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OlThE,UIDIEHHUfi HHCTHTYT fl.JmPHHK MCcJrE.noBAIDin 

' JrAEOPATOPIHI flJlEPIIbIX TIPOEJ!RJ,f 

B or o3HHOB, C oM o ROPEIBIEHKO 

PACCEflHHE JI""' =ME30HOB HA BOJWPO,UE C IIEPE3APflJT,ROt! 

ITPH 3HEPrIHi 307 M3B 

061,e.ll."11e· · · 
,. HHhHf HHCTurp I 

. RAepm,1x RccJ1eJJ.0Bam1tl 1· 

6H5JJl10TE/-{A 

I 9 5 7 ro . 



B padore H3Mepsnoc1, yrnoBoe pacnpe.nenenne O =KBaHTOB OT 

pacna,na rr0 =Me30HOB npM 06ue1mou paccenmni TI ... =MesouoB Ha BO.Ito ... 

po,ne ( 'i' i [j · -, . fi O 
1· n ) o Mcno1n,sonaJICSI nyqox TI ... =MesoHoB, no11y"<Ia= 

eMhIM 3a SipMOH uarmrra CHHXPOURKJIOTPOHa Q6'!,8,ItlUte1moro HHCTHTyTa 

R,n;epHbIX MCC1Ie,n;onanHi10 3HeprHn Ha1IeTa10mux IT""' =Me30IIOB' H3l.rnpeHIIafl 

no HX npodery B Me.rtn, COCTaB1IHJia (307.±,9) M3Bo HsMepemrn npOBO,ltH= 

mm:& C . IlOMOIU:&10 CI{tIHTH1I1ISII1HOHHhlX CtteT'<IHKOB e B Katie CT Be l.urmeHH HC= 

np1I!,30BaJICSI J!rn,ltKHll BO,IJ;Opo.n;, - TIOMeutennun D BeHOTTOJUICTHp01IOBLtt1 

COCY.lto 

TionyqeHnue nocne BBe,IteHMH Bcex nonpanox Be1mq1tnu .ItH~wepeH= 

auaJII,HbIX cettemiti ,ItJIH 6 =KBaIITOB OT pacna.r.ca rr0 =Me SO HOB B CIIG= 

TeMe ueHTpa :uacc npirne.n;euu B Ta61unie Io 

Ta61IHua Io 

)Jc\J,:q ; 20, 5° L10i 5° I cs9.c 0 
: 16j8° ! 98, 0° / 1cS; 1° )40,, 11° i59, t/ i 

111(11,-~r,, .. ,6.): : . · 1 I · : 
:c.1c,.)·,o c,_;;~·;'rJ :9.80,·2/Ji ,8,¼~' 1, :,. , ;~_ct· 0,5'3/:2·:,: 1 o, ¾,; 1,;70 t q3t H/tn ;-~J; I 1,.,~ i:~30 i 1152 :!;.·01 29/ 

L1 
Tipe,n;cTanneHHHe c nouom1,10 MeTo,n;a ua11MeH1,mnx Kna,n;paToB saBH= 

cMMOCTtt noJiyttemmx ,n;mpq>epeHuuaJihHbIX cette1rnn OT yrna paccesimrn 
rlCr ", 2 -;:_ 

B c11cTeMe rieHTpa Mace B Bit,n;e DhtpaiteHHH -dc.i :.: o t· f:: ces u t- :~; cD 'j u 

npt1BO,ItHT K CJie,n;yrornmit 3HaqemHIM K03cp<pHUH0HTOD (B ro-27 cM2 /cTepa)() 

at ~r ,87.±,0,24 Be= 3,30.±,0,53 ct ;3,I4.;t0, 7I 

. OTGID)~a JierKO paccqnTaT:o COOTB0TCTDYIOiqHe K03(rXplUtHeHTbI )J;JISI yr JIO

Boro pacnpe,n;eJieHHSI rr0-Me30HOB, KOTOphie no11yqa10TCH paBHhIMtI! 

C
0
=2,67t,.0,60 



liHTerpaiu,noe ceqemrn 06Meri11oro paccemnrn j orrpe,11;eJieHHoe 

n3 yr JIOBoro pacrrpe,11;eneHMJI t -ImaHTOD OT pac"r1a,11;a rr0 =MesoHon', 

COCTaBJIJieT (_I89 4tl~ 6) oro=27 ml O ITOJIHOe cetrnmrn B3am.ro,11;encrBHSI 
= M830HOB . -

TI= c. no,1topo,ItoM 9 rroJiyttemrne 11s yrnoBux pacrrpe,Itenemrn 

ynpyroro ( 1 ) -11 06:ueHHoro pacceSIHHR c · ytJeTOM pol'\,Itemur -uesoHon 

Me30Ha?,nl2 ), _COCTaBJmeT (30j)2t.I,8)oI0=27 c1.r2 "' )!JIR cpanIIeH11H MOXHC 

rrprrnecTH rroJm:oe ceqemre, orrpe,11;eJiem-10e no M3Mepe1rnro ocJia6Jiem,m 

M030HHOrO rty'Hta B BO,D;Opo.n;e (J) e OHO COCTaB!JHeT (3I ,"6.;t.I, 6) oI0=2? C1,r2 

(rrnTepnoJmponaHaaa sHatte1rne) o 

Ha pri:c O I TIYHKTHPOM nprrne,11;euu KPI1'.B1Ie' pacctrJITaHHbie Ha OCHO=. 

Be tteTHpex nadopOB qJa30DbJX C)tBI1'.rOB,: ItO~Opbie noJiytieHu B pa6ore (I) 

rrpJI _rrpe,nnapureJI1,no1r cpasoBOIJ auaJIJI3e ,n;auuux no ynpyroMy paccenHHJO 

n= =MesoHoB Ha no,n;opo,n;e B npe,nnoJioiiteHMM, qro B paccesmm-r ytracrny= 

JOT TOJZ:&KO . s M p BOJIHI-J O 3,1r,ecI> xe IlPI1De,n;eHhI pesyJI1>TaT1I, IIOJiytieH-
' 1me B ,naHHOi1 padore o Ils pHcy1rna m1,11;no, trTO m-r o.n;mr us na6opoB, 

Kart n or1vretraJioc1, paH:r:,rue (I):. ne .n;aer Y.ItOBJiernopnTeJI:&IIoro corna= 

CMS! C Ha6JIJO,n;eHHI,IM_ yrJIOBliIM pacnpe~eJiemteM O =KBaHTOD OT pacrra~a 
0 fl =M830HOBo 

TI n r e p a r y p a 

Io BoI'o3vIHOB, CoMoRopeHtJemco, }.'{3Tcp (B nell:aTn>o 

2o Boro3HHOD, CoMoRopeHqeHKO, 13T~ (B rrettaTM)e 

3o AoEoHrIIa.Temw, AoIIoMyxmI, EoEo03epon, EoMoTIOHTeKopB09 
JIAII CCCP, JO~J45 (I955)o I 
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Om pacnaao fi°- Me.30HO& (En·:: 307 M3f>). 



.-)- . 

OEbEJUilEUinm MilCTHTYT .ffJ~EPHHX MCCJIE.n:OBAIIHi1 

JJAEOPATOP1I5I 5I,11EPHHX IIPOEJIEU 

PACCEnmm Ir"' =ME30HOB Hft. BO,nOPO,IlE IIPH 3HEPrHM 

333 M3B 

I 9 5 7 ro 



B pac5oTe x,r3ytJaJioc1,: _ynpyroe .H .o6MeHHoe paccesrnHe rr= -ttesouoB 
- .. ' :. 

~ . . ' . 

ea Bo,nopo.n;e o Mcnoiu,s~BaJicH nytJOK rr= =MesoHoB, nonyqaeirnn sa HP-

MOM MarRMTa cimxponintJI0Tp0IIa OcS'l:>8,ItHHeHHOro HHliTHTyTa H,Itepmitx 

!dCCJie,ItOB8.HMtl o 3HeprHH .HaJieTaIDI!{Htt II .... =;~830H0°B . COCTaBJIJIJI~. :(333;t,9) 

, lfaB oH3MepeH~SI· 'npoBO,It~mlcI>. C. TIOMOI!{I,IO CUMHTHJIJISIUHOHHiilX 'cqeTttHKOB 0 

B Kat:JeCTBe MMmeHH HCII0JU,30BaJICSI XH,ltKHH B0,1topo,1t, Il0M8L18HHliii1 B 

neHOil0JIHCTHpOJIOBliIH C0CY.Ito 

IloJiytJeHHae nocne BBe,1teHHH Bcex nonpaB0K BeJIHt.rnHiil .n;n~~epeH

UHaJII,HbJX ceqemrn ,1tJIH ynpyroro pacceriHHH rr= =l!eso1rnB npHB_e.n;eHbJ 

B Ta6JJIU~e I, a ,It1ISI Q • =KBaHT0B OT pacna,Ita rr0 =M830HOB-B Ta6mi-

ne 2o 

TacSJmna Io 

a 

"t,. . 
L ' go 6113° 79 2° 1001 80 ll9, 7° IS91 c. 0 \h½ttt "i/ 11: 140)6° } 

d tl- t .-;i.. ·, r..r1,f_:~~ 
-··-··· • 1() ~- . -de,.) • aepa~ 1/8: 0,14 OgC'1 C if" J .. ,·,.·; q69 ~ qo9 qs, ~ £?,03 q,5i;? ' o, 0 7 Q..96 "!-QJ 10 °-'91 to, 13 

Ta6m1na 2o 

~t? ~ ':) •;~t I ~o, 80 I 
• a, I £0 00 10 99,0° 128) 8° 146) 9° j5g 7° 

!. 

1i!!,O ':..J!J 11, J 

ll~ 1:1.· -2:,: __ cr,~·J 6 5?' ,1 2 716 31 '1 l 30 j 3 7;;. "t O 77? 3f, 1 D s·cJ 
~ ,:;,,~.'-=-",;,';;i,~--/;·i- ,,:"'" "J• •• ,.-··(/ 1-,:........:.. · • ~S!'l3Y q9St(1✓~3 /129~ 0,.34 11m~ o,a~ 

- t~ / 
Hpe,n;cTaBJiemrLre C TI0M0iltl,IO MeTO)ta HaliIMeHLIDliX KBa,1tpaT0B 3aBH= 

CliM0CTli IlOJiytieHHbJX ,n;ncpcpepeHrtHaJIJ,HI:itX cetteHntl. OT yrJia pacceJIHIUI 

B cvrcreMe nenTpa uacc B BH,JJ;e BapaxeHHJI d~ -::.a -t- g, ws tJ t c c,oS 
2 

{} 

dw . 
nplifBO,ItHT K CJie,nyrom11M 3Ha'CleHHSIM K03cprpHUH8HTOB (B ro-27 cM2c:repa,zt) ; 

a) ,1tJJsr yrrpyroro pacceJIHHJI rr--Me30HOB 

a~~ 0,54~0,024 B...: 0,34±0,058 Ca:: 0,90+0,098 .__ -



.... 2 -

cs) .rr.nsr · i .:..:KnaHion oT pacila.rr,a rr0 ~ue3oiioB 

a=i,87+6~24· n~i,89+0,44', ' c; 2,32+0~59 ' 
~ - \l - 't, 7~ 

RoacprpiinneHTLl. )I.JISI y; JIOBO ~() pacnpe~e nemrn rr0'~},1~3~IIOB nerKO 

pacctmTaT1> H3 a t 
'· D 0 ' C a 

a 0 • 0,68±,0,20, B0 ~I,8~;t0,27, 

0 0Hli noJiyqa10!CR paBIIbtMU~ 

C0 = I 990.t,0,50 o 

liHTerpaiI.1,11oe ~celienne ynpyroro paccesunut 9 .onpe.rr,enemrne 

li3 yrnoBoro pacnpe.rr,enemrn, cocTaDJISieT (IO, 7+0,6) ~Io.;.27 clf2, 

od1.re1moro - (I6,6+I,4)oI0.:..27c:u2
o IToJmoe. cetI;Hiie Bsam.w,u:encrn11n ... . - . '. . '. 

rr--Me3oHoB o B·o.rcopo.rr,ou,1onyqeanoe H3 yrJioBux pacrrpe,u;eneHntt 

yrrpyroro n 0CS1.1e11noro paccesmun c ytteT0M poj!.n:enI1sr Me3oHoB Me3o= 

' ua1.mCI)' ccforaBJISieT ( 28,8+I '8) oIO"'"27 cu2 
0 ]JIB cpaBHCIIHSI M0XII0 -

np1rnecr11 rroJIHoe cet1enue, · onpe,tteJtennoe no n3uepemi10 ocJia6JieHMn 

M830IIH0ro TIYtJKa B B0.l(0p0.rr,e (2) o Ono COCTaBJISieT (25, 7!,I, 0) oI0 ... 27 cu2~ 

n H ~ e p a T y p ~ 

Io BeI'e3HH0B, CoM~I{ope11tteHK0, it3T4>, (~ netJaTH)o 

2 o AeEolirHaTelIK0, AoUoMymn, EoEoO3epoB, EoU oII0HTeK0pBo, 
MH CCCP, I03, 45 (I955)e 

' - .. 

I 



P- 90 
OlThEJtmmmnm RHCTllTY! HnPHHX ICCnFJ!OBAJDm . 

JIAoOP.ATOPIDI HJI.EPllUX n1orumx 
; 

OBPA30BAimE Il=lffi30HOB n--ME30HAMH HA BOJOPO.JlE 
BEJIM3H IIOPOrA 

I 9 57 ro 



~ . 
A H H O T a ~ H SI 

C IlOMOJnl,!O CUMHTRJIJISIUMOHHI:IX ctteTttMKOB H3yt.JaJIOC:& o6pa30BaHHe 

IT""'MesoHoB 1m Bo,1.topo,n;e ff"'=Mes0Ha1rn c :nrepruett 307, 333 M 370 Man 0 

JtmprpepenunaJI:&noe cetieHMe ,n;Jut o6pasoBamur no,n; yrJioM so0 

B .11a6opaT0pH0i1 CllCTeMe R00p,n;trnaT ( I060 C oI~oMo) sapstllt8llH0r0 

Mesoua- B npOI~eccax -~1-~ p -·. 7'., ff-; 'ii+ In M 'H ·-\ p :, 'Tl·:,.. c;O ,- 1
: 

0ita3IiIBaeTCSI paBHID.t )I.JUI En- :;307 M3B = (O,IO .;t Oi,06~ oI0=
27 

ci? o 

CTepa.n:""1 , ,n;mI Err- = 333 M3B - (0,I7,t0,06)eI0=27 m.i
2crepa,n;=I, . 

)PIH Err= ~370 M3B ... (0,29.;t.0,05)eI0=27 cM2cTepa,n;=
1

0 . 
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'" B ! ~ !?l ~ )! .. ~1-l-

0dpasoBaHHe Il=M83~HOB IT=lte3@Haw Ha ioi~PO'Aeg KOTOpoe 

~rne prexuqecim C'fS.HOB~Tti: B03MO:litHWt nptt 3!teprim Hal®T8.IDI!{M:t . . 

Il=Me3oHoB 6on:ime I70 M:lB 9 .ito Hacironmero · npm.reim 61i1JI0 xrnyqeao 

ro,u,Ko npn 60,u,m:nx :.nrepr11srxCI) o H3ytt~liiuHJ npoqecco» POX'Atnm~ 

Il=Me30HOB Il=MesoHai.m BdJmsn nopora odpa30BaHMa np~.1tttaBnnet 

nnrepec He ron~Ro c reopetnqecRott 1oqim sptHHSo fa:rm® R3M~= 

pennn TaKze neo6xo,1tHl,?1 ~in oneHKR BRM,1ta_npo!.'(etton pollt,Iteans 

B na6JI1>.11:ae1me _3xenepm.renTa.Y!Mible. cettemur paacea:unn rr""'11.resoa0Bo 

IlpH B3aHMO'AeHCTBHH n=-Me30HOB C BO)tOpO)tOM no1muo npoqec~ 
COB pacceslUUJ 

<fl- 1t- p _,, 1j -•-<\-· f1 (ynpyro~ paceeaalie) (I) 

~oduenaoe paccesnHe) (2) TI 'I p - r,-•.o J\ n 

MOfYT' HMeTI, MeCTO CJie)tYJOI!lH8 npoqec~u pOE,1te1ma g 

11 P ~ Ti - sf, Tr ~\c + n 

r.-:~ r.-,,~ r.---0 
II ,'rp--.1/ s~ lJ ""'P 

11 - ·(· p --·. n/J 1' ~fj ~- n 

(3) 

(4) 

(5) 

lanuaa pa.6ora 6una np0Be,1tena c nen~n cienar~ onenxy ~emrQ 

tzHHLt cet1eu11n rrponeccon (3) H (4) B o6JiactH aneprwll 300=370 ll3J3o 

Otta3HBaeTcn, tl?O npH 3HeprHH rr==U830HOB 307 M3B perHCTpupyeuoe 

no.tt yr~o1r ao0 B ,m,dopa.iopaorr cHcxeue xoopnaar -cmcno 3apaxeuuax . 
M!30HO:B 91 po!t,?!;aIDI!tHXCIJ Ha BO).tOpo,n;e, COCTan1111et -. IO% 0~ tUtCJffl. 

ynpyro pacceSIHHHX rr= =Ue30HOB ~ a IIPH 3HeprMH n= =UeSOHOB <370 ]1313 -

-OROJIO 40%0 ITOBH,ll;HJ!OMY j) npH 3Hepr1m 370 M3B ,.._ !5% nomtoro 

""' 

~-



= 3 = 

ceqeHMH B38.IU.fO,It8i1CTBlrn rr= ~l.le30H0B C B0,11;0!)0,It_OJ,f ( Tee o (3, 5-4) o 

Io=27 CI1r2) COCTaBJISilBT npo~eCChl p0X,IteHHSI Me30H0B tte30HaMHo 

"' 

RcnOJID30BaJIHCL nyqKH rr==M830HOB c 3HeprHen 250,307, 333 

H 370 M3B, nonytraeMB:e 3a srplfO}! MarHHTa CHHXP0itHitJI0Tpoua OCS'I>e.n;H

HeHHOro HHCTHTyTa sr.nepHLYX MCCJI8)tOBaHHitc2, 3)0 Ilyt101t rr==M830HOB 

c suepruen 250 MaB noJiytiaJJcSI H3 nytuca c aHeprHeti 300 Ma:e nyTeM 

c6poca eneprHH npH IlOMOmH IlOJIH9THJI8HOBHX nornOTHTeneno 3neprHH 

nyttKOB rr==MesoHOB onpe.n;eJin:nac:& no HX npo~ery B M&.ItHo THnHtJBM 

xpn:aa,r nornomemu1 npuBe.neHa Ha puc oI o IlpHMecr, /A -MesoaoB 

B nytuta.x 300=370 MeB cocTaBJIRJia 5±I ,5 %%0 ll.rut nytt:tta 250 1f3B 

npm.tec:& JJ. =M830H0B He onpe.n;ennJiaC:&o liHTeHCHBH0CT:L HCil0JI!,30= 

BaBIDHXCH nytrltOB pa3JIHtlHOM ,3HeprHH paBHSIJIRC:&i )tJiff 250 MsB = 
" 

45 M830HOBeCM=2 oCelt=!, 307 M3B = I50 Me30HOBoCM=2 oCelt.;.,I ~ 
333 M3B = I00 M830HOBeCM=2 

0 cert=I, 370 MsB .., 45 :M830HeC?.1=2ce1t=I O . 

llJin 1tax;.:con aHeprHH nyqKa 6NJIO Hsyqeuo c ITOM~~oD C[(HHTHJIJIH= 

Topa BeJJHqHH0ti I X I X I CM pacnpe,11;eJieHne HHTeHCHBHOCTH no 

ceqemno nytrKae 

, CUHHTHJIJinqnoHHHe. cqeTqn1tH_H ane1tTPOHHan annapa:YM 

.n,m perHCTpa[(HH traCTHit IIPHM8llSIJIHCo CUHHTHJIJISIIUtOHHI:ite Ctt8T= 

tIHltH O re01.rerprur Oilb!Ta rtpHBe.nena Ha PHC o2 0 C[(HHTHJIJISI[(HOHHNe 

Ctf8l'tlHKH I,3s,497 H 8 rtpe.n;craBJISIIOT H3 ce6n ltOHT8HH8plil H3 rtJielt

CHrnaca, HailOJIHeHHNe paCTB0P0M reptHHHJia D ~eHHJI~HltJIOre1tcaHe 

( 3 r /nHTP) o C'IeTtrHit I -HMeer pa3Mep 6 x 6 x I c1r', cqeTtJHltH 

3, 4 H 7 = '!2;6 X II115 X I CM, C'tlSTtI~lt 8 = !6 X I7 X I,5 CMo 



CqertIHK 2 C 1(8111,IO yMeH!llmemur qJOHa OT paccesrHHLIX ua HeM 1!830= 

llOB dbIJI H3rOTOBJieH H3 KpHCTaJXJia l'OJiaua pa3MepoM O x6 X0114 CMo 

Cqe:rtJHKll I 1)21)3i) 7 H 8 coe.n~HSIJIHC:b c (l)OTOy1nr.o:a:n:reJISIMH 

npH IlOMOI!Ut CB8TOBO,ItOB M3 11.ne:tecnr.nacao CqeT't!liK 4 coe,It11HHJICSI 

c cpo:royirno,mxe Jieu npu nouontn noJioro cBeroBo,tta c St1piea.1t1,mnm: 

aJIIOl,m:HlteBbIMI1 C1'eHKaMI1'. 0 Heo6XO,D;HllOCT!, l-Hm'.OJI:&30Bamur ITOJIOro 

CB8TOBO,Ita 6bl1Ia Blil3BaHa T8Mil ttTO CBet'OBO,ItLI H3 IlJI8KCI1'.rnaca -qyB ..... , 
-

CTDHT8JILHbl K 6ucTpbIM sapa~eHHUM qacTMqaM9 npaB,Ita C H8601Ibfil0H 

:3(p<p6KTHBHOCTI»l0$ - . 5% (nOBli}.tHJ.!OY 9 B OCHOBHOM sa Cll8T ttepeHKOB~ 

CK.Oro lISJiytteHHSI) 0 3cpcpeK'!':UBHOC T'.b cCSopa CB eta C TIOMOL~I,IO TaKoro 

CB8TOBO,Ita npuuepHO B · 2 pasa M8HI,rue ll tleM c TIOl<Ollr&ro CBeTOBO,D;a 

H3 l1JieKcHrJiaCao 

tpQTOYMIJO:iltl-tTeJIH noMeutaJIHCI, B ,ItBOMHOti MarHHTHblit 3:tepan ,D;JUI 

sa~HThl or paccesrna:oro Marmn:noro noJUI Marmrira c:mixpo1~HKJIOTponao 

HMnyJI:&Cbl or cpoTOYJJHOXHTeJiett nocrynamr Ha rrpo11e1tyfoqayio cpop1.m

PYJOIItYIO ntJetiKy (pnc o.'.3 )o 3.nec:o B Ka.CKa.-;e Y_CHJI6HI·UI ynpontemtoro 

· nnoJiypacnpe.ne11ennoro w ntna C 4) Ha .naime n1 60JI:&m1te 1umyJI:&CLI 

orpaH11qnBanHcD EO aMnJIRTy,Ite~ a MaJII>le ycHJIHBaJIHCD npHMepHO 
. - -

B 2 pasao 3aTeM munyJI:&CLI cpopMHpOBaJIHC:& IlO ,ItJIHT8JILHOCTH 

KOpOTit03aUKHyTm.r 0Tpe3K0Msi BKJmtlellHhlM B ano,tt JialmLI JI2 ll H 

no BliICOROttaCTOTHhtM KOa:tecmaJII>UH¥ Ka.6eJISIM ,ItJIHHOi1 ~ 80 M ITOCTY"-'. 

rraJiu Ha cxeMbl coBna.itemin ~ BpeMa napactaHHSI cpponra 1umy11~ca 

na BbIXO.D;e npoMexyroqno~ aqe~K~ cocraBJisno·-4oI0=9ceK npH no- -

,D;atJe Ha ee BXO,tt HCilyJI1,ca C ,ItmtTeJIJ,HOCTI,IO tppOHTa ,." !0=9 
C8Ko 

EJioE-cxeua 3ReKrponHofi annapatypLI rrpnne,D;eHa Ha pHCo4o 

Cxe?,Ul 6scTpbIX co:ena.n;eimi-i (11:,IJIH BI:IIlOJIHeH:a Ha repMaHR8BbIX 

.tteTeKTOpaxo 3TH cxeMM Il03BOJIHJOT TIOJIYtJa'X'b BpeMn paapemeHHSI ·.ItO 

O,5oIO=8 ceK npn tJYBCTBMTeJI:&HOCTlt 0il5 B0JILTao BpeMeHHLI8 CBOM= 

CTBa cporoyi.ruo~nTeJiell Q3Y=I99 O,ttHaKO~ He ITO~BOJIJIJOT pa6oTaTD 6e3 ,__ 

h ~. 
~ 



IlOTepH '3!pq)tKTiCBHOCTH C pa3pemalllllHM Bp8M8_H8M M6H:bme 5> tJeM !0=8ceKo. 

CXeMa ,ll;BOiiHhtX COBna,n;e1nttt'"np1rne,n;e_?a Ha pHC o5o - ITO llpHHnHny 

pa6orn1 OHa 8.H8.JI0rHt1Ha c_xeMe COBlla,1teHHi1 $ orrn:caHHOii B ( 5) 0 .. B HOP= 

Mtl.JibHOM C0CTOHHHH llOTeHqHaJI TOttKU A (BEIX0,11; cxeuu COBna..n;eHHll) 

onpe.n;e,ure!CH T0KaMH5> npoTeKa1>I1t1n.m ttepe_s .n;eTeKTOpu .Ilr, n2 H conpo

THB1Ieam, nrpy3RH R.H _ o. ToKw qepe3 .n;eTeKTOpht np1u.tepHo paBHht no 

BeJUtttHHe O Ec,m HMllYJI:bCOM$ npoxo.n;snn~n! OT cpOTOYJ,IHODT8JISI, 3annpa= 

eTcsr 'l'OJI~KO 0,D;HH 1{3 ,»;eTeKTOPOB $ uanpuMep .I{I $ TO noTeRI~HaJI TOtJKH 

A 1rnueHHTCS H.esHatJHT8JI:bUO O. 3TO o6ycJIOBJI8HO Te:u~ 'tlTO conpOTHBJie= 

mm ,!(STeit'!'Opa Jl2 M8.JIO no cpaBH0HHD C uarpy:neow F? H , a B CMJIY 

H6JIHHeffHOCTH BOJII,Taunepaon xapaKTepHCTHKH ,!(0T8KTOpa yBeJilttteHHe 

npoxoJ:Cn:mero ttepe3 nero TOKa B ,n;Ba pa3a Blil3hlnaet Meni,mee yBeJIH= 

ttem-1e ( B Is,2 .= !$4 pa3a) n~eiiHSI uanpmICemrn Ha ,n;eTeKTopeo 

!{Or.I(a 3arntpaIOTCH O)tHOBpeMeHHO .n;Ba ,IJ;eteKTopa .Rr M JI2$ noTeHr.tl!al 

'fO'tfKJ! j1 etpe1mTCSI K Hy.mo~ H Ha BiiIXO,n;e cxetrn COBTia,IJ;emtn OOSIBJiff= 

eTCSI otpMr.taTeJibHiiltt HMIIY,JIDCo .RJISI y,n;OBJieTBOPHTeJILHOM pa6orn 

exe1m _ uyxno, qTO61>i conpoTHBJieHne _na~pysKH 6hlJIO 1.moro 6oJI:&me 

conpOTHB118HMff BXO,IJ;a no BHCOKOtt qacroTeo KpHBaSI paspemeHHH, 

.nanaa1mn c1re1rnn .iurni1Hux conna.n;eHuU npH ,n;JIHTen:r,uocT:tt nocTyna10mux. 

:m,myJU,C013 isi2oI0=8
ceKo!J npIIB8,IJ;tma Ha Pl,1:Co6.o 

OTJmtt:VI'.t'IJU,H0n -qep'l'.'OH HCOOJI:&30BaBmencst cxe1ru ).tBOtiHI:ilX COB= 

na~eHHtt HBJI!S'l'.'CH na,mq11e CHCT8MH KOUll8HCa:U~H 000,IJ;Hlloqnux" HM= 

nyJi:bCOB ~ COCTOSilllefi HS ,:n;eTeKTOpOB Jl3 JI .R4 H R c ~uemt ( R, 
1 

f?., ') e, ) , 

Ilptlxo,1t11nrt-tt1 Ha :axo.n; cxe1.rn co~na.n;emdt m.myn1,c o.14nonpeuenno ttepes. 

nen:L 1to:tmeHca1t1rn no.ztaeTcst » KaT~.14 nattmz JII o ITapaueTptit :uenu 

KOMil8HCaIUIH ITO,It6:0:paJIHCl> Ta.It! qro6ht Hei1Tpamt3OBati, HMnr111,c, 
__./ 

KOTOpHll llOSlBJISieTCSI Ha BlilXO.n;e cxeim COBna,:n;ennn B TOM CJIY_ttae $ 

KOr,n;a npHXO,ltHt m,myJII,C TOJII>KO -fl& O,ltHH H3 BXO,ltOB O Bnaro,Jt~pn 

uemrnetlHOCTH BOJI!,Ta1mepHO}i xapa.KTepHCTMKR ,IteT~KTOpOB J313e,IteHne 



nem1 1co1.rmmcartmt ne BJUUieT 3aMeTH0 Ha qyBCl'BHTeJibHOCT:b cxeMbl 

C0Brra.n:emrti ~ . TaK KaK. MaJihle HMnyJt:bCH ne npOXOJtJIT t:Jepes .rteTeK'--' 

T0pN D3 lI,lllI J)lf O ITpm.1trne1um K0tmeHca~:tU,I Il03BOJ'UUIO CY= 

I1(0CTDEHIHO yY8Hl:iIImT1, B8)mt!HHY 00 o.n;HHOtlH:oIX00 m.rnyJiicoB 9 HJtY!!tHX C 

BI:lX0,Ita cxeub! ,ItB0MHblX C0Brra,n:em-Ut O 3T0 6:&JI0 Ba~mo Jr.JUI 'tl8TK0!1 _pa= 

60Tbl ( 6e3 JI0JICHbIX COBha,IteHHil) cxeM 'fponnux C0BIIa,Itemtn 0 

. 11MrtyJI:&C C BblX0,n:a CXteMbl ).tB0llHUX C0BI1a,Ite1mrr ycnJIHBaJICJl 

pacnpe,1.teJieHI{bIM Y~l1JII1:T8J18M H no,:n;anaJICSI B MCKYCCTDeHHytO · JIIUUU0 

C cocpe.n;orotteHHlilMH II0CT0SIHHmml) 8B11Bl>ntYIOCSI ecTBeCTBeIIHtn.f npo<,;;) 

.D:OJIJieHRel! aHO.ItHOi1 JmHIUt ycmJIHT8JIS! o B KatteCTBe 8ME0CT8fi B 3T0ti 

JU,JHHU CJiy,itMJIM BX0,ItU 'CJ8Tb!pex cxe:r.r Tp0i1HblX COBila)teHMri ( Ha 6JIOK= 

cxe1.te puc o4 IIOKa3aHB T0JU,K0 ,:n;ne 113 HMX) M BX0,It cxeMbl 6LICTpax 

aHTHCOBIIa,IteHiru O TaKorr cnoco6 BKJIDtteimtr cxeM TpoMHI:JX C0Bna,IteHHM 

Il03B0JIMJI pa3,It8JIHT:& eMK0CTM BXO,ItOB 0T,IteJI:&HLIX cxeM H H36e~aTL 

.. 3axn:r1rnam1s n1m~,i1:oca c · BiiJxo.n:a cxeu:01 .JXB0tiHLIX coima,1teu11M o IIpH no~ 

.zta'l!e na. DX0.It .1IHIIMH m.myn:nca c ,1tJmTe~1,noro cppoHra.-·7 10=9 ceK npe1,u1 

'IIapacTaHHH ~pOHTa HMI!yJI:r,ca Ha BI:JX0.rte JIHHRH C0CTa.BJISIJI0- 4 oIO""'g ceK 0 

CxeMa. rpotiHbIX C0BITa.,Itemd1 np1rne,n;eHa mi PRC O 7 0 no npHHUIUIY 

.u;encnuur oHa ananonttIHa cxeue JtB0t:i:HI:JX coBna.rtemdl o neni, xo1.men

cartHR. B Hen He ,IteJiaJiaC:&o OTH0CHTeJJLH0 He60JI:Lml:{e m.myJU,CI:J Ha 

BbIX0,Ite cxeMbI Tpothrux C0Bria,:n;eHHti 9 IT0HBJISIIOntMecn 11 TOM CJiytrae 5> K0r= 

,Ita sarrMpaIDTCSI TOJiiKo 0JtHH HJIH ,ItBa ,IteTeKTopa CX8MH5) 0T,:n;eJIHIOTCH 

C IT0M0IItI>IO ,:n;eTeKT0pa THna Dre ( D '! ) O 

Cxe1.m 6h!CTpbIX ·aHTHC0Bila;t8HltM npMBe,IteHa Ba ·pnc 680 Ona 

npe,n:cTaBJisteT Ms ce6st cxeuy ·.ItBOilHHX co·Bna.rteHMtt onica1moro BLime 

TMna, Y K0TopoM 0,ItHH H3 ,IteTeKT0POB "( Di ·'1 sanepT6'.'ECmt na ,Ite

TeKT0p D 2 npnxo,:n;MT san11pa10nttd1 HMIIYJI},C ,i TO Ha ,'.,Bbl.X:0,Ite cxemr 

aHTlrn0BIIa,It8HHH TaKxe noiIBJUI8TC!I RtmyJil>C O B rou ·:cJiyqae, Koria 



Ha D 2 npltX0,D;HT IUJIIYJI:bC. C BI,IX0).t~ cxeMht ,ItB0ttHUX C0BIIa,n;emin 

t1 o,nHOBpeue1rno )t0T8KTOp DI OTrmpa.eTCSI TTOJIOiIHTeJII>Hb!11 · m.myJII>= 
' ' 

cou, II0CTyrraJOlitJl!U C JiaMTihl JII Lua BmCO,Ite CX0MT:.t aIITHCOBna,rcemtfi He. 

'MO'.lit:~"f IlOSIBHT:&CSI m.myn:oc O JJ)mTeJil:,HOCTI, ccpopMHpOBaHHbIX m.myJt:bCOB .• 

OT CtteTt:Il1Ka aHTI1C0Bila,rcemfi1 C0CTaBJIJIJia IIPHMepH0 2, 2 oIO-8~ert •. 

I{punasr paspemem-m cxe1.m anTuconna.n;em1n B 3T0M cJiyttae npe,n;cra.B= 

JieHa Ha pHCo9o 

Me,n;Jiemme ('t" -- 5oI0-? cert) CXetm COBIIa,n;eirnt:i H aHTHCOBIIa= 

,u;emtt1~ C,IteJiaHHUe Ha JiaMITaXll pa.60Ta,JtH Ha CfTaH,n;apTHl>IX CqJOpmtpo..:.. 

BaHHhIX m,my;u,cax)) H,D;Ynt~X c Bb!X0,n;a dbICTpI,IX cxeMo 3rpcpaKTUBH0C~ll 

pad0Tbl ·coBna,n;emtn n aHTltconna,n;euull np0Bepsumc:r,, nyreu ycTaH0BKH 

C00TBeTCTBYIOfltI'!X CtI8T1.JltK0B B' O,ll;VI.H pn,n; B nytt0K. rr= =M~30H0B C 
' ' ' ' 

nomrn:eHH0U UHT8HCUBil0CTI>IOo 3,prpeKTHBH0CTI, cxeM coana,n;em1n 6bIJia f$ 

6JII1'.3Iea K IOO% 9 oqxpeKTUBHOCTI, cxeim 6IiICTpbIX. aHTHC0Bna.n;em1:n He . 

:MeH:&me, qeu 97% ~ 3cpcpeKTHBH0CTl> cxeim Me,n;JieHHI,IX aHTUC0DIIa,Itelhlti 

He MeH&me, qeM 99,9%0 

r-tir.;tKMti Bo,n;opo,n; n0Me1~a.ncsr B cocy.n;, c.n;enaHIIhltl H3· neHononn= 

cTnpoJia uapKH ITC=4 c y.n;enr,mm Bec6u 0,04 r/cM.3 o Cocy,n; cK.ne1-rnan= • . 

CH H3 ·oT,n;eJihHEX 6JIOKOB KJI88M E~-4 0 Cxe:uaTHtJeCKaSI . K0HCTpyitI~liSI 

neuonoJit-rCTUp0JI0B0U Mltruerm ll306paxeHa Ha 1mc.,I00 MumeHI> C0CT0UT 

11s BijYTIJemrnro 2 rx nuemnero I cocy.n;on, 11ot1ememrnx o,n;uH B_ ,n;pyroi1., 
' ' 

UcnapSIF.)Ir(0:i1CH B0,n;opq,n;' ;npex,n;e "-q~M;_BHf1TH' Hapyxy: 0MbIBae_T ', CT~Hitlt C0CY= 

,n;on, OXJiaJI,rcaix IDC:@ ,:U.7IJI yr,reu1,meH1tn: QK0p0CTU HCnapeHHSI XH.n;Koro 

Bo,n;opo.n;a · B0Kpyr J3Jiy~peHHero cocy,n;a, pacno.Jio3CeHa. py6amKa 3 lit3 
' " i ' 

KpaCBO:t:i ue,un T0}ll!{v~HQH ;:I MM~ ,o:;_,11ax,n;ae1taSI ltH,l\K~M a3OTOM:, HaJIH= 
., . ' ' '½,; 



cocy.n;on c.n;e,na1m doJiee TOHICHMI1 o RI1.n;1t}ttt Bo,n:opo.n; samiBancn 
. '\ ' 

_n 1~umrn:.n:p 5£> BUTotreHHiiii1 HS .n;ropaJttoMirnmI o ToJimvm~ c1:enote aToro 

TIHJiliH.T(pa B pa6oqeif qacTM 6 COCTaBJUieT O~I MM0 ,11:t,xat,reTp HI'.1:JU'.H'I\ -

;(.n:pa n pac5oqen tJaCTM paBeH II, cu~ Bn,It nnyTpemrnro neuonoimcT11,~ 

poJionor-o-cocy.n;a-BuecTe•• c -.n;ropamnmnrneBuM- r~irmrn.n;pou. noKa3aH 

B·· npo1~ecca.....c60:i;rn:H-•Ha -pm:~.oJ-I,.,a-Ha-lpOTorpaqnrn-· mt,n:HiiI-OTBep1rnrn 

H-Ha-a~o-KO~Ol)m,r-~npor&'¢-xo)];11t1r•-imnapsnomutt0Sr~"Bo.n;opo~ o ITp:n. Ha.= 

JIHtUm jjtlt,D;KOro a3dTa B a30!HOll py6amtee CKOpOCTb vrcnapeIUfSI jltlt)];KO= 

ro Bo,n;opO)];a cocTaBJISIJia 0 9 7 JI/ttac o 3anac no.n;opo.n;a (cBepx pacfot1en 

tJaCTH) co·cTaBJIHJI 6 JIMTPOB O I{OJI~tJeCTBO BO)];Opo.n;a B J,mmenn KOHTpO<-> 
. . 

JIHPOBaJIOC:& C noMOID;:&10 nonJiaBKOBoro ypOBHH 7 (pnc ~IO) 0 ITomraBOK 

n crep,icen:& MsroToBJISIJIHC:& M3 nenono.n:t-Ic'.nrpo.nao I{omrqecTBO Bemec__, 

TBa C'I'8H0K MHmemt Ha nyTH nyqKa panHO 0£)35 r/c'M2
'!) KOJmtteCTBO Be-->. 

. llt8CTBa CT8HO~ U:I~metm )];JIH pacc~HIIHOrO IT=M830H8. = 0934=0 938 r/cM2 
0 

ITocJie 1,rnnapeHm1 ~H.n;Korq Bo.n;opo,JXa BO Bpeun mnrepemtti rpoHa nycTan 

1.rmueH:& _uenpepuBHO · npo.n;yBaJiac:& ra3006pasnm.r Bo.n;opo.n;oMo 

}I3uepemrn: · H no,npBKH 

B OilbITe perHCTp11poBaJIHC
0

D 3apsxeHHbie M830HbI'!) p0'1t)t8H!Ibl8 Ha 
. . 

Bo.n;opo.r.te B.npoueccax (3) H (4) 11 JieTstmne no.:rt yrJIOM ao0 B .naCSo= 

paTopnon cHcTe?Je. Koop.n;1tnar o Taxue MesomiI Blil3bIBarot tterBepmlie 

COBila.r.temrn B CtI8T'l!HK8.X !9293 H lfe HapSI.r.tY C pmr.rtemun.m 

M830Ha1JH 'l18TBepmi1e C0Bna.n;ennsr B CtJeTttHKaX I'!)2$J 3 lf 4 ( H B 

3HatIHT8JI:bHO 601u,meu R:OJU,Il!eCTBe) 6y,n:yT .n;aBaTI> T6.KX8 M830HLI'!) yn= 

pyro paccesrHHbie Ha Bo.n;opo~eo nJisr HCRJIDttenun cqeTa ynpyro pac~ 

cesrum,rx r Me30H0B conna)];e1rnsr ctJeTttnrwB I $)·2 9 3 9 4 MOKJI10qaJntCI> na 

aHTMC'OBna.n;e'mui co ctteTttHKOM 8 ( p~C o2 H 4) '!) lt0T0pun TIOMenta.JICSI 

TI0,11; yrJIOM Bl>IJI8T8. npOTOHa OT)'.tatm npn ynpyrOM paccesIHUtI (37'!J50~ 

38°) o TaKiu.i o6pa3oM'!) · permc·rpupoBaJIMc:r, TOJI»KO TaKtte tieTBepm,re 

., 
! ·; 

. ~ 

~ 



conrra){eHH.fI CtIS!'tJJ1:R:OB I SJ 2 SJ 3 !) :4 j) KOTOpHe rre corrpoBOi!C,T(aJJHCI, rtpo

XO:Jlt)J;elmeM 3apn:rteHHoi1 ttacT11:r~u tzepe3 cqerq1ut 80 B ,n;a.111,uei!rne:u 

OH~ Ba3b!BaIOTCJt. COBITa,Itennsum Titna Q 0 

CoBna,nemm TMna Q . 1.roryr )taBaT1> ne TOJII:,Ko o6pasoBau ... 

HHe Ha BO,n;opo,Ite Me30Hblo Ta1me . COBilaJ48lIHSI B03MOJ!CJIL{ TaKY.Ce 2 

a) rtor.ita nporoH or,n;av.rn OT npo1~ecca (I) pacce1rnaercn Ha DO.Ito= 

po,1te u creHKaX :umuemr u ne nona,n;aeT B ctJeTtJHK 8,, a cooTneT= 

crnyJOnr,rtr rr= =Me3oH npoxo.nnx qepe3 xenecxon ns cqertJMKOB 3 n 4 ~ 

6) npM BTop11:qnou paccemn!n n no,n;opo.n;e u cre1max Mmuemr, 

rr= -ueaonon,,, nepnoHal!aJI:&Ho ynpyro paccesnmux Ha no.ztopo.n;e Ha 

yron,, OTJIMtJHLiit OT 80° i 

B) KOr,Ita (f = KBaHTbI OT nponecca (2) KOHBepTHpyin B CT8HKax 

MHI![8HH }~ B CtJeTtUUte 3 · ~ 

r) Kor,Ita rr0 ~Meao1rn or nponecca (2) pacna,n;aroTcsr (B I]) 6% cJiytta= 
/6/) c-; D 'r -eB ·. no cxeMe 11 ,-~ 0 + .e + e n 3JieKrpoHh£ norta-

.rtaror B,TeJiecK·on 3,4~ 

.n) ITpn paccesrmnI Ir' =Me3oHa c H3Jiyt1emrnM ( 'IT- t- p~~ TI-+ p + 6 ) o 

CoBna,neHHSI Titria Q ' perE:cTpnpyroTCSI .TaKxe B TOM CJiytJae' 

r<or.n;a no 1<:a:rcott=JIH60 np11tJ1rne ne cpadat1rnaer · cxeMa '°11e.nne11H1,1x 0v 
, 

anTUCOBI1a,n;e1mn O ITonpaBI<.:aj. ynqTt!BaJOutaH 3TY !Ie3cixpeKTl!BHOCTI, pa60'.t'b! 

cxeMU aHTUCOBna)teHIIfi s He npeBumaeT O, I~tr OT B6JIHtIHHlil celJeHMSI 

ynpyroro pacce1Imu1, tITo co11aB1tJio ..... I% OT Ha6JI10,n~frnoro npu 307 

1!3B ~cpcpe:KTa pox,n;emrn He30HOB M830HaMH 0 

JJ.nH orrpe,n;enemrn nonpan1n1:, CBSisannon c a), neo6xo,n;m,ro 

3IIaT:o cetrnmrn. rrpo~ecca (I) rro,n ,naHHli!M yr.nou (conna,IteHHSI ctteT= 

tIIlKOB r~2,J,/i118)0 CoBrra,n;eHHSI I,2,3,4,8 perncTpMponaJIHCI, B 

reqem1e ncero BpeMem1 mnrepem11r Q ., Ro1111ttecTBO ·paccesnmux 

B BO,n;opo,ne l~ B CTeHI<:ax MIU118HH n:poTOIIOB OT,n;aqu onpe,neJIRJIOCI, 

H3 IlOJIHHX cetieHHtt B3a~Mo,n;eRCTBHSI HYKJIOHOB C ~O,ItOpO,ztOM H 



yrnepo)'J.a17 / 0 V:.trtTiilBaJIOCh 'ra:ttir.e 1.rnorOI{,J)tJ.TH.Oe JI! O~HOiepafHO~ 

paccenHHe npotonoB,Ba KynonoecKoM none n,nepo 

Toq11oe onpe'AeJiemira n1t11a;xa :e1:op1P-moro paccemrnf( IT~ =M830Hon · 

npa.KTlP-IeCKJII HeB03M0i!CH0 O B nepnou rpy6oM: npn6J1ltl:C8H1n:0.: CtJHTaiiOCb9 

tr'I'O Bee nTopntrmm paecese:nnsre II~ =He3oHu pacn:pe,ne mnn.i1 :e · npoc:·r·:.., 

paHC'.!'Be l130Tporrno O 06qee tUWJIO BTOptrllHO :pact~HHHL1X M830HOB OTI<--

pe,neJUrJIOCI, · 11!3 noJIHhlX ce111emtn ynpyroro paccesrH1u1 rr--=Me3oHoB m:1 

Bo,rtopo.n;e n -ynpyroro M neynpyroro pacce~m1H na y:rJiept,'A~ /8 s ~ 0 

IToJiytteHHOe TaKHM o6pa30M tIUCJlO BTOpHtziW pacceJIHllhl'.X M830HOB co~ 

CTaBJISIJIO .. I z) 8% O'.r' lJI!CJia. ynpyro paccestHHlilX rr= =M830HOB O Ha~o 

3al.teTI1Tl>i) tJTO BG1i 3Ta X}illi:i'.J!a:Da nonpaBEa COCTaBJIJiet r- I5% OT Ha= 

6mo,ne1moro npu 3Hepr:m1 307 M3B tt:vrc.na po2t,neHHb1X uesoilon j) a ,n;Jur ·_ 

CJOJl:&lUHX 3Heprlti1 eme lvWHbllle ~ 

,l!JISI onpel(eJiemrn nonpaBOK9 CBSisamrnx c mpcpe1ecram1 B) v.r r) 9 

Heodxo,n;m.to • 3HaTJ,~ Ka1t0e K0JrntieCTD0 l =KBaHTOB npoxo.rt11T qepe3 

ctteTtutK 3 0 C 3l'Oll IteJI:&IO np0B0,!l;tt1IMCb H3MepeHP1SI I) B. R:OTOJ?hlX nepe,n 

ctteT'l'.InIW?J 3 ,n:;rn yBeJmtitmm1 srprper<THBHOC'!'u· pern:cTpaum1 ! ~ KBaH= 

TOB OT npouecca (2) GTaBl1JICH KOHBepTOp M3 CBMHUa TOJIIItl1HOll 
I • • 

. 7 ~ 35 r /cu2 
0 3Hasr ceqemrn ICOHBepcml 'K =KBaHTOB B BO.D;Opo.!(e' 

J . 

. yrJiepo,1te H CB11HT~e j M0'1'tlIO Oittmn-rr, Bem1q11Hy nonpaBKU Ha KOHBep= 

CliID O = KBaHTOD D ctreTtIHKe•3 11 B CTeHKax tmmeHMo DHa C0CTaB~ 

JI.fIJia 4 + Ij5%% OT scprpeKTa CDMHT~ao ... - . 

TionpaBKall ytrnT1marol!laSI paccemrne II~ ~Me3onon c 11snyqe1m:eu, 

ne BBo,n;nJIOLC:& o II0B11,n;m.10My ~ cettemrn sroro npor~ecca nMeeT BeJ1uttm1y . . . 

He 6on:&me I% OT ce11eHm1 ynpyroro paccestmm TI""' =Me30H0B Ha no,rco._, 

po,rce (IO) 0 Ilp~ 3Heprnu 307 M3B 3TO },{Ol!t8T C0CT8BI1'I'!, --,~ IO% OT 

ua6mo,n:eHHoro 3qxpeKTa po~.rcemm uesoHoB JJesoHru,m o 



· IIoMMMO nepetmc.11e1rnux crrenmpntJecKux nonpaB0K 6h1JIH c~eJiaHLI 

00 o6bJ'itrirne w nonpaBKli, yq11ThIBa10mne cJie.n;YIDe_uie 3qxpe:rtTLt~ npm.reci, 

,u =ll€30H0B B nyq1ee (St.I' 5 %%) '· npoc'lel'LI B. nepectzeTe I.!0HMT0pa 

(J~o 6%) · nor nometrn:e Il=JW30HOB n · cTemeax immem1 u B no.n;op9~e, rto= 

r 1rnniemrn H-MesoHoB B ctte'I'ttHKe 3, pacna.n rr= =Me3onon o 

JJ.:,ur orrpe,1tenemur He cnsrnaHHoro c BO,D;opo,n;oM cpoHa OT paccesrn= 

HLIX B crremeax 1.rnnrem1 n cqerimmx 2 n 7 Me3oHoB, a TaKJCe cpoHa 

c1ryt1atiHHX COBpa,n;eimi1 r:IpOH3BO,ltI1JIHCI, l13MepemuI O nycTOi1 MIU18HI,l0o 

Hrn,iepeHHH c 3a,1tepr.eanHEMvI conna.rtemun.m nomsaJIH, qTo cJiyqat1nrire 

COBna.n;emu1 B no,n;aBJUllOI:{81l 60JII,IIrnHCTBe dbIJIH o6ycJIOBJI8Hhl. npoXOjl= 

].(8HH@Mi rr= =Me30HOB llepe3 CtJ8TllHKH I 11 2 .H o,n;Ho~peMeHHlnA'. C1IY= 

ttanHLIM npoxol!:,n;emrn1.t Kan:oti=Hn6y,11;:& 3apsrxemrnn tJactmthl cpasy ttepe3 

oda ctre:rq~nea 3 u 4o ,UJIS! yMeH:&meH:un rpon~ cny~allHux coBna.Itemit1 

rrpm,tEHUIJICJI C'lJeTtnUC 7, BKJIIO'IeHHbtM Ha aHTHCODITa,I(eHHH co ctteTttU= 

R:au~ I u 2 (pnc o 2 n l~), TaK tt:ro conna.nemur rnna Q per11cTp11= 

poBamrnr:, ;mm1, B Tou cnyttae, ec;m rr= =Me3oH H3 nyllF.a paccesIJrcn 

B MltllieHH O 3T0 rI03DOJUUIO Y}leHbfililT':E, [f)0H cnytrai1HbIX COBrta.rcem1n 

.a ·· 20 pas o .nonoJim1reJI'.DHoe yMeH1,mem10 cpoHa cnyqatlIILIX · COB= 

n,tlI~emiit .rtoc TI1ra.nocr, nm.re1.1enueM Mel!C.I(Y cqerttzucai.m 3 M 4 aJIIOMvt= 

mreno:ro q>HJI:O'l'pa T0Jil!iHH0TT 5, 4 r /cu.2 
0 Enaro;tapSI T0MY' l!TO HH= 

't:etrnirnHOGTt:, pa60I'b! ctrnxpOf(UitJIOTpOHa BO Bp8MSI M3Mepe1mn Jl3M8= 

IUI.J'ISC:& He (JOJI!:)Ille~ treM Ha IO%o Ol'HOCl!TSJ[&HO cpe,n:Hero Yl)OBHSI~ 

1eo.n1S6amrn rpoHa cJiytmi1un1x e0Bna,1te1m:n He npenuman11 z0,05 orctze= 

l'OB ma IO~ 0TCtteT0B MOHMTOpa0 ITp:u 3Hepr~nr 307 M3B 3TO COCTaB= 

.rmno --" 7% o:r im:cna. per11cTp~pye1.rux pox.neHHhlX M830HOB o 



....... -

Pe3yJIDTatu H saKnDqeH~e 
czr::=s :::ttr' -· - z.r:::: 

IIonytJeHHJ:ite npH pa3JIHtmNx ~H~przu1x 3:recnepm.rn1t:ra.JibH11e Be.JI~~ 

iwrna H c,Iten:amn:ie K HHM m~npaBitM npirne,ll;e1ui · B tac.tmni~ Io 

I{a1e H m1m,1taJtocb!) npH ~uepr:mi nepBirimoro ny'l:l:rta 250 Msn 

Meso.HEij) po:m:,1teHHble ua BO)lopo.nef) me perHctp~pYl)'.t'Ciio 3To crnsrnaHo 

C T8Mj) ttTO pox.,tteHH:blft ff...,J.I830H 13 .yCJIOBHmc Hanrnx . omU,'OB ,!(0.}l'.i!\1Em 

m,rer1, B Jia6opa:ropH0tt CHCTetre_ KDOPJlHHa? Kl1H8THtJ8CitYIO 3Heprmo 

dOJJ1>me 42 M3B O T0JI:OK0 B 3TOM c:n:yttae OH' /6y,nEfI' sapert1CTpHpOBaH 
. :1,; / • . 

C Bep0SITH0CT}iD9 .0TJIHtIH0tl O'l HYJUt O Bm::o:Kpti 3HepretHtteeKHti nopor 

\ per1ICTpaurrn: B 3Ha'lIHTe.nl>HOH crenjfflt' odyCJIOBJieH aJIDMHHl16BIDJI ({}11'.Jlb= 

Tpou, nouenteHHHM Mex,n;y cqe-rqHieatm 3 m 4 o Bn1-unu,:e aJnoi.rn:mrnBoro 

c.PHJI:&Tpa Ha 3tpq)8KTRBHOCTI:, perHCTpau1rn M830HOB paSJIH'llHOH 3Hepnrn 

JI3y'llaJIOC!:,' 3KCnepnMeHTaJII>HO 0 

~Jinque 3Heprexmttec1toro nopora perHcrpa~iui Ii" =MesoHoB 

npHBO)lHT K TOMY 9 ttTo· 3HalU1TeJII:.HaJI ttaCTl, oCSpasoBaBmiIXCH Ha BO,ltO~ . 
' ' 

po,1te MesoHoB He perMcTptt:pyeTcsr o ,u.,rn ·Toro 
I 
ttrot1H onpe.n;eJlH'l:'Le- m""' 

I , . . . -

Kail 'llaCTl, rox,rceHHhlX M.830HOB per:0:ctp11:pyeTCSI $ Ha)J;O 3HaT:& 3Hepre__, 

THtJ8CKHtl cneKTp pOX)laDntHXC$l M830ROB 0 TaK Ka.K CIEi,JteHHJI O TaKOM 

cneKTpe oTcyTcTBYIOT 9 ro npuxo.:rnnca .n:enat1, npe.n;nonoxemrn 

OTHOCHTeJI:&HO 8?0 BM:,!tao Ec1m: rtpe,il;ITOJIOJitH'l:0 9 '!TO B CRCTeMe ~eHTpa. 

Mace 3HepreTM'lteCKHfi cneKTP CJU!M81PHtleH OTHOCH't8JI:LHO 3Hepnn1 

paBHOit TIOJIOBUSe llaKCHMaJII,HOtl ;3HeprHH p01t,ItaIOlJUiXCR Il__,J,{eSOHOB ~ . 

TO OKa3LIBaeTCSI$J q1;0 acprpeKTMBHOCT:& perHCTpaqllJ'.H (To0o ,l(OJISI pe .... 

r:ttcTpHpyeMhlX M830HOB ·H3 cne1eipa) He Ollern, CIUI:&HO samrnwr . OT 

BH)la cneitTpao TaK i:tpH 3Heprirn TIY'ltKa n= ""'M830HOB 307 M3B 

aqxpeKTHBHOCTl> perHCTpannn C/OCTtl.BJI.HeT 44 I) 8%s, 431A% H 421) 7% 
• ', • ~, I 

)lnH, COOTBeTCTBeHHOt npsMoyronhHOrO~ Tpaneq~~,ItaJI~Horo H Tpey-
roJil,HOro BJ.J)la 3HepreTlltiecKoro cmeR:Tpao ITpH 3;nepr1111 3.70 M3B 

. i 
f ' 
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COOTBeTCTBeHHhle 3cp<peKTHBHOCTlI paBHlit 60$8%, 67% 1tI 69,7%0 B Ta6JUI

ne I -npirne.n;eHH 3rpq>eKTHBHocTtt .n;Jut crreKTpa B BH.:ite rpanentrn: o 

. Jl~qxpepennimJI:&IIoe ~tre~ue )T,JIH 06pas0Bamu1 sapmxem~oro Meso

ffa no.:it yr .rroM 80° B na6opaTopaon cucreue Koop.n;i;-mar BhltittCJISIJioc:. 

no £popMy11e ~ 

(~~\04 cc N-~7':-10-6 (6) 

r.:ite Q po)(,C,a = ttncJio conr.m . .n;emttl uma Q , noJiyttaromeecn: nocJie 

•atieTa BKJia.,n;a 3cpcpeKTOB. n), 6), B) H r), Jta ro6 OTC'lJeTOB .MOHHTOpa 

N :Oil 443 ~I024 
= cpe.n;nee tIHCJIO aTOMlIB BO.rtopo.n;a _ H~ I CM

2 ~ 
(>) ::0904I7 CTepa.n;HaH = TeJieCHhif1 yro,r, DU)T,eJIReMh!tl TeJieCKOTiou, 

COCTOH[(HM H3 CtieTttHKOB 3 ll 4 ,~ .. 
E. """ aqxpeKTHBHOCT:& perncTpa~MH 06pasoBaB1rurncn II=1,1e3onoB, ec1m 

3HepreTHlf8CKHi1 cne:reTp 3THX M03OIIOB m.reeT TpaneI~DH,rcHyIO (pOpMy ~ 
j =K03cp<pHUt18HT j) ytUJTl:IBaIOLiUtl (II) 0 6:titIHhle" nonpaBKH 0 

Yr11.y ao0· B 11a6oparopnot1 cncreue 1toop,1tnnaT cooTBeTcTByex 

B cpe.n;HeM yr.OJI I05=I07° B CHCTei.re !.\81ITpa Mace O . COOTB8TCTBYJOntHtl 

Kcrncpcpl'!UHeHT nepexo.n;a .n;nn ~ntM>epeminaJI:&Hux cet1en11n oTJnttraeTcn 

OT e.n;irn:nn;a B cpe.n;Heu ue 6onee ·- t qeu Ha I%o 

IIoJiytteHIIIiie npt1 pa3HbIX · :JHeprusrx ,n;mpipepem1nan1,m-.1e cetJemur 

.1vm o6pa3oBaHMSI ;Bapmze1moro Mesoua no.n; yrnoM so0 n na6oparopuon 

cneTeMe ieoop.n;nnaT, HJIH -- I06° B c11cTeMe n;eurpa Mace, np1rne.n;e

HiiI Ha PHC oi~ e BM,ItHO, tITO .n;m!xpepeH~lfaJlLHOe ceqemrn 6bICTpO pacTeT 

c 3nepr11eno llpM 3Heprnn 370 MoB H3Mepennoe cetJeHMe cocTaB

nner - 60% OT ,n;M~~epeHn;1taJI1Horo cetteHHR yrrpyroro pacceHHHRo 



IIpe,n;cTaBJIHeT HBTepec C,teJia.Tl> Ha 0CH0Be noJiyqeHHHX .Itm!xpe= 

pemutaJILHLIX cet1eHHll npu6Jm3lt?8!:LHyn on;e1uey BeJI~'q!Uibl llOJIHhlX 

ceqe1mn .n;'.nR o6pa30DaH1u1 MesouoB ue3oHauH H~ 'rH>.n;opo'Ae o Ec.riH 
~ . --------- .,,.-

n p e ,n;TI OJI O J!CH T :b j q,:o B ·otio~i npou;eccax -(3) 11:(4)-~Jw:eoe pacnpe= 

,n;eJieHHe M830H0B R30TpOilHO H M630Hbl He KOppe~pOBaHW~ TO B8JmtlH~ 

Ha (dd.CJ-) · 4 fi ect'.b cyinia 2 cr ,~) + o 7 fJ, n:oJIHHX cettemin 
, W pOll-(.j . ~ ,j J \ ti.·iJ 

nporieccoB (3) H (4) (Ta6mn~a I)o Koacpq>Hu;1rnHT 2 nepe,n; r:r( 3> 

B03Hl1KaeT TIOTOMYi>, tJTO B npor.tecce (3) m:>JiyttaeTCJl 2 3apsrxeHHLIX 

M830Hao KoscpcpHn;HeH'.'t' O-v7 nepe;t CT(4) CBII3aH C TeM9 tJTO no 

rpy6on ou;enKe npm.rnpno 30% npoTOHOB OT,n;aqn OT npo11ecca (4) 

Mory? nona,n;att, B C'll6TtllUt 81) yueHJ>maSI C00TBeTCTBeHH0 acpq>eKTliB= 

H0CT!, perHCTpau;mI rr= ""'M830H0B OT npon;ecca (4 )o 

B nocne,n;Hee BP~l.UI 6tiIJIH ony6JI1UtOBaHbl TeopeTHqecKHe pa60Thl(II~l2) 

pesyJI1>TaThI KOTOphlX MOJ!CllO cpaBHHT:b C BGJIHtlHHOll llOJIHlilX cet1eHHi:i1) 

IlOJiytJeH:EH:uX IlpH BllmeyKa3aHHBX npe,1tilOJIOXeHHSIX 0 • B pa60T~(II) 

paccuaTpirnaJIOCI, 3apH,D;OBOClUvIMeTp:0:ttH()e nceB,Il;OCKaJUipHoe B3aRMO= 

.n;etlCTBHe MeTO,ltOM TaM1!'.a-l!aHit0(pq>a9 npH 3TOM npene6peraJIOC!,. 

aMnJIHTy.n;aim Bcex cocTOHHHn~ co,ttepxa~nx 6on1,mes tJeM ,ttBa 

M830Hao CorJiaCHO 3T0ll pa6oTe BRJ'Ia,lt pox,neHHSI Me30HOB Mesonru.m 

B HCCJie)tOBaHHOM Halm HllTepnaJie anepr:an COCTaJ33ISI8T 1teH1>me I% 
OT Bem1ttnm1 ynpyroro paccenmut o. 3To no 1tpaiiHen Mepe B ,n;ecsr-r:r, 

pas MeH:r:,me noJiyqeHHbIX HaJJH 3HalleHHllo Ha.no 38J.!'.8THT!,i) tl?O M8TO,It 

Tainra-l!aHKO~ipa H ,ItJIH o6HtJHoro pacceHHHH rr==M830HOD Ha npoTOHaX 

,n:aeT pesyJ11>TaTbl,, ue corJiacyrom1rncsr c :rn:cnepmAeHT0llo 

B pa6oTe (I2) 6HJIH BH~HCJI8Hbl ceweHHSI npo~eccoB (3), (4) H 

(5) Ha OCHOBe T80J.)HH tII>IO I Joyo 

-



3aBHCMMOCTI> cyin.m Z q
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) 1- OJ 7 b ( L, > o? 3Heprmt rr--Mesouon , 

no~ytie1maa Ha ocHoBaHliM JT,aHnux 3ton pac5ora, rrpu:ee,1teHa ,1tJUI cpan

HeHnsr ua pnc 01, B n11.n;e CtiltOmHoil Kp1rnott O C ueTO,'lllltteCKOit '?OtIKH 

3pemrn: npe~cTan,meT llHTepec tor cpaxT j) "<ITO HeT .601u,moro pac~ 

xo~emtst ue1t.n;y 3Kcnepm.retrTa1L:&JililltH .n;aHHUMI1 H ,ltaHHhllJR padOTbI cr2) 0 

ABTopu Bupa?taJOT CS.naro.1tapHocr:r:, npocpeccopy EolfoilonTexopno 

3a II0C'l'0SIHH0e BHHManme M Il0M0ntb 13 pa6o'fe 0 
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