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K OJlHOMy H3 HaH6onee HHTepeCHblX B <PH3IIK0 CHJlbHh!X B38HM0Jl0llCTBHll IIBJ10HHll, 

HHT0HCHBHO HCCJ10JlY0MblX B HacT011mee Bp0MII, OTHOCIITCII peaoHaHcHble COCTOIIHHII. Peaynb

TaTbl HCCJ10JlOBaHHll fBHJl0T0JlbCTBYIOT O TOM, 'ITO IIO'ITH BO acex THllax B3aHMOJl0llCTBHll, 

HallpHMep, IIHOH-HYKJlOHHbIX, naoH-nHOHHblX, nHoH-rHnepOHHbIX, K -Me3oH-nHOHHblX ,ocyme

CTBJllllOTCII npoueCCbl peaoHaHCHoro xapaKTepa, KOTOpble MO)l(HO HHTepnpeTHpOBaTb KaK 

pOlKJl0HH0 60JlbWOro KOJlH'l0CTBa KOpOTKO)l(HBymHx qacTHU. 3TH qacTHUbl pacna)la!OTCII 

no CHJlbHOMy HJIH 3Jl0KTpOMarHHTHOMY saaHMOJlellCTBHIO co Bp0M0110M )l(H3HII COOTB0TCTBeH-

-22 -19 -20 
HO nopllllKa 10 C0K H 10 + 10 ceK. CnHCOK HOBhlX p030HaHCOB H 'laCTHU nocTOIIHHO 

nononHS1eTca. 

.Llo nocneJlH0ro Bp0M0HH HCCJ10JlOBaHHII p030H8HCDB npoBOJlHJlHCb B OCHOBHOM B 06-

Jl8CTH 3HeprHll 

UHIIX PP 
aHepre11x. 

IT -Me30HOB ff K -M030HOB nOpllJlKa 1-:.! raa, a TaK)K0 npe aHHHrHJIII

CellqaC ycnewHo HCCJ10JlYIOTCII p030HaHCHbl0 COCTOIIHHII npH 6onee BbJCOKHX 

HacT011ma11 pa6oTa nocs11meHa HCCJ10JlOBaHHIO p030HaHCOB, o6pa3yIOU(HXCII B 11-p - .. '4 
B3aHMOJl0llCTBHIIX npe 3H0prHH nepBH'IHblX ,,- -Me30HOB 7,5 ras/c, vfayqaJIHCb TOJlbKO 

TaKH8 B3aHMOJl8llCTBHII, a· KOTOpblX reHepHposanHCb CTpBHHb!0 qacTHUbl. C 3TOll TO'IKH 

3p8HHII ace H3yqa8Mbl0 co6b!THII Jl0JlllTCH Ha 2 THna: a) B3aHMOJl8llCTBHII C o6pa3oaaHH0M 

_ AK -nap e 6) B3&HMOJlellcTsH11 c 06pa3osaaeeM K K -nap. KpoMe Toro, 3TH rpynnhI 

C06blTHll p83Jl8Jl8Hbl B CBOIO 0'10p8Jlb Ha noJlrpynnbl C pa3HOll MH0)1(8CTB8HHOCTblO 38pll)K0H· 

HblX '18CTHU! 2 H 4. B 60JlbWHHCTB0 CJ1)''180B TOJlbKO O)lHa H3 napbl CTpaHHblX '18CTHU 

61,ma 3aper11cTp11posaHa B acPqleKTHBHOM 061,eMe K8M0pbl. no THny 3TOll 'laCTIIU'bl 6yJleM 

B JlaJibH0llW0M HM8HOB8Tb co6b!THII (a) -co6b!THJIMH C A -rHnepoHaMH H co6h!THII (6) - co6b1-

TIIIIMH C K0 
-Me30HaMH. B H8CTOHU(0ll pa6oTe HCCJ18JlOBaJ10Cb 251 co6blTH0 c A -ra-

nepoH&MH co MHO-'K0CTB8HHOCTblO 38pll)K0HHblX qaCTHU n. ~ 2 K 102 - C n. -4 ; 283 C06bl

TIIII C ·K -M030H8MH (n. -2) II 138 - C n. •4 • HapllJlY C noHCKOM H3B0CTHblX H HOBb!X 

p830H8HCOB 8BTOp CT8BHJ1 nepeJl co6oll 3a)laqy H3)''1KTb CBOllCTBa o6Hapy)K0HHblX p030HaH

COB, a TaK)K0 HCCJ10Jl0B8Tb xapaKT0pHCTHKH o6pa30BaHHII 3THX KOPOTKO)KIIB)'ll(KX qacTHu. 

60JibWOe BHHMaHH0 yJleneHo o6cy)l(Jl0HHIO BJlHIIHHII OTJl0JlbHblX pe30HaHCOB Ha H0KOTOpb10 

o6Hapy)l(eHHbl0 paHee oco6eHHOCTH B yrnOBblX H KMnynbCHhlX xapaKT0pHCTHKax qacTKU. 

0TM0THM, 'ITO CB8Jl0HHII 06 o6pa30B8HHH p030H8HCOB B 11-p -s3aHMOJl8ACTBHIIX 

C reHepau .. a CTpaHHblX '18CTHU npH 3H0pr1111x, 6JIH3KHX K HCCJ10Jly0MOll B 8TOll pa6oTe II 

BblW0, H0Jlb311 C'IHTaTb HC'10pllb1Ba!Oll(HMH, nocKOJlbK)' pa6oTbl, nocBHll.(0HHbl0 3TDMY sonpocy, 
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n '21 
OCHOBSHbl HS M&nOM xonH'l8CTB8 co6blTHll napHoro pO>KL18HHII CTpaHHb!X 'ISCTHU (LIO 100-r•. 

'ITO aaTpyAH118T HCCn8L10BBHH8, B 8THX pa6oTax nony'l8Hbl nHWb yxaaaHBII HS o6pa30BSHHe 

HeKOTOpblX p830HSHCOB: soa6y>KL18HHOl"'O y ( I 385) -renepOHa, K• (888) -Meaoaos K LlP• 

JluccepTaUHH COCTOBT K3 BB8Ll8HKII H 4 rnas. 

80 BB&,[l8HKH 06cy>KL188TCII noCTSHOBKS npo6neMbI, 

nepsa11 rnaea noce111UeHa onHCBHHIO onbITS H MeTOAOB aHaneaa. Pa6oTa BblnonHeHa 

C noMOlllblO 55-caHTHMeTpOBOll nponaHoeoA nyablpbKOBOll KSMepJ 
31

, ycTaHOBneHHOA B nocTo

llHHOM MarHHTHOM none HanpH>KeHHOCTblO 13700 a C MSKCHMBnbHOll HeOL1HOPOL1HOCTblO ;!:.3%. 

To'IHOCTb K3MepeHKII HMnynbCOB aap11>KeHHblX qacTKU B cpe,o.HeM pasHa 10%, a cp&L1He

KBa.o.paTK'IHBH owe6xa B H3MepeHHK yrnos aaps>KeHHbIX K HellTpanbHbIX '!SCTHU npH ,QnHHe 

TpeKOB 6onee 5 CM cocTaBnHeT 34'. npe K3y'leHKK peaoHaHCOB BS>KHS TO'IHOCTb onpe.o.ene-

6.Macpcp 
HKH aq>q>eKTKBHbIX Mace M acpq,, 06eapy>KeHo, 'ITO OTHOWeHKe ....---:-: • nO'ITK He 3SBK

m aq,cp 
CKT OT eenK'IKHbl aq,q,eKTKBHOll MSCCbI M a!fiq, ,o.ng onpeL1eneHHOA CKCTeMbI '!SCTKU, CpeLIHe-

6.Maq,m.2 K 
KBSLlpBTK'IHble OTHOCKTenbHble OWK6KK [(""'M":: ~} I L1nll paanK'!HblX KOM6KHSUKA qacTHU 

aq,cp. 
COCT&BnHIOT 6-9%. 

0 
l-iL1eHTKqlHKSUKH V -qaCTKU nposo,o.Knacb C npHMeHeHKeM KpKTepKII 

2 x c noMo-

lllblO aneKTpOHHo-c'18THOl1 MSWKHbl, KpoMe Toro,.o.n11 ycTaHosneHKH npKpOAbl aaps:IKeHHblX 

qacTHU OT 3Be3Llbl, a TSK:IKe cneLIOB OT paCDllLlS V O -qacTKll Hcnonb30BanHCb .o.pyree 

B03MO>KHOCTK: H3MepeHKe HOHK3SUKH, H3MepeHH8 KMnynbCOB IJ -ane1tTpOHOB, ·SHMK3 

BTOpK'!HblX B3SHMOA8ACTBKll 'ISCTHUj. .o.nH OT6opa rpynn onpe,t1eneHHblX coobl-

+ 
TKA (HanpeMep, AK -nap) npKanexanca pac'leT ee.o.ocTa101Uex Mace. 

HayqeHHe peaoHSHCOB B HaweM axcnep&M8HT8 ycno>KHHeTCH TPYLlHOCTIIMB MeTOLlK'le

CKOl"'O xapaKTepa, o6ycnosneHHblMH H&nK'IKeM oonbWOl"'O paa6poca B KMDynbCe nepBK'IHOl"'O 

Df'IKS 7T -Me30HOB ( P,r_-7,5:!:.0,6 iaa/c). B nepaylO oqepeLlb 8TO CKS3b1B&eTCH ea soa

MO>KHOCTIIX paanK'leHKII OT,o.enbHbIX KSH&nOB peaxuull K BbIL1eneHKH peaoHSHCHblX COCTOHHHll HS 

YPOBHe cj:>oHa. 3TH BODpOCbl pacCMSTpBBSIOTCH a 1-A rnaee LlKCcepTauKK, Ans Bb!Aene-

HRH q>oea B pacnpe.o.eneHKIIX aq>q>eKTKBHblX MBCC SBTOp KCDOnb30Ban cpaeeeeee C KpHBblMK 

x) 
cj:>aaosoro oobeMa , pacqeTbl no MeTOLlY MoHTe-Kapno K L1pyree cnoco6bl. Mo:>KHO LlYM&Tb, 

'!TO DpH HanH'IKK cornaCKII M8>KAY peaynbTSTSMK 8THX M8TOL10B HM88TCII B03MO>KHOCTb npa

BKnbHo oueHKTb q>OH. 

B aToA >Ke rnase paccMOTp&Hbl: 

a) xpHTepBK OT6opa rr::p - B3SHMOAeACTBHA: 

x) noL1p06HOCTK OTHOCKTenbHO cno>KeHBH q>B30BblX KpBBblX .D.DH p&aHblX xaaanos 

Bb1H8CeHbl B npano>KeHKe Ill ABccepTBIIBB, npa cnO)K8HBH HCDOnb30BAnKCb npe,llDOnO)KQ

HBH CTSTHCTH'l8CKOA ~o.o.ena. npasanbROCTb cnoJKeHBH KOHTponaposanacb DO cp&AH&A Mao

JK&CTB8HROCTB 3S--8BHblX B aellTpanbHblX 'IBCTBII, Hccne.o.oaaaae B8AOCTSIOIUHX Mace B 

ReKOTOpblx cny'IA'IIX .o.aeT Dp&ACTaanee11e O senR'IIIHSX BKnSLlOB OT,ll8DbHhlX xaaanoa, 3TII 

.0.aHHbI8 TSKJKe HCDOnb30B&nHCb LlnR npoaepKH npaBHnbHOCTH CDOJK8HIIR q,aaOBhlX 06b8MOB, 
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6) aq,qieKT■BHOCTb npOCMOTpa II BnHHHlle B03MOlKHbIX CIICT8MSTH'l8CKIIX nponycxos 

cneLIOB Ha cneKTpbl Mace; 

r) reoM&TpH'leCKKe nonpaBKH II 

.o.) BnllHHBe Ha cnexTpbl MBCC IICKnl0'18HHSI 83 paCCMOTp8HIIH HeKOTOPhlX cneLIOB, 

KMnynbCbl KOTOphlX no KBKHM-n1160 npB'IKHSM H&nb3H 6blno H3MepHTb, 

Bo BTOpoA rnaae ODIICblBBIOTCSI peaynbTSTbl HCCD8LlOBae11A p830HSHCOB B CIICTeMax 

/~,5/ 
rr -Me30HOB, conpOBOJKLlSIOIUHX o6paaoaaHHe CTpaBHblX qacTHU • YCTaeosn,eHo cywe-

CTBOBSH■e MSKCIIMYMOB B cnexTpax aq,q>eKTHBHblX Mace CHCTeM 'ISCTHII (rr+rr-),(rr+,.+ ,.!.). 

( + + - -, A H Ir Ir Ir It J, np■H8LlD8lKSIUIIX COOTB8TCTB8HHO p -Me30HY, I -M&30Hy C MaccoA 

1040 Mas II H8H3BeCTHOMY ,t:10 CHX nop COCTOIIHKIO, ycnoBHO o603BB'leHHOMy F -MeaoH, 

P
1 

- M830H, MBcca H nonywHpHHB KOToporo,no HBWHM LlSHHblM ,cocTasn11eT MO • 730 Ma! 

H r12 •80 Mae, o6paayeTCSI TODbKO B co6blTHIIX C MHOJKeCTBeHHOCTblO 311pSl.1K8HHhlX qac

THU n • •. 4 H COCT8BDll8T (40 ;!:.8) % co6blTHA, B KOTOpblX o6pMOBl1DHCb AK -nap&1 

(pac. l) 11 14% COOhlTHA c Kl -nap&MK, nepaa11 B8nH'IKH8 COOTBeTCTBfeT Ce'l&HHIO 

(74:!:.-'8 )MK6apa. Yrnosoe pacnpeL1ene1111e rr -Me30HOB B CHCTeMe DOKOK p - M83OHOB 

He npoTKBOp8'1HT H3B8CTHblM LlaBBblM O CDHH8 p -Meaoea, Hccn&LlOBllHHe noseL18HKH 

p0 -qacT■n noxaaano, 'ITO 

l. l-iHT8HCHBHOCTb o6paaosaHHSI p0 -Me30HOB He CBll311Hll C KllKOA-HK6yL1b onpe,t1e-
.. 2 2 .. 

neeHoll aenH'IKHOll nepe,t1aHHoro 'leTblpexMepHoro HMnynbCa 6. •I 6. I -6.0 , r,t:10 6. a 6.0 -

p113HOCTR KMnynbCOB K aHepraA 6apHOHOB LlO H nocne B38HMOL18ACTBKII, H 'IBCTHOCTH, Mb! 

ae o6HapylKBDII npeaMyllleCTBeHHOl"'O o6p1130BSHHII p0 -Me30HOB B co6blTRll:t C M4DblMK /1,. • 

0 ~ 
2. 1-iMeeTC'I yxaaaaee Hll TO, 'ITO p -MeaOHbl MoryT CODpOBO:IKLlSTbCII o6p113OBllHK-

8M ., -M&30HOB, (ceqeaee COBMeCTHOl"'O o6paaoBSHHSI r, p ., • 15 MK6apH) H Y(1385)-

-rHnepoHoe. 

3. rr - M830Hbl, SIBnHIOIUH8CSI npOLlYKTSMK pacnaL18 p 
0 0 

-Me30HOB K CSMH p -Me-

30Hbl B yrnOBblX pacnpeL1eneHHSIX B C,U,M, HanpaeneHbI npeHMylll8CTBeHHO anepeL1, Ans 

0 -+ ... + -
p -MeaoHOB oTHorueHae anepeL1-Hll311Ll n p In p ~ 2,6 :!:.O, 7, LlDH ,r _ e rr -MeaoHOB, He 

SIBnSIIOIURXCSI npOLlfKTllMR p O -qaCTHU, 3TH OTHOWeHHII paBHbI 

.. 
n.,+ --r-,;:-• 0,90 :!:.. 0, I 9 

1T 

K 

.. n,,,.. r ~1,4a :t. 0, 11• 
rr 

0 
npHBOLlSITCSI TSK>Ke apyrae xapaKTepRCTHKH p -MeaoHOB H npOLlfKTOB HX 

pacnaL1a (cpeLIHHe 3Hll'leHRSI IlODHblX nonepe'IHbIX H npOLlODbHblX HMnynbCOB H T,Ll, ). 

OneHeHo, 'ITO 7/ -Me30Hbl MOl"'YT o6pa30BblBSTbCSI B ( 15 :!:.. 4 )% H w -Me30Hbl B 

(33:!:,_7)% cnyqaea COBM8CTHO C napllMK, 0L1HllKO 6onee noL1p06H08 B3Y'l8HH8 B HllWeM 

axcnepRMeHTe 8THX '18CTRU 311TpyL1HeHO, 
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± an11 co6b1THll c KK -napaMH ( n - 4) caH/leTenb-
/8/ • 

TayeT 06 o6paaoaaHHH npHMepao a 16% co6blTHll A 1 -MeaoHa c Maccoll M0 ~ 1040 Maa 

a r/2= 70 Maa (pHc. 2). Mo>KHO nerKo y6eaHTbcH, qTo A 1 -MeaoH pacnaaaeTcH npeHMyllle-

CTB0HHO K8CKa,aHhIM cnoco6oM C o6paaoaaHHeM p0 -Me3oHa B npoMe>KyTOqHQM COCTO!I-

HHH ( pHC. 2). BbinH OT06paHbl aaaHMOllellCTBHH, B KOTOpblx Ha6moaanocb o6paaoaaHHe p -Me-

30HOB H HccneaoaanHCb cneKTpbl acpcj)eKTHBH.blX Mace p11 -Me30HOB OT 3THX C06hITHII, 

PeaynbTaTbl IlO/lTBep>K/lalOT cpaKT o6paaoaaHH!I A I -Me30HOB B C06b1TH!IX C KK -napa-

MH ( n. ~ 4 • pHc. 3) H He npOTHBOpeqaT TOMY, qTO A I -Me30Hbl reHepHpyIOTC!I TaK>Ke 

COBM8CTHO C AK -napaMH (pHC. 2). 8 HaCTO!llllee apeMH O cyllleCTBOBaHHH A I -MeaoHa 
/6/ 

aa,rnneHO TaK>Ke B apyrHX 3KCilepHMeHTax TTpH aayqeHHH A, -Me30HOB H 3883/l, 

B KOTOpblX OHH o6paayIOTCH, o6Hapy>KeHhl HeKOTOpble oco6eHHOCTH. l::l qaCTHOCTH, HHTepecHo 

OTM8THTb, qTo B c.u.M. 11:p -aaaHMO)lellCTBH!I A I -Me30Hbl neTHT B OCHOBHOM anepea 

(oTHOlll8HH8 /lnH COOblTHll C AK- napaMH paBHO DA /fA (3,6 + 1,0) , 
I I -

l::l KOHUe rnaahl OOCY>KllaeTC!I MaKCHMyM. Ha6nroaaeMblll B cneKTpe Mace qeTblpex 

+ - + 1T -Me30HOB ( 1T 1T 1T "- ). AHanH3 IlOKaaan, qTO anH OO'b!ICHeHH!I &Toro MaKCHMyMa HMee-r-

C!I HecKOnbKO B03MO>KHOCTell. K HX qacny MO>KHO OTHeCTH anHHHHe COBM0CTHOro pO>K/leHH!I 

p ~ u w -peaoHaHcoa H oco6eHao HanHqae peaoHaHca, pacnaaaro1lleroc11 Ha p 
O 

-a w -

M830Hhl. KpoMe TOro,cHnbH08 KHHeMaTHqecKoe anHHHHe Ha cneKTp qeTblpex 1T -M830HOB 

MO>K8T OKa3bIBaTb o6paaoBaHHe A I -M030HOB. 

ti03MO>KHOCTb p0>K/l8HH!I HOBoro pe3oHaHca, 0003HaqeHHOro HaMH KaK F-Me30H, 

c Maccoll 1340 Maa a r;2 - 70. KOTOpblll MO>K0T HM0Tb cne.11yrolllH8 cxeMbl pacna.11ar 

F .. po+11++11, 

F .. A1 + 11, 

F .. 411 ' 

Heo6xo)lHMO npoaepHTb Ha 6onbllleM Kon11qeCTBe COOblTHll, 

l::l TpeTbell rnaae H3nararoTCH pe3ynbTaTbl Hccne.11oaa HHH pe3oHaHcoa, pacna.11aroll1Hx
/4,5, 7,8/ 

CB HB CTpBHHhie qBCTHUhl H 1T -M83OHbl • 

+ 
Y (1385) -ranepoH 06pa3yeTc11 (pac.a) KaKa3ae3.11axc n.-2(a (15:!:,_3)%cnyqaea), 

TBK a a aae3.11ax c n.= 4, (a (32±.7)% co6blTHll), Ce'!eHHe reHepauHH y+ -rHnepoHa 

paaHo ( 129 :!:,_38) MKOH, H3 KOTOpblX Ha .11onro co6&1THA C MHO>KeCTBeHHOCTblO n. - 4 na.11aeT 

(59:!:,_23) MK6H H c n • ., 2 (70:!:,_25) MK6H, Y (1385)- rHnepOHbl 06pa3y10TCH, no-aH.llHMOMY, 

C M8Hblll8ll aepoHTHOCTblO, no.11po6Ho npoaHanH3HpoaaHbl ObinH TOnbKO y + -rHnepOHbl, 

YcTaHoaneHo, HanpHMep, qTo 

A, Yrnoaoe pafy,pe.11eneHHe A -qacTHU B CHCTeMe IlOKO!I 
y+ -rHnepoHoB corna-

cyeTc11 c H3BeCTHb1MH .11aHHhIMH o cnaHe Y -rHnepoHOB (pHc, 5). 
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B, BenH'IHHbl nepeaaHHoro '!eTblpexMepaoro HMnynbCa a col5b1T■ IIX c 

HaMII pacnpeaeneHbl H30Tp0nHO OT 0,6 llO 2 raa. 

-~-~··-- -- ··---~ 

+ 
y -ranepo-

C, B 11MnynbcHOM pacnpe.11eneH1111 a c,u,M, A -ranepoHbI OT pacna.11a y+ -ranepo-

HOB uona.11aroT B OCHOBHOM B o6nacTb .110 1300 Maa/c; 

poHOB lfMelOT aenll'llfHbl lfMnynbCOB .110 400 Maa/c, 

11 -Me30Hbl oT pacua.11a Y + -rxne-

llpHBO.llllTCll H .11pyrHe cae.11eH1111, K&Ca10ll1Hec11 noae.11eHl!ll y+ -rH~epoHOB B C,U,M, 

1T p -a3a11Mo.11eACTBHll, HX cpe.11HHe yrnoable H HMnynbCHble xapaKT8pHCTHKH II T,.11, 06cy)K

.11aeTCll BnHllHlle <pOHObblX C06b1THA Ha o6Hapy>KeHHble acpq>eKTbl, 

LlenaeTcll oueHKa HHTeHCIIBHOCTH 06pa3oaaHa11 r11nep0Ha c MaccciA • 1630 Man a 

r;2 - 36 Maa, KOTOpb!A Mb! OTO>K.118CTBnlleM C 11a6n10.ll8BlllBMCll Y.(1660)- ranepoHoM
191• 

y ( 1631)) COCT&BnHIOT ( 16:!:,_5)% OT nonHoro 'IHCna co6blTHA, '!TO COOTBeTCTByeT C0'10HHIO 

O'Y(l8BO) • (a0:!:,_13)MKOH, 

no.11poi5HO o6cy>K.llaeTCll MaKCHMYM B cneKTpe Mace (A11+i,")-'14CTH!l H3 .11ayxny'le-

' BblX 3883.11, TToKa3aHO, '!TO 8TO He eCTb pe3ynbTaT 06pa3oaaHHll HOBoro p030HaHca. 3q>q>eXT 

MO>K8T Ob!Tb OO'b!ICH8H KIIH0MaTH'l8CKIIM anHHHHeM 113BeCTHoro pe3oHaHca y ( 1385}. 

H a6nro.11aallleec11 a 06nacT11 • 1770 Maa Ha cneKTpe MA"+ 
11

_ -oTKnoHeHHe OT cpoHoaoa 

Kpaaoll, yqHTblBaIOUleA o6paaoaaHHe Y(1385)-rHnepoHOBMO>KeT Ob!Tb o6ycnoaneHo HeTO'!Ho-
+ 

CT!IMII npH onpe.11eneHHH axna.11a y (1385) -pe30HaHca, a TaK>Ke CTaTHCTHq0CKOll <PnlOKTyauHell. 

B aToA >Ke rnaae noMellleHbl .llaHHble o pe3oHaHcax, pacna.11arolllHXCH Ha K- H 11 

Me3oHbl, Bonee no.11po15Ho Hccne.11oaanHCb pe3oHaHCbl a cooblTHllX c KK -napaMH, YcTa

HoaneHo, qTo HHT0HCHBHO OOJJa3yIOTCll H3B8CTHbl0 K*(888) - H K* (730) -Me30Hbli HX .11om1 

B npoqeHTaX H C8'1eHH!I DpHae.11eHbl B TaonHne 1, K* M830Hbl Bbl.llen1110TCll ropa:ino ny'lllle 

nocxom,xy cpe.11H oTpHuaTenbHblX 

itllpOB8HHblX qacTH!l, 

1T -Me30HOB MeHbW8 np11MeCH H00.11H03H8'1HO H.lleHTBq>H-

-- -o -K (888) .. K +" 

% 

fl· (MKl5H) 

l8:!:,_5x) 

46:!:,_17 

_T______!!_ 6 n H u a 
* • 

BKna.111,1 pe30HaHCOB K (730)- II K (888)-Me30HOB 

-· -K (730) .. K0 + .. -

7 :!:.. 3 

18 :!:.. 8 

+ 
i • (888 > .. 1< 0 + .. - ; 

• 38 

+ 
K*(730) .. Ko +·11 + 

• 19 

x) OlllHOKH cTaTHCTH'lecxae, 

• Bonee no.11po6Ho accne.11oaanHcb K (888) -Me30Hbl, ),fayqeHH0 yrnOBblX pacnpe.11e-

nee11a npo.llyKTOB pacna.11a aToro pe3oHaHca noxa3ano (pac, 4), 'ITO cnRH aToro pe30HaHca 

I > 1 • H lllll peaynbT&T cornacyeTCH c .llaHHblMH .11pyrax pa6oT
1 
la/, a KOTOpblX yCTllHOB-

7 



neHo, qTo cnHH K* (888) I• l • v1MeeTCII n:i KpaAHeA Mepe 2 rpynnb1 K" -Me30HOB, HaH-

6onbW00 paanHqHe M0>K.OY KOTOpblMH Ha6mo.aaeTCII B yrnOBOM pacnpe.aeneHHH B c.11.M, 

11:p (pHC. 6) • .Lln11 OllHCSHHII rpynnbl K
0 

-qacTHU, Bbln0T8IOWHX CTporo snepe.a (. 30%) 

MOlKHO npHM0HHTb .anarpaMMY O.OHOM030HHOro o6M0H8 C o6pa30B8HH0M K* -M030HOB 

B M030HHOA B0pWHH0. 

• 
ABTOpOM c.aenaHa nonblTK8 Hccne.aosaTb o6pa30B8HH0 K -peaoHSHCOB B C06blTHIIX 

C AK -napaMH. KoneqecTBO cnyqaes, KOr.aa 060 H0ATpanbHb10 CTp8HHb10 qacTHUbl aapere

CTpHp0B8Hbl B KS Mapel Mano,H Ha OCHOB8HHH TonbKO 3THX B38HM0.00ACTBKA Tpy.OHO c.ae

naTb K8KHe-nH6o 38KnJOq0HHII. no HOHH38UHH. 8 -an0KTpOH8M, BTOpHqHblM S38HMO.OeA-

CTBHIIM qacTHU, 8 T8K>K0 C llOMOlllblO 8H8nHaa H0.00CT8l0UlHX Mace H3 rpynllbl co6blTHA 

C A -r1mepOH8MH 6blnH OTo6paHbl S38HM0.00ACTBHII, KOTOpb10 C 6onblllOA B0pOllTHOCTblO MO>K-

+ + 0 + 
Ho cqHTSTb co6b1THHMH c AK -napBMH. MeTO.Obl Bb1.aeneHH11 AK - H K K - -nap onecaHbl 

B cne.ay10meA rnase. 3.aecb >Ke paCCMBTpHB8IOTCII nHWb cneKTpbl acpcpeKTHBHblX Mace 
Q 

MK+IT-( n. = 2,4) • KOTOpbl0 YK83b1S8IOT Ha HHT0HCKBH00 o6paaoBBHH0 K (888) -Meao-

HOB ( pHC. 7). 0TM0THM HHT0p0CHYIO oco60HHOCTb s nose.aeHHH A -rHnepoHOB, 06paay10-
o 

lllHXCII BM0CT0 C K* -Me30H8MH, KOTopa11 COCTOHT B TOM, qTo npeo6na.aa10ma11 '18CTb STHX 

'18CTH·U HM00T 6onblllH0 HMnynbCbl s c.u.M. (pHc.7) H 6onbWH0 OTPHU8T0nbHbl0 3H8'10HHSI 

KOCHHyCOB yrnos Bbln0Ta. 3TOT cpaKT H8XOJ1HTCII s cornacHH C paC'l0T8MH, npose.aeHHblMH 

/10/ /II/ 
HBMH H asTopaMH Ha OCHOBaHHH O.OHOM030HHblX .OHarpaMM, Y'IHTblBalOIUHX po>K.ae-

HHe K* -M030HOB B M030HHOll sepwHHe. 

0 + 
.Llanee paccMaTpHsaeTCSI 

C CyMMapHblM aapll,OOM }; Q = 1 

pacnpe.aeneHH0 acpcpeKTHBHblX Mace qacTHU ( K IT+ IT IT - ) 

H (K
0

11-11+11-)c ~Q ---,1. KOTOpb10 yKa3blSalOT HS HanH'IH0 

Ho11oro peaoHaHca C Maccoll 1660 Mss H r12 ~ 100 Mss, HaasaHHOrO HaMH u -Me30HOM 

(pHc. 8). u -Me30H MO>K0T pacna.naTbCSI KaCK8.0HblM cnoco6oM qepea K *(888) -peaoHaHc. 

+ T O + 
nocKonbKY CHCT0Ma C l:Q--•1 MO>K0T pacna.naTbCH qepea COCTOHHHe K*(888) (K• .. K +11 ), 

TO U - pe30HBHC ,aon>K0H HM0Tb H30TOllH'10CKH8 CllHH He M0Hblll0 T. 3/2 • nonblTKH 

onpe.aenHTb cnHH He npHBenH K ycnexy. Mo>KHO nHlllb yTB0p>KtlaTb, 'ITO KSaHTOSbl0 'IHcna 

Ip• 0 + HCKnl0'18IOTCH. 

B rnase III H3nOlK0Hbl TaKlK0 peaynbTBTbl llOHCKOB HyKnOHHblX Hao6ap B C06b!THHX 

C o6paaosaHHOM K K -nap H .apyrHX p030HHHCOB (s CHCT0M0 { K21T) H T • .a. ). 

B '10TBepToA rnase !JpHso.allTCH .aaHHbre no eayqeHHro nap cTpBHHblX qacTHU 
1131 AK+ 

0 - + 0 -
H K K • Om1caHbl cnoco6b1 ss1.aeneHHH co61,1THA c AK-HK K-napaMH ea o6mero 'IHcna 

+ -
saaHMo.aeAcTBHA, YcTaHosneHo, 'ITO HMnynbCHble a yrnosble pacnpe.aeneHHll K - a K -Me-

aoHoB HH'l0M He OTnH'ISIOTCH OT COOTB0TCTBYIOIUHX pacnpe.aeneHHA KO -MeaoHOB. 

B cneKTpe scpq>0KTlfSHblX Mace K~ , K --MeaoHoB o6Hapy>KeH MSKCHMYM ( pee. 9) 

llpH M8CC0 •l08CJ'~SB, CooblTHH, SXO.OlllllH0 B o6naCTb MaKCHMyMa, HCCn0.ll0B8Hbl 6onee 

no.apo6Ho. PeaynbTBTbl CSH,00T0nbCTSYIOT O TOM, 'ITO aTOT nHK MO>i<HO npHllHCBTb 

8 

,,•t ,,1···' ii, 
\ 

·1f ; ! 

I .:'.f, -~ 
A 

,. 

I 
... , 

:t !; 
-': I 

~ 

o6paaosa HHIO p030H8HCa, O.OH8KO Tpy.aHO OU0HHTb npHM0Cb COOblTKA, He OTHOCHUlHXCll K 

121 
HeMy. PeaoHaHc B STOA >K0 o6nacTH Ha6n10.aanc11 HBMH H .apyrHMH asTopaMH B Cll0KTpe 

O O O 0 
Mace K 1 K

1 
, no-BH.OHMOMY, MSKCHMYMbl B pacnpe.aeneHHHX acpcpeKTHBHblX 1.,acc K

1 
K

1
-e 

K:K - -nap MO>KHO cqHTaTb npOHBn0HH0M p83HblX MO.O pacna.aa o.aHoro H Toro >Ke p030HSH

ca A I C H30TOllHqecKHM cnHHOM T- 1 • H, 3Ha'IHT, paapeweH pacna.a STOro COCTOIIHHSI 

HB 311 HnH p IT -qacTHUbl. OTCI0.118 cne.ay10T KBaHTOBbl0 'IHcna .nn11 A I -MeaoHa, pas-
PG +i.. 

Hbl0 1 .. 2 Ha pacnpe.neneHHH HM00TCSI BTOpoA Bb16poc 38 cpaaosy10 KpHBYIO B 06-

nacTH 1300-1'350 Mss, o.nHaKo OH nnoxo o6ecneqeH CTaTHCTHq0CKH. nHK s cneKTpe 0K0no 
• /14/ 

MaCCbl - 1350 Mss, npHnHCblBaeMblA A 2-peaoHaHcy, 6bm o6Hapy>K0H asTopaMH • vfMH 

>K0 Obin ycTSHOBneH pacna.a A 2 :-M030H8 Ha p. IT -qacTHUbl. TaKHM o6paaoM, no-BH,OHMo-

MY, HM00TCSI BTOpoA A 2 -p030H8HC, KB8HTOBbl0 qacna H MO.llbl KOTOporo no.ao6Hbl A I -

M030Hy, 

Bonblll811 '18CTb rnaBbl IV noCBlllll0H8 cyMMHpOBSHHIO H o6cylK.00HHIO peaynbT8TOB 

H8CTOlllU0rO SKcnepHM0HT8. 

0cHOBHbl0 peaynbT8Tbl H BblSO.Obl .OHCC0pT8UHH 

1. C Haa6onbwell llOCTOB0pHOCTblO ycTaHosneHo o6paaosaHH0 cne.ayJOlUHX ylKe 

H3B0CTHblX p030H8HCOB: p - H K"(888) -M030HOB H y ( 1385 )-rHne poHa C AK -napaMH H 

• • 
K (888)a K (730)-Meaoaos c KR -napaMa. 

HawH aaKn10qeHHII O cnHHax aTHX peaoHaHCOS He npOTHBOp0"18T YlK0 H3B0CTHblM H3 

.apyrax pa6oT .aaHHblM. 

no.apo6Hb10 CB0.00HHll 00 06paaosaHHH aTHX p030H8HCOB BM0CT0 CO CTJIBHHblMH "18CTH

U8MH npH BblCOKHX aHeprHHX nonyqeHbl snepBbl0 B ,08HHOA pa6oTe • 

nony"l0Hbl T8KlK0 YK838HHH Ha S03MO>KHOCTb reaepauHH .apyrax H3B0CTHbIX peaoHSHC 

COB: 7/- • "' -M030HOB H HOSblX: A 2 -M030Ha C Maccoll 1300-1400 Mas H F -Meaoaa 

( F .. 11 + + IT - +:1T + + IT - ) c Maccoll 1340 :t_ 70 Mss, o.aaaKo aTH .aaHHbI0 eme Mano y6e.ae

TenbHbl H HY>K.ll8IOTCll S no.aTsep>K.00HHH, l:l '18CTHOCTH, salKHO nposepHTb npyrae npe.ano

>K0HHb10 HaMH HHTepnpeTBUHH .anH MSKCHMyMa 1340 :!:.. 70 Mas, KpOM0 B03MOlKHOCTH F -

peaoHaHca. 

2. l:lnepBb10 nonyqeHbl CS0.!10HHH 06 o6paaos8HHH HOSblX p030H8HCOB: y ( 1660) -ranepo

aa, U-e A,- M030HOB,Y(l660) - H A1-"l8CTHUbl n03>K0 OblnH o6aapylK0Hbl H .apyrHMH 

8BTOp8MH, 

/15/ 
3. HaMH snepBb10 6blno yKB38HO Ha B03MOlKHOCTb K8CK8.0HblX pacna.aos Tll-

>K0nblX peaoHaHcos Ha npeMepax A
1

- U-11 F -Meaoaos, B .aanbHellweM aTa a.ae,i 6blna 

ll0.0TS0p>K.00H8 OTKpb1TH0M HOBblX pe30H8HCOB, 06na.aa101UHX KaCK8.0HOll CX0MOll pacna.aa. 

9 



/16/ + + - 1171 
H anpHMep: B -Meaoa ( B .. w -1 rr - , w .. rr + 11 +11°, Meaoa c Maccoll 959 M3B ) 

( mn, )* .. 11 + 11 + 1/ , 1J .. rr+ 11 - rr • 
311 ° 

+ - {2y 0 

4. YcTaHoaneao, 'ITO HHTeHCHBHOCTb o6paaoaaHHSI pe30HBHCOB a ,,:.p -aaaHMo.nellcTaH-

l1X npH 7,5 r3a/c oqeHb aenHKa; npocTasi cyMMa aKna.noa acex peaoaaacoa .naeT aenaqa-

HY, aHa'IHTenbHO 6onbUJylO 100% (.nnsi co6bITHll AK- KKK -nap qeTbipexnyqeabIX aaea.n), 

3To roaopHT o Hanaqae npoueccoa coaMecTHoro po>K.neaasi peaoaaacoa a o.naoM aKTe 

B38HMo.nellCTBHSI. 3KcnepaMeHTanbHaS1 npoaepKa He npOTHaope'IHT 3TOMy yTaep>K.neHHIO. 

5 qaCTHOCTH, .naHHbJe yKa3bJBalOT Ha COBM9CTHOe po>K.neHHe p - H W -Me30HOB, p - H Y-

I'Hl1ep0HOB. 

5. Co6blTHSI c o6paaoaaaaeM .nayx aapst>KeHHblX qacTHU CKnbHO OTnHqalOTCSI no 

reaepauHH pe3oHaHCOB OT co6blTHll C qeTblpbMSI aapH>KeHHblMH qacTKUBMK, KpoMe 

K*(888}-Me30HOB H ¥(1385)-rKnepoHOB, o6aapy>KeHHblX B C06blTKSIX C AK - -napaMH, 

He Hall.neHO HHKaKKX .npyrKX peaOHBHCOB, 

6. Ba>KHO no.nqepKHyTb 0,llHy oco6eHHOCTb, Kaca!OLUYIOCSI cpe.nHHX 3Ha'leHHll nonHblX 

H nonepe'IHblX HMnynbCOB K 3HeprHll qacTHU B C,U,M, ,r';.'p -aaaHMo.nellcTBHH. Bbmo aaMe-

qeHo, 'ITO C yaenaqeHH9M MaCCbl o6paay!OLU8l!CSI 'IBCTHUbl aoapacTaeT cpe.nHHll HMnynbC K 

3HeprHSI 8THX qacTHU, YaenH'IHBBeTCSI, XOTSI K cna6o, cpe.nHKll nonepe'IHblll HMnynbc, 

7. Hay'leHKe noae.neHHSI npo.nyKTOB pacna.na peaoaaacoa noaaonKno o6bstCHHTb 

06Hapy>KeHHble HBMH paHee oco6eHHOCTH B yrnoBblX H HMnynbCHblX pacnpe,oeneHHSIX A-, K -
/10/ /I I/ 

H "-qacTKU. B qaCTHOCTK, 6blnO 8KcnepHM9HTBnbHO npoaepeHo HaUJe H aaTOpOB 
• /18/ 

yTaep>K,oeHHe OTHOCHTenbHO B03MO>KHOCTK onacaTb • ,oayrop6blll cneKTp A -ranepoHOB 

C nOMOUJblO pac'l8TOB no O,llHOMe30HHblM ,llHarpaMMaM C y'IBTOM aaBHCHMOCTH rr-K -aaaHMo

.nellcTBHSI OT aHeprHH B Me30HHOll aepUJHH8 ,llHarpaMMbl, 

06Hapy>KeHHblll HBMB paHee H36blTOK Ha,o KpHBblMH, pBCC'IHTaHHblMH no CTaTHCTH'l8CKOll 

TeOpHH,11 -Me30HOB C MBnblMH HMnynbCaMH B c.u.M. (.no 400 Maa/c'), OKaaanocb B03MO>K-

HblM 06bSICHHTb BnHSIHB8M o6paaoaaHBSI y ( 1385) -ranepoHOB H B3o6ap N*; , 
a 2 a,2• 

8. npa aHanaae yrnoBhlX pacnpe.oeneHHll a c.n,M. peaoHaHcoa a qacTBU aaMe'leHa 

BHTepecaasi oco6eHHOCTb, COCTOSILUBSI B TOM, 'ITO C yBenK'leHheM MBCCbl o6paayIOLUHXCSI 
0 • 

Me30HOB (rr ( 140) K • p. K H Al ( 1040)) yaenK'IHBaeTCSI aanpaaneHHOCTb Bbin8Ta 3THX 

MeaoHOB anepe,o. BapKOHbl C poCTOM Macchi, no-BH,llBMOMY, CHnbHee 1connHMBpOB8Hb[ Raaa.o. 

YKaaaHHblll 3q>q>8KT OTpB>KB8TCSI H Ha .npyrBx xapaKTepHCTHKSX 'IBCTBU, B 'IBCTHOCTH, Ha 

cpe,OHHX KMnynbCax qBCTHU a T,ll, (cM. n. 7 ). 

9. nocKOllbKY o6paaoaBHKe psi.oa peaoaaacoa ( YI -ranepoHOB H p -Me30HOB K ,op.) 

He CBSl38HO C ManblMK 3H8'18HHSIMH nep8.ll8HHblX KMnynbCOB, TO MO>KHO .llyMaTb, 'ITO BKna,o 

.nHarpaMM, COOTB8TCTBflOLUKX nepHcpepH'18CKHM npoueccaM, HeaenHK, 

0 , ,d /4 5 7 8 12 13 15 19/ 
CHOBHble .naHHb18, aowe,owHe B ,llHCC8PTllllBIO, ony6nHKOBaHbl B pa6oTax • ' ' ' • • ' • 
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Pac. 1. a,6, a) racTorpaMMa gqicjleKTHBHbIX Mace (,,+:,,-) -KoM6HHauaA anH 
cnyqaea n

0 
•·4 THna •~A•~-. KpHaaH npeacTaanHell' pe-

aynbTaT cno>KCHHH cpaaOBblX o6b0MOB, KOTopaH xopowo 

OilHCb!Ba0T Cil0KTP M 77 +:,,. + 
6) vlaeorpaMMa gcjlqieKTHBHblX Mace (" + ,,7 KOM6HHauHlt. Haue

C9Hbl KpHBb10, COOTBCTCTBylOWHC 7/ - H W -Me3OHaM. <POHOBaH 
KpHBaH HOpMHpoaaua no co6b!THHM C M ,,,,> 0,8 13B, 3awTpa
xoaaaHaH o6nacTb npeacTaanHeT paa6poc owa(ioK npa HopMa

poaKe, 
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Pacnpe11eneHOHR acpq>eKTHBHblX MSCC M 71 +ir+ 
11 

:I: )lnll 
cnyqaee c K -MeaoaaMH ( BHH3 y ); pacnpe11eneHHe 
M prr ± 11na co6b1THI AK -nap ( eeepxy) • 
Cnpaaa pacnono>KeHbl acpq>eKTHBHble Macchi Mf+g-
11na cnyqaea Ha o6nacTH nHxa 950< M,,.:.,1,i JoO Mas 
aa pacnpe11eneHHH pHc. 2 (eHHay). 
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PHc. 3. Pacnpe11eneaHe M p,t< 11nR co6bITHI c K -MeaoHtlMH 

(n., - 2) • KpHBSll - t:pa30Bblll o6'beM /lllH peaKuHll 

_ 'KKNprr 

" +p .. LKKNp2rr 
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Pee. 4 a,6,a. Pacnpe.!leneses 3cpcpeKTHBHblX Mace M /1. + 
a)n •4, 6)n •2 a(cyMMapsoe n ."2,4.) . . . 
n11aBHbl8 KpHBbI8 COOTB8TCTByIOT cpa30BblM 06'beMaM, 
coana.!laIOlUHMH c pacqeToM MosTe-Kapno. 

nyHTHpOM 3.!l8Cb H .!lB/188 0603Haq('Hbl paCDp8.!l8/18HHll 
6es reoMeTpHqecKoA nonpaaKn. 
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Cosp' 

PHc. 5. Pacnpe.!leneHHll yrnoa BblneTa OTHOCHTenbHo nepao

aaqanbfforo noneTa (aHHsy) /1. -rHnepoaoa OT AK -nap 
( BBepxy) KO -M830HOB OT C06b1THA ·:x0 "' B CHCT8Me 

Q8HTpa Mace y+ -rHnepoHOB H K•± -M830HOB, COOTBeT-
CTB8HHO. KpHBbl8 Dp0B8.!l8Hbl M8TO.!lOM HBHM8HbWHX 
KBa.!lpBTOB. 3awTpHXOBaHbl C06bITHll C yrnoM Bbl/18Ta 
pesoHaacoa a c.u.M. I Cos O*I >0,8. 

17 



~ " 

N& 

• 
• 
IO 

f1I 
e 
~ 

·•]ti 
ii 
~ 

Iii 
ii 

N 

,. 

.. 
,. 

N 

,. 

.. 

,..,.,.pc .. ,.,, 
,,.,,, 

.... ,.~ cj ,. 
-..;;-

' . ,,,t_ 
Ill qi II' qt O -<!l-ll'-qi•ql •I 

Co11;.,..,,, ~ -41-.,-4,-41 0 QI Q• QI QI I 

c.,11".,, 

Puc, 6, (cnpaaa) Panpe.lleneHHe yrnoa BbmeTa K• -Me30HOB 

B aaBHCHMOCTH OT HX HMilYilbCOB B C,U,M, ,r--p -aaaHMo
Jl0llCTBHSI, Ha Cil0KTpb! yrnoa H HMilYilbCOB HOpMHpoaa
Hbl pacnpe.ll0Il0HHSI K0 

-M030HOB, He SIBilSIIOIUHXCSI npo.llyK
TaMH K*( 888) -peaoHaHcoa ( n • - 4) ; ( cneaa) pacnpe.lleneHHSI 
yrnoa BbmeTa( Kn) -cucTeM .llilSI co6hITHll H3 o6nacTeJI 

9qlql0KTHBHb!X Mace M ' COC0.llHHX C o6naCTblO peaoHaHca 
Kn 

K*(888) 
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Puc. 7, Pacnpe.lleneHae MK+,r_ -JlnSI co6blTRll AK+ nap 
(n.• 2,4) /aHHay/. Kpuaasi - peaynbTaT cno>KeHHSI 
q,aaoBblX 061,eMOB, HOpMRpoaaHa Ha B0Cb cneKTp. 
HMnynbCHoe pacnpe.lleneHHe,q A -runepoHoe (n

8 
m•2,4), 

o6paaylOIUKXCSI BMecTe C K -MeaoHaMK (eaepxy ). 
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Pacnpe.oeneaa11 scpqieKTHBHbJX Mace M K.o,, - ,,-,,,+ 
BHH3Y rHCTorpBMMB 9cp<peKTHBHbJX MBCC co-
6bJTHA c He.ooc:TaromeA MaccoA MHeJ MN + MK • 
34WTPHXOB8Hbl C06bJTHl1, He .oonycTHMhle no KHHe
MBTHKe. Kp11aa11, HOpMHpOB8HH811 Ha B0Cb cneKTp, 
peaynbTBT p8C'l0T8 no CTBTHCTB'l&CKOA TeopHR C 
Y'l4i!TOM peaoHBHCOB "' , p • 'l.11 K~uo, K* (TIO> 
OT.oenbHo Hapacoeaa <paaoeblA olS1,eM .on11 pea11u1111 
C 'IHCnOM 'IBCTHU B KOH0'1HOM COCTOltHHH •• • T 

TTyHKTHpHaH nHHHlt - pacnpe.oeneHHlt 6ea reoMeTpH-
'18CKOA nonpaeKe f • Ha eepxaeA recTorpaMMe 
HOPMHPOBBHO pacnpe.oen~HHe, nonyqeaaoe M0TOLlOM 
MoaTe-Kapno. 
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Pee. 8. Pacnpe.oeneuue scpcpeKTBBBbJX Mace Mg0 K-• Kpueble
peaynbT8Tbl cno>K0HBst qiaaOBhlX 061,eMOB B nony

'10HHBSI c DOMOlllblO MeTo.oa MoaTe-Kapno. 




