manpHeieM npu HaKOIJICHUW OMNbITA
KJIMHAYECKOW MPAKTUKH OBLIO TOKAa3aHO, YTO TOHAPKO3HBIE
CMeCH KCEHOHa C KHCIOPOIOM (KOHIIEHTpAIWsl KCEHOHA B
cmecu Menee 10 %) obecrieunBarOT TaKOW XK€ TepaneBTH-
qeckuit 3dekT, kak u Hapko3Hble cMecu [14]. X ucnomub3o-
BaHue B bosbauie PAH nokazaso Beicokyro 3ppekTHBHOCTH
[IPH JICUCHUU OOJIBHBIX C HAPYIIEHUEM PaOOTHI IEHTPAIbHON
HEPBHOI CHCTEMBI (BO3pacTHAsI aTPOQUS KOPHI TOJOBHOTO
MO3ra, 3HIe(aIonaTHH HOCTTUIIOKCHIECKOT 0 TeHe3a, 0CTPoe
HapyIIeHHe MO3TOBOIO KPOBOOOpAIIEHNS), NIPH JICUCHUN
OOJIBHBIX C CUHIPOMOM XPOHHYECKOI'O CTpecca U NpH
peaduIuTAI OHKOJIOTHYECKUAX OOJIBHBIX ITOCIIE ONEePATHB-
HOTO BMEIIATEIbCTBA U KOMOMHUPOBAHHOTO JieueHus. He-
JIOCTATKOM KCEHOHOBOM Tepammy SIBJISETCS BBICOKAS CTOU-

MOCTb KCEHOHA. BBIXOJIOM M3 3TON CHTyalluu MOXET OBITh
nepexo/ Ha KPUNTOHOBYIO Tepanuio (CTOMMOCTb KPHUIITOHA
noutu B 20 pa3 HUKe KceHoHa). [IpeBapuTeIbHbIC UCTIBITA-
Hus, npoBenéHHble B MIHCTUTYTE MEAMKO-OMOJIOTUYECKIX
npobiem PAH, moxazanu, 4TO KPUNTOH-KUCIOPOTHBIE
cMecH Takxe obOecrneymBarOT HEOOXOAUMBINA JieueOHbIN
a¢dexr.

Lenn u 3ama4M BHEAPEHUS B LIMPOKYIO MEIUIIHCKYIO
MPAKTUKY TEXHOJOTHI JIEYEHUsI CMECSIMH OJaropoaHBIX
ra3oB C KHACJIOPOJOM, B peaj3aluyd KOTOPBIX NPUHUMAET
yuactue AU, cnenyronye: nanpHeiias pa3paboTka MeTo-
JIUK JICUEHUS Pa3JIMYHBIX 3a00JieBaHUA KCEHOH- U KPUNTOH-
KHCIIOPOJAHBIMH CMECSIMHU, pa3paboTka mpruOOPOB [JIs U3Me-
pEeHHS B IbIXaTEJIbHONW CMECH 3aKPBITOrO KOHTYpa KOHIEHT-
panuy KpUNTOHA M KHCIOPOAA, BHEAPEHNE B MEIUIIMHCKIE
YUPEXKJICHUS] MHOTO(QYHKIIMOHAIBLHOTO JBIXaTEJIBHOTO all-
rnapara, MPOBEACHUE KJIMHUYECKUX HCHBITAHUN KPUNTOH-
KHUCJIOPOJHBIX cMecei.

6. Ludposoii peHTreHOBCKHUil TeHCHTOMETP

B USUN paspaboran muppoBoll PEHTTEHOBCKUIl IEHCUTO-
Metp JEHUC (aG6peBuatypa — oT "1meHCHTOMETD HCCIIE-
JOBaTeIbCKUi"), MpeaHa3HAYCHHBIA sl THATHOCTUKU
OCTEOTIOPO30B M KOHTPOJISI KAYeCTBA OMEPAIid MPOTE3UPO-
BaHus 1ieiiku 6eapa [15]. OCHOBHBIE KOMITOHEHTBI, COCTAB-
JIsioMe npeaMeT paspaboTku: nudpoBoi mpubop mis
nosyueHus: n3oopaxennid Ha ocHoBe [13C-matpunst (I13C
— npubop C 3apsAA0BOI CBS3BIO), KAJTUOPOBOYHBIA KIIMH,
nporpamMmmHoe obecrieueHre. HermocpenctBennoe (yHKImO-
HaJIbHOE Ha3HAUYCHHE U3[IEJIUsI COCTOUT B M3MEPEHUU MAaCChI
KOCTHON TKaHM (IUIOTHOCTH) KOCTH B HEMOCPEICTBEHHON
6M30CTH ¢ 00JIACTBIO OCTEONOpO3a 0e3 XUPYPTHIECKOTO
BMEINIATEbCTBA U KAKUX-TUOO BCIIOMOTATEJbHBIX OTepa-
U, C OAHOBPEMEHHBIM IOJIyYCHUEM U300PaKEHUI KOCTH U
mpoTe3a sl MPOBENEHHs] COOTBETCTBYIOLIETO 00OCIeIoBa-
HUs. B pe3ynbTaTe KIMHUYECKUX UCTIBITAHUH, MPOBEIEHHBIX
B LleHTpaTbHOM HAyYHO-HCCIIEIOBATEILCKOM HHCTUTYTE
TpaBmatoJjioruu u oproneauu uM. H.H. ITpuoposa obcie-
JI0BaHO 128 GOJIBHBIX, MEPEHECIIUX OIEPAIMIO IHIOMPOTE-
3UPOBaHUSI Ta300€IPEHHOr0 CycTaBa MO MOBOMAY JAereHepa-
TUBHO-TUCTPOPHUUECKHUX 3a00ICBAHUI UITU TIEpeJioMa IICHKU
OenpeHHO# kocTH Ha (QoHe octeomnoposa. Kaxaplii u3
MALMEHTOB 3a NepuoJ HaOroneHus: o0cienoBaics oT 2 10
5 pa3s, Bcero mpoBeaeHO 559 wucciemoBaHmid. [l OLEHKH
TOYHOCTH M3MEPEHHS] MacChl KOCTHOHM TKaHU IO €€ MJIOTHO-
CTH B OJMHAKOBBIX 30Hax ['pyena y 116 mamumeHTOB mpo-
BOJUJIOCHL MCCIIeJoBanue Ha aeHcuroMerpe '"Lunar-Pro-
digy". B cpaBHeHHU C 3apyOeKHBLIMM aHAJOraMu, MpUOOp
JEHUC obGecneunBaetr Oosiee cTaOWIbHBIE pe3yIbTaThl,
00Jiee BHICOKYIO TOYHOCTb U3MEPEHUI U UMEET B HECKOJIBKO
pa3 MeHblyto croumocTb. [Ipubop yaocroeH menaneid u
IHATLIOMOB Ha PAa3JIMYHBIX BBICTaBKax WHHOBanuid. s
OPraHU3aIU MacCOBOTO MPOU3BOJICTBA HEOOXOIUMO 3aBep-
IIEHUE OTBITHO-KOHCTPYKTOPCKUX paboT mo pa3paboTke
COBPEMEHHOT'0 U3aifHAa U TOBAPHOTO BUJA, a TaKXKe HaJM-
qye 3aKa30B OT MEAUIUHCKUX YUPEXKICHUH.

7. 3akioueHue

B maHHOM [okjajie BBHUIY OTPAHUYEHHOCTH €ro oObéMa
Mpe/ICTaBJieHa JIMIb 4acTh pa3dpaborox MuHcrutyTa simep-
HbIX uccieqoBanuii PAH mist MeaumuHbl ¢ HCIOJIBL30Ba-
HUEM sIIepHO-(PU3UUECKUX METOJIOB U CPeACTB. BOJIbIINH-
CTBO pa3paboOTOK U MPOECKTOB HAXOJUTCS B KOHEYHOU
cTaauu, HO TpeOyeT WHBECTUIWNA TS OpraHU3aIlud MpO-
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M3BOJCTBA U BHEAPEHMS B LIMPOKYIO MEAMLUMHCKYIO MPaK-
THKY.

3HaunTeNbHAS YACTh NMPOEKTOB BBITIOJHEHA B paMKax
IMporpammel npesuauyma PAH "®yHpaMeHTaIbHbIE HAYKH
— MeaumuHe", pyKOBOJCTBY KOTOPOU BBIPAXKAETCSI UCKPEH-
HSIsl IPU3HATEJIBHOCTD OT JIMIA ABTOPOB MPOEKTOB. ABTOD
uype3BblualiHO OsaromapeH B.A. MatBeeBy 3a TOJJIEPXKKY
paboT 1o JaHHOMY HampaBJjeHuto, a Takxke b.JI. XKyiikosy,
C.B. Axkyimuaunuesy, B.I". ITonymikuny, 5.M. OBu4nHHUKOBY 1
B.I'. Henope3oBy 3a npeocTaBJIEHHBIE MATEPUAJIBL.
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