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Bae.nesHe 

PeaKIIH>IM pacmenneHB>I, npoRCXOllSilllBM no.n .nellcTaHeM '18CTHU c sseprBIIMH 100 Mea 

H BbiWe)B <i>oTorpacjlB'IQCJ<OII 9M}'UbCBR COOTBeTCTByiOT "3Be3llbl" • 0HH npellCT8BUIIIOT C060II 

8KTbl IICnyCK8HH>I H3 OllHOII TO'IKH B p83HNX H8Up8BD9HHIIX HQCKOUbKHX '18CTHII, KUTOpNB 

OCT8BUSIIOT CDBllN (ny'IB) HeOllHH8KOBOII llDBHbl a cTeneas noqepseHHII. B sTHX peaxus-

IIX Bb!6p8Cb!B810TCII OllHHO'IHbiQ H CBII38HHble BTOpH'IHble ftYKUOHbl, 8 T8KlK8 p83ROrO p0ll8 

MB30HN, rsnepoH&I B .npyrae qacTHUN c wspoltHM cnexTpOM ssepral! ( OT secxonbKHX Msa 

H BNWB) • l13y'I8HHB 3BB3ll - OllHR H3 H8H60nee UpOllYKTHBHblX MBTOllOB HCCD8ll0B8HHII 

peaKIIHII pacmenneHHII. 3ae3llbl .!l8IOT B03MOlKHOCTb 8H.!l8Tb C8M 8KT 838HMO.!IBI!CTBHII, 113-

MBpHTb yrD08bie II 9HepreTII'18CKHB pacnpB.!lBDBHHH BTOpH'IHbiX '18CTHII. 0.!1H8KO H3-38 CUOlK

HOrO COCT888 9MyUbCHH 803HHX8BT BeonpeQeUBHHOCTb B 8bi60pe HCXO.!lHOrO II.!IP8 MHWBHII. 

HBT 803MOlKHOCTH perHCTPHPOB8Tb· acnycxaHBe HeilTPOH08. nosTOMy llDH 80CC03,[18HHH 

UOUROII K8pTHHbl UpOIIBCCS HB06XO,[IIIMO npBBUBK8Tb llpyrHe MBTO.!lbl, 8 '18CTHOCTH, p8AHQ

XIIMH'I8CKHe, H86UIO.!l8HH8 pacnpe.!IBD8HIIII Mep 0Tll8'111 II T • .[l. 

TeopeTH'IBCKoe o6b9CHeaHe peax!IBII pacmennesal! 6a3HpyeTCII sa xacxaQHo-scnaps-

T8UbHOII MO,[lenH. npHMeHeHHe ee OK838UOCb ycneWHbiM .[lUll 06biiCH8HIIII 8KT08 838HMQ-

.!lellcTBIIII c MpaMH npOTOH08 H sellTpOHOB 8b!COKHX ssepr11ll. O~HaKo nparo.!lHOCTb sToll 

MO.[leUH ,[lUll OUHC8HHH pe8KIIHII C ,[l811Tp0H8MH H a -'18CTHII8MH 8biCOKHX 3HeprBlj HB 

ll0K838B8, H B03MO>KHO, 'ITO HM9HHO 3TH peaKnHH MOryT CT8Tb KpBTH'19CK.HM BCllblT4HHeM 

MOQenH. B nacTo>IIUell CT8Tbe H3naraiOTCII OCH08Hbie sxcnepaMeHTanbH&Ie .!l8HH&Ie o6 o6pa-

30B8HHH 38e3.!l, saxonneHHble sa co8peMeHHbiX ycxopHTenRx. Bonpocbl MBTO.!IRKH pal5oTbl 

C 9MYUbCH>IMH H TeOpHIO UpOUeCC8 Mbl OUHCb188Tb He oyQeM, T8K .K8K OHH npeBOCXO.!lHO 

H3UOlKBHbl 8 063opax
11

•
21

• l13y'IBHRe 38e3,[l B8lKHO He TOUbKO ,[IUH np88HUbHOrO OUHCBHHSI 

K8pTHHbl 838HMO.[leilCT8HII C II.!IPBMH ObiCTpbiX '18CTHU HUH 8biiiCHBHHSI CTpOeHRII 11llp8, HO 

H UpH peweHHH PII.!IB npaKTH'IBCKHX BOnpOC08, HanpHMep, paC'IeTOB 38IUHTbl H T.,[l. 

8 



Q6p830B8HHe 3Be3n non neACTBHeM npOTOHOB H HeATpOHOB 

Hau6onee nonpo6uo u e caMOM wupoxoM HHTepeane nanaiOwBx :>HepruA o6paaoeauue 

3Be3n non neliCTBHeM npOTOHOB H86niOn&li,OCb B :>neiTpOHHQ-'I)'BCTBHTenbHbiX 3MYnbCH>IX 

(G -5). 11uTepean npocneJKeHHbiX aueprull npocTupaeTC>I OT 100 M:>e no 27 r,.a
13

-
281

• 

OcuOBHble xapaxTe pucTHXH aeean ua npoTouax npueeneHbl e Ta6nune I. Mbr paccMaTpusaeM 

BH&'Iane B38HMOneliCTBH>I C ycpenHeHHb!MH MP8MH 3MynbCHH. nocxoru.xy OCHOBHOll KOMROHeH

TOll 3 MynbCHB >!Bn>IIOTC>I MP8 AgBr 0 TO 60nbWHHCTBO C06biTHA OTHOCHTC!I K 3THM :>neMeH

TaM. B Ta6nune yxaaaua A38 -nnuua cso6onuoro npo6era npoTouos nauuoA auepruu nn" 

rrponecca o6paaoeauu11 aeean a xapaxTepHCTHXR ny'leeoro pacnpeneneuua co6~TaA; Ymax -

KOnHl.feCTBO nyqeA, OTaeqaJOntHX M8KCHM8nhHOMY o6p830B8HHJO 3B83Af N max - M8KCHM8nb-

Hoe H N -cpenuae 'IHCno n y 'lell npa nauuoA auepruB uaneTaiOmux 'I&CTHn nn>1 aeean c 

TpeM>J H 60nb!UHM 'IHCnOM ny'lell. 3 aTeM npuseneHbl naHHbl e RO cpenHHM 'IHCn&M '!epHbiX 

( N " ), cepblX 

3 8H8 eenH'lHH8 

N
0 

) H pen>JTHBHCTCKHX ( N 
p 

) cnenoe. B npennocnenuell xonouxe yxa-

8 = __s,_ , TO eCTb MHHHM8nbH8SI 38Tp8T8 3 HeprHH ll8.0.810IUeA "18CTHilbl 
N max 

oauoro ny'la. H8 o6pll3 0B8HHe 

Ta6nuna 

EP 

M :>B 

PacnpeneneHHe 
a aean no qucny 

non>! nyqeft B 3Beanax 

A a o, CM ny-qeA 

130-140 

240 

340 

3 B 

32,6+2,5 
- 2 ,0 

36,1 +2 ,6 
- 2 ,1 

350-400 56 .!:.9 

405 

600 

660 

950 

2 ,2 f:>B 

3,2 

5,7 

33,7+
3

•
0 

-2 ,7 
391:_5 

37,01:_2,3 

33,01:_6,0 

y 

2 

2 

3 

3 

3 

4 

2 

~ 

6 

6 

8 

9 

9 

It 

II 

13 

3-6 )18 

2-5 )25 

30 

N 

3,6 

3 ,8 

4 ,2 

4,1 

4,0 

4,8 

5,3 

6,1 

9,2 

10,7 

'-iepHb!X 

N" 

~ 0,41 

0,781:_0,04 

Cepbrx 

Nc 

0,59 

x) 
0,221:_0,02 

0,561:_0,02 0,441:_0,02 

0,61 

0,79 

0,26 

0,135 

9,0 

37,61:_5,3 

34,71:_1,5 

35,61:_1,5 

1-4 34 (4,71:_0,5) (3,11:_0,4) 

20 ,5 

27 ,0 

3-6 46-47 13,4 (7,11:_0,4) 

35 ,11:_ I ,5 3-6 44 15,3 (17,fji_0,4) 

PenHTHBHCT. 

0,13 

0,073 

N 
p 

(3,21:_0,2) 

(5,31:_0,21) 

(6,21:_0,2) 

x) cno>KeHbl cep ble u cna6o qepub!e Tpexu; ) - cpenuee qucno nyqell. 

4 

8 

22 

40 

43 

nuTe

paTYp8 

4,5 

7 

6 

33-45 8 

45 

55 

60 

73 

120 

9 

10 

12 

13,14 

15 

16 

17 

19-22 

24 

24 

Kax sunuo ua Ta6nHUbl I , 

WHMH 0T aaeprHH HSneTBK>IIlHX I 

npyroM e npeuenax owu6ox on bl 

RHTepeana :>BepraA. Bonee non~ 

u e~we 5,7 rae conepJKBTC>J e 

we A reoM - cpenueA nnaHbl 

MeTpR'IeCXOrO CB'IBHH>I B38HMOn 

Paanaqae MeJKny A 38 H A reo 

20%) un>J rrpOTOHOB T8XHX 3Hep: 

nepeXOQ>I X ny'IBBbiM paCI 

MYM8MH, Me.a.neHHO Cfi8D,8101UHM: 

3HeprHIIX C B8H6onbWHM Bb!XOQI 

nyqel. Ha OCROB8HHB BMeiOwHX< 

&MeeT MecTC CMeWeHHe M8KCH~ 

uo nn>1 eenu'IHH N max H N T• 

RH>I N uneT 6onee Menneuuo 

aueprHA npOTOROB BenH'IHH8 

cpenuero qucna nyqell ua6n10ua 

CeeneHH>I OTHOCHTenbHO o 

o'!eBb OTPb!BO'IHbl; oco6euao u 

TeM ue Menee aa Ta6naubl BH~ 

8810TCSI CepbiS TpeKH, .QMSI K.O'I 

yeenH'IBBHeM 9HepraA npOTOHOt 

HH!I H8'1HH8eT Rrp8Tb BCe 60nb 

Korna nanaiOwaSI :>Hepra<~ 

6onbwyiO 'I&CTb ux :>Heprua. H 

MoA penRTHBBCTCXHMH 'ISCTHUa 

epeMR xax ua cepb!e Tpexa np 

q&CnO penRTHBKCTCKHX '18CTBU, 

aueprHH H npH 27,0 rae OHC 

pen>ITHBHCTCKHX '18CTHU 0 K8X ¢ 
B3RT 113 pa60Tbl

1241
• 11a pscy. 

aaeprsa. OTnB'IHTenbuoll oco6E 

'TaJKem>~x' Tpexoe (qepu~x + 

lKQBHHe anmoCTPHPYBTCSI puc. 

'ITO e wapoxoM naanaaoue sHE 

B&eT CBH3b MeJKny xonB'IBCTBC 



He liTpOHOB 

~&IODlRX a a e prali o 6pa 3 0B& KI!e 

JYBCTBHTe nbRbiX 3MY1IbC H SIX 

100 M a s AO 27 r aa
13- 28 1. 

ra 6 nane I. M bi paccMaTpHaae M 

flOCKOn&Ky OCHOBKOJI KOMDOKea

rH A OTR OCHTCSI' K STHM a neMeH-

OTOKOB 118HROII a a eprHH ADH 

: npeaen eaaa c o6b1TII li ; Ymax _ 

' 3 8 9 3.0.; N maJ: - MSKCHMSRb

llOWHX IIBCTKil nnH aee a a c 

10 CpeAHHM 'IHCn&M 'le pH biX 

• npea n ocn eaaell xonoaxe yxa

~Hepraa D8A8IOIIlell '18CTHUbl 

!3.Q8X 
II aTe-

p enSITHBBCT • paTypa 

N B p 

22 4,5 

40 7 

43 6 

33-45 8 

45 9 

55 10 

60 12 

0, 13 73 13,14 

0,073 120 15 

16 

17 

(3 , 2~0,2 ) 19-22 

(5,3~0 ,21) 24 

(6,2~0,2) 24 

'<l!C n o n y q elt. 

Ka~ BHAHO H3 Ta6nHUbi I , aenH'I~HN A 38 oxaabl&aJOTCSI O.llHH8IOBhiMR H He aaeJICK-

IUHMH OT aaeprHH HaneT&IODlHX npOTOHOB DO'ITH BO BCeX cny'I&IIX. 0HH cornacyiOTCSI Apyr C 

ApyrOM B npeAeDaX OIUH60K 0DbiT8 (38 HCKDIO'IeHH9M 
181 ) ADS! BCero p8CCM8TpHBa9MOrO 

HHTepBana aueprHll. oonee DOAp06HNe A8HHNe 0 aenH'IHH8X ). 38 H8 DpOTOH8X 110 2,2 faa 

H BbiWe 5,7 faa COA9plK8TCSI B pa60T8X/J
3•

241
• nnaaa ). 3B OK43NB8eTCSI R9CKOnbKO 6om.-

we ). reOM - CpeAHell ADRHbl CB060ilHOrO npo6era B cjJoT09MYDbCHB, p8CC'IBT4HHOll R3 reo-

MeTpR'IeCKOro Ce'leHHSI B38HMOileliCTBHll C ycpenHeHHNM HllPOM 9MYDbCHR ( ).reo"M - 25 CM) • 

p 83DH'IHe MelKilY ). 38 II ). reoM YK83biB8eT H8 HeKOTOpyJO npoapa'IHOCTb Kllp& ( OionO 

20%) llD!I npOTOHOB T8IHX aaeprHll • 

flepeXOAH X ny'leBbiM pacnpeneneHHHM, KOTOpble npeACT8BDKIOT C060ll I<pHBNe C M8KCH

MYM8MH, MeAD9HHO CD811810DlHMI! npH 6on&WOM 'IIICDe C06b1TRA, M bl BllllllM, 'ITO npH BC9X 

aHeprHIIX C H8H6on&WHM BbiXOAOM o6pa3yiOTCH 3Be31lbl C OTHOCHT9n&KO M8Db1M 'IHCDOM 

nyqeA. Ha OCROBBHRH HMeJOmaxcll naHHNX Tpyaao yTaeplKAaT&, 'ITO c pocToM aaepraa 

HMeeT MecTC CMeDl9l!He M8KCIIM8nbHOrO BNXOA8 389311 B CTOpOHY 6on&wero 'IHCD8 nyqelt, 

N max R N T8K8K TeHneRURK aa6niOA89TCH. npa aTOM ysenH'Ie HRe 3H8'1e-

KKK N aneT 6onee Menneaao, '!eM Nmax. nna npHBell9HROro B Ta6nane I HKTepsana 

9HeprHII npOTOHOB aenR'IHH8 N max B03p8CT89T DO'ITH B 7 p83 0 M e lKAY TeM 1<8K llDK 

cpeaaero qacna nyqell aa6niOaaeTC>I poeT TOn&~o a 5 pa3. 

Cseaeaaa OTHOCHTen&ao AODH qepablx, cepbiX R penHTHBHCTCKRX nyqell B 3Be3118X 

O'leH& OTpNBO'IHblj oco6eaao RYlKA&IOTCSI B yTO'IHeHHII naHRble no cepbiM R 'lepRbiM nyqaw. 

TeM He MeHee H3 T8MHDbl BRAKO, 'ITO H npH H8HMellbWeli aaeprHR B 3Be3A8X o6aapylKR

B810TCH cepble TpeXH, AonSI I<OTOpbiX yaenH'IHBaeTCH C a HeprHeli npOTOHOB. C ll8n&ReltmHM 

ysenH'IeHBeM saepralt npOTOROB (npHMepao nocne 500 Mas) a nponecce 3ae3A006pa3oaa

HH!I H8'1HK8eT Hrp8Tb BCe 6on&WyJO pOnb 06pa30B8KHe penSITHBHCTCXHX '18CTHD. 

Koraa naA8IODl8SI a aepraa aocTaTO'IBO senaxa, p e nHTHBHCTcxae '18CTBUbi y aocSIT 

6on&wyJO 'I&CT& ax a aepraa. HanpaMep, cornacao
1221

, c peaaee 3Ra'!eaae a aepraa, y a oca

MOil pen>ITHBBCTCI<HMH '18CTHU8MB B 3Be31l8X npH 9,0 r a a, COCT8BnKeT 7,4 ~ I ,0 r s s, B TO 

apeMH KBI aa cepble Tpexa npaxoaBTCSI 870 ~90 Msa, a aa '<epable - 183~18 M s a. Cpeaaee 

~BCnO penHTHBHCTCKHX ~8CTBil, pO~.O.eHHhlX B 3B83.ll8 1 Me.o,neHHO yeenHqusaeTCH C pOCTOM 

a HeprHH H DpH 27,0 rsa ORO CT8HOBHTC!I p8BKbi M 6,2. 3aBHCBMOCTb CpeaHe ro 'IH CD8 

penKTHBBCTCKHX '18CTHU, xax ~YBKilHH a aepraa npOTOHOB, npas eneaa aa pac . I, XOTOpbiA 

B3KT H3 pa60Tbl/
241

• H3 pHCyHX8 BHilHO MOKOTOKHOe yaenH'IeHBe llonH Me30HOB C pOCTOM 

9 ReprHB. 0TDH'IHT9 DbHOII OCOOe HHOCTbiO liBnHeTCK T81(lKe DOCTOIIBCTBO cpeaae ro 'IHCna 

'THlKenblx' Tpexos (qepHbiX + cepblx) npa pa3HN X sae prHSIX npOToaoa. nocneaaee yTaep

lKaeaae annJOCTpapyeTCH pac. 2, TaxlKe 38HMCTaoaaHHbiM H3 pa6oTb/
241

• H3 pac. 2 sanao, 

'ITO a wapoxoM aaana30He saeprali NT nelKBT B npenenax (6,5 - 9,0). Pac. 3 DOI43N-

eaeT CBSI3b Me>K,O,Y KOnB'I.ecTBOM .,TSVKenhlX' TpeiOB NT II nHBH8BbiX 11.8CTJin NP AnSI 

5 



ABYX rpynn smep $<>TOSMynLeaa: neri<HX ( C, N; 0 ) a TH"'enblx (A g. Br ) npa saepraa 

25 f ss
1241

• 06e rpynnbl smep HMeKlT paanH'IHYKl aasaeaMOCTh N OT N • Jln11 nerxax 
P T 

sneMeHTOB XOIIH'IeeTSO nnOTHbiX Tpei<OS DO'ITH He 38SHeHT OT NP • npH'IHHOA TBI<OrO paa-

nR1f.HSI MO>K8T Cny)f(HTb TO 06cTOSIT9nbCTB01 "'TO ner~rKe 3119M8HTbl na>Ke 11pH H93H81:JHT91Ib

HOA nepeAasaeMOA SHeprHH 6y11yT nonaoeTbiO paasanBBBTbe!l aa eocTBBn!IIOIUHe BX npOTOHbl 

B a -'laeTBllbl. Y T!I)!{BnbiX sneMaHTOB HMaeT MeeTO naaeAHoe yaenaqeaae NT OT Np 

3TO 06~!1CH!IeTe!l TeM, 'ITO HX DOnHBII JI93RHTerpauRB ManosepOIITHa, H I<OnHqeeTSO aenapB

IOIUHXeB 'laeTHll 6yAeT D09TOMY eBnbBO 3asaeeTb OT nepeAasaeMOA I!IIPY aaeprHH npB p0)!{-

AeBHH penHTHBHeTCXBX 'IBeTHll. 

Benaqaaa B (eM. Ta6nany 1) eaeTeMBTK'Ieei<u paeTeT e ysena'I9HKeM aa9prau aa

neTaJOmux npoToaoa. B o6naeTH 130 Mss B • 22 Mas, 3aTeM (npuMepao OT 240 110 600Mas) 

B eTaaosaTeB pasaoA 40-50 Mas H 11ane9 eHnbBO ysenH'IBBB9TeR. Caabaoe ys9nB'IeHB9 B 

npH aH9prHHX D0pi!JII<4 Heei<Onhi<DX fss YX83bi889T 88 TO, 'ITO 3K8'1HTenLH8B QOnll D8118ID-

IUeA aaeprau paexoAyeTe!l aa o6paaoaaaae paanR'IHoro poAa Me3oaoa a ranepouoa. Manble 

sen&'IHRhi B MOryT eny)!{HTb, S9p0HTHO, JIODOnKHTenbHblM YI<838HHeM Ha KBXOA KOMDO-

aeaTe (n9rxoA anx TR)!{enoA) npoa3omno paemenneuae. 

BepOHTBOCTb pa3HbiX axTOB 838HMOAeAeTsBSI npoTOKOB e B9IUecTsoM $<>TOSMYDbeaa 

SHAUB H3 T86nH!lbl 2. 3Aecb DpOBOJIHne!l DOAe'leT enyqaes pa3nH'IBbiX S38KMOA9ACTBHA npa 

npOCAO)!{HBBKHH BAOIIb en9JIOB DBABIOIUHX 'IBeTHll, 'ITO aexni0'189T S03MO)!{H0CTb DOTepb T8-

XHX eo6b1THI!, I<BX 6e3ny'lesble 3S93Abl, paeee1111a9 aa MBnble yrnbi, OAKOIIY'Iesbl9 ase3Abl 

H T.A. 

HaaMesosasae eo6b1TKSI 

3ae3Abl 

Paeeesraa9 aa smpe 

p p -paeeeSIHae 

He'<e3aoaesae eneAOB 

Henpaaneaaoe qaeno 
aeex aeynpyrax eToni<ao
aeaaA 

A 3s aa neri<HX aneMeaTax 
(eM) 

A 
38 

Ha Tsr>KellbiX ane
MeaTax (eM) 

u n (6apa) 

UT (fSapH 

Ta6naua 2 

Kona,eeTso eo6&ITRA 

E.·950 Maa/13/ 

202 

43t;5°)+29(> 5°) 

0 

0,2~0,05 

1,1~0,12 

6 

E • -660 Mss/12/ 

58 

50 

3 

2 

67 

237~74 

47 ~ 7 

0,16~0,06 

1,06~0,15 

E• -600Ms'10/ 

140 

68(:;:6,5°~+ 
+23(> 6,5 ) 

2 

H3 Ta6nanbl 2 BHABO, 'ITO 

paeeeSIHBA npOTOHOB SbleOI<BX 9 ! 

8TOM8X BOJIOpOJIB, SXOJISIIUHX S ' 

ro 'IRena 389311. 

HHT9rpanLaoe paenpe11ene: 

TRBHCTCK.RA Tp9K1 C A8BHbiM 11H• 

)!{eaae 88 KOMDOBeBTbl npHBOAei 

nocTpoeao AnSI BC9X enyqaes, u 

MO)!{HO BBAOTb, 'ITO B HBTerpan 

H NTa 16 R BM89TCR 'XBOCT' 

/27/ 
AaTopbl pa3naraiOT aTo pac 

OJIHBO'IHbiX S38BMOAeAeTSBSIX e 

CHK H CIIY'I8R MBO>K9CTB9HHbiX [ 

o6 o6paaosaaaa 389311, nonyqea 

IUHX Ryi<nOHOB, B o6meM YAOBAe 

DpHMep, DpH eonocTasneHHH p< 

135161 , 240/7/ H 245 161 , 350-

nepeAAeM K paeeMOTpeHHI 

9A) aeATpOHBMB BbleOXHX saepr 

. 110 1,5 fsa
17

•8 •
29

-
321

• npOCMO 

H86AIOJI9HHSI ODHeBBbl B pa60Te/ 

BbleOXBX saepraA DpHMeHKAB ne 

TpOHOB eaeA9Hbl B Ta6nane 3. 

E
0 

, Msa Paenpe119neaae no 
qaenx :!!X'Iel! 

-
Ymax Nm.ax N 

---
90 - 8 

180 3 6 3,6 

300 3 6 3,7 

395x) 3 9 4,2 

900 5 12 4,6 

1500 3-4 18 8,5 

x) 3MynbeHSI0 D03BOnSIIOIU4SI JIB• 



t ( Ag, Br ) RpH aHepi"HH 

N• O't' NT • .llnsr nerxHx 

N. • npH'IHHOA T8KOI"O paa

HTbl .ll8lKe RpH He3H8'1HTenL-

Ia COCT8BnS!IOIUHe HX npOTOHbl 

eAnoe yseHH'Ienne OT N. • 
>OHTH8, H ~OnHqeCTBO HCR8pR-

9MOll H.llJ>Y aHepi"HH npB polK-

c ysenR'IeHBeM aseprBH ua

(npHMepuo OT 240 no 600 Mas) 

aeTcsr. CHHbHoe yseHH'IeHBe B 

1eaouos H rHnepouos. Manhle 

!t.838HBeM H8 K8KOA KOMRO-

BeiUBCTBOM ¢oTOaMYHbCHH 

lH'IHbiX B3aBMO!leliCTBHA npB 

~T B03MOJKHOCTb ROTepb T8-

rrnhi, on.uonyqesble aae3llbi 

C:o6biTHli 

660 Ms/
121 

'4 

7 

p,oe 
p,i5 

140 

66(.::;6,5°~+ 
+23C>6,5 ) 

2 

Ha Ta6nHuw 2 BHAHO, 'ITO 'IBCno axTOB asea.noo6paaosaHBH npHMepKo pasKo 'IBcny 

pacCeHHBA upOTOHOB BWCOKBX SBepraA HA CHOlKRWX Sl.llpax. 'iHCHO pp -pacceHHHA H8 

aToMax sonopona, BXO.ll!UllKX s cocTas lj>oTosMynLcHA npH 660 Mea, ae npeswmaeT 5% o6me-

ro qucna asea.n. 

HHTerpanhKoe pacnpeneneKBe sepoKTKOCTeA o6paaosaKBH asea.n, co.neplKBIUBX p enH

TBBHCTCKBA Tpex, C .ll8BKbiM 'IBCHOM THlKeHWX TpeKOB npB aHepi"BB 26,7 fsB H ei"O paano

lKeHBe Ha KOMROHeHTW npBBe.lleHO Ra pRC. 4, KOTOpwA B3HT B3 pa60Tb/
271

• Pacnpe.neneRHe 

B38HMO.IleACTBBH C 8TOMaMB BO.IlOpO.IlB. 

MOlKKO BB.IleTb, 'ITO B HBTei"p811LROM pacnpe.neneHBH ROHBHS!IOTCH 'B3H0Mbl' npR 

B NT= 16 B HMeeTCS! 'XBOCT', OTB9'1810UlHA 3Be3.1l8M C 60HbWBM 'IHCHOM TBlKeHh!X TpeKOB. 

AsTopw
1271 

paanara!OT aTo pacnpeneneaae aa cnyqaa o6paaosasasr nasseswx 'laCTHU B 

O.llRRO'ISbiX B38HMO.IlellcTBHRX C HQI"KOA ( N~ 5) B THlKenoA (NT:': 16) KOMROReHTOA aMyHb

CBH H cny'laR MHOlKeCTBeRKb!X npoueCCOB coy.napeHHA B THlKeHhiX Bllpax (XBOCT ) • .llaRHble 

06 o6pa30BBHHH 3Be3)l, nony'leKHble pa3HR'IRhiMII 8BTOpaMH npB OllHKHKOBbiX ssepi"BRX nanato

IUHX HYI<HOHOB, B 06IUeM Y.llOBHeTBOpHTeHbKO COI"HBCYIOTCB llPYI" C llPYI"OM. 3TO BKllKO, Ka

npRMep, npH conocTasneKHH peaynLTaTOB, Kallneaswx upu aseprBH npOTOROB 130
141 

B 

135
161

, 240
171 

H 245
161

, 350-400
181 

H 405 Ms/
91 

R T.n. 

nepellneM " paCCMOTpeHHIO 3B93ll, o6pa30BaHHbiX B G -5 aMyHbCKB (HnH nono6uoA 

ell) ueATpoHaMH BbiCOKHX sneprall. OnhiTbi nposonanHCb a KHTepsane auepraA O't' 90 Mas 

. no 1,5 rsa
17

•
8

•
29

-
321

• npocMOTp BeRCH TOJlbi<O uo nnomanB. HaH6onee 'IHCTble Cny'laH 

H8611JO.lleHHS! ORHC8Hbl B pa60Te
17 

I, 8BT0pb1 KOTOpoA .llllB OTllelleHHH C06b1THA Ha ReATpOH8X 

swcoJ<HX sueprHA upHMeRS!IIH napa~HROBbiA ~HnbTp. PeayHLTaTw ua6nJO.neassr asea.n OT aeA

Tpouos cseneRhi s Ta6nsue 3. 

Ta6naua 3 

En , Mss Pacnpe.neneuae no KonH'IecTso nyqeA naTe-
'IRcn;x: !!X'IeA B 3Be3Q!jX paTypa 

Ymax Nmax N 
Nq No N• B 

-- . ---------.- ·-------
90 8 18 29 

180 3 6 3,6 30 7 

300 3 6 3,7 2,9!_0,2 0,74!_0,07 50 8 

395x) 3 9 4,2 43 30 

900 5 12 4,6 2,8 1,4 0,2 75 31 

1500 3-4 18 8,5 83 32 

x) 3My.llbCHR, R03BO.IlS!IOIU8H llHCKpHMHRHpOBATb MHOI"038pSI.!IHWe TpeKH. 

7 



B aToll Ta6nxne npBHSIThl Te JKe o6oauaqeuaSJ, 'ITO • e Ta6nxue 1. XOTSJ 8 38e3nax 

o1' uel!TPOH08 ner'le OTJIHqaTh cny'laB Jl8yxny'le8biX co6hiTBII OT nepece'leHBSI cneno8, 

T9M He MORee Mbl npB80JlHM 88nH'IHII)' N 0 8bi'IBCneHHYI01 I<ai< H 8 Ta6nHQ8 1, )lnSI pac-

npeneneHHll c TpeMSJ B 6onee 'IHcnoM ny'lell. 

113 Ta6nxu 3 a 8HJlH01 'ITO Cpe)lHBO XBp8I<TepHCTBI<K 3883)11 o6pa308aHHbiX HeliTPo-

H8MK 1 non06Hbl Xap8I<T8pHCTHI<8M 1 nony'I&9Mh!M npB 6oM68pJlBp08I<e npOTOH8MB COnOCT88H

MbiX sHeprall. 

0THOCBTenbHO 89pOSITHOCTB HCnyCI<8HHH Ceph!X cneJl08 nony'leHbl cnenyiO~He Jl8HHbl8: 

nponeHT 3e83Jl, conepJKa~ax, no I<paiiH8ll Mepe, OJlHH C8pb1A Tp8I<, yM8Rb~aeTcSJ c Y88llli'18-

HBeM 'IRena ny'l8ll • .LlnR neyxny'le8h!X 3e83Jl OI<ono 70% coneplKaT cepblll Tp8I<
17

•
81

• C poe

TOM 'IHCna ny'lell JlOQSI cepbiX Tp9I<08 yMellb~88TCSI B YlK8 )lQSI 6-ny'l88b!X C06biTBll OHB 

no'ITB H8 Ha6nJOnaiOTCR. 3To ycTaH08neuo nnR npoTOH08 c saeprH8ll 240
171 

a 400 Ms./
81 

• 

.LlnR H8liTPOH08 c 9H8prael! 180 Ms8 
17 I 'IBCTOTB noRBn8HHR cepblx cn8Jl08 HeCI<Onbi<O oT-

nB'IaeTCH OT TOll, I<OT0p8SI JIMeeT M8CTO 8 cnyqae 6oM6apJlBp08I<B npOTOH8MBo no npy-
/12/ 

raM nauHbiM ( EP ~ 660 Ms8 ) , mrono nono8BHbl 8C8X 389311 conepJKaT no OJlHOMY ana 

6onee cepoMy Tp8I<y, a cp8Jl&ee 'IRcno C8pb1X Tpexo8 aa onao pac~enne&B8 cocTa8nHeT 

0 ,98;t_0,2. Tai<RM o6pa3oM, 8epoSITHOCTb noHBneHBH cepblx cneno8 upB yJ<a38RHOII sHeprax 

COCT8BnS18T OI<OQO non08HHbl Ce'leHBSI OISpa30BARHSI 3e83Jl. 'iacno 8I<T08 BCnyCI<8HRSI cepb!X 

Tpexo8 upa ISoMISapnupo8I<e npoTOH&MR ana H811TpouaMB c saeprB811 oi<ono 4GO Ms8 npaMep

HO 0JlHH81<080/
8

/ . 30% 3883)1 He BMeiOT CepbiX Tp81<081 npBM8pHO 60% BMOIOT no OJlROMY, 

a OI<OJlo 10% 388311 &MeeT no 1188 a 6onee C8phlx Tp81<a. Onaai<o 8oupoc o sepoSITROCTHX 

ucuycxaaBH cepblx cn8JlOB e~e aenocTaTO'IHO B3Y'I8H. Oco6euao He Hcua CHTyauHa npx 

sa8prxllX 'laCTxn Bblme 1 rs8, rne BMe8TCH cpaBHHTenbHO aeMaoro nonpo6ubiX xccneno-

8aaxll. 

Yrno8hle a suepreTB'Ieci<ue pacupeneneRHH Tpei<o8 

C88Jl8HBH o6 yrnoBhiX pacup8neneRH9X 'l8pHhiX, cepbiX • penSITH8HCTCXHX Tpexo8 

np8JlCTa8neHhl s Ta6nxne 4. B 6onhmHHCT88 cny'lae8 yrno8hle pacnpeneneHHH ssnmoTCH 

MOHOTOHHO YM811bWBIO~IIMBCSI cpyHXJliiSI .. H C 803pacTaHH8M yrna 8bln8Ta () OTHOCIIT8nbHO 

Hanp88Q9RHSI nanaJO~HX 'laCTHJlo nosTOMY nnH xapaxTep!ICTBXII yrn080rO pacnpeneneHHSI 

)l0CT8TO'IHO npH88CTH e8QH'IHRY OTHOW8RHSI 'IHCM '18CTHJl, 8blneT88WHX B HHTep8an8 yrnoB 

oT 0 no 90°1 x 'IHCny 'I&CTHn, acny~8RRhiX B BHTepeane yrnos 90-180° (OTHomeHHe snepen

ua3an). 

Kax BBJlBO H3 Ta6nBJlhl 4, OTHOWSHHe 8nep8)l-H838Jl JlQH 'lepHbiX TpeX08 8 6onbWHHCT88 

cny'lae8 upx .. epHO onxuaxoso • cocTasnHeT oxono 1,8. Tonbi<O upH 660 H 950 Mse uony

"fOHbl H9CXOnbi<O M811bWB8 3Ha'IOHRR, HO 3)19Cb T8I<lK8 OTMe'laOTCH 3H8'1BT8QbHO 6onbmaH 

8 

3ueprBH 
M ae 

npoTOHbl 240 

350-400 

350-400 

350-400 

400 

660 

950 

2,2 ras 

9,0 rae 

9,0 rs8 

Hel!TpOHbl 180 

400 

900 

0Tuowe: 

'iepuble 

1.78 

1,8 

1,85 

1,8 

1,77 

1,2 

1, 4 

1,86 

1,69 

1,88 

1,76 

HanpaeneuuocTb enepen 8bln e1 

nalllb e pa60Te/1
4

/ yrnOBbiB 

~HMH npa yrnax 0 • 80° nnH 

Bht.neneHHe KOTopbiX cnenaao m 

0Tuoweuae enepen-Ha3an nnH 

aueprHH I< npyrol!, 'ITO MOn<e1 

Tpexoe. C aTOll TO'IXH 3p9HHf 

CI<HX Tpexoe, XOTOpble Upll <Y1 

HCKn lOl:IHTenbHO 60JiblliYJO aenH' 

nHH ceph!X c nenos yMeHb lllae1 

lllBHHH enepea-ua3an npa pa~ 

QOHHSI cepbiX H pen HTHeHCTCI<I 

ll8X, o6pa30e8HHbiX llpOTOHa MI 

ry. CnenyeT OTMeTHTb 3Ha'IH' 



~ Ta6IIHne I. XOTH s aseaJiax 

>6hiTHA OT nepece'leHRII cne11os, 

1<81< R s T86nune I, Jinll pac-

3Se3JI, 06p830S8HHbiX ueliTp~ 

lHpOSKO npOTOH8MH COIIOCTSS.-

nonyqeubl cneJiyJOmHe Jl8HBhlo: 

! TpeK, yMOHhlll8eTcll c yseiiHqe

eplK8T cephlll Tpe-..
17 

•
81• C poe

lOR 6-nyqesbiX Co6hiTHll OUR 

Juepnell 240171 
R 400 Mar/

81
• 

sr cephlx cneJios uecJI.OllbJto oT-

PllHPOSKR npOTOK8MB. no Jlpy

Be3Jl COJieplKAT no OJlHOMY RnH 

OJlKO p8CIIlenneKRe COCTSSnliOT 

noJioB np• YJt838KKOA saeprn 

RenO 8KTOS BCnyCK8HRSI cepblX 

eprReA OKono 4GO Mas npuMep

depuo 60% HMOIOT no OJIBOMY, 

)JlH8JI.O SOnpOC 0 sepOSITROCTSIX 

lHRO He !ICH8 CHTy811H!I npH 

JeMaoro noJipofiRhlX uccne11o-

nelUSI TpeKOS 

R penRTHBBCTCKHX TpeKos 

we p8cnpeJieneHR!I !IBDSIJOTCR 

"n8 BhlneT8 (J OTHOCHTenbRO 

axR yrnosoro p8cnpeJieneuHR 

bineTeSIIlHX s HRTeps8ne .yrnos 

OB 90-180° (OTRollleHRe snepea-

lSI 'lepHbiX TpeKOB B 60DbWHHCTBe 

bKO npR 660 H 950 Mas nony-

'180TC!I 3H8'1HTenbRO 6011blll8H 

3ueprRll 

Mas 

Ta6nHna 4 

~~~~~~~811 y TpeKOS - -·· · ---
t{o puble Cn86o- Cepbie PenliTH-

qepuble BRCTCKH8 

- --------------- --
npoTOHbl 240 1.78 

350-400 1,8 

350- 400 1 ,85 

350- 400 1 ,8 

400 1,77 

660 1,2 

950 1,4 

2,2 ras 

9,0 ras 1,86 

9,0 ras 

HeliTpORhl 180 1,69 

400 1,88 

900 1,76 

6,9 

3,6 

6,4 

9,3 

4,5 

80 

25,7 

14,5 

30,4 

4,6 

10,0 

2,8 
4,1 
11,5 

26,1 

8,0 

3,4 

24,6 

16,0 

6,9 

8,7 

2,7 

nuTepa

Typa 

npHMe

"'SHRe 

6 

8 

8 

8 

8 

12 

14 

15 

22 

19 

7 

8 

31 

Bee aseaJibi 

N > 5 max-

N > 6 max-

T RJKenble IIJlpa 

nerxHe llllP8 

uanp8sneuHOCTb snepe11 sblneT8IOIIlHX MeJineHHbiX '18CTHU ( OTHOIIleHHe snepeJl-H838Jl > I ) • 

nHIIlb S pafioTe
1141 

yrnOSbJe p8CnpeJieneHHSI OK838DHCb KpHSblMH C M8KCHMYM8MB, nelKS

JllHMH npH yrn8x 0 • 80° JIDII qepHblX H 40-50° - JinR cepblx TpeKos. Cna6o-qepuble TpeKH, 

BbiJieneHue KOTOpbiX CJien8uo nulllb s pa6oT8,{
6

•
8 1

, X8p8KTepH3YJOTCR 6o11blllell SHB30Tponuell. 

0THOlll8HH8 Brtepell- H838.D. .a,nH HBX HCriblTbiB88T 3H8'1lfT8nbRbJe KOJie68HHJI llOB nepeXOA9 OT OllBOA 

aueprHH K Jipyroll, 'ITO MOlKeT 6b1Tb o6ycnosneuo ueKOTopoli ycnosaocTbJO oT6opa TSKHX 

TpeKOB. C aTOA TO'IKH 3peHHSI 6onee H8llelKHblM SIBDReTCR SbilleOeHHe CepblX H penliTHSllCT-

ClCHX Tp8XOB 1 X:OTOphle Dplil OTHOCHTenbHO MSnhiX SHeprHSIX HSneTBlOIIIHX "l8CTHU llOK83biB8lOT 

HCKniO'IHTeObHO 6011blllYJO SeDH'IHHY 8HH30TpOnRK, C B03p8CT8UHeM aueprBR CTeneHb 8HH30Tpo-

nHH cephlx cneaos yMOHblllSeTcR. HeMOROTORRbill xa.paKTep yMeHhllleHHSI senH"'HHbl OTHo-

llleRHR snepea-ua38ll npH p83nH'IRbiX aaepruRx MOJKeT 6biTb o6ycnosneu TpyauocTRMH paoae

neuHR cephlx u pen!ITHBHCTCKHX TpeKOB. Yrnoabie pacnpeaeneHHR paanH'IH .. IX TpeKOB B aaea

aax, o6p830B8HHbiX llpOTOK8MH H aei\TpOHSMH, B OfiWeM OK83bJB8IOTC!I nOll06HblMH Jlpyr llpy

ry. CneayeT oTMeTHTb 3H8'1BTenbuyJO 8HH30TponuJO p8cnpeaeneuuA cepblx Tpexoa H8 npoTOR8X 

9 



npa 240 Mas no cpasaeaa10 co 3Be3.1lB.MH oT aeiiTpoaos np11 180 Mas. To'IRO TB.K JKe ayJK

ao yKa3aTh aa ManyJO aaH30TponaJO pacnpeneneaall pen!ITHBHCTCKHX TpeKos nn11 aeiiTpoaos 

c aaepraell 900 Mas no cpasae&HJO c pacnpeneneaaeM aTHX TpeKoB npH aaepraa npOTOHOB 

950 Mas, no'IBMY aTO npOHCXO.IlHT - He !ICHO, H Tpe6yeTCII .ll8JlhRellmee YTO'IHeHRe aKCnepa-

MeBTAllhJibiX ll&HHhiX. 

3aepreTH'IeCKHe pacnpeneneHHII 'lepHbiX TpeKOB H3y'l8nHCh 8 3Be3,1l8.X, o6p8.30B8HHbiX 

npOTOHB.MH c aaeprHHMH 140
151

, 600
1111

, 660
1121 

H 950 Maa
1141

, npH'IeM a nocnenHIIx 

nsyx pa!SoTax cpen11 'lepawx TpeKoB swnenHnHCh Menneaxwe npoToaw H a -'laCTHnw. Bo 

BCBX Clly'IB.HX aaepreTH'IBCKHB pacnpeneneHHH npe,llCTB.BnHIDT C060ll KpHBbiB C M8.KCHMyMOM, 

nel!UIIIlHM npaMepao npa OllHRB.KOsol! aaepraa (nna npOTOHOB - 6-8 M,.s, nna a -'laCTHil 

- 10-14 Mas). Kpasbie pe3xo cnanaJOT a o6nacT• Manwx a cpasHBTeJihao Menneaao - a 

o6nacTH Bb!COKHX "Heprall. XapaKTepao, 'ITO y npOTOROB a a -'IB.CTBil RB.'Iano cneKTpa 

neJKIIT npa cpaBRHTellhRO Manwx aaepraax (oT2-4 M,.s) , 'ITO B 3-5 pa3 MeHhwe sena'IH

Hbl HOMHHB.JlhHOrO KYllOHOBCKOrO 6aphepa .llllH aTHX '18.CTHil. nocnenaee 06CTOHTenbCTBO 

MOlKeT 6b1 Tb OT'I8CTH OlYbHCReHO npHMeCbiO pacmenne&RII nerKHX 9lleMeHTOB, BellH'IHH8. Kyno

HOBCKOrO 6apbepa KOTOpbiX CymecTBeHRO HHJKO, 8. 8 OCHOBHOM - npe)lCK8.3biB8.0MbiM TeopaeJ! CRH

JKeHROM KynoaoscKoro 6apbepa THJKenoro HJlP8 c ero B036ylK.IleaxeM, YKa3B.Tb rpaauny 

pacnpeneneHBH B o6nacTa Bb!COKHX aaeprall Tpynao H3-38 ycnosaocTH pa3neneaaa 'lepawx 

H cepwx TpeKos. Haa6onee nonpo!Sable/ 
121 

cneKTpb! 'lepuwx Tpexos npaseneabl ua pac, 5 

H 6, ABTOpbl llHTRpyeMOII pa!SOTbl H8.6niOJlanl< OTJlellhHO TpeKB npOTOHOB R a -'IB.CTMil, HC-

nymeHHbiX 8 nepe)lHIOIO H 38..1lHIOIO nonyclj>epbl, 113 p•c, 5 H 6 SHJlHO, 'ITO HMeeTC!I He6om,

WOO yMeHhWBHlle aaeprax 'IB.CTBil, swneTaJOmBx B 38JlHIOIO nonyclj>epy. HanpaMep, y npoTo-

HOB cpeJlHHH 9HeprBH MOHhWO H8 12%, 8. y a -'IB.CTHil H8. 17%, 3TO p8.3JlH'IRe , 6onee 

38MeTBoe y a -'18CTHil, OT'IB.CTR O!S'bHCHHeTCH nepeHOCHbiM JlBHJKeHHeM H.llep npH HCnape-

HR., H '18CTR'IHO - HallH'IHeM RpHMBCR BbiCOKOa&eprH'IHbiX a -'18CTHil, HCnyCK80MbiX S npo

uecce <j>parMeBTanaa, CKopOCTh nepeaocaoro nsalKeHHH, cornacao
151

, oueaasaeTCH pasaoll 
8 -1 

1,5·10 CM•ceK • CpenHHH aaepraa npOTOHOB a a -'laCTHil, BbineT&IOIIlHX no seeM aa-

npasneHli!Uol, cocTasnHeT OKono 10,0 • 15,0 Mas, coOTseTCTBeHHO, Ha TOM JKe pucyHKe 

KpHsoll DOK838R cneKTP npOToaos, pacc'IHT8HHbill 
1121 

no Teopaa acnapeHBH, Banao ynos

neTsopaTenbHoe cornacae Teopaa a onacaHHll ocuosaoll '18CTH cneKTpa. Hanaqae 'xsocTa' 

RpR 601lbWI<X aHeprHHX WOJKeT 06yCJl8BnliB8ThCSI RpliMeCbJO Bbi6RTbiX npOTOHOB, 

3xepreTR'Iecxoe pacnpeneneHRe cepwx cnenos R3y'lanocb a 3Be3nax, o6pa3osaHHbiX 

npOTOHaMB c aaepr•HMR 450, 950 Maa
1141 

• 9,0 raa
1221

• Bo scex yKa3aaawx pa6oTax 

npaa•MaeTCH, 'ITO cepble cnenw npencTaBnHIOT co6oll npOTORbi 6onhw&x aaeprall. MeJKny 

TeM, He BCKJliO'IOB00 'ITO He•OTopyiO '18CTh ll3 HBX MoryT Jl8B8Tb neliTpORbl, 11Jlp8 TpRTHH, 

a -'laCTRilbl, ecnH ORB 6wn• acnyweaw c !SOilbwol! aaepraell. TaKJKe B03MOJKHO, 'ITO ae

KOTopwe cepwe Tpen !SwnH o!Spa3osaaw Me3oaaMR cpasaaTenbHO Manwx aaeprall. 3aepre-

10 

TH'IeCKHe pacnpeneneaall cepbiX 

,llon!l CBpb!X TpBKOB B npoueHT8. 

C'leTa 3epeH H8. e.llHHHile .llnHHbl 

pwx TpeKos a 3Be3nax npa pa3 

aa6monaeTCll nocTeneaaoe yMeE 

racTOrpB.MMbl pacnpeneneHHII n] 

HBU:A SIBJJSieTCSI cnettCTBBeld TOr 

THBHCTCKHO TpeKH, Bonpoc 0 T• 

O)lHHB.KODblll X8.p8KTep "HepreTH 

0rHOCHTeJihHOe COneplKB.HI 

nHIIlb npH 9HeprH SIX 660 H 950 

9MYllhCHH 0 B npenenax OWH60K 

ttHRhi na.naJOweA aaeprHa RnB o 

Pacrr 

Pacmenneaae H.llep nerKOJ 

npOTDHB.MH c aaepruell 130
141

, 

JKe aeliTpOHB.MH c aaepraell 301 

WHX 88 nerKOA KOMnOHeHTe, B 

06bi'IHOII 9MYllhCHH H B pa36as. 

neaaa nerxax H.llep aa6monanac 
/34/ 

caell, a B - Me>t<ny cnosu 
/2~ 

nerKMX aneMeHTOB s pa6oTe 

MeHbWe HllH p8.BHO 7; OTCyTCT 

BJlpa ; cpena scex cnenos HMe 

Ce'leuae B38.HMOneiiCTBHH 

aallneao paBHbiM (160 :t,70) M6, 

a Ta6nane 2 nn11 aaeprMA 660 

HHA nerKHX sneMeHTOB Ha6n~A 

aaueno. B nyqesbiX pacnpene; 

2-3. no Mepe S03p8.CT8.HH!I KO; 

yMeHbJUB.eTCSI, C ysenH'IeHMeM 

nytteA, BHllHMO, rrepeMeLUaeTCSI 

rail 130, 660 H 950 Mas aalln• 

.O.BYMH 1 TpeMSI H T.A. 'IHCnOM ~ 

36,6; 24,6; 9,7; 2,5 M 0,4%, • 



180 Msa. Toqao Tax JKe ayJK-

: TCJ<HX Tp&ltOB ll1lll ael!TpOHOB 

rpeltOB npR 3H9pi'RR npOTOHOB 

anbaeAmee yTO'IBQHRe sxenepa-

eb B 3893/laX, o6pa30B8HHbiX 
114/ 

B , IIpH'IeM s nocneJlllRX 

apoToaw R a -'laeTRUbl. Bo 

:oool! l<pRBbiB e MaKeRMyMOM, 

- 6-8 Msa, ll11R a -'laeTRn 

:paBHHTenbHO M9Jl119HHO - B 

-'laeTHU aa'lano enexTpa 

) B 3-5 p83 M9HbW9 B911H'IH

OC1191lB99 o6eTOliT91lbeTBO 

:ax aneMeHTOB, senH'IIHBa Kyno

npeAexaawaaeMbiM TeopHell eHH

l9RBeM. YxaaaTb rpaaauy 

lOBHOCTH pa31l9119BHll '19pBb1X 

rpei<OB npRB91l9Hbl Ha pRe. 5 

npOTOHOB H a -l{8CTHI( 1 BC-

BHilHO, 'ITO BMBBTCSI R9601lb-

tye<j>epy. HanpaMep, y npOT~ 

7%. 3To pa3nH'IHe , 6onee 

BHlKeHHeM llll9P npH Henape-

-'IaCTHil, ucnycs:aeMhiX a npo-
/5/ 

leHO , OUBHRBaeTeH paaaol! 

BhineTBJOID.HX flO BCeM H8-

~HHO. Ha TOM JKe paeyne 

>KH aenapeHRH. BBilHO YllOB

cne¥Tpa. HanuqHe 'xaocTa' 

6BTbiX DpOTOHOBo 

, B 3Be3.Q8X1 06p830B8HHbJX 

' aeex yxaaaHHbiX pa60Tax 

r 6o1lbwRx saeprall. MelKilY 

!Tb ll&liTpOHbl, llllpa TpRTRSI, 

TaxJKe B03MOJKao, 'ITO ae

bHO MaJlbiX 3H9pi'Rll. 3aepre-

TH'IeexHe paenpell9119Hllll eepbiX Tpei<OB DOJt83aRbl 88 pRe. 7 • no OCH OpllHRaT OT110lK9Ha 

llOJISI eepbiX Tpexoa a nponeHTax. Hx saeprHSI onpeAeJiliJiaeb 6onbwell '!aeTbiO MeTOilOM 

e'leTa aepea Ha BllHHHUe llllBHbi. Paeyuox 7 noxaawaaeT, 'ITO xapaxTep paenpeAeneHHH ee-

pbiX Tp&KOB B 3893/laX npH pa3HbiX 3H9pi'RSIX npHMepHO OllHHaKOB. Bo aeex eny'lasot 

Ha6niOJla&TeH nOCTeneHHOQ YMBHbWBHRB 1<011H'IeeTaa TpeKOB e B03paeTaHReM RX 3H9pi'HRo 

raeTorpaMMbl paenpell9119HHll npOCTHpaiOTCSI BD110Tb llO 500 Msa. YxaaaaHall aepXHllll rpa

HRUa liBnli&TeR eneJleTBRBM TOI'O, 'ITO '18eTRUbl 6onee BbleOKHX 3R&prRll 6yJlyT JlaaaTb pe1111-

THBReTeJ<He Tp&I<H. Bonpoc 0 TOM, llJlll aeex 1lB 3ReprRll naAaiOWHX 'laeTHU HMeeT MeeTO 

OllBHaJ<ODblll xapaJ<Tep 3HepreTR'I&eJ<OI'O paenpeJl9119BRll eepbiX Tp9l<OB 0 OCT8&TeH OTKpbiTbiM. 

0rBOCHT91lbR09 eoAeplKaBHB npOTOBOB B a -'laeTRU epellR '19pBbiX Jiy'leA B3Mepli110Cb 

llBWb npB saeprHsot 660 R 950 Msa
112

•
14

.,1. B enyqae paemenneaxll THJKenoA KOMnoaeHTbl 

3My1lbeRR , B np9Jl91laX OWH60J< R3M9p9HHH, OTHOWBHHe a/p ~0,36 H93aBHeHMO OT BBJlR

/12/ ' 
'IHHbl naJlaiOWell 3HQpi'HH HJIH OT KOJIH'I&eTaa ny'lell B 3BQ3Jl9 

PaemenneRHll nerJtHX sneMeHTOB sMynbeHH 

PaemenneHHe llllep nerxol! KOMnOHeHTbl 3MynbeHH H3y'la110Cb npH 6oM6apllHPOBK9 

npOTDHaMH e 3Hepruell 130
141

, 140
1331

, 660
113

•
341

, 950 Msa
1351 

R 9,0 rs/
221 

' a TaJ<

JKe aellTpoaaMH e saepraell 300 Msa
1361

• !ln11 yaepeaaoro OTAeneHHll eo6biTHll, npoTeJ<al()-
/4/ 

WHX H8 nerKOA KOMllOHeRTe, 8 npOBOJlHnOCb COfiOCT8BneUHe 3893.0,1 o6p830BBHH~IX 8 

o6w'IHOll sMynbeHH H a paa6aaneaaoll a 4 paaa JKenaTHRoll . B paiSOTe
1361 

aKTbl paemeo

neaaH nerKHX liJlep aaiSJIIOAanHeb a enoe JKenaTRRbi, ·noxpbiTOll e o6eHx eTopoH G-5 3MY11b

eaell, a B 
1341 

- MQJKJlY eJIOSIMH 3My1lbeRR n-9. KpHTepHMH OT6opa enyqaea paewenneaHll 

JlQI'KHX 3119M9HTOB B pa60Te
1221 

enylKRJIH enellyiOmRe npH3HaJCH: 'IHeJIO nyqel! ll01llKHO 6b!Tb 

M9Hbwe H11H paBHO 7; OTeyTeTayeT enell liJlpa-OTila'IH; HBT 3119KTpOHa paenalla OCTaTO'IHOI'O 

ll/lpa ; epellH aeex enellOB HMeeTCH, no xpaliuell Mepe, OllHH e ll11HHOA 10-50 MK. 

Ce'leaHe aaaHMOilelieTBHH nerKHX llllBP 3MY1lbeHR e npOToHaMH npx saeprHR 130 Msa 

aaAileHo paaHb!M (160!_70) M6. TaxaH JKe aenH'IHHa aepoHTHOCTH paemenneBRH npRBBil&Ha 

a Ta6nHue 2 ll11H saeprHll 660 H 950 Msa. YeTaaoaneao
1341

, 'ITO a 25% aKTOB paemenne

HHli 119I'KHX 3119M9HTOB Ha6nJOilaiOTeH llllpa OTila'IR, a B 75% eJiy'laea OHII pa3Ba11HBaiOTeH 

aaneno. B nyqenhrx paenpelleneHHHX 'lame aeero aeTpe'laiOTea eo6biTHH e 'IRenoM ny'<ell 

2-3. no Mepe B03paeTaHHH KOJlH'IeeTaa ny'leli 'IHeJIO MHOI'OJly'leBb!X 3B931l MOHOTOHHO 

yMeHbWaeTCll. C yB911H'I9HH9M 3H9pi'HH npOTOHOB MaKeHMYM paenp&Jl9119HHR 38931l no 'IHeny 

ny'lell, BHilHMO, nepeMemaeTeR a eTopoay MHorony'leabrx
134

•
361

• 3aa'!eHHR N ll11R saep

ruli 130, 660 H 950 Msa aalilleHbl paaHbiMH 3,0; 2,7 H 4,6. KonH'IeeTaa aae31l e OllHHM, 

llBYMH, TpeMH H T.Jl. 'IHenoM 'lepHb!X ny'!ell npa 660 Msa
1341 

enellyiOwue: 2,7; 23,5; 

36,6; 24,6; 9,7; 2,5 H 0,4%, eOQ'J'BQTeTBBHHO. npa 6oMISapllHPOBK9 H&liTpOHaMK B ><enaTHHe 
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N - 3, 72 :!:_ 0,03 B OJ<.93blB.9&TCSI DO'ITH paBRblM 'IBCDy Dy'lel!, RaALI&HBOMY LIDS! nerl<HX gnep 

<PoTosMym.caa (3,65 :!:_0,1). KonaqecTBO qepahlx, cepb!X H penSITHBHCTCJ<HX TpeJ<oB B cnyqae 

pacmenneaal! nerJ<ol! J<OMnoae&Tbl xapaKTepa3yeTCSI cneLiy!OIUBMH LlaBBbiMH. Y>Ke npa saep

rHSIX 140 Mse, 75% pacmenneRHl! oconpoeo>KLiaiOTCSI acnycJ<aRHeM cepb!X TpeJ<oe, J<OTOpble 

aanpaeneabl npeHMYIUBCTBBBHO B nepen&IOIO nonyc<j>epy. nonoBHRa H3 BHX ne>KHT B BBTepea

ne yrnoe 0-40° no OTaoweBBIO " ny'IKy. OrRoweBHe enepeLI-Ra3aLI s 9,6. BenB'IBaa aaa3o

Tponaa pacnpeLieneRIISI qepsbrx TpeJ<OB 3Ra'IHTem.ao ' ·'&HbWaSI, a LID!! TP&II.OB, npanachleaeMblx npo

TOHaM, oTaoweaxe enepeLI-Ha3aLI -2,3:!:_0,3 • ./lnSI 950 Mse cpeLIHBe II.ODB'IeCTBa nBBB&Bhi X 'laCTHn, 

cepb!X H 'l&pHblX Tpeii.OB B 3BB3LII'.X C 'IHCDOM nyqel! 2 aal!LI&Hbl paBHbiMH:0,65:!:_0,Q5; 1,1o:t_0,07 H 

3,2:!:_0,26, a ax OTHoweHBR enepeLI-Ha3aLICocTaanRIOT: 17:!:_7; 4,3:!:_0,7 u 1,75:!:_0,17. B npeLienax 

OWH60K 9TH xapaJ<TepHCTHJI.H COBnaLia!OT C COOTBeTCTBYIOlllHMB 3Ha'I&HH!IMH LID!! CnyqaeB 

pacmennessl! TS>KeDblX sneMeBToB SMYn&Caa. 113 conocTasneass cneKTpoa, nonyqessbiX aa 

o6eHX J<OMDORBBT.!IX, MO>KRO I'OBOpHTb o6 OTBOCHT&DbHO R&60DbWOM rrpeo6naLiaHKH BbiCOJ<o-

sseprH'IBblX 'laCTHn cpena cepblx TpeJ<oB B Cny'lae pacmenneRsl! nerKBX sneMeHTOB 

SMYDbCHH. nps 9BeprHH 9,0 ran Cp&LIBHe 'IRCDa 'l&pHbiX, Cepb!X H p&DSITHBHCTCKHX Tp&KOB 

paBHbl: 3,3:!:_0,1; 1,4:!:_0,1 H 3,0:!:.0,2, COOTBBTCTBBHHO. Me>Kny TeM DD!I ycpeLIBBHHbiX AAep 

9MYDbCHH 3TH 'IHCna HBCKODbKO HRbiB ( CM. Ta6nHny 1) • 0TBOW&HHSI BnepeLI-Ha3aLI LID!! 

/19/ 
penSITHBHCTCKHX qacTHn H cepblx Tpexoa npRB&LI&Bbl e Ta6nane 4. Kax sanao H3 pa60Tbl , 

CD&KTp Cepb!X Tp&l<OB OKa3biBaeTCSI H&CI<ODbKO CM&lll&HHbiM B CTOpO&y 6onbWHX SHeprHJ! 

no cpaeneHHIO co cny'la!IMH pacmenneass TR>Kenhlx nnep sMym.caa. 

KonaqecTBO a -'laCTHll cpena qepablx Tpexoa ups pacmenneHHRX net•xol! KOMno-

aeHTbl OKa3brBa&TC!I BbiW&, 'IBM B Cp&LIR&M LID!! BC&X gnep SMyDbCHll. no LlaHBbiM/
4

/ LIODSI 

a -'lf8CTHil llO OTHOW9HR10 KO BC9M BblneTeBWHM '18CTHil8M MOHOTOHHO p8CTeT C B03p8CT8-

HHBM 'IHCDa nyqel! B 3BB3LiaX H LID!! 5- 6 -ny'I&BbiX C06b!THl! STO OTHOW&HHe paBHO 0,4. 

CornaCH0/
371

, KODH'IBCTBO a -'laCTHD OTHOCRT&DbHO BCeX 0CT8DbHbiX Tp&II.OB paBHO 
/34/ 

0,48:!:_0,03. BenR'IHBa a/ p LID!! 660 Mse nonyqena paeaol! 1,5 • ./ln11 ael!TpOHOB c sRep-

rRel! 300 Msa LIODR a / p cocTaenReT 0,75. 

3sepreTH'I&CKHB pacnp&LIBD&HH!I MBLID&RHbiX npOTOHOB H a -'laCTHD HMBIOT BHLI, DQ

A06Bblli CneKTp8M qaCTHil, HCnycx.aeMblX npB pacwenneHHHX TSt>KenbiX 3neMeHTOB1 HO CMe

lli&Hbl B CTOposy M&HbWHX ssepral!. Tal<, CDBKTP a -'laCTHU/
331 

HM&eT MaKCHMYM B HH

Tepaane ssepra li 2-4 Msa a 3aTeM MOHOToaao cnaLiaeT a o!Snacn. !Som.UIBx saepral! 

(,S 20 Msa). AaanorH'IH.!ISI xapTHHa cneKTP.!I a -'I.!ICTHU nonyqeaa nps saepraa 950 Mss
1s:> 1 

CnexTpbl npoTOHOB s a -'laCTHU, BblneTaiOmax B nepeLIHIOIO u 3aLIHIOIO nonyc<jlepbl, 

cornacao
1341

, DOLI06Bbl Llpyr Llpyry. Oau HM&IOT BHLI MaJ<caennoacxoro pacnpeLieneaHR 

c aecKon&Ko 6om.waM npeo6naLiaHHeM 6brCTphrx 'laCTHU, acnycJ<aeMblX anepeLI. CpeLIHRR 

SReprHSI DpOTOHOB, BbiD&Ta!OIUHX Ba3aLI, Ha 20% M&HbWB Cp&LIR&ll SHeprHH DpOTOHOB, BbiD&

TaiOlllHX Bnepeu, B TO Bp&M!I KaJ< y a -'18CTHU STO pa3DH'IBB COCTaBli!IBT OKODO 17%. 

12 

J 

I 

B npoTBBonono>KBocn. TSI>Ken 

Roe paanaqae B cpeLIHel! sae 

HO 3a C'IBT BDBRBK!I DepeROC 

BO Be H3y'laDCSI B LID!! Ol<OB'I 

CpeLIBee 3Ha'leaae saepraa r 

HhiM 5,4 Mas, a a -'laCTIIn 

l13y'leBHe aJ<TOB pacme 

Ii 8 W BBOLIHDHCb B 9MY1IbCH 

460 Mss. Ce'lesae 3B&3LI006 

0,54:!:_0,21 6apH, COOTB&TCTBE 

T.e. CODpOBO>KLiaE'tTCSI BbiD&TC 

MAKCHMYMbl DpH SHeprH!IX 6· 

Bi+W ). CneKTpbl nnaeao cr 

3ae3Lihl, nony'la&Mble np 

sane saepral! 35-190
1371

, 2 

DDaCTHHKaX pa3HbiX COpTOB 

co6ol! CD&LiyeT C OCTOpO~ 

0cROBHhle xapaxTepHC7 

Ra DpOTORaX B ael!TpOHaX. f 

nerxax gnep &':'fym.cas. 3To 

fiDIOLIIIeMbiX B C..l SMYDb 

2,64 R 3,0 COOTB&TCTB&RRO. 

COfibiTHliX B 3aBBCBMOCTH 0'1 

paaao 6-8. Hau60n&waA npc 

ceorioLIHoro npo6era a sMyn 

H 16,6 :!:_1,8 CM, 

Cneua$H'Iecxoll oco6eE 

CSI npouecc pa3aana ero a 

LIDS KOTOpol! B o6naCTH MaT. 

wo oriocaoaasaas TeopHR). 



I, aaAneaao>cy nn11 nerxux smep 

9DHTHSHCTCI<HX TpeltOS S C~89 

HMD naHRhiMH. Y>Ke npa saep-

HH9M CephiX TpeltOS, ltOTOpb19 

BHH8 B3 HBX ne~KT B HBT8pB8-

·H838A • 9,6. Bena~aaa aaaao-

a nna TPeKos, npanachlsaeWhlx npo-

Ie KOHH'19CTB8 IIIIBH8BhiX '118CTH1l, 

I p8SHblMH: 0,65:!:_0,05; 1,10:!:..0,07 H 

i:!:_0,7 a 1,75:!:_0,17. B npenenax 

lR 3H8'19RHHMR ADH cnyqaes 

tHBSI CD9ITpOB, nony'l.eHHbiX HB 

>11hWOM npe06n8A8RHH Sb!COJ<o-

neaall nerKHX sneMeHTOB 

pb!X H p9IIHTHSHCTCI<HX Tp9lt0S 

. T9M AIIH yCp9AR9HRblX Slllep 

JOW9BBH Sll9p9A-H838A ADR 
/19/ 

•ne 4. Kax sanao H3 pa60Tbl , 

S CTOpORy 6onbWJIX aaeprHll 

:YilhCHH, 

acwenneKHHX nePx.oA xoMno

aMynbCHH. Oo ll8HRblM/
4

/ AOIIH 

MOHOTOHHO p8CTeT C S03p8CT8-

'Dll 3TO OTROWeHH9 pasHO 0,4. 

OCT8nbHblX TpeXOB p8BHO 

>ROil 1,5. !lnR R9l!TpOHOB C 3Hep-

H a -qaCTMU HMeiOT BRll., no-

TH>KeHbiX 3neM9HTOB, HO CMe

/33/ 
au HMeeT M8XCHMYM B HH-

o6nacn. 60nbmox saepraA 

>ny'leua npa aaeprHH 950 l•l,aa
1
::'

1 

caennoBCKoro pacnpe.ueneHHR 

:rrycxaeMhlX anepe.u. CpeAHRH 

pe.uaell aaepraa npoToaoa, Bhlne

I'IBe COCT8BIISI9T OKODO 17%. 

I 

B npoTRsononoJKBocn. TJI>KanhiM smpaM npH pacmenneBBR neri<HX aneMe&Tos 6onee aaMe-r

aoe paana~ae s cpenaeA saepraa aa6n~naeTCJI y npoToaos. Oao T8K>Ke o6bJicaaeTCJI ~acTH~

ao aa c~eT snRH.IIJIH nepeaocaoro nsa>KeBHH smpa npa acnapeaaa. Ho STOT sonpoc cepbea

ao ae aay~anc11 a nna oxo~aTenbaoro OTseTa Tpe6y~TC!I 6onee TmaTenbHhle aa6rnoneaa~ 

Cpenaee aaaqeaae aaeprHH npoToaos, ShlneTaJOmBX no seeM aanpasneaDRM, DOIIY'IeRo pas

RhiM 5,4 Mas, a a -~acTHn - 8,3 Mss
1341

• 

PacmenneBBe TH>Kenblx Slllep 

Hay~eHBe axTos pacmenne&IUI sac>cyTa H sOflb<!>pawa shlnonaeao B pa6oTe
1421 

• .Hnpa 

Bi II W SSOAHIIHCb S aMynbCH~ S SHA9 DOpOilil<OS OltHCR H o6ny~8IIHCb npOTOH8MH C aaepraeA 

460 Mas. Ce~eaae aseanoo6paaosa&HJI y aTRX aneMeHTOs nonyqeao pasabiM 0,63:!:_0,2 a 

0,54:!:_0,21 6apa, cooTseTCTseBHo. Oxono 50% scex pacmenneaall ae aa6n~.uaeTCH aa onhlTe, 

T.e. conposo>K.uaeTCH sblneTOM TOnbJCO aeliTpoaoa. CneKTphl npOToaos a a -'laCTRn HMe~T 

M&KCR>Q'Mbl npa aaepragx 6-7 a 14-16 Maa, coOTseTCTseHHO (nna ycpenaeaRoro HApa 

Bi+W ). CneKTpbl nnaaao cnana~ B cTopoay 6onbmRX aaeprull. 

3se3Abl OT A9liTpOROS 

3se3Abl, nony'I89Mbl9 DpH 60M68pAHpOSKe 3MYIIbCHH nel1Tp0H8MH, H3Y'I8nHCb S HHTep

sane saepraA 35-190
1371

, 220
1381 

H 275 Mas
1391

• 3TH accnenosaHBR sbmonaeHbi aa 

nnacTHHJtax pa3Hb!X copTos ( ·C -1 , G -5 , NT -4 ) , nosToMy cpasHRS8Tb naRHhle Me>Kny 

co6oll cnenyeT c ocTopo>KHOCTb~. 

0cROSHble X8p8KTepHCTHKH 3B93A OT neliTpOHOB CXOARbl C X8p8KT9pHCTHK8MH C06biTHll 

R8 npOTOH8X H R9liTpOH8X. 0pH H960DbWHX 9HeprHHX B OCROBHOM npOHCXOAHT pacmenneHRJI 

neri<HX Slll9p "':"YilhCHH, 3To BHAHO, aanpH•.ap, H3 CD9ltTpOB rrpOTOHOB H a -'18CTHD, H8-

6n~A89Mb!X B G-1 3MynbCHH, 3H8'19HHJI rrpa 130, 190 H 220 Maa paBHbl 2,97; 

2,64 R 3,0 COOTB9TCTB9RRO. MaKCHM81lhRblll Bb!XOA (Ymax) ne>KHT R8 :.!- H 3-ny'leBblX 

Co6biTHJIX B 38BBCHMOCTH OT D81l8~Well 3HeprHH, 8 N max npa saeprHHX 220 H 275 Maa 

paBHo 6-8. HaH60nbmHll nponeaT ny~ell aanpaenea a· nepe.ua~~ nonyc$9py. CpeAHHH .unHHa 

cao6oABoro rrpo6era B SMYIIbCHH AeliTpoaoa c aaeprHRMH 220 a 275 Maa paaaa 18,8:!:_2,6 

H 16,6 :!:_1,8 CM. 

Cnena.paqecxoll oco6eHHOCTb~ B38HMo.ueliCTBHll 6hlcTpbiX .ueiiTpoaoa c SlllP8MH aanaeT

ca uponecc paaaana ero Ha cocTaanmomHe HyKnOHhl (xopowo H3BeCTH8SJ peaJtllHH "cphraa', 

AilS! ltOTOpol! B o6n8CTH M8IIb!X aaeprHA BM99TCH MHoro 3KCD9pHM9HT8IIbRblX .[l8HRblX H Xopo

WO o6ocaoaaaaag Teopa<~). BcneACTBHe aToro B aaea.u~x aa6n~.uaeTCR OTBOCHTanbHo 6oiibmoA 

13 



npOIIOHT CepbiX TpOKOB, Bbln9T810111HX B H&npaBneHHSIX, onH3KHX K 118A4101119MY• 'i&CTH'IHO 

B 'IHCnO cepbJX TpeKOB B XO.O.HT HyKnOHbl Cp biB8 1 8 118CTHqHQ - B bJ6HTbie Jt4Clt8llHbi8 118CTHUbi. 

/ 38/ 
CornacHo 

1 
nonymHpHHa yrnoBoro pacnpeAeneHHH ObiCTpbiX npOTOHOB, 90% KOTOpbiX 

HCnyCK810TCH B nepeAHIOIO nonyc¢epy, p8BH8 18°. npHB9A9HH8ll BenR'IHH8 3H8'1HTOnbHO OOnb

lUO nonymRpHHbJ yrnoBoro pacnpeAeneHRR ayKnOHOB, nonyqaeMbiX B pe3ynbT&Te pe&KIIHH 

Cpb1B8. !lnR pe&KUHR Cpb1B8 llpH STOil SHeprHH OlKBA89TCH nonymRpHR&, p8BH4H 9,5°. 8Hep

reTH'I9CKOe pacnpeAenesKe oblcTpwx npoToHOB, saonKJA&BmeecSI B Toil JKe paoOTe, oxaaTw

B&eT HHTepBan OT 50 ao 210 MsB H HMeeT OCTpb!il M8KCHMYM B o6naCTH 80-90 MsB. nony

lUHPHH8 snepre TH'teCJtoro pacnpeAeneHHH acex npOTOHOB paBH& 70 Msa. !lnH npoTOHOB 

Cpb1B8 , T.e. npOTOHOB C yrAOM OTneTa OT nepBOH&'IanbHOrO HanpaBneHJISI He npeBbllUa~ 

lUKM 10°, MaKCRMYM pacnpeaeneHHll HaXOilHTCll npH 110 Msa. nonymHpHHa saepreTH'teCKoro 

pacnpeaeneHHH y HHX paBHa 40 - 50 MsB H cornacyeTCH c BenH'IHHOA 34-45 Msa, npeacKa-

3 bJBaeMoll TeopHell anH peaKUIIH c p h!Ba • CornacHo
1391

, 'IHCno cepbiX TpeKOB, BwneTaJO

JUI<X Bnepea, npHMepHO B 10 pa3 npeBbllUaeT 'fHCAO STHX qaCTHU, Bb!Op8CbiBaeMbiX B TOM lKe 

Ha npaaneHHH B aaeanax Ha rrpoToaax. 

3ae3Abl OT a -'laCTJIII 

06pa30BaHHe 3Be3A B NT A sMynbCHH H3y'lanocb npH saeprHHX a -'laCTBil 

2 10 MsB
1401

, a 8 G-5 - npH 380 MsB
141 1

• Ha.Boonee noApo6awe Aauable nony'leHbl 

/41 / 
B • BenK'IHHa .\ 3 8 aaAAeua paBBOil 18,4 ;!:_ 0,9. 06maH KapTHHa ny'leBoro pacnpeAe-

neHHII OKa3hl8aeTcH TaKoil JKe, KaK u ua apyrax 6oM6apuHpyKlmHx qacTHuax. Ha'<HHaeTCH 

pacnpeueneHHe C OABonyqeBbiX 389311, a y max~ 2. no Mepe yBenH'teHHll 'tHCna TpeXOB npo

UeHT co6htT•H MOHOTOHHO yMeHhiiiBeTCSI. Ha6nK>nanocb He KOTopoe .::onH'IeCTBO aaea.a. c 

Nmax = 8, N =3,3. KaK H aa upyrux 5oM6apuapyKJWHX qacTHuax OTM9'189TCSI CHnhH8SI 

aHH30TpOHIIll B yrAOBbiX pacnpeueneHIIliX Cepb!X TpeKOB no CpaBHeHHIO C qepHblMH. !lnll 

Cepbl X TpeK OB OTHOW9HK € enepe.O.-H83B .U pBBHO 52, .a.nR t~epHbiX TpeKOB 3 TO OTHOlii9HHe 

c ocTaBnneT 2,4. OTaomeHHe 'lHCna 'lepHbJX K 'tRcny cepwx TpeKOB paBHO 1,57;!:_0,1. 

/ 41 / 
B paooTe TaKJK e H3y'tanHCb ocooeHHOCTH pacmenneHRll nerKHX HAep. 0T6op 

Tpe KOB, 0T0)K!l9CTBnReMblX lt8K UpOTOHbi H a -'l8CTHllbi, npOBOJlHnCSl no senHl.J:HHe npo6era. 

YKa3biBaeTC>I, 'iTO pacmennea11e nerJ<BX 3neMeHTOB cocTaenHeT 27% OT Bcero '<Hcna coobiTHll. 

8Ta BeAH'fHHa OKa3h!BaeTCll H9CJ<OnbKO M9HblUe OlKHilaeMOif llAll SMYnbCHH (37% ), 'iTO 

o6~HCH>IeTCll H9UOCTaTO'IHO HaAe*HblM cnocooOM OTOOpa peaKUHll. fly'teBOe pacnpeaeneHHe 

aa'<HHaeTCH c 2 -ny'leawx 3B931l. MaKCHManbHbi ii npoueHT 3Be31l nelKHT Ha 4- H 5-ny'leBbiX 

cnyqaHX, a 3Ha'<eHHSI N =4,4. CpeAHee '<Sicno qepHbiX TpeKOB Ra 3Be31lY paBHO 3,2. Yrno

Boe pacnpeAeneHHe qepRb!X TpeKOB 6onee H30TponHo, qeM cepbiX. !lnH qepablx TpeKOB 

OTHOW9HHe Bnepea-Ha3all paBHO 2,0, a llAll cepblX - 33 (nOA cepblMH TpeKaMH HM910TCll 

14 

.. 

B BHAY npOTOHbl C SHeprHeil, 0( 

HbJe cnyqaH paccesmHSI a -'<· 

ceHHHe Ha yron 4-5° BCTpe'l&l 

XapaxTepBbiM OTnH'IHeM 

Hoe '<Keno coowTHA, coAepJKam 

noBoe pacnpeAeneaHe cepwx T. 

THII8X 63% cepb!X TpeXOB AelKJ 

H8 npOTOH8X B STOM HBTepB&n• 

CneuH~H'IeCKHe OTAH'tHH 

Hax MOlKHO oo~HCBHTb npouec 

HyKnOHbl 1 8 HM9HHO nponecCOM 

Kax BHABO !13 npeACT&Bn 

npouecce o6pa30BaH!lll 3Be3A 1 

nau I H 3 noxa3biBaKJT, 'ITO u 

'18CTHU1 T.e. 1{HCna nyqeA B 31 

HOB. Ha npOToaax H sa aeATpc 

N , TaK H N max • npa OUHBS 

U810T. 0Ka3biBaeTCll OUHHaKOBC 

H upyrae xapaxTepHCTHKH. Hel 

BOA aBH30Tponaa cepwx cneuo 

6oM6apuapoBKH npOToaaMH. Be 
/44/ 

uecca n epe3apHAKH 

X apaKTepHCTHKH ny'leBbl~ 

THil8MH 1 TBK>Ke np8KTH'I;{9CKH C 

npoTOHaMH RnH HellTpOHaMa. H 

THU C SHeprH>IMH 240, 220 B : 

'leHHH N max pllBHbJ 6,0; 6 ,0 

pacnpeaeneuRA no 'IHCny nyqei 

neHbl MHOrony'I9Bbi9 C06biTHSI. 

THil smnSieTCSI nOBblWeHHhiA npl 

ooSI3aRbi npOTOHaM OT pa3Bam 

HaM 'cpbiBa'). Pa3nH'IHe RMe< 



IX K IIBIU!IIOIUeMY, 'iaCTB'IHO 

Bbi6BTbiB K8CK811Jibl8 '18CTHilbl, 

~ TpbiX npOTOHOB, 90% KOTOpbiX 

Ill eenB'IRBS 3K8'1HTenbKO 6on&-

dbiX B pe3yllbT8T8 pe8KilHH 

rtyWHpRR8, paBB8!1 9,5°, 8Bep

~!l B TOA JKe pa60Te, OXB8Tbl-

M s o6nacTa 80-90 M:;>s, nony

a 70 M3B, JlnH npoTOHOB 

) H811p8BneHBH Be npeBbiW8IO

flonywHpHH8 3HepreTH'18CKOI'O 

>nH'IHHOA 34-45 M3e, npencKa-

:no CepblX TpeKOB1 BblneTSIO

l'HU1 Bbi6paCblB89MbiX B TOM >Ke 

tHeprHSIX a -'ISCTKU. 

!lp06Bbl8 llBHBble nony'IBHbl 

KapTHaa nyqesoro pacnpe11e-

::nnBx 'taCTHnax. Ha'IBHSeTCH 

)poe P::OnH'ieCTBO 3B931l C 

1Il8X OTMeqaeTCSI CHllbH8SI 

18BHeHHIO C qepHbiMB. L].ng 

IX TPeKOB 3 TO OTHOWeHHe 

·peKOB p8BHO 1,57 ~0, 1, 

'HH!I llei'KHX 1111ep, 0T6op 

oOilHnCH no senH'IBHe npo6era. 

•T 27% OT BCero 'IHCII8 C06biTHl!, 

0!1 3MY11bCHH (37% ), 'ITO 

llHH, nyqeeoe pacnpelleneHHe 

3n nelKHT H8 4- B 5-ny'IBBbiX 

• aa 3Be311Y pasno 3,2. Yrno

pbiX, JlnH 'lepRbiX TpeKOB 

CepbiMH TpeiCSMH HMeJOTCSI 

8 BBIIY npOTOHbi c 3HeprHeA, 6on&weA 22 M3e). B sToli JKe pa60Te aa6n1011BnHcb MHOI'O'IHCneH

Hbie Cny'IBH paCC8!1BB!I a -'ISCTBilbl HB CpSBHBTenbHO MSnble yrnbl (110 10°), npR'IBM pac

Ce!IHBe aa yron 4-5° BCTpe'!aiOTCH npHMepao B 2 pa3a 'lame, '!eM aa 6om.wHe yrnbl. 

XapaxTepabiM OTnH'IHeM aaea.n, o6paaoaaHHblX a -'llaCTJinaMH, smnsreTCH aaa'IHTellh

Hoe 'IRCnO C06b1THA, COIIepJKBIURX 2 CepbiX TpeK8, Jlpyroe OTnR'IRe COCTOHT B TOM, 'ITO yr

nosoe pacnpe11eneaae cepblx TpeKOB OKB3biBaeTC!I 6onee aHH3DTponHbiM. TaK, aa a -qac

THilBX 63% cepbtX TpeKOB neJKBT a npenenax 20° no sanpasnea•JO ny'<Ka, JlnH cny'laH 3Be3n 

HB npOTOHSX B :;>TOM HBTepsane yrnOB BBXO.IlBTC!I TOIIbKO 31% cepblX TpeKOB, 

Cneaa~B'IeCKBe OTnH'IHH 3BB311 aa a -'18CTH118X BbiCOKHX 3BeprHA oT 3Be311 HB npOTo

HaX MOJKHO 06'bHCHHTb npoueCCOM pa3sana a -'18CTHilbl B none AAP8 H8 COCTSBn!IJOwHe 

uyxnoHbi, a HMeuuo nponeccoM, auanorH'IHbiM peaxnHH "cpwaa• y neATpoaoa. 

Kax BHIIHO H3 npeiiCTasneH&oro MaTepaana, npaKTH'IeCKH OTCYTCTBYJOT pa3nH'IHH B 

npOilBCCe o6p830B8HH!I 3BB3ll npOTOH8MH BnH HeATpOH8MH BbiCOKIIX aseprHA, JlBHHbiB T86-

nBU 1 H 3 nOK83biB8JOT, 'ITO 11n11 OCHOBHOll X8p81<T8pHCTBKH - KOIIH'I8CTB8 Bb!6pOWeHHbiX 

':18CTHil 1 T.e. 'IHCnS nyqeA B 3Be3Jl9 - B8>KH8 nHWb aenHqHR8 aueprRB HSneTSIOWHX uyKno-

HOB, Ha npOTOR8X B Ra HeATpOH8X C B03p8CT8HHeM n81l8JOIUeA a Hepi'BB yBeiiH'IHB8eTC!I K8K 

N , TaK a N max • npa OIIHHBIOBbiX aHeprHHX npOToaos ana aeATpoaos 3 TH 'tacna coena-

ll.SIOT. 0K83biB8eTCSI OllHH81tOBOA T810Ke tf8CTOT8 IIOSIBneBBSI '19pBbiX TpeXOB, aenH"'HHbi B 

H 11pyrae xapaiTepHCTBKB. He6on&woe OTnH'tHe BMeeTCH nHWb B qacToTe noHeneHHH H yrno-

17/ 
aoa SHH30TponHH cepbiX cnenoa a aaeanax us aeATpoaax no cpaaaeHHIO co cny':IBHMH 

6oM68PIIHPOBKH npoTOH8MH, Bo3MOJKHO, CBOHM noHsneaaeM OHO o6H38HO oco6eaaoCTHM npo

/44/ 
necca nepe38PHIIKH 

XapaiTepHCTHIB ny'leBbiX pacnpe11eneaaA 3Be311, o6pa30B8BHbiX lleliTpoHaMH H a -qac

THOaMR, T8JOKe rrpaKTH'IeCKH COBll8.D.810T C .Q8HHbiMH, H86niOll8eMbiMB IlpH 6oM68pJlHpOBKe 

npoToHaMH HnH aeATpoaaMH, HanpaMep, eenH'IHHbt N .QnH rrpOTOHOB, neATpOKOB H a -qac-

THn c :;>HeprHHMB 240, 220 H 210 Mae paBHbi 3,8; 3,0 H - 3,0, B TO !!peM!I KSK 3H8-

'!eHH!I Nmax p88Hbl 6,0; 6,0 B 7,0, COOTBeTCTBeHHO, EnH30K 11pyr K 11pyry o6wKil BBII 

pacnpe11e11eHHli no 'IHCIIY nyqeA, XOT!I B cnyqae a -'18CTBI1 HeCKOnbKO 38MeTHeli npeiiCT8B

neHbl MHorony'leBbie co6biTHH, Cneaa~H'IeCIHM OTnB'!HeM 3Be31l oT lleATpoHoB una a -'lac-

THU smnSieTCSI llOBbiWeHHbiA npOiteHT cepbiX Tp9KOB 1 HCnyCK89MbiX Bnepet:t, KOTOpbie 'i8CTR'IHO 

06!138Hbl npOTOH8M OT p83Bana CnOJKHbiX 6oM68pllHPYJOIUHX '18CTHU B none Mpa ( T,e. npOTo

H8M •cpbisa•). Pa3nH'IHe BMeeTc!l TaxJKe B senH'IBBax .\ 38 •• 
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Lla&Hbl9 0 peaiUlHSIX pacmenJieHHll JierKHX SJ19M9HTOB B 06IUHX 'l9pTaX COBna)laiOT 

c xapBKTepHCTHKaMH, nony'leHHbiMH AJISI ycpeA&e&HhlX Slllep sMynhCHH. 3To yTaepJKAeHHe 

OTHOCHTCSI KaK K Jiy'leBblM pacnp9Jl9Jl9HHSIM Tp9KOB, TaK H K yrJIOBblM H 3HepreTH'19CKHM 

pacnpeAeJieHHSIM qep&biX u cepblx nyqell. BcTpe'ISIOIUHeCSI He6onbwHe OTJIH'IHSI, KaCaiOmHe

CSI, HanpHMep, B9JlH'IHHbl C9'19HHSI 3B93)I006pa30BaHSISI0 H9CKOJlbKO 60JlbWell aHH30TpOnHH 

yrJIOBblX pacnpelleJieHHll 'l9pHbiX nyqell, CM91U9HHll CneKTpOB 'lepHblX TpeKOB B CTOpOHy 

M9HhWilX sHepritll, Cp8BHHT9nbHO 60JibWell )IOJIH a -'laCTHU, 06'bHCHSIIOTC!I U9JlHKOM oco-

6enHOCT!IMH peaiUHA c nerKHMH SIIIPBMH. TaK, yMeHbwesue a 2 pasa aeJIH'IHHbl ce'leHH<I 

o6pasoaaHHSI sae311 no cpaaHeHHIO c reoMeTpH'IeCKHMH pasMepaMH >111pa o6ycnaanuaaeTCH 

3HS'IHT9JlbHOil npospa'IHOCTbiO nerxax Slllep AJISI npOToHOB BhiCOJ(HX aseprull. BonbwaH aauso

TponuSJ pacnpeAeneuull qepHblX TpeKOB cymecTayeT sa C'leT 3Ha'IHTeflbHoro nepesocsoro 

IIBHlK9HHSI Slllpa B MOMeHT peaXUHH. no )laHHblMI
331 

CKOpOCTb STOrO IIBHlK9HH!I IIOCTHraeT 

aeJIH'IHHhl 4•10
8 

CM·CeK -
1

, a cornacao
137 1

, oaa pasHa 3,5·10
8 

CM•CeJ< -
1

• CMemeaue cne)(T

poa M911Jl9HHblX npOTOHOB H a -'laCTHll B 06JiaCTb M9HbWHX SHeprHil o6ycnaBJIHBaeTC!I HH3-

KOil aenH'IHROllKynoaoacKoro 6apbepa nerxux 1111ep. CpaBHHTeJibHO 6onbwag IIOJISI a -qac

THU Cp911H OCTanbHbiX Tp9KOB 06'bSICH!I9TCSI CDOC06HOCTbiO JierKHX SJ19M9HTOB pasaaJIHBaTbCSI 

Ha COCTaBJISIIOIUHe HX 'laCTHUbi. HeKOTOpoe npeo6na)laHHe CJ19110B npOTOHOB 6onee BblCOKHX 

SHeprHil Cpe)IH CepblX Tp9KOB MOJKHO OTHeCTB K OC06eHHOCT!IM pa3BHTH!I KaCKa)la Ha ner-

XHX MHW9HSIX. B CBMOM .nene, neritBSI B TSDKenasr KOMHOHeHThl 3MYRbCHH no KDnHl:leCTBy Hyx-

nOHOB pasnH'IaiOTCH nO'ITH a 10 pas. EcTecT~esao OlKHJiaTb, 'ITO pasaHTHe Kacxa11a sa 

BHX 6yJI9T HATH H9011HHaKOBO. Pa3JIH'IHSI IIOJllKHbl nOSIBJISITbCSI rnaBHbiM o6pasoM a rny6u-

ue u pasaeTaneHHOCTH 'IRena nocneAyiOmux HYKJIOHHhiX coyAape&ulr. KacKall sa nerJ<HX 

MHW9H!IX 6y11eT Mesee pasaeTaneHHhiM. B HameM cnyqae aTo IIOJIJKHO BbiHBHTbCSI npu nepe

xoAe OT cephlX " 'lep&blM ny'laM u aa yrnoBOM pacnpeAeneHHH cepbiX nyqell. TaK, sa ner

KHX MH1119H!IX o6naCTb nepeXO)Ia IIOJllKHa 6b1Tb 6onee pe3KOil H OTHOCHT9nbHO peAJ<B aKTbl 

HCnyCJ<aHHSI cepbiX TpeKOB Ha3a)l. PaCCMOTpeHHble ODblTbl B OCHOBHOM DOIITBeplK)IaiOT yxa-

3aHHbl9 38M9'1aHHSI 0 DpaB)I8 0 TpyJIHOCTb Ha)l9lKHOrO pa3)19Jl9HH!I C06biTHil Ha nerKOil H THlKe-

noft KOMllOH9HTe H9CK01Iblt.O CM83hiBSeT ,lleTanH. AHOManHSI B 38BHCHMOCTB BbiXOLlS LlOnH 

3Be3)1 C C9pblMH TpeKaMH (npH pa3HOM 'IHCJie nyqel\) B OnhlTaX C HellTpOHaMHI
361 

MOlK9T 

6biTb castsaua c oco6eHHOCTstMH nponecca nepesapstAKH 
1441

• 

Oco6eHHOCTH ueynpyrax asaHMOAellcTBHil c HApaMH ayKnoaoa BblCOKHX aaeprHil yAaeT

CH YIIOBJieTBOpHTeJlbHO o6'bHCHHTb no xacxaAHO-HcnapHTenb&oll TeopuH. TaK, IIJIH ae6onb

wux sHeprHil na)laiOIUHX HYKJIOHOB OCBOBHble XapaKTepHCTHI<H ny'leBbiX pacnpeii9JleHHil 3B9311 0 

OTHOCHT9nbHbl9 BepO!ITHOCTH HCDyCK8HB!I CepblX H '19pHblX nyqell, HX CneKTpbl 0 a TaKJKe OT-

H01119HH!I a/p , aenH'lHHbi .\ 
38 

H T.ll. nonyqaiOTCH a paMJ<ax aayTpHSIIIepHoro J<acKana, 

T.e. paCC'IHTbiBaiOTC!I KaK PSIII nocne)IOBaTenbHblX nonapHblX BYKilOHHblX CTOJIKHOB9HH~ 1 • 2 •8 •22 • 431 

(noAp06Hblll CnHCOK JlHTepaTypbl no 3TOMY BOnpocy CM. s
143 

I ). npu STOM CB9119HB!I 0 M911-

16 

Jl9HHbiX 'laCTHJlaX ( 'l9pHb1X ny~ 

SHeprHSIX, M9HhW9 1,0 faa, HI 

HOJlOlKeHHe yCJIOlKHSieTCH, B IIJl 

BBtPOpMallHSI 06 3Jl9M9HT8pHb1X 

HhiX uyKnouuhlx ce'leuull 3119Ci 

K -'laCTHU, runepciuoa u T.ll. 

xaBB3M auyTpHSIIIepuoro KacKa 

30 fsa. 0JIB81<0 nOJIOJKeBHe 119 

6narononyquo, xaK IaJKeTCSI a• 

3B9311 B8 npOTOBaX, ,1191lTPOBal 

BH<~. HaT J<OJIH'IecTaeHHoro o61 

KaCKa)la B8 nerKBX B T<llK9Jlbll 

B3aHMOIIellcTaull c SIIIPBMH np1 

Jla)lblB810WHXCSI B J(8CK8JIHQ-HCI 

B8116apbepBblX tjlparMeBTOB, OC 

neccoa nepesapSIIIJ<B ayKnouoa 

B9COOTBeTCTBHe M9lKIIY T90pHE 

BblX npe)ICT8BJ19HRJI 0 Slllpe
146 

HaH60JlbWBI\ ycnex. no-BBIIHM( 

,.BbiX 3KCnepBM9HT8JlbBblX )laHUl 

npHHOWy CBOJO 6Jiaro)lapJ 

npo<l>eccopy M.r .MemepHKoay. 
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o6max ~epTax coanana~ 

~Myllbcuu. 3To yTaepJKneHBe 

: yrnOBbiM H 9U&preTH~9CKHM 

~6onbWR9 OTnH'IBH, K8C810lllBe-

IDbKO 6onbweA aHB30TpODHH 

~epuwx Tpeio8 8 CTopoay 

06'bSICUBIOTCB uenBKOM OCo-

B 2 paaa 8enH~H8bl ce~eHHSI 

epaM8 anpa o6ycna8DH88eTCB 

:oKHX s8eprull, Bonbwaa aauao-

auaquTenhsoro nepeHOCHoro 

'b 3TOrO .llBH)f(9HHSI .QOCTHrBeT 

0
8 

CM•Cex -
1
• CMemeaue crreKT-

suepraA o6ycnaanuaaeTCB aua

enbHO 6onbwaa nona a -~ac-

:rKHX 9DeMeHT08 pa38aDH8aTbCSI 

~JlOB RpOTOHOB 6onee BbiCOK.HX 

aM p83BHTHR K8CK8.ll8 H8 ner-

·b, 'ITO p83BHTH9 K8CK8ll8 H8 

1 rnaBHbJM o6pa30M 8 rny6a-

uapeHu fi. Kacxan aa nerxax 

0 liODlKHO 8biH8HTbCB llpH llepe

:HH cep&IX ny~ell, Tax, aa ner-

H OTHOCHTellbHO peQKH 8KTbl 

OCH08HOM ll0JlT8eplKQ8IOT yxa

HH C06biTHll Ha nerxoA H TSilKe-

38BHCHMOCTB B~XO.ll8 .llOnH 

TaX C Hel1Tp0H8MHI
361 

MOlKeT 

•noHOB 8biCOKHX SHepraA ynaeT

>A Teopaa. Tax, QD!I ae6ollb-

ny~eBbiX pacrrpeneneaaA aaea}l, 

''leA, HX cneKTphl, 8 T8JOKe err-

Axax BHYTPHHJlepaoro KSCKaJla, 

ByKilOHHbiX CTOnKH08eHHa'
1•2 •8 •22 •431 

I I ). npH 9TOM CBe}leHB!I 0 Mea-

neaa~x ~acTanax (~epa~x ny~ax) nony~ea~ no Teopau ucnapeaua. Oxaa~aaeTca, qTo npu 

98eprBHX. MeHbwe 1,0 rsa, 89T 88Q06HOCTB Y~IIT~BaTb polt<QeHIIe Me30HOB. BbiWe 1,0 r s a 

DODOlK9HB9 yCDOlt<8HeTCB, H ADB pacqeTa X8CX8Q8 -rpe6yeTCB 388qHT9DbHO 60DbW8B 8XOQH8H 

H8$0pM&niiB 06 SD9M98T8p8~X AKTAX ayKD08-HyXD088~X COyQAp9811l!, noMHMO 9D9MeHTAp-

8biX 8yXD088biX ceqe8Hll 3Q9Cb BylKBO yqgT~BATb poJt<QeHHe H nornomeHBe " -M930H08 0 

1431 
K -qaCTHA, ranepoHoB 11 T.n. Hacxonbxo MOlKBO aepHTb a~nonHeHHbiM pacqe-raM , Me-

xaHB3M BByTpHKa9pHOrO xacxana, K8lK9TCB0 p98DII3yeTCB BDDOTb AO SHeprHll llpOTOUOB 

30 rsa. 0n8aKO DODOJt<eBBe nen B o6naCTB T90pHH 8YXD08-SIA9p8blX B3aHMOlleACTBHA He Tal< 

6narononyq8o, xax xaJt<eTCH 8a nepa~A sarnKQ, B caMOM aene, cxoncTao xapax-repacTux 

aaeaa 8a npOT084X, aeA-rpo8aX a a -qacTanax noxa He HMeeT Teope-raqecxoro oO'bSicue

HIISI, HeT xona~eCTBeBBoro o6'bSicHe8HH (aa acxn10~ eue .. 
1451

) paanu~Hll a npoxoJt<aeKIIH 

xacxaaa 8a nerXHX H TSilt<9D~X IOMDOH9HTaX &MyDbCIIH, Mbl 3H8eM, ~TO B AI<TaX 8&ynpyrHX 

B38HM0ll9ACTBHA C KQPAMB npH B~COIHX SKeprHSIX BCTpe~aeTCB B9CKOIIbKO BBD&KHA, 89 YI

DAQbiBaK>mHXCSI B KaCKaQHo-HCDapBT&DbByiO T&OpBIO, K BHM OTHOCBTCSI, BanpBMep, pOJt<AeKBe 

8an6apbep8b1X $parMeKTOB, oco6eUHOCTB DpOCT&AmBX DpSIMbiX peaXABA ( TBDa ( p,pD) ) , npo

A&CCOB nepeaapBAIH ayinoHoa aa KQpax H T,ll. HeKOTOp~e aaTOPbl DbiTaJOTC>I ycTpaHBTb 

89COOTBeTCTBHe MeJKny T&OpBell B ODbiTOM DyTeM yny~W98HH H yCDOlt<898B>I 8aWHX MOA9Db-

8biX npencTaBneHall o Kape
146

•
47 1

• On8axo noKa ae HC8o , 8a &TOM nu nyTB 8ac OJt<Baae-r 

BaH60DbWBA ycnex. no-aBABMOMy, DpelKA& BCero H&06XOQBMO DpOllODlKJITb 8aiODD98Be 8o-

,.B~X 9XCDepHMeHTaDb8biX QaHHbiX, 

npuuowy C8010 6naronapHOCTb 3a ll9H8bl9 3aMe~aHH!I ~neay-KoppecnoaneBTy AH CCCP 

npo$eccopy M.f.MemepSIKoay. 
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