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OEillA5! XAPAKTEPHCTMl'.A PAEOThl 

AKTYaJibHOCTb - npo6neH1,1. HccneaoeaHHe npouecca HHo:+:ecTBeHHOH 

reHePaUHH B pemITHBHCTCl<OH oonacTH ::>Hepnm TeCHO 

ll3YYeHHeM l<OJ1J1eKTHBHhlK B3aHMOt1eHCTBHH ( yaapHaq BOJ1Ha 

csq3aHo c 

csepxn.noTble 

qapa , qsneHue nonHoro pa3sana qapa MHWeHHH , 1<y11ynqnmHoe po:+:t1eHHe 

¢a30Bhle nepexot1hl 511'.lePHOH HaTePHH 

l"J1IOOHHOH ITJ133Hhl H /'.lP. ) B qape. 

B03Mo:+:Hoe cymecTBosaHHe 1<.sap1<-

Co3t1aHHe ITYYl<OB aTOMHhlK 51/'.lep , tlBU:+:YWHxcq C Ol<OJ10-CBeTOBOl1 

Cl<OPOCTblO,Ol<a3aJ10Cb Hal"HCTPaJ1bHhlM nyreM , Ha l<OTOPOM OTI<P~1Ba10TCq HO-

Bhle 3aKOHhl ¢H3Hl<H , B03HHl<alOT ITPHHUHITHaJ1bHO HOBhle noHqnJq H aa:+:e HO-

Bhle npHHUHIThl HHBapHaHTHOCTH B oonaCTH penqTIIBCTC~:oH qaePHOH ¢1l3Hl<H, 

OCHOBHOH ee Oobel<T - 1<Bap1<0Baq CTPYl<TYPa -;;aep. "3Ty CTPYl<TYPY Hat10 

HMeTb B BHtlY He TOJ1bl<O B TOM CMhlCJ1e , YTO ll3 1<Bap1<0B cocTOqT HYl<J10Hhl 

qapa (1<BaP1<H J1HWb YaCTb BPeMeHH nposoaqT B COCTae.e HYl<J10HOB) , a B 

TOM , YTO qapo MOlKeT TOJ1bl<O J101<aJ1bHO H TOJ1bl<O B MOMeHT pea1<UHH npea

CTaBJ15!Tb COoOH CJ10lKHOe ¢J1Yl<TYHPY10mee 1<sap1<-rJ1100HHOe o<5pa30BaHHe. 

8 3TOM cny•~ae l(OJ1J1e1<THBHhle B3aHMOtleHCT~Hq 110:+:HO c•~HTaTb -pe3YJ1bTaTOM 

CTOnl<HOBeHH>t KBaPKOB C k'.SapJ<:aMH (HnH B3aHMO.lleUCTB'-iq_ J<BapkOB H 1Jl}O()

HOB,HK at1POHH31lUHIO),Haxot1SIWHMllCq B SitlePHOII cpeae. 

l-13yYeHHe KYMYJ15!THBHhlK at1poH-qt1ePHhlK B3aHMOt1eHCTBHl1 npet1CTaB

J15leT C0o011 YHH1<aJ1bHYIO B03110:+:HOCTb llCCneaoBaHHq npoqsneHHq 1<Bap1<0BhlX 

H f"!JlOOHHblX: CTeneHel:i CBOt50tlbl B aTOHHblX q,apax,Y:TO e.a>tHO .llJl~ nOHHMaHH;J 

oomeH npoone111,1 HHo:+:eccTBeHHoro po:+:t1eHHq yacTHU s at1POH-S'lt1epHhlx B3a1J-

11oae11cTB11qx ITPH BhlCOl<HK 3HeP!"H5!K. 

Uenb _pa6<Yn,I. HacTOqmaq auccepTau11q nocsqmeHa ::>1<cnepHHeHTaJ1b-

HOHY HCCJ1et10BaHHIO npouecca HHO:+:eCTBeHHOl"O po:+:t1eHH5! at1POHOB B cneayio

IUHX peai<uH~X, OTO'l5paHHblX no cneuHaJlbHblM l<PHT9PH<:IH 

p + 12c -- , h + h + ... CD 
TP conp 

npu nePBHYHOM HHITYJ1bce nPOTOHa pp=10 r::-B/c,rae hTP- TPllr"r"ePHhle aa-

POHbl,ITO l<OTOPhlH OToHPaJ1HCb B3aHHOtlel1CTBll,I KYMYJmTHBHOl"O THna, hconp-

+ - 0 0 
a,apoHbl "conpoBOiKll8HH;J" ( P,fT ,rr ,y ,Ks ,I\ , ... ). UeJ1bIO llHCCePTaUHH 

qsnqeTC5! npoaeaeHHe aHaJ1H3a 3KCITePHMeHTaJ1bHhlK t1aHHhlK no MHO:+:eCTBeH

Hoc=M, HHl<J1l03HBHblM cne1<TPaM, 1<oppeJ1,IUllOHHhlM xapa1<TePHCTH1<aH H 1<nac

TePaUHll BTOPHYHhlK aapoHOB H BhlqsneHHe OCHOBHhlK 3aKOHOMepHOCTeH 

H3YYaeHhl>< npoueccos. 

HoBH3Ha_pa6an,L BnepBhle B YCJ10BHq,c 4n - reoMeTPHH HCCJ1et10BaHh1 

xapaKTePHCTHl<H BTOPHYHhlK at1POHOB,Oopa30BaHHblK B pC-B3aHHOt1eHCTBll5!K 

1<yHyJ1qTHBHOl"O THna ITPH HMITYJ1bCe HaJ1eTa10~ero ITPOTOHa 10 r38/C. ITPH 

:.ia yt& JIOwTeXHUl:leCK&SI 
6116.IIHOTeKa 

OH!IH 
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:>TOM .aml cpaBH2Hl1"1 B P>I.ae CJIY'-!a8B nPl·!BJ18KaJ111Cb .aaHHble no rt C 

-e2a11no.aencTB11q11 np1-1 40 r:>B/c -11 pC - 11 CC - s3a11Mo.aenc.TB11>1M np11 4.2 

r:>P✓c Ha HY~-JIOH. npoaHaJ111311POBaHlcl 11X cpe.aH11e MHO:i<8CTB8HHOCTI1,11MnYJJb

CHHe 11 Yr'JIOBHe 3aEIICl1HOCTl1,11HBap11aHTHlcle 11HKJII0311BHble ce'-1eH11>1,paccMO'T'

peHbl a.3HHYTaJlbHHe Koppen·"!U1111 r:YHYJ19TI1BHlclX n11OHOB C BTOPl1'-IHW111 a.apo

HaM11 11 onpe.£18Jlt>HH pa.3M8Plcl O6JlaCTl1 ¢0PMHPOBaHH9 KYMYJ19TIIBHl,ll{ nl1OHOB 11 

npOTOHOB B aapoH - 9.£18(:•HH:< B3a11110aellCTBl19X B IIHTePBane IIHnYJJbCOB Ha

JlE-TaJOIJU1X a.ap,>HOB 10-40 r:-8/c, nony'-!eHHlcle P83YJlbTaTlcl cpaBHl1BaJIHCb C 

.aaHHUHII no "O6U'-IHHl1" ( Heco.aepit:alJU1H HI! OllHOr'O KYMYJ19TIIBHOro a.apoHa ) 

s3a1111oae11cTe11<111 11 npeaci<.a3aHH9HH KacKatlHOll 11oaen11. nposeaeH aHan113 

OCO58HHOCTell l:YMYJ19THEHU:< aapoH - >ltlePHlclX B3aHHOtleHCTB11ll B O6nacTI1 

:•Heprrn1 4-40 r:-8 e 3aBl1CIIHOCTII OT MHHHHaJlbHOf'O 3Ha'-!eHl1>l 11accu 

O6"<er:Ta, C 1'.OTOPHM B3a1111OaellCTBYeT HaneTalO!llHll a.apoH 11 YCTaHOBJJeHa 

CB93b J<YMYJ1-.::i:TJ1EHU:{ TT -He?OHOB H npoTOHOB C ¢0PMHPOBaHlieM ·BO B3aHMO-

aer1cTe.119x: ll..1ac Tl1U c 60Ju~w111111 nonepeYHi:IM11 11MnynccaMI1. PaCCHOTP8HH 

1<soppen:-=tUMH CE-OIICTB 06pa2ylQlllJ-·1XC9 4-MePHUX npoTOHHl:lX 1-~JlaCTepos C 

VYHY.O<!TIIBHUM po:+:.aeH11e11 aapoHOB. 06HapYJf(eHO BJ1119Hlle Ha CBOllCTa 3THX 

Ha t. nacTepos nr,ouecca po:t:aeHH;J KYMYJl>ITI1BHW< nllOHOB. 3TO YKa3lclBaeT 

npo>1BJ18Hlle Keap~-f'JIJ0OHHHX CTeneHeH CBO6Otllcl B atlPOH 

coyaapH11>1x s 11ccneaosaHHOH O6nacn1 ~Hepr-11n. 

>ltlePHl,ll{ 

Ha~Hc351 _ 11 _ npaK"nt4ecKBH _ 1.1eHHOC'Ib _pa6cYn,I. Ha 6OJlblliOH ~Kcnep11HeH

TaJ1bHOH 11a-rep11ane ( 5 TblC."OT06paHHblx" CO6UTI1ll, HaHaeHHl,ll{ II o6pa6o-

TaHHblX Ha ~ 200 THC. CHIIHKax C 2-HeTPOBOH nponaHOBOH KaHepbl ) B 

YCJIOBH>!X "4n reoMeTPl111" 11 np11 tlOCTaTO'-IHO BlclCOKHX TO'-IHOCT9X 

113HepeHH>l rtHnYJJbCOB If Yf'JJOB scex BTOPll'-IHlclX 3aP>ll!<8HHblX '-!aCTI1U ll3Y'-18Hbl 

atlpOH - Yf'JJePOtlHble B3aHHOtleHCTBl1>l KYHYJl>lTl1BHOf'O n1na,ycTaHOBJJeHbl 

KOPPeJJ>lUIIOHHHe CBOHCTBa He)!(lly BTOPH'-IHW111 a.apoHaMH. nposeaeHHUH B 

tll1CC8PTaU1111 cpaBHl1TenbHHll aHaJJll3 pe3yJJbTaTOB Ba:i<eH KaK am1 nposepv.11 

cymeCTBYIOillllX,TaK II tlJl>l pa3pa6OTKl1 HOBblX TeopeTI1'-18CKIIX HOtleJJell 

HHOl!<eCTBeHHOf'O PO:i<tleHH>l B KYHYJl>lTHBHblX B3aHHOtl8llCTBl1>1X 11 HOl!<eT 6b1Tb 

11cnoJ1b3OBaH B nnaHHPOBaHHl1 HOBl,ll{ :>Kcnep1111eHTOB no 11ccneaosaHIIIO 

B3aHMOtleHc TEl!ll aaPOHOB 11 ;;iaep C >ltlPaHH np11 BblCOKIIX :>Hepr-11>1x. 

IlY6,ru1Kal.lHH. 8 tlllCCePTaUHIO BOIDJ111 11 pa6OT,ony6JJIIKOBaHHlclX B 

Te'-!eH11e 1985-1989 r-r-. s l!<ypHanax "5laepHa>1 ¢>H3HKa","TPYtlbl 11HCTI1TYTa 

¢>113HKII 11 TeXHIIKH AH HHP",B C6OPHIIKe "KpaTKHe COO61I1eHH>l OHmr•,a 

B BH.ae npenpHHTOB 11 COO61I1eHHH 0115111 / 1
-

11< 
TaKl!<e 

AnPD6auHR. OcHOBHlcle pe3yJJbTaTbl tll1CC8PTaUl111 tlOKnaaIIBaJIIICb B 

cneu11aJJll311POBaHHl,ll{ C8HHHapax 11 Cl1MnO3HYHax,Me)!(tlYHaPO.£lHl,ll{ cose111aH11>1x 
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CTPaH - y'-!aCTH11U 0115ll1 no o6pa6oTKe CHl1MKOB C 2-MeTPOBOll nponaHOBO>I 

KaMeplcl Jl83 OH5lH 

06-WH _ tlHCCepTal.lHH. ,'lllccepTaUll>I COCTOHT 113 sseaeHH>I 

f' JlaB II 3aKJII0'-18Hll>l . 

Ae-rop - 3alllHlliaeT : 

'-18Tb1PeX 

1. npoaenaHHYIO pa6OTY no 113Y'-18HIIIO 11 o6pa6OTKe 5268 pC - B3aHMO-

aeHCTBHH KYMYJJ>lTI1BHOro Tuna noJJy'-leHHHX C noHOIJ1blO 2- HeTPOBOH 

nponaHOBOH ny3b1PbKOBOll KaHePlcl 1183 Ol1s:JH np11 nepBll'-IHOH HHnYJJbCe 

npoTOHa pp - 10 r:>B/c. 

2. LlaHHble , nony'-leHHble np11 11ccneaosaH1111 xapa1<Tep11cT11K < p e 
y , n ) scex BTOPH'-IHlclX '-!aCTIIU ' po)!(tleHHblX B peaKUH>lX (1), 

3. Pe3YJJbTaTH aHan113a KYHYJl>lTI1BHblX aapoH yr-nePOtlHblX 

B3aHHOtl8YICTBHll B HHTepsane HHnYJJbCOB 4-40 r,B/c B 3aBIICHHOCTII OT 

HaCClcl HHilleHH 11 '-IHCJJa '-!aCTI1U C 6OJlbllil1Hl1 nonepe"-iHHHl1 HHnyJJbCaHII. 

4. LlaHHble no a31111yTaJJbHblM KoppeJJ;JUH<!H KYHYJ1:;JTI1BHbl:< nHOHOB C 

np11 BTOPH'-IHUHH '-lacn1ua1111 B KYMYJJ9THBHbl:< pC - B3al!HOtleHCTBl1<1X 

pp =, 10 r:>B/c. 

5. Pe3YJJbTaTH onpeaeneHH9 pa3MePOB O6JlaCTl1 ,.i,op1111poBaHll;J 

KYHYJl>!TI1BHblX nHOHOB 11 nPOTOHOB B aapoii - ·aaePHblX B3aHMOtlellcTBH>IX B 

O6JJaCTI1 :>HeprHH 10-40 r:>B. 

6. Oco6eHHOCTI1 4-HePHblX nPOTOHHHX KJJaCTePOB B KYMYJ19THBHblX pC -

11 cc - B3allHOtl8llCTBl15'!X np11 p = 10 r:>B/c H P = 4.2 r:>B/c Ha HYKJJOH. 
p 0 

COLIEPJ;AHHE LlHCCEPTAllllfl 

Bo BBetleHHH oTHe'-!ae-rc;;i aKT'/aJJbHOCTb 113Y'-18Hl19 npoueccos 

HHO~ecTBeHHOf'O po)!(tleHH>I '-laCTI1U B aapoH 

KYMYJJ>!TI1BHOf'O n1na np11 BblCOKHX :>Hepr-11;ix 

OCHOBHa9 ueJJb pa6OTbl. 

;iaepHblX CTOJ!KHOB8Hl15'!X 

a TaKl!<e C¢,OPHYJJHPOBaHa 

B_nepaoH_rJI~ tlHCCePTaUHII on11caHbl H8TOtll1'-18CKl18 sonpocbl 

o6pa6OTKl1 :>Kcnep11HeHTaJJbHOll HH4>0PHaUH11. 

3KcnePHH8HTaJlbHHe aaHHble nOJIY'-18Hbl c noHOlliblO 2-HeTPOBOH nponaHOBOH 

nY3b1PbKOBOH t:aHePbl TnK-5OO 1183 OH'.ilH,no1-1emeHHOll B Mar-HIITHOe 

Hanp>1l!<eHHOCTblO H ~ 15 Krc. Ka11epa :>KCnOHHPOBaJJaCb B 

none 

ny'-!Ke 

peJJ<!TI1B11CTC-Kl1X >1aep Ha CIIHXPO¢>a3OTPOHe naoopaTOPHH BblCOKHX :>Hepnm 

8 r-nase .aaHO KPaTKoe on11caH11e nponaHOBOH ny3HPbKOBOH KaMePH,C HCTt:'Mbl 

¢,OTOf'Pa¢>11poBaH11>1,CHCT8Hlcl BblBOlla ny'-IKOB ;;iaep ,a TaKl!<e Haf'HHTHOe none. 

npoCHOTP CTepeo¢,0TOr-pa¢>11H npoBOtlOJJC9 Ha npocMOTPOBl,ll{ CTOJJax n1na 
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6TlC-1 11 Bnc-2. O'ro6paHHHe np11 npOCHOTPe C06HTHS'I H3Hep;m11cb Ha nony -

aBTOHaTax Tl1na nvoc II CAMET,pa60TaIOIUHX Ha J1HHl1H CBS'13H C 3B1-1 

TOYHOCTb 113MepeHl1<1 l<OOPtlHHaT Ha nneH1<e COCTaBJls:ieT ~ 

EC-1033. 

10 HJ<M. 

HaTeHan1Yec1<a<1 oopa6oTKa co61cITHJ1 nposoa11nacb Ha 

nporpa1-u1e rEot•HT. nocne npoaep1<11 1<aYecTBa 113HePeH11s:i 

3BH CDC-6500'· no 

3anHCUBaJ1HCb Ha Jl€-HTV CYMMaPHblY. pe3yJ1bTaTOS 

TPeKOB 

<DST>. 

C061cITHS'I 

TOYHOCTb 

onpeaeneH11<! napaneTPOS STOPl1'-IHHX YaCTHU 01<a3anacb pasHoH < t,.p/p )= 

+ 
(9.1-0.1) %, + 

l>tge< >={0.045-0.001), ~ ,-(13.220.3) Hpaa,rae 

P-11HnyJ16C, e1-rny611HHHJ1 yron, (3-a311HYTaJ1bHblH yron BblJleTa YaCTHUU. 

31<cnep11HeHTaJ16HHl1 MaTep11an,Ha l<OTOPOH rnaSHblH o6pa30H OCHaSaHa 

a11ccepTau11<1,6un oT06PeH s pe3ynbTaTe npocHOTPa ~ 200 TblC. pC 

S3a11HoaeHCTBl1ff np11 10 r3B/c 11 OT60pa C06blTHH,11HeIOIUHX "Tp11rrepH1c1e" 

c.neabl,HCnymeHHbie no.a yrnaMH,60JlbWHMH 135° no OTHomeHHIO K HanpasneH1110 

nepBl1YHOl"O npoTOHa. np11 3TOH TPe6oBanocb,YT06H tlJ111Ha 3THX cneaoB S 

cnyYae OCTaHOBJll1BaIOm11xcq S 3<W>el<THSHOH 06'beHe 1<aHepH nPOTOHOS 

npeehlJilana 9 CH < p , 380 M3B/c),a s cnyYae cneaos 
p peJ1S'ITHSl1C TC 1<11X 

YaCTHU 6blJ10 Heeo6xOtlllHO, 'IT06H 11X 11HnYJ1bC, onpeaeneHHHH no ma6J10HY, 

npesblman 3Ha'-leHHe P=200 ~bB/c. KpoHe 3TO!"O ¢Hl<Cl1P_osan11Cb see S3al1HO

aeHCTB11S'l,l<OTOPble conposo:.caan11cb 11cnyc1<aH11eH s 3atlHIOIO nonyc<i,epy <3n> 

JlCK y-1<saHTOS. nocne 113HepeH11H 0T611pan11Cb C061cITHS'l,11HeIOJlll1e S 

HHTepeane « nnoc1<>1:< .'> yrnos ¢, OT 3.82 ao 5.60 pan xoTH 6bl oa11H + 
rr-

He30H C 11HnYJ1bCOH PTT~200 H3B/c 11J111 npOTOH C 11HnynbCOH Pp>380 H3B/C 11 

y - l<SaHT C 3Hepr11eH E, > 100 H3B, "Tp11rrePHble" cneabl tlOJl:.CHbl 6blJ111 

11HE>Tb l"J1Y611HHHH Yl"OJl Ol,Ytl O SJleTBOPs:IIUHH yCJ10Sl1IO lltgOIII S 1. B 

OT06PaHHblX C06b1Tl1<1X pel"HCTPl1POSaJ111Cb see conYTCTBYIOIUHe HeHTPaJlbHble 

YaCTifl.\bl ( r,K O /\
0

),aeTel<THPYeMble 1<aHepoH • 
s 

6blJ111 SHeCeHH nonpas1<H Ha n0Tep10 YaCT11U , SblJleTaIOIUHX noa 60J1bJlll1Hl1 

yrnaHH I< nnOC!<OCTif ¢0TOrpa,f>11posaHHS'I ,a Tal<:.Ce Ha· nOTGPH , CBs:I3aHHble C 

OT60POH C06b1THH no "Tp11rrePHblH" cneaaH. 

BT0~_!:"!1~ nocsmneHa 113yYeHHIO OC06eHHOCTeH hC - -B3al1HoaeHCTB11H 

C 11cnyc1<aHHeH l<YHYJlS'ITHSHblX aapoHOS B 06JlaCTH 3HePr1111 4-40 
r3B /1-6,10/ 

np11 aHaJ1113e 3Tl1X oco6eHHOCTeH pacCHOTj:>eHbl cnet1YI0Illl1e THnbl C061cITHH: 

Tl. C06blTI1S'I C l<YHYJls:!THSHblHH n110HaH11 11 6e3 l<YHYJ151THSHblX npOTOHOS; 

T2. C061cITHs:I, 11HeIOIUHeC51 OtlHOSPeHeHHO l<YHYJls:!THSHble nl10Hbl 11 nPOTOHbl; 

T3. C061cITHS'I, 11HeIOIUHeCS'I 

KYMYJlRTHBH~K fiHOHOB; 

TOJlbl<O I< YHYJls:!THBHble npOTOHbl, HO 6e3 

T4. C061cITHS'I 6e3 l<YHYJls:ITHSHblX aaPOHOB {"06bl'-!Hble" CTOJll<HOBeHHS'I). 

.llns:i SbltleneHl1S'I l<YHYJls:ITHSHblX aapoHOS 

nepeMeHHaH (3° < r,0
- <E-p.,)/JnH, E, P,. 

11CJ10Jlb30BaJ1aCb 

3HePrHtt,npoaonbH~ 

YaCTHUbl, mH - Macca HYJ<JlOHa). KYHYJls:!THSHblHH C'-111TaJ111Cb J1110Hbl 
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cseTOsas:i 

11HnYJ1bC 

C (3o >0.6 

11 npOTOHbl C (3° > 1.2. 8 tl3JlbHeHmeM nepeble aea Tima C06tITl111 

nonYYHJlH Ha3BaHl1e "Me30HHble" l<YMYJls:ITHSH!Ae S3al1HOtleflCTSll<I <H~:B> .a 

C06UTT1<! THna T3 - "npoTOHHble" l<YMYJl;!THBH!ole B3aHMOtleHCTBl1<! <m'.B). 

nonyYeHHble pe3yJ1bTaTbl ans:i ceYeH11fl pC - B3aH11oaeHcTe11n np11 10 r:,B/c 

np11seaeHH s Ta6n.1. B nocneaHe11 CTPOKe 3Ton Ta6n11u1o1 np11seaeH pe3yn1,-

TaT anq C06blTH<! C y - l<SaHTaMII , 11cnymeHHblHl1 S 3n C E 
t 

100 r3B. 

Tl1M B3al1HO

aeHCTBl1s:! 

T1 

T2 

T3 

pC -, Y3n 

'-!Hcno KYM-

aapoHos 

1 

2 

2=2 

1 

2 

~1 

'-!He JlO B3al1HO-

aeflCTBHH 

453 

10 

89 

1273 

124 

H3 Ta6n.1 S11tlHO,YTO sepO;tTHOCTb 11cnvc1<aH11s:i 

Ta6n11ua 1 

0 ( M6) 

2.02 0.2 

0.0420.02 

0.3820.14 

5.52 0.2 

0.5420.07 

5.72 1.0 

tlOJ10JlbHl1T8JlbHOl"O 

KYHYJ1S'!Tl1BHOl"O n110Ha ( W =2-3 % ) 11J111 npOTOHa ( W =9-10 % ) B 3-4 
IT p 

pa3a 60J1bme sep051THOCTH COOTBeTCTBYIOillero l<YMYJ1S'ITl1SHOl"O 

S3al1MOtleHCTBl1S'I cpe.1111 Heynpyr11x pC - CTOJ1l<HOBeH11H. ,lln;i l<YMYJl;tTHSHblX 

pC B3a11MOtleHCTB11H np11 10 r:,B/c nonyYeHbl CPetlHl1e 1111nYJ1bC!ol 

- < p ) Yl"JlH l1HCnyc1<aHl1s:I - C 0), cpet1Hl1e MHO:.CecTBeHHOCTH 

< n > , cpeaH11e nonepeYHble 1111nyn1,c1c1 - PT 11 6blCTPOTbl - y > ecex 

STOPl1'-1Hbll< aapoHOS BJ<J1IO'-la51 J1Htll1PYIOilll111 ( nonolKl1TeJ1bHas:i YaCTHUa 

* * ---
c 11HnYJ1bCOM p > 1 r3B/c 11 x '=2p .,/ ~ s 0.2 rae p .. 

npoaonbHblH 11HnYJ1bC s c.u.11. pN - coyaaPeH11;1 11 s - nonHas:i ee '.)Hepr11s:i> 

06Hapy:.ceHbl OTJ111'-111S'I CSOHCTB TT- - He30HOS B HKB OT CSOHCTBa '.)TJ1X 

Me30HOB B "ot5bl'-1HblX.. CTOJ1KHOB8HH~X,B OC06eHHOCTH :,-ro OTHOCHTCs:t K 

3HaYeH11S'IM 11X cpeaHl1X MHO:.CeCTBeHHOCTeH. He HaHaeHo cymecTBeHHblx 

OTJ111'-111fl CSOHCTS J111tll1PYIOIUl1l< aaPOHOS S l<YMYJls:ITHSHblX s3al1MOtleHCTBl1S'IX 

pa3Horo THna,Ho cpeaH11e 3HaYeH11s:i l1MnyJ1bCOB 3THX aaPOHOS S 

l<YMYJls:ITHSHblX c9yaapeHHS'IX MeHbme,YeM B "o6bl'-!Hb1X" Heynpyr11x pC 

S3aHMOtleHCTBl1S'IX. 6blCTPble STOPl1YHblX YaCTHUbl < C P>0.7 r.~B/c > s 

l<YHYJlHTHBHblX CTOJ1i<HOSeHl1S'IX He o6naaaIOT S cpeaHeM 60JlbWl1Ml1 

nonepeYHblHH 11MnYJ1bCaHH,YeM B "o6blYHblX". 

no 3aperl1CTPl1POSaHHblH y 1<saHTaM,11cnymeHHblH 113 OT06PaHHblX 

C061cITHH,HaHaeHbl CPetlHble xapa1<T8Pl1CTHl<l1 BTOPl1'-1Hb1X 
0 

fi -Me30HOB. 8TO 

CP0tlHS'IH MHo:.cecTBeHHOCTb n 
0 

IT 

1.4120.14 11 cpeaHee 3HaYeHl1e 

nonHoH 3Hepr1111, 11aymeH Ha 06pa3osaH11e rr
0 

- Me3oHa,: E 

5 

0 
TT 

(1.3720.37) 



r3B. '='TH pe3ynbTaTbl s npeaenax 01!!11601< COl"JlaCYJOTCS'I C aaHHblHH 

- + + 
ama 2ap;u;eHHblX nHoHos : n + - 1.14-0.05 H E - - (1.01-0.05) r3B. 

TT- TT 

Pe2yJ1bTaTbl no cpeaHIIH xapaKTePHCTHKaH BTOPH'-!HblX '-!aCTHU nony'-!eHbl 

TaKlKe llJl>I pa3HblX ,pynn KYMYJl>lTHBHblX pC - B3aHHoael'1CTBH1'1, conposoa-

lla~)WHXC:'l 1-1cnyc1<aHHeH CTPaHHblX '-!aCTHU ( f~s O , A
0 

). 8 npeaenax 

CTaTHCTH'-!eCKOH TO'-!HOCTH He 06HapylKeHO cymecTBeHHblX pa2J1H'-!HH pa3HblX 

THnOB KYHYJlHTHBHblX B3aHHOllel'1CTB11H no HHnYJlbCHblH , Yl"JlOBblH xapaK-

TePHCTHKaH BT0Pl1'-!Mb1X TT - Me30H0B 
+ 

HHOlKeCTBeHHOCS'IM TT He30HOB 

11 npOTOHOB. 0pH 3TOM , B KYHYJlS'ITHBHblX PC - B3aHHOllel'1CTBHS'IX 

c po~~eHHeM CTPaHHblX '-!aCTHU Ha6J110lla8TCS'I cymecTBeHHOe YHeHbWeHHe 

BepoS'ITHOCTH o6pa3oBaHH:'l Jll1tl11PY!Ol!l81"0 aapoHa. HaHe'-!aeTCR TeHlleHU119 K 

YM8HbWeHHIO CPellHHX HHnYJlbCOB K 
O 

- H830HOB B MKB no cpasHeHl1!0 C 0KB. 
s 

l-lHBap11aHTHble 11HKJll0311BHble ce'-!eHl19 06pa3osaHl19 KYHYJlRTHBHblX allPOHOB 

(pHC.D , 11cnymeHHblX B HHTepsaJJ TeJleCHblX Yl"JlOB 30 C 8 ~ 135°, 

annpoKCl1HHPOBaJJHCb 3KCnOHBHUl1aJlbH011 3aBHCl1HOCTb!O B11lla 

ct
3

a ~ o o E --i - exp< -(l /•fl> ) (2) 

dp o 
HanaeHO,'-!TO 3Ha'-!eHHSl napaHeTPa < (l > ,pynnHPYIOTC9 B PafloHe 0.14-;-0.17. 

8 C06blTl1>lX C HeCKOJlbKHHH KYHYJ1RTl1BHblHl1 allPOHaHl1 11ccneaosaHbl 

cneKTPbl JlHtlHPYIOWHX KYHYJJSlTHBHblX allPOHOB,T.e. cneKTPbl KYHYJlHTHBHblX 

nHOHOB(HJ111 ITPOTOHOB),HH8K>WHX Hal'160JlbWee 3Ha'-!8HHe nepeMeHHOfl (i
0 

cpea11 scex 3ape,HCTPHPOBaHHblX B aaHHOH B3al1HOllel'1CTBl111 KYHYJlRTHBHblX 

nHOHOB (npoTOHOB). KaK BHllHO 113 Ta6Jl.2, ,ae np11seaeHbl 3Ha'-!eHHS'I 

napaMeTPOB < n° > , nony'-\BHHblX np11 annpOKCHHaUl1H cneKTPOB Jll1tl11PYK>l!IHX 

~--YMYJl'lTIIBHtlX 3llPOHOB et1pa:t:eH11eH (2) , :Tl! napaHeTPbl npa1<T11'-!ec1<11 He 

OTJUt'--lalQTCq OT COOTeeTCTEVIOIIIHX 3Ha·-teHHH .an;a e.c ex I< YMY TTrlTHBHbIX 

a,apoHOE. 

Ta6n11ua 2 

T11n PaCCHaTPH- Y,on 11cnyc-

B3aHHO- eaeMble KaHHH s JJCK ( ()0 > X 
2

/ CT.CB. 

ael'1CTBl1S'I '-!aCTHUbl e <,Paa> 

MKB 
+ 0 0 

TT- ((i -(iHaKC) >90° 0.161=0.011 12.6/7 

0KB p ((lo-(i:aKC) >90° 0.144.:0.006 12.0/8 

CpaBHeH11e Pe3YJlbTaTOB , nony'-!eHHblX llJlR pC - 11_ TT - C - B3aHHOllel'1c,..... 

B1111 ( pp - 10 r38/C 11 pf!- - 40 r38/C), pa3Jll1'-!a!OWHXCR no 3Ha'-!eHH9H 

HHBapHaHTHOfl yaeJJbHOfl 3HBPl"HH C ( C = <PIPII)/(MIMII». ,ae PI, PII-

4-HHnYJlbCbl CT3JlKl1B3K>l!ll1XCl'I 06h8KTOB : MI, MII - m< HaCCbl ) B ~ 29 

pa3, aaeT 11H¢,OpHaUHIO O HaCDITa6HblX 34>¢,eKTaX B KYHYJJRTHBHblX 

B3311HOtlef1CTBl19X. Ha p11c.2 3TO cpaBHeHHe ITPOlleHOHCTPHPOBaHO B 
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P11c.1. l-1Hsap11aHTHtle HHKJ1!03HB
A~:'t 

Hble ce'-!BHH9"1:>6Pa3oBaHH9 allPOHOB, 

no KOTOPblH OT6Hpan11c b pC - s2a11-... 
HOllef!CTBHR KYHYJJRTHBHOl"O THna. 

( 0 - ITHOHbl, • - npoTOHbl, 

t. y - KBaHTbl) . 

euae 3aBHCHMOCTH :::HaY:eHHH napaMeTPOE 

0,2 I 

" ~ 0,1 
V 

Q. 

~ 0,0 
~ 

~ 0,2 
fl;S 

C: 

0,1 

o.o 
-1,0 

p 

-0,5 

cose 
0,0 

P11C.2. Y,noeaq 3as>1c11-

• HOC Tb 3HaY.eHHi;t napaHeTpa 

,: (i
0 

·• <.• - pC - B3aHMO

llBl'1CTBHH, 0 - TT - C - B3aH

MO.Q8HCTE-H.:::t) 

tl' GT vrna 11cnycr::aHu:r1 

KYHYJlRTHBHblX 3llPOHOB ( 0 ) B JlCK. np9HHB Ha C•TOH PHC YHKB - PB3YJlbTaT 

annpOk:CHHaUHH ,aaHHbU< Bblpa;+;eHH8M BH,Oa rl;J - c..ons-t + 31.cos 0 

8HtlHO, '-!TO 3Ha'-!eHH:'l napaHeTpa < ({' > llJl-'1 l1HBap>1aHTHblX 11HKJll0311BHblX 

ce'-!BHl-111 o6pa3osaHH9 KYHYJlRTHBHblX TT - ME?30HOB npav.TH'-!BCl<ll HS 

3as11c>1T HX y.Jla >1cnyc1<aHHR , H B npeaenax OWH60S. Yl"JlOBaR '.3aBHCHHOCTb 

napaMeTPa < o0 
) oi,~a3blBalOTC-R OllHHaKOBOH an'M .3THX 

11cnymeHHHx >13 pC - H rr-C B3aHMOlleHCTBHH. LlJJq 

He30HOB 

KYHYJJRTHBHblX 

npoTOHOB 3TH pacnpeaeneHHR OTJlH'-!aJOTCR tlPY• OT apy,a. 

ITpoaHaJlH3HPOBaHbl oco6eHHOCTl1 KYHYJlRTHEHblY. B3aHHOtlBl1CTBHf1 B 

3aBHCHHOCTI1 OT 3HaYeHHH MHHHMaJlbHOJ:i HaCCbl MHIIIeHH, KOTOpas:1 nPH .aoc-ra

TOY.HO EblCOKHK nepeH'-IHblX .JoHeprH:::rn:· paeHa M ch - E 0°. ,r-.ae cyM?-iHPOBaHHe 
l L 

npOH3BOllHTC9 no sceH BTOPH'-!HblH 33PS'llKBHHblH 

11cnap>1TBJlbHblB npoTOHbl c P < 250 M38/c ). p 

7 

'-!aCTHUaH 

8eJ11i'-!liHY 

< 
Heh 

l 

HCKJll0'-189 

HOlKHO 



CB~33Tb C nonHou :..Hepr11eH B C.U.H. hC - B'.3311110/leficTBHq 

-- -ch ---
~ shC = ~ M, . shp (3) 

r-ae SJ;p - nonttaq -'Heprll'.-'l hp - B33Hl10llefiCTBHq B c.u.u. pasHaq 

~ 2m E • E - n&pBHYHaq :>HepnJq_ '.c!TO no3sonqeT ITPOBOllllTb cpasHeHHe N c1 a 
nonyYeHHUX pe3y.flbTOTOB C HMelOW11MHC:=t ;).J<CnepHHeHT~JlbHHMH .aaHHl:·U{J.i npH 

pa3HbL"< ~HePPH9Y. 

;r.eHo ,, HanpuM..;.p 

a TaL'f:G C TeopeT11YeCKHMH npe,ac1<a3aHHHMH. 
,·!) 

YTO 1-\ - - pacnpeaenem1;:i , HOPMHPOBaHHOr-o 

OoHapy-

'--fHCJla 

J.. YMYJl>ITHBHblX E3aHMOtl~HC TEliU <.p11c.3) Ok33blBaIOTC>! np1Jonll3HTeJlbHO 

OllHHa~.OBHMH anq see:< paCCllOTPGHHblX C06blTilfi ( pC - CTOfil<HOBeHHH npH 

0Hll Pp=4.2 H 10 rc:,B/c ll 11 - C - coyaapeHHfi ITPll . p - =40 r:,B/c ). 

onHCHBalOTC>I 0/lHO>! l<PllBOll II OTnllYalOTC>! OT M ~ - pacnpeaeneHllll /lfi>I 
l 

.. o6H'--fHHx" CTOJU<HoeeHHH no KPaHHe Mepe ao 3HatieHHH M ch ~ 5. 
00ll!YIO T>?HlleHUHIO M ch - pacnpeaeneHHH llfi>I "06blYHblX" 

t 

paccYHTaHHa:A' no J<ackallHOH 110/lenH / OTpaw.aeT kPllsaq 

PHC.3 nyHKTI'IPOM /. VHHBepcaJlbHOCTb M ch 

HOPMHPOB3HHOro '-Hlcna l.yMynqTIIBHblx 

TOfibkO C f"PYllllOll 111'.8 (CM. PllC.4a). . 
l 

B33lll101lGl'ICTBllfi ( O'C 

~nq :,TOn r-pynn11 

l 

C06blTHH 

no1<a3aHa Ha 

pacnpeaeneHHH 

) CBq3aHa 

xapakTePeH 

OQHHakOBblYI POCT OTHOWeHHR: O' C / O', C 

noc JH?llYIOlllHM BblXOtlOM Ha nnaTO npH 3HaYeHH>IX . 
ysenHYeHHe11 

M ch <l< 3-!-4. 
l 

M ch c 
t 

CeYeHH>I 
O' 

C 
( Hnll O'. 

in onpeaen>1nucb k3k 

fi,!TllBHblX ( Hfill HeynpyrH:< hC ) C06blTHH 

( linll Heynpyrllx hC ) B3allMOllGllCTBllfi B 

OTHOWeHH>I YHCJla kYMY-

k YllCJlY scex ky11ynqTHBH11x 

HHTepsane A M ch = 1 

HHYero noaooHoro He Ha6J1101laeTC>1 llJl>! TTKB (CM. PHC.4B,r-). 

t . 

Taonuua 3 

Tun 

B3allMO-

aeYICTBHn 

pC 

TT - C 

TTePBMYHHH 

llMnynbc 

P <r:>B/c) 
0 

4.2 

10 

40 

,M ch, 
t CUM 

/C kyll. 

aapoHaMH/ 

... 
2.69-0.06 

... 
2.80-0.16 

2.49=0.02 

Ch <t\ 'ord 
/'5e3 1<y11. 

aaPOHOB/ 

1.27=0.02 

1.47=0.02 

1.25=-0.01 

CpellHHe 3HaYeHH>! M ch llfi>I kYMYJl>ITHBHW< ll "06blYHblX" 
l 

(Ta<Sn.3) onpeaen>110T cpeaHee MHHHMaJlbHOe YllCJlO HYkJlOHOB 

ch <f\ > CUM 

ch 
<Mt 'ord 

2. 12=-o. 06 

1.90=-0.11 

... 
1.99-0.02 

CTOJlkHOBeHllfi 

>lllPa MHilleHH, 

yYaCTBYJO!IU1X B CTOfiKHOBeHHll. 0HH npakTHYGCl<H He 3aBHcqT OT nePBHYHOH 

3Hepr1Jll ll COPTa HaneTa~mer-o 3/lPOHa H llJlq kYMYJlqTHBHblX B33Hl10/lGHCTBHfi 

;)TH YHcna nPllofiH3HTenbHO B 2 pa3a oonbWe YHCJla HYkJlOHOB Ml1meHH, 

YY:8CTBYJOJ11HX B ··oobl'-iH!lx"' CTOnl<HOBeHHs.l:X BO BCeH .QHana30He 1-1cnonb30BaH

HllX 3Hepr11H. 

8 

PacCMOTPeHbl s - '.3aBHCHMOCTH cpe.aHIIX MHOll:eCTBeHHOCTen H 6llCTPOT 

BTOPH'-IHW< Y3CTHU (He ITPHBOll>ITC>!). B :3THX 3aBHCHMOCT'rlY. He 

Haomo.aaIOTC>! cymeCTBGHHblX pa3nHYHfi Me;+;Jly llBYMq rpynna1111 l:YMYJl>ITilBHllX 

B3aHl10lleficTBHH . 
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MJ. • 

Pl-lC.3. M ch - 3as11c1111ocTH 
t 

ch 
P11c.4. M - 3aBMCHMOCTH 

HOP11HPOB3HHOf"O YllCJla kYMY

.n;tTHBHblX H 0 06!:,lqHblX"' B3aH-

110llefic TBHH. 

l 

HOPMllPOBaHHblX CeYeH1m 

MBK • mm H OTHOWeHHH. 

Ha11eYaJOTCq OTnHYll>I l<YMYJl>ITHBHllX C06HTHH OT "06blYHllX" B S 
- 2 

3aBllCHl10CTH CPellHHX 1<ea.apaTOB nonePeYHbl:{ HMnynbCOB ( PT ) BTOPHYH1'J:< 
-2 

YaCTHU (puc.5). anq kYHYfi>ITilBHblX B3allMO.aeHCTBHH p paCTYT C 

yeenHYeHHeM ~ S . KaK BH/lHO H3 PlK.6 POCT 3HaYeHllfi 
-2 
p CB93aH B 

OCHOBHOM,C .l<YMYJl>ITHBHblMH TT - Me30H311H. anq aapoHoB "conposow.aaHuq" 

H 1<y11yn>1TilBHW< npOTOHOB YeTJ<He KOPPenAUHH 
-2 ch 
p C BeJ1!1YHHOfi M, He 

3aMeTHbl. ,llns:t ' 1 06blYHblX 11 CTOnKHOBeHHH 
-2 

S - 3aBllCIIMOCTl1 p 

KaYeCTBeHHO cor-nacyJOTCq C pacYeTaMll no KaCKallHOfi 110.aenH. 

~nq M ch - 3aBllCHl10CTH cpeaHHX 3HaYeHl!ll Bbll<OllOB 
l 

aapoHoB xapa1<TepHo HanHYHe OllHHa1<osoro anq scex r-pynn 

M ch 
l 

HaYHHaeTC>I 

B3aHMOllefiCTBllH 

n PHBOllllTC >!). C 

"nopof"O~OlO ·::,,.f:ir!->el-: Ta11 E 

:>THx 3HaYeHHH Mch 
t 

kYMYJl>ITHBHbll< aapoHOB. 

panotte 

l<YMYfi>ITHBHHX 

paccMOTPeHHbll< 

~ 374 (He 

POCT BblXO/lOB 

HaHaeHO,YTO 3HaYeHH>I napa11eTPa 

npaJ<THYeCKH He 33BHCr!T OT M ch_ 

( ,,o > anq 1<y11yn>1THBHllX nHOHOB 

t 

~n>I aHaJlH3a csq3H l<YMYJl>ITHBHbll< B3aHMOlleHCTBHH C ¢>0P11HPOBaHHeM B 

Hill< aaPOHOB C 60JlbWHl1H nonepeYHblMH llMnYJlbCaMH ll3yYeHbl xapakTePHCTHkll 

3TI1X B3aHMoaeYICTBHYI B 3aBHCHMOCTI1 OT YHCna BTOPH'-iHblX '-iaCTI-1:U B HHX 

9 

10 
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S - 3aBHCHMOCTH 
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PT 

BTOPH'-IHf:IX 3apqw.eHHUX '--iaCTHU. 
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PHc.6. M Ch - 3aBHCHMOCTil 
I 

- 2 
P BTOPH'-IHhlX '-!aCTHU B 

T 

HKB <a,6,B) 11 nKB {f',tl,e). 

f'P B p ' KaYecTBe rpaHHY:Horo 

3Ha~1eHH:rl nonepeYHOro HMnYJibCa B3;JTO r¢ _ 0.45 
PT r Jo B/c ,n PH6JlH3HTeJ1 bHO 

paBHOe cpe.aHOMY 3Ha'-!eHHIO nonepe'-!HOf'O HMnynbca scex BTOPH'-!Hhl>< '-!aCTHU 

s Hccne.aoaaeMblX CTOJlJ<HOBeHU;tX. npH ::>TOM HaHoonee 

KOPP9J1;tUHH C YHCJJOH BTOPHYHHX YaCTI1U,HHe~umx 60nbmHe 

HMnYnbChl,06Hapy)l[HBaJOTCq TOnbl<O B HKB. 3TO BHtlHO 113 

N 3aBHCHMOCTH OTHOWeHHH HOPMHPOBaHHhl>< 

YeTkHe 

nonepe'-!Hhle 

PHC.7,f',ae 

ce'-!eHHH npuse.aeHhl 

l<YMYn<ITHBHhl>< pC - H 

' 
rr- C - B3am,io.aeHCTBHH npH PP= 10 r::>B/c H p -= 

rr 
40 r::>B/c 

Iml>< hC -

( o } k HOPMllPOBaHHhlM 
C • 

B3al!Mo.aeHCTBHH { 0 >. ,n 

Heynpyf'HM 

LJ.nq HKB 

ceYeHHqM 

OTHOllleHHe 

C OOTBeTc TBYIO-

0 
C 
' / 0 

>n 

pacTeT C ysenH'-leHHeM N npH6nH3HTenbHO OtlHHal<OBhlM 06Pa30M .anq tlBY>< 

aHcaMoneH hC - CTOnl<HOBeHHH. anq nKB C ysenH'-leHHeM N 

nPH6nH3HTenbHO nocTO<IHCTBO 3TOf'O COOTHOWeHH<I. 

Haomo.aaeTCq 

B Tpe'n>eA_rnaae HCCne.aoBaHhl tlBY><'-!aCTH'-!Hhle l<Oppen<IUHH B hA 

B3aHMo.aeHCTBH<I>< l<YMYn<ITHBHOf'O THna. 8 Hefl H3nO)l[eHhl pe3ynbTaTbl no 

a3HMYTaJlbHblM 1<oppens=u.u1>lM B ''KYMYJ1;JTI1BHb1X" pC - B3aHMOJJel-iCTBHHX np~1 

PP= 10 r::>8/c H nonY'-!eHHhle oueH><H pa3Mepos oonacTH HCnyc1<aHH~ 

KYMYnHTHBHhl>< nHOHOB 

nPH PP- 10 r::>s/c H 

H npoTOHOB B pC - H 

s rr - C - coy,aapeHH<I>< npH 

IO 

pTa - CTOnl<HOBeHH<IK 

P - - 40 r38/C /7,B/ rr . 

) 

l 

} 
J 

1d 

,,_ ....... 
vi 

_, 
10 ._._~__._~~~~~_J 

0 2 4 6 8 

N 
Puc.7. N - 3aBHCHMOCTl·1 OTHO-

weHHH HOPMllPOBaHHble l<YMYn<ITHS

HblX ce·-1eHHH k.: HOPMHPOBaHHHM 

Heynpyn1M Ce'-!eHH<IM .anq MY.B 11 

nKB. 

H3y1..feHH 33l1MYTanCHH8' Jr.op

pen·=itUHi VVlfV.fl::J:TIYBHblx aapoHoe 

C BTOPlP-IHblMJ.-1 ttaCTUUaMlf {npo-

+ . 
TOHaMH H rr- - Mt?30HaM11J.1-1cny-

llleHHHMH 1-:av e nepe.aHIOIO no11y

c<1,epy /nn/,Ta> 11 3a.aHKK• nonv-

c,t,epy /3CT/ e JlCI: a Ta1<:t:e 

C JlHJlHPVJOI.I.U--IMH aaPOH3MII. 8 

Ka'-feCTBe ct>OHa 6bJnl1_ B3HTU pac-

npe,aeneH1-1g pac C YHTaHHHe 

cnoco6oM C ...nyYaHHOt-1 Bbl60pJ,·_ll 

3Ha'-tE-HH11 a2uHVTan1:ttux vr noe 

1-13 Jol<Cnepi-n-teHTanbHO H3MepeH-

HHX a2HMYT3Jll:.-HHX pacnpeae-

neH11n 113-Y'lao?HUX a.apoHoe c 

Y'18TOM TOnonor1u1 no 1-f:{ 

MHOa;ecTEt?HHOCTH. 8 npeat?nax 

HHe1oweucg CTaTI1CTl-1'-18CJ<Ol-1 

TO'-tHOCTH He 06Hapy;KeHbl a3H-

HYTaTTbHl:AE- J,.oppen-::ruin-1 kYt-JV.n-;:i-

THBHblX 
+ ,,_ 

Ml?30HOB C 

TTl-1.llHPYIOWHMH allPOHaMH , npoTO-

HaMH 11 rr - Mt??OHaMH 

s1o1neTaewuxc 'I e nn. 

nns, onpe.aeneHH<I Pa3Mepos oonacTH 11cnvc>.att11<1 CTHOHOE 

B EH.ae 

::>¢¢ekT 

HHT8Po:f"'2P8HUHH TO;+;ec TB8HHblX 6030HOE Bt.lPa:t:aeTc ·=1 

R < P ,P > - D ( P ,P > / D < P ,P 
1 2 1 2 I) 1 2 

f'tle P .P - 4-HMnynbCbl paccMaTphlsaeM!olX '-!aCTl!U, 
l 2 

nap TO;+~ec TBeHHblX YaCTHU B 4>a30BOH npoc TPaHCTBe. 

HOCTb nap npH OTCYTCTBl!H llHTep,:,epeHUHH ( <I>OH 

) (4) 

D<P ,P > -nnoTHOCTb 
l 2 

D <P ,P > - nno,..... 
0 1 2 

>, Listq onttcaHHq 

30:X!>e>.Ta B cny'-!ae hC - B3aHMOtleHCTBHH YtlOc•HO nonb30BaTbC<I nepeMeHHOH 

c/ - -<P -P )
2

. KonH'-leCTBeHHO 1<oppen·'IUHOHHHH :«t,f'e>:T H:?Bne><ancq H3 l 2 

attam13a Q - 3aBllCHMOCTH OTHOWeHH<I R = N / N,t, N - •-mcno nap 

TO)l[tleCTBia>HHbl>< nHOHOB e Bhl6PaHHbl>< HHTepsanax O , N,i, - '-!Hcno ¢0HOBbl>< 

KOMOHHaUHH. no TPatlHUHOHHOH HeTOllHJ<G ::>TO pacnpe.aeneHHe 

annpot<CHMHPOBanocb Bblpa)l[eHHeM BHtla 

-4 0
2 

r 
2 

R < 0 2 
,, <> > - A (1 + c5 0 2 

)(1 + .>- e <> 

r.ae A , c) • A. r O - napaMeTpbl annpOKCHMa.UJ-tJI,nPH~--feM 

) 

r 
<) 

cpe.atte1<ea.ap a T H '-IHblM pa.aHYCOM oonacTH HcnycKaHH<I 

II 

(5) 

CB:~3aH C CO 

COOTHOWeHHeH 



2 1./2 -(3 ' . 0 
E: J-_a '-lt'C TEt" <-t,clHa 6blJ10 B3"n'T'O pacnpe.aeneHHH no Q 

n2tp HeTo:t:..aeCTEt'HHtl:-: ITil:'.)HOP. '3Ha•-t:eHJ1A napaME-TPOB I 
0 

an-=1 }'_ '.lHYn9-

TifEHct:: r1110HQE, 11 n110HOE ••,.:.-)npoeo;t;,a,:?HH'9'", nonyqeHH~L'{ OPH annpor' C HHau1111 

~ J-·_ c n epHMeHTan c HHX pac n peaeneHHi:t R BblPa~eHHeH BH,'.la (5) paeHbl 

t.0~0.7 ,t;M ( an·.1 pC B3aUMO.llt?f1C TBHfi ) , 1.0=0.6 4>M ( .Q;Jl;l rr C 

coy.aapeH1nt J. l\JI'I nJIOHOB "conposow.aeHH<!" B :>THX C06bITH'.'IX an'.'! ro 
nony•.1eHo : 2.2~3.2 4H 

Pa3Mo?Pbl 06JlaCTH Hcnyci-_aHH>l i<YMYJl>ITI1.BHblX npOTOHOB 6blJlH onpeaeneHbl 
• 

no B8Jlll'lllHe' OTHOIIlGHl1'.'I R ( k ) = W / W 4> B HHTepeane 3H3YGHl1H 

OT 10 ,'.lO 60 lbB , r ,'.le K 0.5 --I~ , W - YHCJlO nap nPOTOHOB 

y~.a3aHHOH 11HT8PB3Jle ~- , w<f, - Yl1cno 4>0HOBblX nap npoTOHOB B :>TOH 

. 
I( 

B 

:+:e 

11HTepsane. ~'OH 6HJI nony•.1eH nyTeH cnyYaHHOf'O l<OH611HHPOB3H11<1 Tex ~Q 

npoTOHOE , HO B3'=lTHX 113 pa2HblX C06blTHS1. TaKHM )t;e cnoco6oM c.aenaHbl 

oueHEl1 pa311ep0B 06JlaCTH 1-1enycKaHHH npoTOHOB ."conpoBo)K.lJeHHH"' B MKS H 

nr:B. HcnoJH::-3V:t 

CB'l3b1B3I01UGG B8Jl'1'-HIHY 

C OOTEeTC BYIOwee . 
R ( k ) C 

-reopeTHYec1<oe pacnpeaeneHHe 

pa3HGP3HH o6naCTH oopa3osaHH>1 

npoTOHoe •. nonv·1e11e1 2Ha·--teH1-1>:r napaMeTPa ' 0 
• KOTOpble an'.'! npoTOHOB 

2
-+0.4 

.. f:onpoeo:+:n.eH11·;:i11 
01<a3an11c b pasH~t1H 1. -O.t 

(nf:B) II ,'.lJl"I lcYMYJl'ITllBHblX npoTOHOB 

¢,M <MKB) 
-+0.6 

1.8_0 _3 4>M 

-+O 6 
2.5_0.3 ¢,H 

Ta!<HH oc:,pa30M pa3HePbl o6nacTH Hcnyc1<aHH<! l<YHYn<ITHBHblX npoTOHOB 

OK33anHCb CP3BHHHblMl1 C pa3HePaHH 06nacTH ucnyc1<aHH<I Bcex oc-ranbHblY. 

npOTOHOB. l\.n'.'I npoTOHoe "conpoeo~aaHH<i" 113 MKB :>TH pa3HePbl 

nonyyaeTC:;,: Mt?HbWHJ"1J.1. nonyYeHbl Y1<a3aHHs:I Ha TO YTD KYMYh~THBHble 

nHOHbl ucnycKaJOTCq H3 06nacTI1 MeHbllJHX pa3MePOB , YeM Bee OCTaJlbHble 

nHOHU , np11L1eM .:)iTit pa:HePlJ cpaBHHMbl C pa3MepaHH 06JlaCTH HC n ye I( 3Hl1<1 

OPOTOHOB ··conpoBO)KJl3HJ.1q"• e 3TiiX C06blTHs:IX. 

B YeTBepTOl'l_rnase npeacTaeneHbl pe3ynbTaTbl uccneaosaH11<1 s pen<i

THBHCTCkH - HHEap11aHTHOH no,axo.ae CBOfiCTB nPOTOHHbl.K J<nacTepos , o6pa

?YIO!Ul!XC:'I E pC - H CC - CTOnKHOBeHH'.'IX (p - 10 r38/c H 4,2 . r:>B/c)/
9
/. 

p 
AHan,13 npoeoa11nc<1 e npocTPaHCTBe 4-HePHblX OTHOCl1TenbHblX Cl<OPOCTGH 

<• - - ( u - '-', )2 - 2 r < ...... ) - 1 ] (6) 
,k l ' k 

rae •J = p / m ( J =1.,J.- ), p - 4-11Hnynbcbl Y3CTHU, m. - llX 
J J J J J 

MaC.CbI. Benu~n1Ha b 
,k 

onpeaen>1eT YPOBeHb (HYKnOHHblli Hnl1 1<B8Pl<OBHII), 

Ha KOTOPOM pacc11aTPl1BaeTC<1 CTPYl<TYP8 B38HHoael'ICTBYIO!UHX 061,e1<TOB 

'L H k . B Halllt?M cny~-1ae "npoHe)KyroYHOH" o6nacTH ( 0~ < b < 1 ) 
~ 

BTOPl1YHble npoTOHH HOrYT 6bITb 1(31( Y3CTHU3Hl1 B 1<nacc11Yec1<11x <!AePHblX 

B33HMoael'lcTBl1'.'IX, TaK H npoay1<-raH11 ¢parHeHTaU1111 1<B3Pl<OBblX Cl1CTeM np11 

coy,aapeHH>lX Ha KBapk - ["'Jlk.""OHHOH YPDBHe. 8 1<a=OH C06blTHl1 < C 

Yl1CnOH npOTOHOB N 

pa36HeHH<I COBOl<ynHOCTH 

,! 3 
p 

BTOPl1YHblX 

) pacCH8TPl1Ban11cb 

ITPOTOHOB Ha aee 

12 

see B03MO)KHble 

rpynmL npu 

3TOH TPe6oeanocb , YT06lcl "paccTO<!HHe" Me:+:ay UeHTP3Ml1 1-:nac:TepoE 

\,_0 > 1.0 , np11YeM cpeaHl1e 

aon=bl 6blnH np116nl13HTenbHO 

3HaY:eHHR ·~TI1X "'paCCTO~U-UUiu 

Ha nop<1ao1< 60nb!Ile cpeaHH>< 

( b o(1 ) 

"paCCT09Hl111" 

Y3CTHU 

3aecb 

OT ueHTPOB KJlac-repoe ( bK ) an,i ecex P3CCH3TPHBaeHHX C06HTIIH. 

b, - - ( V - V )
2 

, b. - - ( V - U >2 
, rae V. > -

(;;/, Ol (> !-'. L _<((,) 
4-CkOPOCTb 1<nacTepa. 

H3YYeHbl C TP\rr TYPHb!e ,:,yH~ UHl1 

nepeHeHHbll{ X b 
IIC 

X 
s 

Mc,lf3> < V 0t((>J "1-1(H) ) 

b 
;-: 

F < X 

rae 

) -
t, 

IIC 

3 
d .:• 

E ---:;- B .::ae11CHMOCTl1 
d ., 

p 2 
--<u -V.>, 

UC 

l)T 

x ----. - ,llOJl:rl 4-J.tt•tnYJlbCa HaJteTa}Cil.Ut?LO ;1,apa (H) u 

s rnH(M) < uH "H ) 

<iapa HH!IleHH (H) , MOI({,) - Hacca KnaCTepa 01 < HJlll {? ) , mH(M) - t1acca 

HaneTalO!Ilero '.'lapa ( 11J1H >!Apa Hl11IleH11 ). LJn,i EblAeneHH'.'I KnaCT8POB 

CB'.'133HHW< C <f,parHeHTaUHel'I <iapa 11111IleH11 TpeoosanoCb e~monHeH!le ycnoBH9 

"s1-i' l{SH noseaeHHe CTPYl<TYPHblX 4>YHl<U1111 F ( buc ) H F < X 
s 

xapa1<Tep113yeT npouecc ,:,parHeH-rau1111 pacc11aTP11Baet-1oro ,iapa B ,aaHHOI1 

cnyYae Ha 1<nacTePbl , 3TO :>HepreTii•~ecKHe xapa!-'.TePHCTHl<H ¢parMeHTHpy,c,-

!UH>< CHCTeH H HX CTPYKTYPbl. CTPYKTYQHble ¢YHKUH11 F < t. ) 
K 

onpeaen<iIOT oco6eHHOCTH 06P330B3B1IlHXC<I knacTepoe, B Y8THOCTH HX 

3Hepruio pacnaaa. 

10 ' 
F(b.J O I I 

10 

... 
10 

0 
10 

F(b,J 
10"' 

.. 
10 

·• 10 

10' 
0 

b.c 

¢YHl<U11H F < b ) 
IIC 

AHanu3 :>THX <f>YHKUHH aaeT B03HO~HOCTb ycTaHOBHTb 

a) 

2 

YeTKo 

3 

CB<!3b He:+:ay oco6eHHOCT<IMH 06P330-

BaHHs:I KJlaCT8P0B H HX ceoHcTBaMH. 

Puc.8. 

an<i 

F <t.nc> - pacnpeaeneH11>1 

pC - B3811Hoael'ICTBHH ( a ) 

cc - B33HHoael'lcTBl1H ( 6 ) . 

CTPY>:TYPHble ¢YHKUHH F < b ) 
IIC 

H 

an"' KYHYn<ITHBHblX 

<puc.8) HHeIOT 6blCTPO 

CTOJJKHOBeHHfi 

cnaaaiomyio 

'-laCTb np11 3HaYeHHs:IX bIIC':s; 

He60nb!IlHHl1 pa3nHYl1<1Hl1 an<i 

0.6 C 

P33HHX 

rpynn C06blTHH 11 ITPH6JlH311TenbHO 

oauHaKOBYIO OTHOCHTenbHO MeaneHHO 

cnaaa10myio YaCTb np11 b
11

c ::!: 0.6. 

Lln<i "06blYHblx" B3311Hoael'lcTBHH asa 

Ha1<n0Ha B noseaeHHH CTPYl<TYPHblX 

He npo<1en<110TC<!. Ta1<11H o6pa30H TOnbKO 

l<YHYJl<ITHBHble B3aHHoael'lcTBl1<1 H0-0 xapa1<Tep113oeaTb aBYH<! "cnoco6aHH" 

13 



,i,pa,MeHTaU1111 ,1apa Ml!WeHH Ha KJ13CTePH,Pa3ml'-l3IOW11Hl1Ci'I ,Hanp1111ep,no 

CPellHHM 3Ha'-18HHqM nepeMeHHOfi b . 
UC 

HM COOTBeTCTBYIOT pa3HHe 

CTPYl<TYPH ,:,pan1eHTIIPYIOIUHX Oobel<TOB,'-lTO cneayeT 113 F ( XS ) 

pacnpeaeneHl111 <. He np11soa11TC:at ). LlaHHHe no cpellHl1H HHO)l(eCTBeHHOCTi'IH 

KYMYJ1:"ITl1BHHX allPOHOB BO B3311HOllel'ICTBl1i'IX C ,i.pa,HeHTaUHel'I Ha npo

TOHHHe J<J13CTePH J11160 C bnc < 0.6 ,JJH60 buc > 0.6 , nOJ<33HB3lOT , '-!TO 

POY~eH11e KYMYJ1i'ITl1BHHX aaPOHOB npo11cxoa11T· B 06e11x ,pynnax C06HT111'1, 

np11<.JeH J<YHYni'ITl1BHHe npoTOHH B C06HTl1i'IX nepsoi:i ,pynnH 06P33YIOTCi'I 
- + + 

HeCKOJlbl<O <.Jawe,<.JeH BTOPOl'l,Hanp1111ep, "p{J<yH.) - 0.34-0.02 11 0.26-0.02 

B HKB np11 Pp 10 r:>8/C. KYHYJli'ITl1BHHe 

CTOJ1KHOBeHl11'1 POY~alOTCi'I B npeaenax OWJ1601< C 
. + . + <. 0.57-0.02 11 0.61-0.03 am1 HKB np11 pp 

n110HH s 06e11x ,pynnax 

Olll1H3J<OBOl'I sepOi'!THOCTblO 

10 r:iB/c >. 
Pa3H11U3 HelY.llY HKB 11 CTKB B 06P330B3Hl111 npOTOHHHX J<JJaCTepoB 

3Ha<.JeHHl'I 

"cpeaH11HH 
npo;i<Sn<110TCS1 s F < b ) - pacnpeaeneH11:atx. 

K 
3TO cneayeT 

napa11eTPOB < bK J<OTOPHe ¢<JpHaJlbHO HOlY.HO CB5'133Tb 

113 

co 

TeHriepaTypaHl1"' < T ) = m --: b > / 2 

:>TUX 

m - H3CC3 '-l3CT11Utl ) 

K K 

nonyYeHHHx np11 annpm:c1111au1111 pacnpe,oeneHl11'1 :,1<cnoHeHoi:t 

<. exp { - b _/ < b . ) 11J1H CYHHOl'I 
1-: 1'. 

'.>J<CnoHeHT 

< exp < - bK / < b 1< 
1 

> + const . exp< - bl</ c bK , 2 
) ). 

nony<.JeHHHe 3Ha<.JeHl1H TeMnepaTYP npHseaeHH B Ta6JJ.4. 

Ta6JJHUa 4 

T11n B33HHO

ael'ICT11'1 

< TK '1 < TK '2 
amt pC np11 10 r::>B/c 

< TK '1 < TK '2 
llJlH CC npH 4.2 r::>B/c HYJ<nOH 

HKB 
+ 

65-5 131!11 43!11 114!5 

+ + 
CTKB 84-1 - 104-3 

1106bl'-1Hble'' 
+ 

85-1 - + 
80-1 

KYHYJli'ITl1BHOe PO)l(lleHHe npoTOHOB npOHCXOlll1T,B OCHOBHOH,B 

C bK < 0.6 ( H33HB3eH HX Hl13J<OTeHnepaTYPHHHl1 KJ13CTepaHH 

pe3yJ1bTaT cKopee sce,o csq3aH C TeH , '-!TO :>Tl1H 

COOTBeTCBYIOT MaJJHe 3H3<.JeHl1'1 bK , np11 ~:oTOPHX npoHCXOllHT 

KnacTepax 

). 3TOT 

KJ13CTePOH 

P0)1(lleHl18 

l<YHYJ1i'ITl1BHHX npoTOHOB. TaK • B CTKB ,ae He npoqsJJ9IOTCi'I Hl1 

PO)l(ll8HHe HH3KO - , Hl1 BtlCOKOTeHnepaT','PHHe J<JlaCTeptl KYHYJJ9Tl1BHOe 

npoTOHOB OTHOCHTCi'l,B OCHOBHOH,1< KJ13CTepaH CH a JltlHH 3Ha<.JeH11i'IHH bl< 

Hanp1111ep B 1<nacTepax 113 CTKB C bK 0.6 npoHCXOllHT 06P330B3HHe 

~ 80 % scex I<YHYJ1i'ITl1BHHX npOTOHOB. 

B 3aKJII04eHHH C¢>0PHYJJHPOB3HH OCHOBHH8 P83YJlbT3Ttl 11 BHBOlltl 

lll1CCePTaUl10HHOl'I pa<SOTH 

14 

1. C y<1acT11eM asTOpa 6HJJO Hai:taeHo,o<SpaooTaHo II npoaHam13HpoeaHo 

5268 pC B3311MOll8l'ICTBl11'1 
+ 

11cnycKaHHeM 1<y1-1ynS1T11BHHX rt 

np11 

, Tl 

Ppo 
, fl 

- 10 r:-B/c , conposo)l(ll3IOIUHxcq 

- Me3OHOB U npoTOHOB., 

2. Lin;; pC - CTOnl<HOB8Hl11'1 np11 10 r:>8/c onpeaeneHH C8'-l8Hl1'1 pC 

B3311MOll8l'ICTBl11'! C PO)l(ll8Hl18M 

11HTepsane y,JJOB 11cnyc1<aHl1'1 e 
33P'1)1(8HHHX 

135° 

KYMYn<tTIIBHHX nUOHOB 
+ 2.4-0.1 

Hel1TPanbHbl>( l<YHYJ1'1Tl1BHHX nl10HOB ( €1 > 90°) - o o . - 5_7!1.0 
IT (1<~t1> 

Ctrr{KyM) 

M6 

B 

M6, 

II 

l<YMYnSITIIBHblX npoTOHOB ( €1 > 135° ) a p(1<yr-f> - 5., -0.2 M6. 

3. nonyYeHH aaHHHe o xapa1<Tep11cT111<ax scex BTOPl!'1HHx 3aPs:J)KeHHhlX 

'-l3CTl1U ( no CP8llHl1M 3Ha<.JeHl1i'IM 11MnYJJbCOB - p , yr-nos 11cnycKaHl1s:t - 0-

6HCTPOT - Y 11 HH0)1(8CTBeHHOCT'1M - ;:; ) B l<YMYJlS!TiiBHHX B3311MOllel1CTBl1i'IX. 

Ha6JJIOll3IOTC'1 , B '-l3CTHOCTl1 , OTnl1'-ll1s:t l<YMYJ19Tl1BHHX C06bITim OT scex 

OCT3JlbHHX no HH0)1(8CTB8HHOCTl1 BTOPl1'-lHHX Y:aCTHU H HX 11HnynbCHHM 

xapa1<TePHCTl11<aH. 8 OC068HHOCTl1 3TO OTHOCl1TC'1 I< B3aHMOJlei.:tcTBHHM 

C 11cnyc1<aH11eM l<YMYn"1Tl1BHHX M830HOB. CpeaH11e 111mynbcc1 n11lll1PYIOIUl1X 

3llPOHOB B KYMYJli'ITl1BHblX B3311M0ll8HCTBl1i'IX M8HbWe , '-leM B "06bl'-lHHx" 

Heynpyr-11x pC - CTOnKHOBeHl1'1X. 

11Hl<nl0311BHble ce·1eHH'1 o,spa3osaH11>1 4. HccneaosaHH 11Hsap11aHTHc1e 

l<YMYJ1'1Tl1BHbl>( aapOHOB B TOM '-ll1Cne H HX CB83b C HHO:-KeCTBeHHOCTblO 

OTMeYaeTC:.:I ' YTO np11 o,spa3osaHm1 :'.;ITI1X aaPOHOB. 

KYMYJJ<tTl1BHHX 

l<YMYJJSITIIBHblX 

3llPOHOB 

3llPOHOB. 

He npol1CX0lll1T •WPMl1POB3Hl1'1 

5. CTpoaHaJ111311POB3Hbl OC06eHHOCTl1 1<y11yn>1Tl1BHHX pC 

HeCJ<Onbl<HX: 

nHlll1PYIOllt11X 

B3311MO-

ael'ICTB11H np11 10 r::>B/c C 11cnyc1<aHl18M CTP3HHHX '-l3CTl1U ( Ko -
s 

M03OHOB, 

60ntw11e CTp11 :>TOM Ha6JJIOll3IOTC<t 3HaYHTeJlbHO A0 
- r11nePOHOB ). 

MH0)1(8CTB8HHOCTl1 CTP3HHHX '-l3CT11U 

cpaBHeHl111 C oc-ranbHHHH Heynpy,111-111 

B l<YMYJ1'1Tl1BHHX 

CTOJlKHOBeHHR:MH. B 

C06HTl1s:tx B 

npe.aenax 

CT3Tl1CTl1'-l8Cl<Ol'I TO'-!HOCTl1 He 06Hapy)l(eHo cymecTBeHHHX pa3nw-nm 

l<YMYJl<tTl1BHHX B3311MOll8HCTBl1H C PO)l(ll8Hl18H cTpaHHblX '-l3CTHU 11 6e3 

Hl1X no 11MnynbCHHM 11 yrnoaHM xapa1<TePl1CTH1<aM BTOPl1'4HHX TT . - M6>30HOB 
+ 

11 no MHO>KeCTBeHOCTS=tH rt - M03OHOB H flPO'TDHOB. 

6. CTposeaeH aH3Jll13 xapa1<TePHCTl1l< KYHYJl~Tl1BHtlx B3311M0)1(8HCTB11H B 

33Bl1C11MOCTl1 OT Ml1Hl1H3JlbHOH M3CCH Ml1W8H11,C l<OTOPOH B3311MOll8HCTByeT 

HaneTa10W11i:t aapoH. 0Ka3aJlOCb,Y:TO B l<YHYJl<tTHBHHX C06HTl1'1X BO 

B3311MOll8HCTBl111 y'-laCTBYIOT npH6Jll1311T8JlbHO B ·asa pa3a 60JlbWe HYJ<JlOHOB 

HHlll9HH,t-teH B OCTanbHl:lX cTOnKHOB9HH$=1X:. '.:'TOT pe.3YnbTaT He 3aBHCHT OT 

neps11<.JHOH :>Hep,1111 1-1 cop-ra Hane-raIOme,o aapoHa. 06Hapy)l(eHH 1<oppen~u1111 

P0)1(ll6>Hl1'1 l<YMYJls:tTl1BHHX aapOHOB C ¢>3l<TOM 4>0PHl1POBaHl1s:t B 3Tl1X 

'-l3CTl1U C 60JlbW11HH nonepe'-1HHMl1 11MnYJlbC3Ml1. 

C06HTl1s:tX 

7. Hccne.aoeaHhl a3HMyraJ1bHble Koppens:tUHH V.YMYnHTI1BHblX nHOHOB C 

BTOPl1'-lHHMl1 3llPOH3HH. B npeaenax 111-1e10wei:tc;i c-raT11CT11<.Jec1<oi:t T0'-1HOCTl1 

He o6HaPy)l(eHH a311MYTaJJbHHe 1<oppen;iu1111 l<YMYJJSITl1BHblX nl10HOB C 

IS 



mllUlPYIOIUHMII aapoHaMH H nHOHa!1M "conPOBOlt".tieH!19", 11cnymeHHill-1!1 B 3atlHIOIO 

nonyc¢epy na6opaTOPHOi1 CHCTeMbl KOOPtlHHaT. 

8. nony<ieHH Yl<a3aHl!9 Ha TO,<!TO l<YHYJlffT"l1BHble nHOHbl 11cnyc1<aJOTCq 113 

06naCTII MeHbllll!X pa311epos,<ie11 Bee OCTanbHble n110H~ np116m13HTenbHO 113 

06nacTI1 Tex :t:e pa311epos 11cnyc1<a10TC>1 npoTOHbl,conposolt".aa10l!lHe 

:JoTI1X nl10HOB. 

POlt:tleH11e 

9. nposeae11 3Ham12 4-HepHblY. 

Me30HHblX 

npoTOHHblX KnacTepoB,CB93aHHHX C 

H nPOTOHHblX Ky11yn>1TI!BHHX pC - H ,-.i,parM.eHTauueH MllrneH11 B 

CC - B33HMoaencTBH9X. Bo ecex cny<ia,;ix <1>par11eHTau11,;i ,;iapa Ml1llleHl1 

npo11cxoaHT Ha "nacTePbl, KOTOPble HOlY.HO paa6HTb Ha ase rpynn1c1 

'.{apa"-'rePH3YIOIU11eCq pa3HHMH cpeaHl1HH 3Ha<ieHH9Hl1 011epr11H B CHCTeHe 

no"K09 ·t-P3r'HeHTIH'Y~)IUero 06beKTa. CeoHcTBa npoTOHHblX 1<nacTepos B 

ME-~OHHl:I:-•: 11 npOTOHHH:{ l<YMYJ1$JTI1EHH.'{ B3aHMo,aefiCTBHRX OKa3blBalOTC9 

TeHnepaTYPbl pa:?-HHM11. KnacTE-PaM E nepson rpynne cooTBeTCTBYJOT ,aae 

pacna,aa,t<OTOPl-JE- 1-" oppenHPVlOT C oco6eHHOCT>tMH HK 06Pa3oBaHH5=1. 

BTOpon rpynne, ,.aK II E "06H'~IU1X" CTOnKHOBeHmtx, 3THX KOPPen;iu11H 

KnacTepu B Hl-t:{ :-::apa~ T8Pi-13Yi1-JTC,;::J; o.aHoH. TeMnepaTYPOH. 

Bo 

HeT. 
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