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Ipeamet u uenb paboTel: Hccaedyiomes 0cobennocmi usiyuenus Memanoibivix mazepos kiacca I na nepexode 8,—7,4"
(95 I'Ty) 6 obnacmsax, accoyuupyemvix ¢ 0061acmamu QopmMuposaHus HO8bIX NPOMO36€30, U 6 OCIAMKAX CEEPXHOBIX, 4 MAKIHCE
nepemennocms SiO (J = 2—1) masepa 6 R Cassiopeiae.

Mertos! u MeToonorus: [louck memanonvhuix Masepos kaacca I ocnogvieaemcs Ha uoee cosnadenus 0o1acment ux U3IyyeHus
¢ obnacmsamu uznyuyenuss OH mazepos na nepexooe enympu HudicHe2o yposHs snepeuu Ha wacmome 1720 MI'y (nepexoo 2173/ 5
J=3/2 F=2-1).

Pesynsrarsr: O6rapysicenvt memanonvnvle mazepul na nepexode 8,—7,4" (95 I'Ty) 6 ocmamkax ceepxnosoix IC 443 u Kes 79
U 3ape2ucmpupos8ansl 0COOEHHOCMU U3YYeHUs MEMAHONIbHBIX MA3eP08 8 HECKONbKUX 00bEKMAX, 6nepesle NOKA3ambl 0COOEHHO-
cmu nepemennocmu usnydenus maszepa SiO na nepexooe J =2 —1 6 R Cassiopeiae.

3akmrouenue: [lepemennocms memanonvueix u SiO masepos aensemcs ux oowum ceolicmeom. Ha npumepe mpex o6vexmos
NOKA3aHA 803MOXHCHOCMb ucnonvzoeanus OH masepa na ywacmome 1720 MI'y 6 kauecmse uHOUKamopa npu HOUCKe Ma3epos
kaacca I na monexyne memarnona. Ocobenno 5mo 6a*CHO NPU UZYUEHUU MA3EPHO20 USLYHEHUS 8 OCIAMKAX C8EPXHOBYIX, UMO
noomeepcoaemcs OOHAPYHCEHUEM MEMAHONLHBIX Ma3epos Ha nepexode 8,—7,4" (95 I'Ty) ¢ ocmamxax ceepxnosoix IC 443
u Kes 79. Ocobennocmu nepemennocmu cnekmpos usznyuenus 6 R Cassiopeiae céudemenbcmeyiom ob 06pazo8anuu u ucuesHo-

eenuu mazepos SiO na nepexode J =2—1.

KitroueBble crioBa: masepHoe usiyuenue, 0CMamKu C6ePXHOBbIX, MOIEKYIApHbLe 00aaKa, memaHo, SiO

1. BBenenue

MasepHoe H3y4eHHe paccCMaTpUBaeTCsl B COBPEMEH-
HOH acTpodu3nKe KaK HHAUKATOP MPOLIECCOB, POUC-
XOASIIMX Ha Pa3lUYyHBIX 3Tanax (GOPMHPOBAHHUS
3Be3d. B HacTosmiee BpeMs oOHapys>KeHbl Ma3ephbl
Ha HECKOJIBKUX MOJIEKYJaX, Cpear HUX Haubosee pac-
MIPOCTPAHEHHBIMH B MEX3BE3THOM Cpesie SBISIOTCS
rugpokcuibHble Maszepbl (OH mazepsr), Mazepsl Ha
napax Bozasl (H,O Ma3epsl), METaHOJBHBIE Ma3€phbl
(CH,OH wMma3sepbl) 1 Ma3epbl Ha MOJIEKYJIaX OKHUCH
kpemHuus (SiO mazepsr). [lepBbie Tpu HaOmOKAIOTCS
Ha paHHUX CTaAUAX 3B€37000pa30BaHMs, B TO BpEMs
kak SiO maszepbl, KaKk NPaBUI0, OOHAPYKUBAIOTCS
B 3B€3/JaX, HAXOISIINXCS HA KOHEUHBIX 3Talax 3Be3-
IHOM 3BoMonny. B nocnennue nsa gecsatuieTus uc-
CJIeZI0BATENH POLIECCOB 3B€31000pa30BaHuUs IPOSIB-
JISFOT yCUIJICHHBIA HHTEPEC K METAHOJIBHBIM Ma3epaMm.
B MuyuinMeTpoBOM Iuamna3oHe 3aperucTpUpOBAHO
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n3nydenue 6osnee 20 TMHUI MOJNEKYJl METaHOIIA, Ha-
XOISLIMXCST B MexX3Be3aHou cpexe. IIpu atom BO3-
Oy’)KJIeHHE Pa3IMYHBIX MEPEXOJ0B MEXIy YpPOBHS-
MM DHEPTHUU MOXKET OIPEACTIATHECA ABYMS MEXaHU3-
MaMHU — paJuallMOHHBIM MU CTOJIKHOBUTCIIbHBIM.
B cooTBeTCTBHUM C 3TUM METAHOJILHBIE Masepsl pas-
JeNAI0TCA Ha JiBa kiacca — kiace 11 m kimace 1 [1, 2].
[Nownck u 0OHapyKeHHE METAHOIBHBIX Ma3epOB KJIac-
ca Il obnervaercst TeM, YTO UX CHIIBHOE H3ITyYCHHE
HaOMIOaeTCsl B CAHTUMETPOBOM JIMAIa3oHe, a TaK-
K€ TEeM, YTO CYIIECTBYIOT JOCTATOYHO OOIIHPHBIC
uccnenosanus H I obnacreii, koMnakTHBIX UHGppa-
KpacHBIX 00pa3oBaHMM nin 00JacTeld MIIITUMETPO-
BOTO ¥ CYOMIJUTUMETPOBOTO M3IydEHUS (CM., HaIlpH-
Mep, pabotel [3—5]), KOTOpbIe TaKKe SBISIOTCS WH-
JIMKaTOpaMHu 3Be3000pa30BaHus U B KOTOPBIX MO-
JKET IMETh MECTO PaTHAIIHOHHBIA MEXaHU3M BO30YX-
nennsi. CUITbHBIE METAHOJIBHBIE Ma3ephl Kiacca I
HaOIIONAI0TCS B OCHOBHOM B MUJUTUMETPOBOM JIHa-
Ma30HE U JI0 CUX I1OP HET NOJIHOTO NOHUMAaHUS, C Ka-
KHMU acTpO(OU3NIECKUMH 00bEKTAMH HX MOXHO ac-
COIIMUPOBATL. HO-BI/II[I/IMOMY, 3THM MOXXHO 06’5510-
HUTh MEHbIIIEE KOJUYECTBO 0030pOB HAOIIONAEMBIX
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METaHOJBHBIX Ma3epoB Kiacca | Kak Ha OAMHOYHBIX
panuoreneckonax [6—10], Tak u Ha uHTEpdHEepomeT-
pax [11, 12]. HaBepHoe, camblii puznueckn 060cHO-
BaHHBIM MOMCK Ma3epoB kiacca | Obl1 mpoBeneH
B 00nacTsIX 3Be34000pa30BaHMs C BBICOKOCKOPOCT-
HBIMHU OunonspHbIMU oTokami [ 10] 1 B nH(paxpac-
HBIX oOnakax [8].

B Hammx uccnenoBaHMsIX cAefaHa MOMBITKA 00-
paTuTh BHUMaHHE Ha HEKOTOPBIE 00IIMe CBOMCTBA
MeTaHOJbHBIX Ma3epoB 1 OH mazepos. B paborax
[13, 14] 6bUTO TOKA3aHO, YTO MOKHO OXKHUAATH ITPO-
CTPaHCTBEHHOTO COBMAaJeHUs MeTaHOJIbHBIX 1 OH
Ma3epoB U3-3a UCIIAPEHUs T'a3a U3 000IOUKH IBUIH,
HarpeBaeMoH ci1a0oil ynapHo# BonHo. B nansHei-
IEM TEOPETUUYECKOE MOJAEIHPOBAHHE Ma3epHOIO
BO30YKIIEHUS NI0KA3aJ10, YTO Ma3epHOE U3ITyUCHHE
Ha 00erX MOJIEKYJIax MOXKET CYIIeCTBOBAaTh OIHO-
BPEMEHHO MpPH MH(paKpacHOM H3IYYEHHH OT Ha-
rperoi UK [15]. Ha nepexonax BHyTpH HUXKHETO
YPOBHSI 3HEPIMH B HEKOTOPBIX O0BEKTax HaOImro-
naetcs maszep Ha gactore 1720 MI'm (mepexon
2H3/2 J =3/2 F =2-1), B B030YKIEHUH KOTOPOTO
CTOJIKHOBHUTEJBFHBIE TIPOIIECCHI UTPAIOT CYIIECTBEH-
Hyt0 poiib [16]. [ToaTomy ¢ 2006 mo 2013 rr. Ha
panroTENECKOIIe TPOBOIUINCH HAOIIOMEeHHs 0071a-
CTEeH, B KOTOPBIX paHee ObUIO OOHAPYKEHO H3ITyde-
aue OH momnexyner Ha gactore 1720 MI'm. Bri6op
HMCTOYHUKOB OCHOBBIBAJICS HA OOIIMPHOM 0030pe 1Mo
n3nydenuto monekynsl OH [17], a Taxke Oonee
mo3aHuX wccaegoBanusx [18]. Bmecte ¢ Tem mx
repevyeHsb ObUI paclupeH 0ObEeKTaMH, CBS3AHHBI-
MH C OCTaTKaMHU CBEPXHOBBIX C MOTOKAMU MEX-
3BE3AHOTO BEIIECTBA, KOTOPhIE MOTIIN CIIOCOOCTBO-
BaTh 00Pa30BaHUIO CTOJIKHOBUTEIHHOTO Ma3epHO-
ro U3NydeHusl. B HECKONIBKMX OCTaTKax CBEPXHO-
Beix OH ma3zepwl Obutu 0OHapysxeHsr [19, 20].
K coxanenuto, HaM He yIajloCh MPOBECTH CHUCTE-
MaTH4YeCKHe HCClIeoBaHUs OONBIINX BBIOOPOK
00BEKTOB TIO0 MPUYNHE OTPAHWIEHHOCTH BPEMEHHU
HaOmroneHui (Hadmtonenust Ha PT-22 orpannuunBa-
JUCHh JIBYMS-TpEeMs HEIEISIMH B TOJY, MIOUCKOBEIE
HaOJFOJIEHUSI METAaHOJIBHBIX Ma3epPOB 3aHUMAIIH He
6omnee 5 % nHabmomarenbHOTO BpeMeHH). K coxa-
Jennio, Haomronenus Ha PT-22 ¢ 2014 r. cranu ajs
HAC HEAOCTYMHBIMH 110 HE3aBHCSIIUM OT HAC MPH-
YUHAM.

Yro xacaercsi pyrux M3BECTHBIX MUJIMMETPO-
BBIX Ma3epoB, TO B Haileill paboTe MPUBEAEHBI pe-
3ynerarel HaOmonerwit Si0 Mazepa B HalpaBIeHUN
R Cassiopeiae. DTOT 00BEKT HCIOIB30BAJICS IMPH
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HAOMIOZICHUSX, KaK TIPABUIIO, VISl IPOBEPKU TOUHOC-
TH HaBelleHUs paguoreneckona. Ho oOHapyxeHHbIE
BPEMEHHbBIE M3MEHEHUS MUJUIUMETPOBOTO CIIEKTpa
u3nydenus: Monekynsl SiO Ha mepexoge J =2-1
OKa3aJuCh HE3aMEUYCHHBIMH APYTHMMHU HMCCIEI0-
BaTelsIMU B Tiepuoj Hammx HabmoneHuit ¢ 2006
mo 2013 rr.

2. MeTaHOJbHBII Ma3ep
Ha nepexone 8,—7,A4"
B HanpasjeHnn IRAS 05358+3543

IRAS 05358+3543 (3BeCTHBIH TaKXKe 10T HMCHAMH
G173.481+2.445,S231, S2331R) oTHOCHTCS K BBIOOP-
Ke U3 69 AeTanbHO M3y4aeMbIX B IMOCIEIHEE Jie-
CATUIIETHE TIPOTO3BE3THBIX OOBEKTOB OOJBIION
Macchl [21-24]. Haxonsuuiicss Ha pacCTOSHUU OKO-
70 1.8 KK OH WMEET BBICOKYIO OOJIOMETPHUECKYIO
CBETUMOCTb, U IPOUCXOASIINE B HEM IPoLecch (op-
MHUPOBaHUS MAaCCUBHBIX 3B€3/1 ITIOATBEPIKIAIOTCS Ma-
3epHBIM H3ITydeHueM [25—-27] u HamuaueM OUmosIsip-
HBIX TOTOKOB [28, 29]. Mazepnoe OH u3nyueHue Ha
Mepexo/iax OCHOBHOTO YPOBHS 2H3/2 ObLTO OOHApY-
’KeHO Ha yactorax 1665 u 1667 MI'1 [18]. [lepexon
Ha yactore 1720 MI'u monexynst OH HaGmonaercs
B MOMIOMIEHNH. DTOT UCTOUYHHK aCCOIMUPYETCS C Me-
TaHOJILHBIMM Ma3zepamu Kak kiacca I, Tak u kiacca I1.
B Hem HabmromaeTcst CHIIBHBIN Ma3zep Ha 9acTOTe
6.7 I'T1[30]. Ma3zeps ki1acca [ oOHapyKeHBI Ha Hac-
totax 44 I'Tu [31]u 95 I'Tu [32]. [Ipu HabnroneHusIx
B 1992 . Ha yactore 95 I'T'11 OO 3aperucTprupoBa-
HO XapakTepHOE AJs Ma3epa y3KOIOJOCHOE M3Iy-
YEHUE C MHTCHCUBHOCTHIO 0K0JI0 50 SH Ha ydeBoif
ckopoctu okoio —17 km/c [32]. Cnemyromee HaOrO-
JIeHHEe, IPOBEJACHHOE B TIEPHUOJI C HIOHS IO CEHTIOPH
2010 r., mO3BOJISIET MPEIOIOKUTE, YTO Ma3ep B 3TOM
WCTOYHHKE SIBISIETCS IEPEMEHHBIM, TIPY ATOM U3JY-
YEeHHE MPOUCXOIUT Ha JIBYX JIYUYEBBIX CKOPOCTAX
(-16.05 u —18.84 kM/C) CO 3HAYUTEIILHO MEHBIICH
WHTEHCUBHOCTHIO (1.26 1 5.86 Sn) [10].

Hamm HaOnroneHus: METaHONLHOTO Ma3sepa ObLIH
npoBeAeHbl Ha yacTote 95.169463 I'T1 tarke B 2010
(10-11 HOs1Ops1). [lomyueHHBIE HAMH CTIEKTPHI Ma-
3epHOTO M3TyUICHHS 0oJiee OJM3KH K CIIEKTpaM U Tia-
pamMeTpaM W3ITydeHus, HabmromaBmuMmcs B 1992 1.,
[32] u cyuiecTBEHHO OTJIMYAIOTCS OT Pe3yiIbTaToB
HaOmonenuii B utone-centsiope 2010 . [10]. U3 puc. 1
BHUJIHO, YTO U3IYYEHHUE COCTOUT U3 JABYX KOMIIOHEH-
TOB — Y3KOTIOJIOCHOTO | IITUPOKOTIONIOCHOTO. B Tabm. 1
MIPUBEICHBI TapaMeTPhl N3ITyUeHUs, TTOTy9YeHHBIE B
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Puc. 1. CriexTp U3ITy4eHHUsI METAHOJIBHOTO Ma3epa, MOJIyYeHHbIH
Hamu B2010T

HaIINX U MIPEIIIeCTBYIOMNX HAOMIOACHUAX. Y3KOIIO-
JIOCHOE (Ma3epHoe) M3ITydeHHe M3MEHSIET CBOE T0-
JokeHue modTu Ha 1 km/c. OOMacTh CKOPOCTEH,
KOTOPYIO 3aHHMaeT IIMPOKOIOJIOCHOE H3ITyYeHHe,
OoJee xapakTepHa Ui TETUIOBOTO WU3ITyYEHUs, YeM
Uit MazepHoro. Hambornpiee oTindue COCTOUT B
00HapyKCHUU TIOTJIONICHHSI B OTHOCUTEIIEHO 0OJIb-
IIOM MOJIoCe, CMEIIEHHOM OT MOJ0KEHHUS ITHMKa Ma-
3epHOro u3nydeHus Ha crekrpe (puc. 1). O0bscHe-
HHEM 3TOI'O MOXKET GBITB CJIOKHaA NpOCTPaHCTBCH-
Hasl CTPYKTypa 00JIaCTH M3ITy4eHHs (0 4eM YIOMHU-
HAJIOCh B psje crareid, Hanpumep, [23, 33]), korma
Ha JTyde 3pPEHUS HaXOASATCS MOJEKYJIsIpHas 00IacTh
Ma3epHOT0 M3Iy4YeHUS U 007aCTh B COCTOSIHUU Tep-
MOIMHAMHYECKOTO paBHOBecHs. B Tabm. 1 mpuse-
JIEHBI TApaMeTPhI JINHUH U3ITy4EHUS U ITOTIIOIICHNUS,
HaliJIcHHbIE M3 MOJEIUPOBaHUs OOIIEro KOHTypa
TpeMs TayccruaHaMu, TOKa3aHHOTO Ha pHC. 1 uepHOi
CIUTOIIHOW TMHUEH.

3. MeranoJbHbIe Ma3epbl HA nepexone
8,—7,4" B 0CTaTKaX CBEPXHOBbIX
IC 443 u Kes 79

OcTarKu CBEpXHOBBIX MOTYT OBITh XOPOIIUMH OOBEK-
TaMU U1 IPOBEPKH POJI CTOJIKHOBUTEIBHBIX MEXa-
HHU3MOB BO30Y>XICHHS B Ma3epHOM H3JyUCHUH.
OH wmaszep Ha yactote 1720 MI'y paccmarpuBaercs
KaK MHJIUKATOp B3aUMOJEHCTBUS YIApPHOW BOJIHBI C
MOJIEKYJIAPHBIMH O0JIaKaMH M CTOJIKHOBHTEJIBHOTO
MexaHu3Ma Bo30yxaeHus: Mojekyn. B pabore [34],
MO-BUINMOMY, BIIEPBEIE OBLIO OTMEYEHO, YTO B psijIe
OCTaTKOB CBEPXHOBBIX HAOIIOOAeTCsl Y3KOMOIOCHOE
m3nmydenre OH (1720 MI'r) 1 mmpoKonoI0CHOE TI0-
IJIOLIEHNE Ha OCTaJIBHBIX MEPEX0/IaX OCHOBHOIO CO-
crostaust Monekyiasl OH. B pganprelimem 310 ObLIO
MTOATBEPK/IEHO NETATHHBIMH UCCIIEIOBAHUAMH Ma-
3€pOB B OCTaTKaX CBEPXHOBHIX [35-37], B TOM uuc-
ne u B uHTepecytomem Hac IC 443 [38]. bonee Toro,
OBLIO 0OHAPYIKEHO, YTO Ma3epHOE U3TyICHHE Ha Ja-
crore 1720 MI'l MOXeT OBITH MPOCTPAHCTBEHHO
NPOTSLKEHHBIM [39]. DTO MOXKET OKa3aThCsl BECbMa
Ba)KHBIM TIPH ITOMCKE Ma3epOB B OCTATKaX CBEPXHO-
BBIX OOJIBIIIMX Pa3MEPOB.

K MomenTy Hauana Hammx nccnenoBanuii B 2004 .
HE CYIIECTBOBAJIO CHCTEMaTHIECKIX HCCIIeT0BAaHUI
METaHOJBHBIX Ma3epoB B OCTaTKaX CBEPXHOBBIX.
[ToaTOMy MBI Hauanu HCHOIB30BaTh M3BECTHBIE
o0yacTu, B KOTOPBIX cymecTByeT m3mydeHne OH
(1720 MI'm) mist mouCKa B OCTaTKax CBEPXHOBBIX
Ma3epHOT0 M3JTy4eHHsI MOJIEKYJIbl MeTaHouna. Mupop-
Manus o HaOmoneHnu Hamu B 2004 1. MeTaHOIBHO-
ro mazepa (95 I'T'm) kmacca I B ocTaTke CBEpXHOBOM
Kes 79 [40, 41] BbI3Basa ompeaeleHHBIN UHTEPEC.
K coxanenuto, 3TOT pe3ynasraT He OBUT ITOITBEPK-
JIeH HaOJIOICHUSIME Ha JIPYTUX TEJIECKOMax, HalpH-

Tabnuya 1. Iapamerpsl HaGmonaeMbIx B Hanpasjaenun IRAS 05358+3543 MeTano/IbHBIX Ma3epoB Ha nepexoje 8, —7, 4"

Jlara Koopnunatst Visg> KM/ cC HHTeHC]I/,? HOCTE, MSHyI'E;):IS:,aKM I IIpumevanue JIuteparypa
1992 r. a=05:35:51.3 -17 50 Sn 1.57 Masep [32]
6 =35:44:16
(J1950)
HIOHB-CeHTI0ph | o =05:39:10.6 -16.05 2.18 5Iu 1.26 Maszep? [10]
2010 T. 5=35:45:19 -18.84 1.84 SIu 5.58 [upoxomnonocHoe
(J2000) H3ITy4eHUE
10-11 HOsOps o =05:39:13 -16.6 20 An Masep Hacrosias pa6ota
2010 . 5 =35:45:38.7 -16.0 6 51u Temnnosoe u3mydeHue
(J2000) -12.7 -0.09K Toromienue
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Mep B pabote [42]. BmecTe ¢ TeM mo3mHee MOsSBH-
JIUCHh Pe3yJbTaThl HAOIIOACHUH B OCTaTKax CBEpX-
HOBBIX METAHOJBHBIX Ma3epoB Kiacca I, Ho Ha Jipy-
ruX dacroTax [43, 44].

Memanonvnoiti mazep (95 I'l'y) 6 ocmamke
ceepxnosoil IC 443. Uctounuk 189.0+2.9, xoto-
PpBIN accouMupyeTcs ¢ ocTaTkoM cBepxHOoBoit [C 443,
Ob11 oTOOpaH u3 0630pa [17]. B Hem Habmomanvch
noronieHrne mMoiekynoit OH Ha mepexomax 2H3/2
J=3/2 F=1-1 (1665MI'n) u 2H3/2 J=3/2 F=
2—2 (1667 MI't1) 1 MHTEHCUBHOE Y3KOIIOJOCHOE
n3nmydenue Ha yactore 1720 Ml (mepexon 21_[3/2
J =3/2 F =2-1. DTOT HCTOYHHUK OBLI aCCOLIUUPO-
BaH KaK Ma3epHBI{, YTO OATBEPANIOCH H3yUEHUEM
€ro TOJIIPU3AMOHHBIX cBOHCTB [19]. B pabore [38]
ObL10 OTKpBITO cymiecTBoBaHue B [C 443 mpoTsikeH-
HBIX oOnacteit ¢ mazepusiM OH (1720 MI'n) usiy-
YeHHEM U IIHPOKOMOJIOCHBIM ITOTJIOIIEHNEM Ha OC-
TalIbHBIX TPEX IIEPEXOJAX: 21_[3/2 J=3/2 F=2-2;
My, J=3/2 F=1-1u "Iy, J=3/2 F=1-2.

Habmronenus Obutn mpoBeieHbI B OkTsI0pe 2010 T
Ha puc. 2 mokaszan cekTp U3ITy4eHHs] MOJIEKYIIbI
MeTaHoja Ha yactore 95.169516 I'T. Cnabas un-
TEHCUBHOCTL CUTHaia morpebdosana 1.5 g HaO-
JMIOIeHUA UCTOYHUKA. [lapaMeTphl crexkTpa om-
pelensanuch ¢ MCIOJIb30BaHUEM aINpOKCUMAaIlUuu
¢ynkumeii ['aycca. M3ny4yeHne ¢ MHTEHCUBHOCTBIO
T =0.08 K Habnrogaercs Ha Jy4eBOH CKOPOCTH
V, g =—6.6 KM/C B XapaKTepHOH IJI1 Ma3epoB y3-
koit mosoce 0.5 xkm/c.

Memanonvuwiii masep (95 ITy) 6 ocmamke ceepx-
Hoeoti Kes 79. Ocrarok ceepxHoBoii Kes 79 (G33.6+0.1)

T%K
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O] 1ol HHH f[
]
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1 L
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Puc. 2. CuexTp u31ydeHUs METaHOJBHOTO Ma3epa B OCTaTKe
cBepxHOBOii [C 443
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pAacIIoNoXKeH MOYTH B INTOCKOCTH | allakTuKy Ha pac-
crossaun ot ConHia npuMepHo 7.1 knk [45]. B ero
[EHTPE HAXOIHUTCS MYJIbCUPYIOIIHHA C TEPUOIOM
105 mc pentreHoBckuit uctounuk [46, 47], ocras-
LIMICS MTOCNE B3phIBA CBEPXHOBOM.

OTHOCHTENPHO HEOONBIINE YTIOBBIE pa3MeEpPHI
Kes 79 (oxono 10 yrmoBbIX MHHYT) JAIOT XOPOIITYIO
BO3MOYKHOCTb JUISI JIOCTATOYHO OBICTPOTO KapTOT-
padupoBanus. HaGmioneHne mpocTpaHCTBEHHOTO
pacnipesienienns u3mydenus Moaekyn CO u HCO'
TIO3BOJIHJIO TIPEITOIIOKUTE CYILIECTBOBAHNE B3aUMOICH-
CTBHSL OCTarka C MOJICKYJISIpHBIM oOiakoMm [48, 49].
B patore [40] Obu1M IPOBEICHBI HAOMFOIEHHUS OCTATKA
cBepxHOBOM Kes 79 u fetanbHbIe NCCIIeIOBAaHUE 3TOIO
B3aMMOJICHCTBHS B JIMHUH MONeKyibl - CO.

Crnaboe mHUPOKOTOIOCHOE MOTIOMIEHUE MOJIEKY-
aoii OH na wactore 1667 MI'n (mepexon 21'13/2
J =3/2 F =2-2) 6buio obHapyxeno B Kes 79 B un-
TepBaJie JIy4eBBIX cKopocTeidl oT 95 mo 115 kwm/c
[35], u BHepBBIC OBLT CHAEJIAH BHIBOJ O B3aMMO-
JIEHCTBUM ITOTO OCTaTKa CBEPXHOBOW C MOJIEKY-
JMAPHBIMA OOJIaKaMH TIO0 HAONIONEHUSM MOJIEKY-
nel OH. [lanHble, nmpuBeneHHble B padote [17],
TaKXKe MOKa3bIBAIOT CYLICCTBOBAHHE KaK MOIIOIIe-
HUsS, TaK W U3JIy4YEHHUS Ha Pa3IMYHBIX IEPexoaax
Y pa3HBIX MHTEpBajax Jy4YeBBIX CKOPOCTEW B HaIl-
pasnenuu (/ =33.1, b=0.0). CoobuieHune o nepBomM
JIETeKTUPOBAaHUU H3JTyueHust Mojekynsl OH Ha me-
pexone Iy, J=3/2 F=2-1 (1720 MI'n) cxena-
HO B pabore [50].

[lepBoe neTeKTUpOBaHWE METAHOIHHOI'O Mase-
pa kmacca I mHa gactore 95.169516 I'T'r (mepe-
xon 8, —71A+) ObUIO BBINIONHEHO Hamu B 2004 1.
Jannbsie ObUIM onyOiiMkoBaHbl B paborax [40, 41].
B nmanpHeiimem Obla mpeanpUHATA MOMBITKA Bpe-
MEHHOTO MOHHTOPHHTA 3TOTO Maszepa. MBI 3aperuc-
TPUPOBAJIHM Ma3epHOE U3IyUYEHHE MOCIEeIHUHN pa3 B
2009 1. Bce HaOmoeHs TPOBOIWIIMCH B HAIIPaBIIC-
HUU HA TOYKY C KoopAauHaramMu o =18:52:48.05 u
6=00:40:43.4 (J2000). Ha puc. 3 nmoka3aHsbI cIieK-
TPBl Ma3epPHOTO M3IIyYCHUS METaHOJa Ha YacTOTe
95 I'T'u, momyuennsie B 2004 r., 2006 r. u 2009 1.
IlepBrie nBa criekTpa B3ATHI U3 paboTs! [40]. Hamu
JTaHHBIE CBUETEIhCTBYIOT O CHIIHHOM IIEPEeMEHHOCTH
n3nydeHus. llapaMeTpsl Ma3epoB NMpPHUBEICHBI B
Taoin. 2. B naneHeiimmx Hadmonenuax 20102013 .
MasepHOe M3ITyUYeHHE METaHOJIa 3aPETUCTPHUPOBAHO
He Obu10. MBI IpeanonaraeM, 4To 3a TpU rojia Ipo-
M300IUI0 3aryxaHue masepa. [lo-Buammomy, 3TUM
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Puc. 3. Jlunamuka usMEHEHUH HHTEHCUBHOCTH METaHOJIHLHOTO
masepa (8,—7,4") ¢2004 102010 rr.

Tabnuya 2. TlapamMeTpbl MeTaHOALHBIX (8, —7, A")
ma3epos B nepuof ¢ 2004 mo 2010 rr.

ITonoca |CpenuexBanp.
Jara T, K V,sr> KM/ C | u3nydenus, | oTKIOHEHNE
KM/C mryma, K

04.11.2004| 1.5(0.3) |88.2(0.1) [0.83(0.18) 0.24
14.10.2006| 2.3(0.5) |88.8(0.1) [1.09(0.28) 0.45
17.07.2007 0.2
05.08.2008 0.15
01.10.2009{0.08 (0.03)| 87.9(0.3) | 0.8(0.4) 0.07
12.10.2010 0.06
06.11.2011 0.08
06.11.2013—
10.11.2013 0.09

Ilpumeuanue. B ckoOkaxX HpHUBEIEHA MOTPEIIHOCTb.

MOXXHO OOBSICHUTH OTPHIIATEBHBIE PE3YIIBTATHI PU
MOTIBITKAX HAaOJIOIeHUH 3TOTro Masepa nocie 2009 .,
MIPEATPUHIMABIINXCS IPYTUMHU HCCIEA0BATEIIMHI
[42], xoTOpbIE OPUEHTUPOBAINCH HA HAIIU JaHHBIC
2004-2006 rr., KOTAAa MHTEHCUBHOCTH H3JIYUYCHHUS
ObLIIa O4YEeHb OOJBIIOHN.
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4. Ma3sep Ha nepexozae 3,—4,4"
(107.01 I'T’'m) B W3(OH)

PacmonoxxeHHass OTHOCUTETHHO OMH3KO (Ha paccTos-
Huu 2.4 krik o1 Conana [51]) MaccuBHAst 001aCTh 3BE3-
nooopazoBanuss W3(OH) oTHOCHTCS K XOPOIIIO U3Y-
YeHHBIM 00bekTaM. OHa acCOLUMUPYETCS C YIbTpa-
kxomriaktHOM H Il obnactero co 3Be3moit kitacca O7
Y, Ha CaMOM Jielie, COCTOUT U3 JIBYX OOBEKTOB —
W3(OH) u W3(H20). Paccrostane Mexay HAMH
Ha HeOecHOU cdepe cocTaBiseT OKOIO 4 YINIOBBIX
ceKyHJ [52], BcencTBUE Yero OHU HE pa3pernaroT-
cs1 HAa HeOeCHOU cdepe B HAOMIONCHUSAX HA PaJHoO-
teneckorie PT-22 (mumpuna nuarpaMmsl HaripaBiieH-
HOoCTH 48 yrimoBBIX cekyHa Ha dactote 87.7 I'T'm).
[Ipenmonaraercs, 94To 3TH ABa 00BEKTa HAXOISATCS
Ha pa3HbBIX cTaausax pa3BuTuga [53]. B obnactu
W3(OH) nabnronaroTcst mpakTHUECKU BCE METaHOJb-
Hble Mazepsl kiacca II [53].
Habmonenns Ha nepexone 3, —4,4" (107.01 I'T)
JI0 Hac MPOBOIIIKCH B padorax [53—55]. Habmonas-
mmiics Hamu B 2006 T. CieKTp MoKa3aH Ha puc. 4, a.
CpaBHeHHE CO CIIEKTPOM, ITPUBEICHHBIM Ha pHC. 4, 0,

T*K

a

1.0

0.5

-0.5
=55
S, SIn
20
10F
0 '-nur
_1 T W NN TN S TN T N SN SN T TR N T T
~100 -50 0 ¥, g x0/C
6

Puc. 4. Mznyuenne meranona 8 W3(OH) na nepexone 3, —4,4"
B 2006 1. (PT-22, Kpem) (a) u B 1995 . (PT-20, Oncana) (6)
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KOTOPBIN HaOIIOJaJICs paHbILE HAa PAIHOTEIECKOIE
C IpUMEPHO TakuMH xe nmapamerpamu (PT-20, o6-
cepatopus Oncaia, [lIBerus) [54], moaTBepxmaet
MEPEMEHHOCTh METaHOJIBHBIX Ma3epoB.

B cnekrpax, momyueHHbIX B 2006 I, 4€TKO BUIHBI
JIBE JIMHUY U3TY4YEHUS, OJJHA U3 KOTOPBIX (43.5 km/c),
[0-BUAMMOMY, Ma3epHasi. Bropass uMeer 6onbiryto
mHpUHY. MBI IpeJnonaraeM, 4To 3TO CIEKTPhI H3-
JydeHus u3 apyx oomnacreii — W3(OH) u W3(H20).
Bonee mmpokuii criekTp, MO-BHIUMOMY, MOXKET OT-
HOCUTBHCA K Oortee “rerutomy’” ucrounuky W3(H20).

5. SiO (J=2-1, v=0) ma3zep
Ha yactore 86.2 I'Tu B R Cassiopeiae

Monekynspasie SiO Mazepsl Ha epexone J =2—1,
v=0 (uacrora 86.2 ['T'11) HE OTHOCATCS K TIOCTOSIH-
HBIM 00BEKTaM Halux HaOmoneHuit. OHu HaOIIIO-
JIAFOTCSI, KaK IPaBKJIO, HE MPH POSKICHNUM HOBBIX 3BE3/I,
a BONM3U 3Be3Jl, KOTOPbIE NPONLIH (ha3bl AKTUBHOMN
TEPMOSIICPHON JKU3HU (KakK, HaIpuMep, MUPH/IBI).
TeMm He MeHee B HAIIMX HAOIFONEHHMSIX OHU MCIIONb-
30BAJIMCh IS TIOCTOSTHHOTO KOHTPOJISl IPUHUMAEMOM
YaCTOTHl U TOYHOCTH HABEICHHUS/COMPOBOKICHU

74K

AaHTEHHBI pajuoTesieckona. B pesynbrare Mbl HaKo-
NN MH(OPMALIUIO O TOI0BBIX U3MEHEHHSAX B CIICKT-
pax u3nydeHus 3Tux maszepoB ¢ 2006 mo 2013 rr.
He npetenays Ha HONMHOTY (M3MepeHHs POBOIUITUCE
TOJIBKO OJIMH Pa3 B TOAAY ), HOJyYeHHbIE JaHHBIE TIpel-
CTaBJISIIOT UHTEPEC, TOCKOJIBKY B IUTEPATYPE OTCYT-
CTBYIOT JaHHBIE IIOCTOSIHHOTO MOHUTOPUHTA Ma3epa
Ha ykazaHHOM rnepexoje B R Cassiopeiae.

Ha puc. 5 nokazansl cnextpsl SiO (J =2-1,
v=0) mazepa B 2006-2013 rr. Habmrogaemsie BO
BPEMEHHU PaJUKaJIbHBIC N3MEHEHMS YKa3bIBalOT Ha
BO3HMKHOBEHHE HOBBIX U HCUYE3HOBEHHE PaHEe Cy-
IIECTBOBABILIUX Ma3epoB. [Ipu 3TOM ecTecTBeHHBI
W3MEHEHHsl 9aCTOT U MHTEHCHUBHOCTEH Ma3epHOro
n3nydenus. [logBepkaeHne 3TOro Mbl HallUIM B pa-
0ote [56]. ABTOpHI MMeNN YHUKAIbHYIO BO3MOXK-
HOCTh TIOYTH €XeJHEBHOro MoHHTOpuHra R Cas-
siopeiae Ha HPOTSIKEHHH IIECTH JIET. XOTS 3THU
HaOmMroeHNsT ObUIM ClIeNaHbl Ha JAPYTOM Ma3epHOM
nepexoze Ha yactore 43.1 I'T'y, OHM OTHOCTHIO MO~
TBEPKIAIOT Hallle MPEATOIOKEHUE O CHIILHOH mepe-
MeHHOCTH n3nydenus SiO (J =2-1, v=0) mazepa
Ha yactore 86.2 I'Tu. Bonee Toro, HabGmomaeTcs
KOppEeJISIUs B IEPEMEHHOCTH 000X Ma3epoB.

24.10.2006

101 T

12.09.2007

T
15.09.2012

O_

18.10.2013

15 20 25

Puc. 5. Criextpst SiO (J =2-1, v=0) mazepaB2006-2013 rr.
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6. BoiBoabl

B pabore mpencraBieHb 0COOCHHOCTH H3ITyYICHHS
HECKOJIBKUX Ma3epoB, KOTOPHIE OTIIMYAIOTCS OT Ha-
OmromaBmuxcst padee. OOMIMM X CBOWCTBOM SIB-
JIIETCSI IEPEMEHHOCTD. J1J1st TpeX 0OBEKTOB MOJITBEP-
JKIeHA HIesI O TOM, 9TO OO (CTOIKHOBUTEIIHHEIH )
MEXaHHN3M BO30YXXIEHHS METAHOJIBbHBIX Ma3epoB
knacca | u mepexona BHyTpY HIDKHETO YPOBHS SHEP-
ruu Moirekyiel OH Ha gactore 1720 MI't (iepexoz
2H3/2 J=3/2 F=2-1) mo3BoisieT HCIIOIB30BaTh
HaOMIOAEHUS MOCTIETHETO KaK BO3MOXKHBIN MHIMKA-
TOp NP MOMCKE Ma3epOB Ha MOJIEKYJIaX METaHOJIA.
Oco0eHHO 3TO BaXKHO MPH U3yUYCHUU Ma3ePHOTO H3-
Jy4eHUs B OCTAaTKaX CBEPXHOBBIX, YTO MOJTBEPK-
naeTcsi oOHapyXEHHEM METaHOJBHOTO Mas3epa Ha
nepexoze 8,—7,4" (95 I'TL]) B ocTarke CBEPXHO-
Boii IC 443.
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OBSERVATIONS OF NON TYPICAL MASERS
AT THE RT-22 RADIO TELESCOPE IN 2004-2013

Purpose: Some peculiarities of emission of Class I methanol
masers on the 8, —7,4" transition at 95 GHz in sources closely
associated with protostar-forming regions and in supernova rem-
nants are studied. Here belongs the investigation of SiO
(J =2-1) maser variability in R Cassiopeiae, too.
Design/methodology/approach: Search for Class I methanol ma-
sers is based on the idea of coincidence of regions of their emis-
sion with sources of OH masing transition in the bottom level of
energy at frequency of 1720 MHz (*Tly, J=3/2 F =2-1).
Findings: Two methanol masers on transition 8,—7,4"
(95 GHz) in the supernova remnants IC 443 and Kes 79 are
detected. Variabilities of SiO maser emission on transition
J =2-1 inR Cassiopeiae are shown for the first time.
Conclusions: Variability of methanol and SiO masers is their
general feature. On the example of three objects, the possibility
of'using the 1720 MHz OH maser as an indicator in the search
for Class I methanol masers is shown. Especially it is important

122

in the study of methanol maser emission in supernova remnants
that has been proved to be true by detection of methanol ma-
sers on transition 8, —7,4" (95 GHz) in IC 443 and Kes 79.
Features of spectra variability of emission in R Cassiopeiae tes-
tify to formation and disappearance of SiO (J =2 —1) masers.

Key words: maser radiation, supernova remnants, molecular
clouds, methanol, SiO
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CIIOCTEPEXEHHA HETUIIOBUX MA3EPIB
HA PAAIOTEJIECKOIII PT-22 V 2004-2013 POKAX

IIpeomem i mema pobomu: J1ociiKyrOTBCSI 0COOIMBOCTI BUII-
POMIHIOBaHHS METAaHOJBHHUX Ma3epiB kinacy | Ha mepexomi
8,—7,4" (95 ITw) y obnacTsx, acoLioBaHMX 3 06IACTIMA
(opMyBaHHS HOBUX INPOTO3IpOK, 1 B 3aJHIIKaX HAaJIHOBHX
ta 3miHHICTE SiO (J =2-1) ma3epa B R Cassiopeiae.
Memoou i memooonoeis: Tlonryk MeTaHOIBHUX Ma3epiB Kiacy |
TPYHTYETBCS Ha i1ei criiBIafiHHs 001acTel IX BUIIPOMiIHFOBaHHS
3 obacTsiMu BunpoMiHtoBaHHS OH MazepiB Ha epexoi Beepe-
JMHI HOKHBOTO piBHA eHeprii Ha yactoti 1720 MI'n (nepexin
Ty, J=3/2 F=2-1).

Pesynomamu: BusBieHO MeTaHONIbHI Ma3epH Ha Mepexoji
8,—7,4" (95 I'Tn) y 3anuiukax Hagaosux IC 443 ta Kes 79
13apeecTpoBaHO 0COOIMBOCTI BUIIPOMiHIOBaHHS METAHOJIBHUX
Mas3epiB y IEKUTbKOX 00’ €KTax, BIEPIIE OKA3aHO 0COOIMBOCTI
3MiHHOCTI BUTIpOMiHIOBaHHS Masepa SiO na nepexoni J =2 -1
B R Cassiopeiae.

Bucnoexu: 3mMiHHIcTh MeTaHONBHUX Ta Si0 Ma3epiB € IXHFOIO
CMLIBHOIO BIAcTHBICTIO. Ha mpukitani Tppox 00’ €KTiB OKa3aHO
MoxJnBicTs BuKopuctanus OH maszepa Ha wactoti 1720 MI'n
Y SIKOCTI IHIUKATOpa IPH MOITYKY Ma3epiB Kiacy I Ha Monekysi
MeTaHoTy. Oco0IHBO 1€ BasKJIMBO Y BUBUCHHI Ma3epHOTO BUII-
POMIHIOBAaHHS B 3AJIMILIKaX HATHOBUX, L0 MiITBEPKYETHCS BU-
SIBICHHSIM METaHOJIBHUX Ma3epiB Ha repexoai 8, — 7,47 (95T Tw)
B 3asmiKax HagHoBHX IC 443 ta Kes 79. Oco6mmBocTi 3MiHHOCTI
crekTpiB BunpoMiHoBaHHA B R Cassiopeiae cBir4aTh mpo yT-
BOpEHHSI 1 3HUKHEHHs Ma3epiB SiO Ha nepexoxi J =2-1.

Knrouosi cnosa: MasepHe BUIIPOMIHIOBaHHS, 3AJIMLIKU HAJJTHOBHX,
MOJIEKYJISIpHI XMapH, MeTaHod, SiO
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