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1. BBE/lEHHE 

B pa6oTe nPOAOll)f{eH cpaeH~t~TeJlbHbta::i aHam1a a,qpoH-yrnepo,QHbiX 

aaa~t~Mo,qe~cTe~t~~ c ~t~cnycKaH~t~eM KYMYllRT~t~BHbiX npoToHoa ~t~ rr-Meao
HOB *. nony4eHHbte paHee peayrtbTaTbt no o6u.v1M xapaKTep~t~cTHKaM 
3TVIX B3aVIMO,Qe~CTBVI~ /1 +3/, nO KOppeil.ALJ,IIIOHHbiM CBR3.AM Me>K,QY CneKT

paMI-1 KYMY1l.ATit1BHbtX a,qpoHoe pasHoro copTa 141 , no aaHMyTailbHbiM 

Koppell.AU,\IIRM 8 3TI-1X CTOilKHOBeH1.1.AX/5/ , nO OC06eHHOCTRM 4-MepHbiX 

npoTOHHbtX KnacTepoa a HY1X 161 111 ,qpf7 +9/ ,qononHeHbt ~t~3y4eH~t~eM 
xapaKTep~t~CTVIK MKB 1r1 nKB a aae~t~c~t~MocTV! oT Maccbt o6oeKTa /Macca 

M~t~weHVt Mtf, c KOTOPbtM npo~t~cxo,QHT CTOJlKHOBeHVIe HaneTa10t4ero a,q

poHa1101 • B 3TOM no,qxo,qe ~t~cnonbayeTCR, eoo6t4e roeop.A, HH>KH.AR 
ch 

rpaHVIU,3 MaCChi MJ.1WeHV! (M t ) , TaK KaK OHa onpe,qeilReTCR nO 3apr~-

H<eHHbiM sTopV14HbiM 4aCTVJUaM: M~h = L (E - Pn ) 1 /m N' rAe cyMM\IIpo

saHV!e npovt3BOAVITC.A no 4aCT\IIUaM c 3HeprV1et1 E \II npOAOilbHbiM vtM

nYilbCOM P 11 • s n. c. K. /mN- Macca HyKJlOHa/. PeaynbTaTbl \113Yl.le

HVI.A M~h-saB\IICVIMOCTea:1 pa311VI4Hbrx xapaKTePVICTVIK KYMYilfiTV18Hbrx 83aVJ

MOAea:1cT8VIa:1 6es paa,qeneHVIfl VIX Ha rpynnbl MKB VI nKB ony6fiVIK08aHbl 
B /11/. 

Y1MeiOTC.A yKasaHVIr~1111 Ha C8R3b npou.ecca o6paso8aHJ.1R KYMYnR

T\IIBHbrx a.Q,pOHOB C <l>oPM\IIPOBaHVJeM 8 3TJ.1X 83aJ.1MOAei1CT8VIRX 4aCT\IIU. 

C 60flbWVIM\II nonepe4HbiMVI VlMnyflbCaMVI. no3TOMy 8 HaCTORtllet1 pa6oTe 

npe.Q,cTa8neHbl TaKme pesynbTaTbr cpaBHHTeilbHoro aHai1VJ3a oco6eH

HocTea:1 MKB J.1 nKB 8 aaBJ.1CVIMOCTVI OT 4J.1Cfla 4aCTV1U. 8 HVIX, J.1Mel0tl.IJ.1X 

nonepel..!Hbla:1 VJMnynbCa 6onbWVIi1 cpeAHero aHa4eH\IIfl, onpeAeneHHoro 

no ece!li COBOKYnHOCTH BTOPJ.14HbiX 4aCTJ.1U. B YI3Y4aeMbiX KllaCCaX B3aYI

MOAei1CTBV1i1. 

AnR aHan111aa V!Cnonbaoeancr~ cTaTVICTH4eCKHi1 MaTepHall no a.Q,poH

yr nepo.Q,HbiM eaa\IIMO.Q,e!licTeV!fiM, nony4eHHbli1 a paMKax coTPYAHVIl.leCT

sa no o6pa6oTKe CHHMKOB c 2-MeTpoaoi1 nponaHoeoi1 KaMepbr OY171H. 
CeJAa BOWilH AaHHble no pC-B3aHMOAe~CTBHRM npH 4,2 H 10 138/c 

* Ey,o;eM B ,o;anbHe:HmeM Ha3biBaTb co6biTHH c HCrrycKaHHeM KYMYJlRTHB-

HbiX 17-Me30HOB - Me30HHbiMH KYMYJIRTHBHbiMH BsaHMo,D;e:H:CTBHHMH /MKB/, 
KYMYJIHTHBHbiX IIPOTOHOB - IIPOTOHHbiMH KYMYJlHTHBHbMH B3aHMo,o;eHcT-

B HHMH I IIKB I . 
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/7693 H 4746 C05biTH~ COOTBeTCTBeHHO/, no ,-C-B3aHMOAe~CTBHRM 
npH 40 laB/c /8791 co5biTHe/, a TaK>+<e cne4HanbHO oTo5paHHble co-
6brTIIIR npH 10 r3B/c, conpoBO>K,Q81011.\VIeCR HcnyKaHJ.1eM KYMYil.ATVIBHbiX 

nHoHoa acex sHaKos VI KYMYil.ATJ.1BHbiX npoToHos /5286 co6b1Tlt1C1/. 
no,qpo6HOCTH OT6opa H aHaJlH38 C06biTVIi1 MO>KHO Hai1Tlt1 B pa6o·· 
Tax 11 ,12/ • OTMeTvtM TOilbKO, 4To K KYMYil.ATHBHbiM a,qpoHaM oTHOClt1-

JU1Cb rr-Me30Hbl c KYMYil.RTHBHbiM 4VICilOM X > 0,6 H npoTOHbl c X> 1 ,2, 
r,qe aem141t1Ha X Bbll.4VICJlR.nacb no ¢opMyne /13/: 

/a,qecb E, Pn , {3, m - nonHa.R 3Heprlt1.A, npo.QOilbHbrllt VIMnYJlbC, cKo
poCTb, Macca HCCile,qyeMoro a,qpoHa B nCK, E0 - nepBH4HaR 3Hep
rJ.II.A, mN- Macca HYKilOHa/. 

KnaccHij)IIIKaUHR aaaHMo,qeC1CTBHi1 ocy~ecTanRnacb cne,qy~IL\HM o6pa-
30M. 8 nepBYIO 04epe,Qb npoaepRilOCb HaJU14V!e B C06b1TJ.1lll XOTR 6bl 

O,QHOrO KYMYilRTIIIBHOrO rr-Me30Ha, ~ 3T~ CTOnKHOBeHHR OTHOCHJlHCb 

K KaTeropHH MKB, cpeAH ocTanbHblx oT6Hpan~cb nKB, T. e. co6b1THR 

C o6pasoaaHH8M XOT.A 6bl OAHOro KYMYilRTlltBHOrO npOTOHa. 

2. PE3YllbTATbl 

PaccMoTpeHbl pacnpeAeneHHR MKB VI nKB no aenVI4VIHe M ~h. 
Ha pV~c. la VI 16 oH~ npVIBeAeHbl a BVIAe M~h -3aa1.1CVIMOCTV1 HOPMHpo

aaHHbiX C848HVH1 (aci) , KOTOpble OnpeAeilRm1Cb KaK OTHOW8HV18 4HC1la 

KYMYilRTHBHbiX C06b1THI1 8 VIHT8PBanax ~M ~h = 1 K 4HC11Y Bcex KyMy

IlRTHBHbiX B3aHMOAei1cTBVIi:1 paccMaTpHaaeMoro T~na. BHAHo, 4TO oT
Me4eHHaR a pa6oTe 1111 yHHaepcanbHOCTb M~h -pacnpeAeneHHi:1 HOPMH

poaaHHoro 4HCna KYMYilRTVIBHbiX asalt1MOAei1cTaH11 /a HaweM cnyyae 
3To u*j ceR3aHa TOilbKo c rpynno11 MKB. Ha plt1c. la ""' lr npHaeAe
Hbl M~b -pacnpeA.eJleHJ."'fl OTHOW8HHI1 HOPMVIPOBaHHbiX Ce48HV111 o6pasoBa

HVIR MKB ill nKB K HOPMVIPOBaHHbiM Ce48HHRM Heynpyroro aAPOH-yrne·
POAHoro B3aHMOA8i1CTBVIR (at;,) • 3Ha48HVIR ufu /KaK 1-1 B CilYYae Ky

MYilRTHBHblX B3aVIMOA8i:1CTBVJi:1/ OnP8A8I18Hbl KaK OTHOW8HV1R 4VICila He.
ynpyrHX CTOJ1KH088HJ.1i:1 B VIHTepBaJle ~M~h = 1 K 4VIC11Y BC8X Heynpy

rHX aAPOH-yrnepoAHbiX CTOilKHOBeHHi:1 • .QnR MKB xapaKTepeH OAV1HaKo

Bbli:1 AllR ecex V1CnOilb30BaHHb1X aHC~M6neilf B3aVIMOA8ilfCTBHilf POCT oT

HOW8HVIR u; /ut;
1 

c yaeJlJ.14eHHeM M~ c nocneAYIOW.VIM BbJXOAOM Ha nna
TO npH sHa4eHJ.1RX M~h = 3-:- 4. H1.1Yero noA06Horo He Ha61110AaeTCR 

AnR nKB. 
3aBJ.1CV1MOCTV1 MH0}1{8CTB8HHOCTV1 BTOpV14Hb1X sapR>K8HHblX LlaCTJ.1U. 

(ii+) OT senH4HHbl M~h AnR MKB H nKB HMeiOT npH5nH3HTenbHO OAHHa
KoByiO CbOPMY /pHc.2/, Ho sHaLleHHR ii+ a nKB npH acex Mch CVICTe-
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PHc.l. M~h-3aBHCMMOCTH HopMHpoBaHHb~ ceqeHHH MKB- a/, 
IIKB - 6/ H oTHmnem-n1 HOPMHPOB<lHHhiX K)'MynHTHBHbiX cet.Iei-m:H 
K HOPMHpoBaHHbiM HeynpyrHM cel.leHHHM .unr.~ MKB - a/, p;nrr 
IIKB - r/ /KPYIKKH - _pC:-B3aHMO,r:t;eHcTBHH npH 4,2 f3B/c, 
KBaApaTHKH- pC rrpH JQ f3B/c, TpeyronbHHKH - rr-C rrpH 
40 roB/c/. 

MaT~4eCKIII _M€HbWe MHomecTBeHHOCTe~ B MKB. Pa3HblMVI All.A MKB (.1 nKB 
oKa3btBaiOTC.A M ~h-aaBVICJ..1MOCTI.1 11 Bb1Xo,qa 11 KYMYJHH~t~BHblX a,qpoHos 
/p~c. 3/. /lllR MKB Ha61110Aa10TCR 6onee c~llbHble KoppellR~~~ MHO)f(ecT
seHHOCTIIl KYMYllFITVIBHbtX a,qpoHOB c Beilllll.li-1HOi:1 M~h, YeM Allfl nKB. 

Ha p~-Jc.4 npe,qcTasneHbt M~h-aaalt1CVIMOCTVI cpe,qH~t~x KBa,qpaTos no
nepe~..JHbrx ltfMnYnbcos (i)i) KYMY1l.ATit1BHbiX a,qpoHos 1t1 acex ocTallbHbiX 
aapfl»<eHHbiX BTOPVILIHbiX LlaCTVI~ /a,QpOHOB 11ConpoBO)oi(,QeHVIfl

11
/ _QT,QertbHO 

Ailfl MKB VI nKB 0 Havr6onee CVIJlbHble 3aBVICVIMOCTVI Bem1LIVIHbl p~ OT 3Ha-

3 



10 

-t-
• ----9----

~ 
0 

5 • 0 • • • ¢ ------<>--• 0 .o 
o, 

< 
+0 

+I 
IS:: 5 .o ! 

.o ~-+-0 • 4 
0 • < D. 

t 
* 

5 
... 

t 

0 5 

tv\ d. 
t 

-

-

10 

M
ch 

PHc. 2. t -'<aBHCHMOCTH MHO)!{eCT-

BeHHOCTeH BC€X 33PH)!{€HHb~ '-Ia

CTJ.il.J; B MKB /'-IepHbie T0'4KH/ H IIKB 
/cB€TJ1bl€ TOl..IKH/; KPY)f(KH - pC

B33HMOA€HCTBHH npH 4,2 f3B/c, 
POM6HKH- pC npH 10 f3B/c, Tpe-

yrOJJbl-niVV. - rr-C rrpH 40 r':,B/ t"' • 
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PHC. 3. M~h -33BHCHMOCTH MHO)K€CT

BeHHOCTe:H: KYMYJJHTHBHbiX ap;poHOB ~ 
/o603H3'-I€HHH T€ JK€, tiTO H Ha 

PHC.2(. 

~5L---------L-------~ 
0 10 

" Mch A 
~eH~~ t OTHOC~TCR, B OCHOBHOM, K KYMYI1RT~BH~M rr-M€30HaM. nR 

a,qpoHoa ••conpoeom,qeHit1.A 11 V1 KYMYHATlt1BHbiX npoToHoe 4eTKlt1e Koppe

I1.A~V11-1 p2T c aenl-141t1HO~ M~h He aaMeTHbl. 

Bonpoc o CBR314 KYMYI1RTI-1BHb1X aaalt1MOAei:icTBVIi1 c ¢loPMHpoaaHV1eM 

B HVIX aApOHOB C 6oi1bWlt1MVI nonepe4Hb1Mlll lt1MnYI1bCaMVI 6b1Jl lt1CCJ1e,qoaaH 

6onee noAp06HO. ,ll11fl 3TOrO npoaHa111113111POBaHbl xapaKT8Pl-1CTl-1KJ..1 3Tl-1X 

CTOf1KHOBeHI-1~ B 3aBllfCVIMOCTVI OT l-IJ..1CJ1a BTOpV14HbiX 4aCTJ..1U. (N) C no

nepe4Hb1M VIMnY11bCOM P T > (P T) rp. B Ka4ecTee rpaHl-14Horo aHa4e

Hl-1fl nonepe4Horo nonepe4Horo l-1Mnynbca B3FITO (PT)rp = 0,45 r3B/c, 
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PHc.4. M~h-gaBHCHMOCTH cpegHHX KBagpaToB nonepeqHhlX 

HMnynbCOB BTOP~HbOC qacTH~ B MKB /a,O,B/ H ITKB /r,g.e/. 
l.JepHbie TQqKH OTHOCHTCH K KyMynHTHBHblM a.o;poHa.M, CBeTJibie 

- K agpoHaM 11conpoBo)[()J;eHmr 11 /a,r - pC-BsaHMop;e:HcTBHH 

rrpw 4,2 f3B/c, 6,A - pC npw 10 f3B/c, s,e - "-c rrpli 
40 f3B/c/. 

I 

0.~ 

0.2 

- 0.1 

1 0 

np~6nH3HTenbHO pasHoe cpeAHeMy 3Ha4eHH~ nonepe4Horo ~t~Mnynbca 

scex BTopvt4HbiX 4aCTHU. 8 HCCiteAOBaHHbiX aAPOH-yrnepQAHbiX CTOJlK

HoBeHvtRX.npvt 3TOM HaH6onee 4eTKvte KOppeJlRLtHVI C 4HCJlOM BTOpvt4-

HbiX 4acn-tu,, 1<1MeiQUU.1X 6onbwHe nonepe4Hble 1-iMnyJlbCbl, o6Hapy>KHBaiOT

CA TOJlbKO AJlR MKB. 3To BHAHo, a 4aCTHOCTvt, vt3 p~ttc.5, rAe npvt

-BeAeHbl N-saa~ttclt1MOCTVI oTHoweH~ttc:i HOPMHposaHHbiX ce4eHHC1 KYMYilfiTHa-

5 
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PHc.5. N-3aBHCHMOCTH oTHowe

HH.H HOpMHpOBdHHbJX KyMY.HHTHB

HbJX Cet.IeHHH K HOpMHpOBaHHbJM 

HeyrrpyrHM ceqeHHHM AJJH MKB 
/t.IepHbJe Tot.IKH/ H ITKB /cBeTJJbJe 

TOt.IKH/. KBaApaTHKH- pc npH 

J 0 r3B/ C, TpeyronhHHKH - 11-C 
npH 40 f3B/c. llJJaBHaH KpHBaH 

rrpoBegeHa OT pyKH. 

HbiX pC- Ill rr-C-a3aiiiMO.Q8~CTB~~ 

np~ PP = 10 r3B e P17-=40 r3B/c 
(aci ) K HOPMIIIPOBaHHbiM Heynpy

rHM C848HH.AM COOTBeTCTBy~~~~~X 

a,qpoH-yrnepo.QHbiX B3aiiiMO.Q8~CT-< 

Blt1~ (a1~ ) • 3,qecb, KaK 111 paHb

we, HOPMHpOBaHHb18 C848HIII.R on-

P€AenRn~cb K8K OTHOW€H~e ~~e
lla C06b1Tio1i:1 8 Bbl6paHHOM t.1HTep

BaJle paccMaTpHsaeMo~ nepeMeH
HO~ /a ABHHOM cny4ae N/ K o6-
~eMy 4t.1CI1Y 3Tio1X CTOI1KHOB€Hio1~. 

BHAHO, 4To AllR MKB oTHoweHHe 
a* /d!"

1 
pacTeT c yseni44€HIIIeM N, c n 

np1114€M npiii6Jliii31-1T€IlbHO OAHHaKOBbiM o6pa30M AJlR paCCMOTp€HHbiX 

ABYX aHCaM6neH 8APOH-yrnepOAHbiX CTOllKHOB€HV1~. AnR nKB c ysenV!-

4€HIIIeM N Ha6Il~AaeTCR npH6Iliii3111TellbHO noCTORHCTBo 3Toro OTHowe

HHR. Ha p111c.6 noKaaaHbl N-aaaiiiCIIIMO£TH cpeAHIIIX MHomecTaeHHOCTe~ 
BCeX BTOPlt14HbiX 38Pfi>K€HHbiX 48CTY11..l (n+) , lt1X CP€AH11X HMnYllbCOB 

(:P') 111 6brcTpoT <Y), a TaK>Ke cpeAHlt1X MHo>KecTseHHocTelll KYMYil.RTVIB

HbiX BAPOHOB (nc) 8 MKB ~ nKB ADR rpynn pC- ~ ,-C-CTODKHQBeH~~ 
np~ pp = 10 r3B/c ~ P,- = 40 r3B/c. Mo*HO OTMeT~Tb, "TO Ha~-
6oilbWIIIe OTI1H4HR MKB Ill nKB APYr OT APYra OTHOCRTCR K N-saa~c~-
MOCTIII 11 Bb1XO.Qa 11 KyMyn.ATIIIBHbiX a.QPOHOB. 

3. 3AKI1104EHHE 

npoB8.Q8HHbl£1 B pa60T8 aHanlll3 OC05eHHOCT8Vi 11M830HHbiX 11 Ill 11npo

TOHHbiX11 KYMYDRTIIIBHbiX B3aVIMO.QealicTBVIi1 /MKB VI nKB/ noKasan, 4TO 

OTnlt14111.A 3THX CTOnKHOB8HHa/i .Qpyr OT ,qpyra CTaHOB.RTC.R 6onee 3aMeT

HbiMH npH H3Y48HHIII V'IX xapaKTepHCTVIK B 3aBV1CV1MOCTVI OT MaCCbl MV1-

W8HV1, C KOTOpoa/i npoVICXO.QHT CTOnKHOB8HVI8 HaneTa~~ero a.QpOHa. 

KpoMe 3Toro, o6Hapymlt1Ba~TC.R Koppen.AL.tHVI pom,qeHVI.A KYMYnRlVIBHbiX 
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PHc.6. N-3aBHCHMOCTH cpe~HHX MHo~ecTB€HHOCTeH scex 
BTOpH'tJ:HblX lJ:aCTHI..J; ([4. ) , HX cpe,o;HHX llMITYJibCOB (:P) 
H 6biCTpoT CY) , a TiKJK€ cpe,o;HHX MHoJKeCTBeHHoCTeH KYMY
JUITHBHbiX ap;poHoB (rlc) ,o;rrH MKB fqepHbie TO'l!KH/ H TIKB 
I CBeTJibi€ ToqKH/ H3 aHcaM6nefr tr-C-B3aHMop;e:HcTBIH! npH 
40 r3B/c H pC-B3aHMo,o;ellCTBHH npH 10 r3B/c. 

~M€30HOB C ¢aKTOM ¢0PMHpoeaHHR BO B3aHMOA€~CTBHH ~aCTH~ 
60DbWVIMVI nonep€4HbiMVI MnynbCaMI-1. noCJl€AH€€ He OTHOCvtTCfl K Cfly-

4al0 PO>KA€HIIIR KYMYIHHHBHbiX npoTOHQB, 6onee KOHKP€THO rnaBHble 
pe3yJlbTaTbl pa60Tbl MO}KHQ C$OPMYJlHPOBaTb Cl1€AYIO!JtHM o6pa30M: 

.7 



1. B OTn~4~e OT nKB An~ MKB aaB~C~MOCT~ HOPM~poeaHHoro ce-

4eHVI~ (ac* ) VI senlii4V1Hbt OTHoweH~R a; /a1~ I a in HOPMVIposaHHoe ce-

4eHVIe HeynpyrorO B3aVIMOAe~CTBVI~/ OT 3Ha4eHVIR M~HVIManbHO~ Mac

Cbl MVIWeH~ (M ~h) VIMeiOT YHVIBepcanbHbl~ xapaKTep An~ BCeX aHCaM6-

neC1 n poaHanVI3VIPOBaHHbtX aApoH-yr nepoAHbtX CTonKHoBeHVI~. .an~ M ~h-
3aB~C~MOCTVI Benlii4VIH ac* /a:n xapaKTepeH POCT C BbiXOAOM Ha nnaTO 

8 paC1oHe 3-4 HYKnDHHbtX MaCe. 

2. Cs~ab o6paaosaHVI~ KyMymHVIBHbtX rr-MeaoHoB c $aKTOM cpopMVI

posaHtt~~ 80 B3at.1MQAe~CTBJ.1J.1 4aCTVIU, C 6onbWVIMV1 nonepe4HbiMV1 VIM

nynbCaMVI HaV16onee 4eTKO npo~en~eTc~ s M~h -aaslt1CVIMOCTVI cpeAHVIX 

KBaApaT08 nonepe4HbiX VIMnynbCOB \t1 B 3aB~CV1MOCTVI OTHOWeH1.1i1 Hop

MIIIP08aHHbtX ce4eH111i1 a; /a(n oT 4111cna 4aCTVIU. c nonepe4HbtMit1 IIIM

nynbcaMVI, 6onbWIIIM~ cpeAHero 3Ha4eHIIIR 8 V13y4eHHOM aHCaM6ne 

83a~MOAeC1CTBIIIi1. 

AsTOPbt 6naroAapHbt KonneKTVIBY coTPYAH1114eCTBa no o6pa60TKe 

CHIIIMKOB C 2-MeTposoi1 nponaHOBO~ KaMepbl 3a o6CY)t{AeHit1.A. 
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