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I. 06Dllill xapaK!epHCHKS pa602u 

AKTyMLHocTL pa6oru. Hauapaeue H auanHa ceqeuua paAHaquouuorv 

a8XllaTa 6uc:pwc uenrpoaoB aJdjua penxoaeueniuwc aneueuroB auee: 

6onbmoe npHKJIBAHOe H :aope:uwcxoe aeaqelllfe. llepBoe o6ycnoBneuo 

:eu, trtO uuorae p8,tKOSeuenLHH8 KBOTOnH ftBJlftlD!Cft DPOAYKTBIIH Aene

HHft, 14 nonyqeHH8 ftABPHWC AaHHWC _]Vlft ma B H8CTOftlli88 Bp8WI HBJIH8TOfl 

BUl}Ll,(8 a_KTYBJILH0'1 881{8qest. Kpoue Toro, Pftlt pe,tK088M8Jil>HUX 8ll8Ll8H

TOB (uan,pHuap, Sm, Eu, Gd 14 AP•) 1&u:epecuu JI OBHaH o Boauo!. ... 

HUM HCllOJIL80B8HH8U WC JI oprauwc KOHTPOllft 14 perynupOBBHHH p88KTOpOB 

ua 6uc:pux: uen:pouwc. ·c :011KH apeuua a,tepHol WHBHJU1,yope1tueulilie 

oeqeHHH awcna:a 14H!8p6CHH :eu, uo DOBBOlIHDT onpe1t8llft!L raKHe Ba~-

HU8 napaue:pu, KBK uesttpOHHUB H· pa,tuaqHOHBH8 OHlIOBHB WYHKI\11H. Jiaa
HHB no uen:pouuuu· cWJOBHY WYHKqHHM Kononisymca ]Vlft )lam.uebero 

. . 
yioqHeHHH H pasBHTHft OllTHqacK0'1 YOJ{8JIH H,tpa, 8 KB Baatr.qHlllil p~ua-

qHOHHOS ounonol WYHKltHH .uoae: au:L nonyqaHa nno,aoo,i HAeprua: 
• " \!) 

yponuaa. HaKOHen, pHA BonpocoB H,tepuoi ao,powHsuu, aanpHM~P, npo--

6neua o6paaOB8JIU 8X9MH!0B BO. BotUIOHJIOI,. !Slate tpe6ym odmHpHIU. 

OBBABHHI O ceqewucc 88XB8!8 Ouo:pux H8l!pOHOB npaKf•qeclUI B08X 

snauea:oB, B ,ou uone • peAKoaeuen:i.ma::. 
IINL pa6o:y. Hao:OIIUIBH pa6ota noc:BH111eaa 1SBMepeH111> oeqeal4it paAlHt .. 

~HOHHoro 8WCll8TB H8l!pOHOB B o0~80TH aaeprHI 5 ♦ 350 KBD ]Vlft pea
A8Jl8HHUX: H30!0UOB Heo~uua, CWIBflllH, e:aponHR, raAOJIHHHH, ap6111,: ~ 

T81U!6 HBJJ,HH, ,au,aixa, 80JIOT8 H nonyqe~KI) OP8AHHX peaoHaHOHWC na7 

pue:pon (ueu,pouliWt a paAHanuoHHWt cHnon1DC WYHKltHI) nccneAJBMliX 

ffAep. HHAHi, T8HTM, aonoro HOll0Jlb30B8RHC~ ,nnn KOBTPOJIH BKcnepH• 

11euranbuoro ueroAa. Kpoue Toro, arH fl,npa tt!icto 11cnon1,ayJJTCB B_Ka

qccne CT8H7];8pTOB npH HaMepemm l!CltTpOHHlilX 081,Jt;HIIU .H !l mn~orpan1>RL!X 

peaitT0pHUX S1tonepl1N8H'tax; no::irouy HSY'lftH!40 lfX HUCC! ,ea1rnoTORTIJJtl,

!1Hl1 mtTepec. 

06'LO;;'; ~ 
mle'r'iE:i · .,,,1 , 'l~1D 

6~16JWKHEKA 
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. HOBl13H8 pa60T1i. IlonyqelW HOB1i6 8KCnepl1116H'faJIJ;HU6 peaylil>tu1·r1 ,;:, 

ll6Hldflll pa,tliBl{HOHHOro 8axli8'f8 6UC'1'PUX HBltTpOHOB ltJifl 23 ft}tep en:. In I 
I42,I44,I46,I48 1150Nd, I44,I47,I48,I49,ISO,I52,I54 Sm, 
I5I,I53£u , rsG,1sa,1Goad, I66,I6B,I70£r , 1ar Ta , I97Au > 

a JlBJ'X eo,:ecT:eeaaux cueceit HaoTonoB (62 Sm, 63 Eu ~. itna 6onH11H- · 

OTBB HC01101tOBBHHUX ft]l6p Bnepaue no,tp06HO Ha11epeau 081l6HHft aaxBaTa 
B .KHJl03118KTI10llB01IHHOlil . 06Jiac'l'H aaeprHit H61lTPOHOB, B o6nacu, rJte 

craHObHTCft OYlll6CTB6HHlill pa,tHBl{liOHHUll 38XB8T aeltTpOHOB O op6ll'1'8JII,HUII 

.uoueijTO:J: e .Ito. 8TO o6CT0ft'f611];CTBO noaBOJIHJIO l48.BJl61JI, HS aua1rnsa 

uaiiJl8HHWC C61i81UUt B pa1max CT8THCTl11lOOKOlt 'fOOpHH flA6PHWC peaKl{Hlt 

cptl}:\HU8 p680H8HOIIUO napaut1Tpu, OOOTB6TOTBYJJlllld6 B88HIIO]l6'1CTBHJl ft 

.fl]lpoll HBllTpOHOB O fa 01112. B peayJIIiT8T0 1 ltJift HCCJ161tOB8HHblX ft]l6p 

1uepllue 6una ~o.nyl!eua ~aqiopuaqHR · no d-~onaoaolt HOltTpoaaolt OHJl.o.Bolt 

~yumtHII, ll011Y1!6~U HOBUO ]l8HHU6 no p -BOJillOBOtl ll61tTpOHHOll OH110BOlt 

t1JyHmtHH,/8AHBl{HOIIHU~ CHJIOBUII IPYlllutll!U,1 S1e ( s, o• stfl' 812>• 
a Taullte napa11eipy a n.noTHOOTH HAepma: ypo_Baen. Hono111,aoaaaMe 11e

To1ta ll81COHMy&1a npa:e]lonO]l06Hfl ltJift opaB~OHHH_paoqHT8HH~ C6'16HH'1 O 

3KonepHM6HTBn~HUIIH A6HHUMH ll onHC8HHe norpemuoo,ea 8KonepHM6B!Wli• . . 

HUX A8JlHUX C nouoou,m KOBapH81{HOHH~K 118TpH~U omu6o~ noBYOHJIO Ba-

Ae•ttOCT]; H TOIJHOO'l'Ii ope]lHHX peSOH8HOHUX napauerpo.B, HaBnBKBeMYX 

11s auanuaa · ope;ziuHx oel!OHHI& aax:eaTe. 6uoTPLIX neUrpono.u. 

{lpa«rirneotcim ueuuoou pagotJh B peaynnBTe 1a11epeu1st u au8Jiuae 

nuny11ettu HOBU6 ft;ztepuue ABHHU81 H606XO]lHUU6 AAH po■eHHft p83JlHIUINX 

npuKJJaAHwc aaAal!. fiony11e1tHYe oel!eHHH Kau no aHeprouqecKOMY ]!Hana

· ... \i!OH_Y 1 . T8K H. no A,OOTilrHyroJt !OtfHOOH )AOBJI8TBOpWIH' 60JIJ,m08 UO;IO 

~aupoooB O npMpHT8TOII Ill 2 HB 08'16HHft P8AH8l(HOHHOro Bax:Jl8T8 

·. 6~orpux -~~KrpOHOB P8JllC088U8JH,HUX R;ztep HB c6opHHK8 11 \VR £ N DA tt 

< Worf d ~e911es t t;sf /0r A'11«1ear !Jata Measlll"t'111e11tJ) u 

llptl,lllt83H!lll6HU J\JIR HOfiOJl.b80BUlll111 BO u11or11X peaKTOPH0-1>H.3l1 1WCKIIX 
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paoqeTax~ HltltlteH1We aaaii:eHirn ow.zcinux WYHJutHll H itapaMerpa a nno,:

aoo!H HA8PHL1X·ypo1Bel Huem ·aonmoe 8H8118BHe MR !80p8THl{80KIIX . . / . 
peoqero~ paanHllHLIX aell'tpoHHHX oeqesin. 

ABTop: 88JI\H!88! 01I6JlYD/IH8 ~OHOBIW8 peayni!8TY. · 

- ltoBUe 8KOll8pHMeHTaJIIiHlile ]IBiUilile no oeqealiHM pa11HaqHOHHOrO aaXBa
'?8 dsorpwc HOit!pOHOB ]Uia]lq8!H ttH!H HSOTOUOB H ane11eH!Ollt nonyqeanue 

B mHpoKOA o6nao!H aueprHA aeaipoHoB. TollllooTD aauepeHHn ceqenHA 

amara ooo,ai!Me! (7 .s+ 9~). . 

- Teope,2qe0Koe onHoaaue uauepouamc opelUIU ceqeuHA paAHattHon~o
ro. 88Xll8T8 ]lJifl HoonenOB8HlWX.HA8Pt O]lenauuoe B paMKax OT8'1'HCTHQ80• 

KOU T80p1Ul H1-t8PHHX pea1utHtt. . 

- HollNe 8KOnepHKelitaJIIiHlil8 1-tanm,re no HeitT,POHHH' ( S 1 ~ : s 2) 

H p81IH8UHOilHHU ( . s60' St1• . S12> OHJIOBNII ~YHK_ItH1111t no.nyqeaaite 

HS np]ll'OHKli !80P6THqeoKHX KPHBltt oeqeHHR 88XB8T8 HOA 3KOll8pHM8HT8nD-

HY8 itaan1,1e 1eTOA<>K 11e1toHMy11a'. npaB1tononodHJii · . . · 

- 8Konep111i1euranaoe yKaaaaHe ua oy111ec,:eo11auue 11aKc211yJia B S 1 (A) 
--- npH. A = 155+170 BIIOOTO rnydoKoro. IIHHHMylla; npencK~3~B88110r~ 

cwep~qecKoU cinrliqooKol1. 11onen1in · a1tpa. · .. · 

..:. .8Kortop.wwea,wu,uoe no1tT11epsnenue aaiH'lHH 3D -po_aom1ace B aa»n

cHuoorH S 2 (A) B p~AKoaeueni.uo~ o6na~,n · 11ne,11, a TaKJte yKaaanue HS . 

BoawozoocTD·~el))opMattHOHHoro pac~enneHHH aioro peaouaaoa aa· ~aa nuKa. 
• . - • . - . ' .• f ,- • 

- PoayJil;T8TH paoqOTOB B8l1Tp08HLIX WYBKl{Hff '118TOAOII CBH88HHIDC K8118-

1IOB, KOTopuo noKaau:eam, tlTO OMH11.Ha6opo11 napaw~ipoB 6ri~11ttoo~6ro 

norenqHana 11ozno yno.uneti3opHTenao onacati a1tonepnueaTamnwe na11awo 

noSo s I' s 2 B 88.BHOHMOOTH OT 8TOIIHOr~ no~opa H IlO]lT~epz~a~,:·· 

l))aKT 'pao11ten11enu11 3D -peaonauoa B , d..;BonnoBoA uettrponaon 011.t1oii~tt · . 

l))yHKl{HHe ,'.,. ·· .. , .. · :t, · 
- . HOB!l6 ABHHSe no napaMeTpy a nJIOTHOCTH JJ1t6PHHX ypOBHOit HOCJIO!"' . 

1tOB8HHUX HBOTOnOB 1 KOTOpNe B 88BHOHMOO!H O!l' 8TOIIHOl'O, HO~epa ;11.le~T \ · 
. ' ' ' • ' < ~: . • : 

118KOHMYM npH . A~ 150, qfo oornaoyeTCft O A8HHUMH ]tpyrHJt anopoB : » f;:Sfi• 

aano C ll11HIIHl16W aqiqieKTOll o6onoqeqaoll crpymiypH (H81lTpOHH8~ .~d~.noit• .. 
··::., ... t. 

:- ,:)·,,·,_ )_ 
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K& o N =82) Ha m10'1'HOC'tL ypoBHe'1. peAKoaeuem,HLIX RAep •. 

Och,eu padou1. l1Hoceptru.l1m uanucaHa Ha IBO 0'1'p. t ]IJ:tlll)qBDJtHX ll 

cedn 122 o~p. '1'8KC'l'a, 30 0'1'p. A1IR 31 pHo. II 'l'adnHq H 12 c;p. 00 

177 OCllJIKBUH Ha Hcnom,ayewy1> JIH'l'epatypy. 

n. KpatKOC oonepllt811H8 pad0'1'1l. 

,llHooeptaUHR C00'1'0HT Ha BB8A8HIIR, qetupex rnaB, 38KJIDqeHHR H 

ABJX npHJI0~8HHH. Bo BB8A8HllH ipopuynupyetoR noctaHOBKa aanaqH HOOJl8-

)tOB8HHR, fiOK838H8 8KTY811I>HOO'tL padofu H nepeq11cn8HII_ OOIIOBIIH8 peaynI,

'1'8TH1 BUHOOHUU8 BBTOpOII Ha 38~H'1'y. B IIPHJIOllt8HHRX pacoMOTPCHH oueaxa 

oeqeHHR p88KJ.tHlt 10.S ( n t J.. ~)?Li I BunoJIHCRIIBR 0 npH118~8HH811 

Ilane-npHdXHXCHHR H 11eron pacqera nonpBllKH aa peaonanony1> oauoaxpa-
. . 

HHpOBKy H uaoroKp8TH08 paooeRHHC HC11'1'pOHOll. odpaaue. 

B nepBOt1 rnaBe· AHCOCpTB[tHH npoBOAH'l'CR 8H8JIH3 CYllt~OHYlllltHX 118'1'0-

· ;itOB nonyqeHHfl OHJIOBLIX_ ipyHKit}ll H oCSaop HMCDl!HXOR 8KOIICpllM8HT8Jl1,HLIX 

;itBHHLIX lt peaym,ra'l'OB teopenqeom paoqeTOB no H8lt'l'pOHHH)I OHJIOB!ill 

WYBKUHHII. 

llJ1R BKonepHUCHTBJII,HOro onpeneneHHfl HeA'l'pOHBwt OHJIOBNX "tyllJUlKI . . . . . ' 

od1,1imo u011onaym ABB litO'l'O"lHHKa naqiop11auHH: ,taani.e B .oelnaotl4 naoirn-

ponaHHHX pesoaaHoo:-a~- it lt8HH!l8 110 ycpenneHBHJil seittpOHHllll OBtlCHHHlli 

nonyqeHHN8 D KHJIOSJIBK'l'POBBOJII,!HOit OdJ180TH aseprin HBit'l'poaon. 

AHan11a 11son11ponanHwc peaonaaoon itos:11on11et no;nyqau, oKJIOllHB qiyHK-

11.HH nenocpe1to~l'llBBBo. OllH~1m, on nae, peaommos!le napa11etpu, otaoon• 

ntHeon · K :eaau1101te£1ct:inui, I'JHUJHHII oelpaaou, S -H~ltpoaon. Ooao:enw 

11eto1to11 011pe;itene~HB p- H d- Bonno:eHX IIBl'l'POBHLIX OHJIOllHX qiyHKUHA 

HBJim;:Toii 8HBJIH8 opB]tHHX llt1"1'pOHUNX 08tl8HHtt (noJIHHX oeqom,n, oeqe

HR£1 PBJtHBttHOHHoro aaxBa'l'a {i1mTP11X aetttposoB) •. K uaotosnteuy Bpeue-

. DIil yKaaaltiitUlll IIBTO;itl;lUH non:t1?rH1008B8llHT8JILH08 KOJIHqecT:Bo BKonepH-

118IIT8nHllX 1taiuurit no _H0£1Tp0Hllmi CKJIOBHil ~YHKUHRII, cioodom10 tto ne

lill114H8 · S0 , n Jut 00110:se · on,uqecKolt 1101teJ1~ ll;itpa nonyqeuo teope,11qeo

r.oe om&oaHHB h0116ll8JU!n l:B£1Tp0HRHX OHJIOllUX 4>yn1t1.v1n B 38BMCMIJOCTH 
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OT 8TOIUIO!'O :aeoa. 0,llHBKO B no:ae)luHHll 88lll1011lJOOUI Se OT A l!U6BT

Ofl Pfl.lt JIOnpoooB, KOTOpllB ltJ1fl o:eoero OK011'18T6J1LHOl'O PBlllBHllfl 'l'pedy

ll'l' ;itOllOJIHl1TBJII,IIOi¼ 1111qiopua~llll no OHJ10BbUl 4JYIIKl{l1HU, B '1801'HOOTll, 

ABIIHUX no SI ll S 2 Will pemcoaeUcJ1l,HUX ll,llCp. liauepeHIIB oeqeHHlt 

PB.llHBttllOHIIOro aaxB8'1'8 6UOTpUX HCltTpOIIOB peJ{K086l!en1,11uuu llJ(pauH ll 

WC llOOJ1CJ{YDJIHlt '1'60p8TH'l80Kl1n 8ll8Jll18 Il03DOJIR8T no11yq11n TaKy¥> 1m-

4>op&18L!ll¥l. 

Bo Btopoff rna:ae npollo;itHToR o<5ocnoBau11e ldooneJ(yeuoro uei-o:zta Hs-

11epenm1 oeqenlllt pan0au1101moro aaXBata 6ucTphlX uelt:rpouoB, omrnNllaer-· 

011 8KonupHU8HTBJ1l,U8R yo'1'8HOBK8 Id Y6TOJ(l11Ka no11yq0Hllfl coqemHt aaXBa ... 

TB Ha a11nap1TypHWC OllCK'l'POB, oOoy•;itBDTOll peayJl~TBTl,I Hauepo1111n. 

!i3UtlpeHHfl npoBO,llHnHCI, BB Hunyn~OHOII 8JlOKTPOC'1'8fM1l8CKOU ycKOPH'l'e-

zo Br-I 191-\ 118TO:ztOY 1 OOHOB8UHllU HS perHoTpBUllH W'HOll8HHUX i-ny-

qe.11 38Xl!8'1'8,QllHB'l'HJIJlflL!HOHHl,III ;itC'l'OKTOpOY nonuoro nor11011teHHfl H HO

IIOJ1I,80B8Hlhl HBHOOBKyH;itHOSl '1'8XllHKH :Spe1t8HH npo11eta ;itnR 11a11epe llHfl 

aueprHH HCit'l'POHOB. Cxeua 8KonepHU8H'1'8 npHBOA8H~ Ha pHo. I. ROTO'l

HHKOII nentpoao:s o uenpep1,1:eu1,111 oneKtpou ony~~na peaKUHH 7li(p,n)7Be. 
B Kaqeo'l'.Be ;zt8'1'8K!Opa ~ -.71,Y'lBSl 88Xll8f8 HOllOJ1I,30B8JIOfl OUHH'l'HztJIB-

UIIOHHlllt .68K (o~epa ;ztHBUB'l'POU 32 011), aanOJIB8HHUtt deaBOAOPOAHNU 

OL!IIH'l'HJIJlllTOPOM IC-52 Ha OCHOB8 rBKC8~TOp66HBDna. IlpH perHCTPBUHH 

~-nyqen ll :ztHanaaoue aaeprHU I,St,10 Ma:s :speueunoe paapemeaHe ;zie
TCKfopa pa:eao 8 uoeK, a 3q>W5KTHBHOO'l'I> perHotpa1tHH 0061:J'l'Hit aax:ea,a 

coota:snnet 65 'I,. Ronom;aoJJaanuU :zteteKTop a11BJ1oruqen AJ)yrr.u,_ HaBecr-· 

HUY ,lle'l'OKTOpau nonnoro norno11teHllfl, HO HM68'1' 8B8QIIT8Jll,HO YCHI,mKtt 

ypo:seu~ Koou11qe0Koro q>ena H eedonmoa yposen 11rno:eeauoro ;o,BIUh' 

paooBRHBWC D odpaane uett'l'POBOB, 'q'l'O Il03BO.ifl8'1' H3118PRTL Nwrue·:senH~ 

'IHH!l oeqem1tt H HOllOJII,30BBTI, 06pa~paa1teJ18llBWC HSOTOllOB :eeoou ~ 201•,. 

~a11upen11e oneKtpa, na:ztaD~HX ua o6pasen ueUrpoHoB, ooymeoT!JIH~oo~ 

· ABTCKTopo11, · oocToRntHM Ms miaor1rnu IIJil H 01tH1tT1tJI11nnHonnoro _ -;f_-cuenr

po11eTpa Ha OOHOB8 °KpHC'r8JlJl8 .Na J (re) . S116It'l'(IOH110.ll annapa~ypa 

- 06ecnetJHBri11a np0Be11,e11ue 011,110Bpeue1rno Hpe11Auuoro 11 ai.inn11-ry11,11oro an~-
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JIH88 mmyJII>COll )t8T8KTOpa C06UTHlt 88XB8Ta H UOHHTOpa B81.tTpOHHOI'O 

nOTOKa. 

B 3KcnepHJ.ldHT8 HCllOJil>80B8JIHC!> o6paaqu pa8)t8JI8HHUX 1480TOilOll !'OJI

IJIHHOU (0,5+l,5)•I022 arou/ou2 H 06ora111emrnu no OCHOBBOUY HBOTony 

~ 90%. Haue pettue ceqem1n npoHaBO)tllJIOCI> np.11 BeJIH'lHH8 nponeruolt <Sa

au 0,8 ll I,4 u O paapelll8HH8U 12 .II 7 HC8K/U. 

B peayJIIiT8!'8 o6pa60!'K.I! Bp8U8HIIWC H aunJIHTY)tHUX cneKTPOB oeqeuKe 

PBJlll8U,IIOIIIIOI'O 88Xll8Ta BelltpOHOB onp8)t8Jll!JlOCii OJl8)tYJJIJl.l!U o6paaou: 

,a8 
0.. "( E ):. R,.(£1 CAu•n,fu . 6ii11(£) ·Ii,(£) . C'4u{j) o.:''(30) (I) 

111 P.11,,(30) f," n x 6: t0a (JO)· I: (30 Cx ( E "I ' 
""' u 

I')te llHJlf.lKC 11X11 C001'Jl6TOTBY8T HCCJIB)tyeuouy oC5paaqy I a .l!H)t8KCU II Au. N 

11 113011 COOTBBTOTBYJJT 80JIOry H 3H8pI'Hlll H8itTpOHOB 30 K8Bj 

R - oraoruenue qHcna o~cqeToB '( -iteteKtopa K qucny oiqe,o» uouHo

. pa HBitTpOHHOl'O llOTOIUl (nOCJIB BU'l-11T8HHH q\OHB) i G - aiM5KTHBHOCU 

porllCTpau.1111 C06UTllit 38XBBT8 ~ -A8T8KTOpou, Ollp8)t8Jll!BU8l! 118 8HM14-
f08 . 

88 BUllJlllTYJ.!HUX CllOK'fpOBj n - !OJlll{HHB o6paaq·a; 6'r,J.O - 08'l8HH6 pe-

BKqHH 1Diic n ~ J.o )7 l i ; F» - nonpa1ma Ha KOH8'lBYll !'OJIJllHHY oo

paaqa lC>i3 H OCJIBClJ18Hl16 HOUTpOHHOr'O IIOTOKB 88XB8THIUI o6paaqou II BJill

UHHl18BOll ynaKOBKolt; C, - nonpaBKB BB p830HBHCH08 cauoaKpauupOBUHH8 

H UHOI'OiCpB~H08 pao~eflHllO BeitTpOHOB B_ HO~Jl81{yeUOU 06paa1te; 0,,,30),. 

;596 ue5apu. TaKUU 06paaou, uonoJIIi80BBHHUit ueTO)t l!BJll!6TOft O!'HOCHTOJlii• 

IIUU, HO 1{11!! nonyqeH}l!l BClOOJlllTHOlt BBJIH'll!IIU oeqemm, KPOM8 B8JlH'lHB, 

uauepHeuu:x: 11 aHcnopuueure, rpee5yerca BBB'lOHHe TOJlbKO onaott onopuolt 

llOnH'lHHU (oeqemm 80XBBT8 SOJIOTB npH En :: 30 Kall) .IS 8Hepr8TH'l80• 

K_olt aaBUOlUIOC'tll ceqamrn peaKq~H Ieli3 (n, J..o )7 I., i • 
. B Haorom11en pa6ote 11auepeuu ceqemrn pa)t11aquo1111oro aWCl!ara ueUrpo 

HOB ll oc5JI8CTH aueprHlt 5+350 KSB 1{Jll! CJIOltYll!lll4X aneu8HTOB H Haotono11: 

IIsI n, 142,144 ,I46 ,140,1so tld, 62 Sm, l44,l'i7,I4B,I49,I5O,1s2, 

_154 s·n1 [,l 15I,15_3£u 156,l58,I60Gd 166,I6£l,170£r 
. I I t>~ ~ t I f . t 

j 

r 
1 
♦ ... 

i 
i 
I 

... 

., 

-1-
181-r I97A . 1 Cl , · U • Ilonytte11nue 1taHHY8 uueDT ope.1tneRl!aitp8THt1HYll 

norpemHOOTI, (115%), KOTOpBll xapaKTO_pHsyei OTBTHCTHqec,yD !'O'tHOCf1, 

14 BOCllpOH8BO)t11MOOTD 8KonepHM8HT8JlD~WC peay1lbT8TOB. Kpolle Toro~ 

HU88T0H OH0!'8MBTHqecKaft norpemHOOTbo Oaa CK1!81{!,IB88TCfl HS omedKll 

onopuoro oeqemm a8Xllara aonoTa - 4%, ueonpe.1tenenuooT.11 oeqemrn peaK

llHH 10ii (n , J./ >7li - 3%, no~pemaooTH onpeAenen1111 ornomemm · at

~eKTHBuocTett BAu / £, x - (51(; ,5 )%, norpemnocTH npoqenypu B!ittHTBHill'I 

~ona - (015i6)%, aoonpenenenaocrH BBe.1teuua ·nonpanoK OAu • Ox • '6 
H .!IPYI'HJC - (1+3 )%. IloJIH81t norpemaocu COO!'ll8TOTB6Hll0 paBlt8 .... (8+12)% 

:no 11ceM 11ccnenye11011 jtllanaaone aaepr1Ut ueltTpoHOB. 

n· Haqec-r11e apm.1epa na pHc. 2+4 npHBe.1teHN caqeaun pa.l{Hatt1101moro . . 
3EIXBB1'8 .1{Jlfl aOJIOT8; eBponHfl ll )tJlfl tl8THo-qeTHllX H80TOllDB ca11ap1m • 

Cne.nyeT oTueorHn, . qTo AaHam, rio aTaJlOHHUi.f H1tpa1.1 .; 1mituii1 raaora~y, 

aono1ry - 11axo~11-r.011 B xopome~ cornaomt c 1morotU1cJteaa1111H peaynt.TaTa-,.. 

llH Apyria: anopoB, 'l'fO OJ3H)t8'f8JIJ,0Tl!Y8T O HBiif;ll!tHOCTH HOII0Jl!,80ll8Ii110,.,, 

ro MeT01ta uauepeHHH ceqeHHtt. 

]IJln c50JIDlllHlicua Kccneno11auaux peAICoaeuen:&Hm: l!aooronoB ce1J6nkri 
. . . . . 

sax11_aTa 'B mupoKolt 06nacu1 ,rnepn:lt uen-rpoaoB nonyqe11u 11nepnuo. Ha-

ram pesyJID'fBTH ]tJlH 8Bpontm (puo. 3) y~ODJI8TBOpHT8Jll>~O-COrnao~ilfcH. 

o pesym,Taraun lsnppa AJIH 15I£it :e 63 £~ , · IoKea6apn ttnn_15I E"u, , 
HO OTnH'lBBJTCfl OT ]t8HH.WC KoBKC8 H -qoa. HeMHOroqHCJl8HHl18° 1.\811H~~,}py
Ntx BBTOpOB 1{Jlfl qetao-qe-rnm: fl]tep, .KBK npaBRJIOt. HauepeHU aKTn:aa ..... 

AHoaaott ue-ro1tHK~lt H 11 pane cnyqaeB nnoxo cornacymcn• Ka.k_ ii~~ztY cl.i .. 

6olt, T8!C H c H81IlHMH pe'.ayJIHBTBIAH. BoaMOJK~UUH .npH~H~!ll( '::iicoro 
0

M()!'YT 
Tpy7u10cn BunonaeHHfl BKTH:SBI\HOHHWC 11auepem11t ·D peP.Koaeiicim~bU :''t~ •. 
Jl80TH, 0Bft88HH8fl C 60JIDlllllMH nep1110]48Ml! nonypacin&)la, ff }iO~·dli:ci1,t~b'o:u, . . . . ·.·_. ~ .-.-, -:_.' \ ,>/•,~1.?' ·< _,; <. ''.ti,'":'.f .. _ ... ~_::',\~,:: 

nepeHOp!UlpOBKH p!!~8 peaym,TaTOB (H8llfll'il&ep, ;naitin:.Je ]ifio i .:.zbtoaop~'Afl). 
' ··~' ,· ,..;_ ,•· .. ··.!.\~."-· :/.:,:/;",,,-·' ". 

ua coJJpeueauoe aaa'-ieaHe onopaux oeqeauli aaXBa'fa Jl 1'.ElllJJoliol o:a11acii1. 
. ·- ~.;_ .. :-·. ~-~-:"\:· ... _, ::t~r,•,t~·: > 

,nim Pflt\8 qeTHO-tt8THWC R,tep B nonyttem1ott a~iiprotH'l':lC:{1ott' n\i~1a,l~,. 
MOCTH C8l!OHHtl panuattHOHHOI'O 88Xll8T8 ll8UTPOHO.B 1-1a6Aro]!~olci;ir;p;itiq,r,.... 

• • :.'. ' . ~ • ::'"', ':, ,:: l-1 ,,, •• ' . 
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Haff oooC!euuocrL, onpeA8JIHeuaH K0HKypeuquen c ueynpyrHu pacceauHeu 

H8ltTp0H0B - cC!poc B C8'18HHl1 npH ,JHeprHH uett-rponoB C!0JILmelt 3HeprHH 

nepsoro ypol!Hff. ffAP8 - 1rnmeHH 2+cuanpHMep, 152, 154 Sm , pH0. 4) • 

S-ra ocoC!euuocrL B noBeAeHHH oeqenun saxsara uenipoHOB C!una ucnonL

soBaHa )tJill Il0JIY'l:8HHff A0CT8'1'01ll!0 H8A8EH~ 8KonepHM8H'1'8JibHWC A8HHLIX 

nod- Bonuosuu ueltrpouuuu cunoBuu WYHKUHHM. 

TpeTbH rna11g AHCcepraqHH noo:annteHa BHrurnsy uauepeunux opeAHHX 

ceqemitl PBA118LtH0HH0ro 88XB8T8 H nony'l:eHHll H8ttTp0HHUX H P8AH8qH0HHUX 

CHJI0BUX WYHRqHR. 

B ~OOXeitye»of_oC!JiaCTH BHeprHl! H8l!Tp0H0ll A11ff CP8AHHX H TllX811UX 

n,tep ll01t8B11fflOlll8ff '180TI, ceqeuHa P8AH8LtH0HH0ro saxBara coop8A0T0'l:8H8 

B YBKHX pesouaucax, K0Topue, 0AH8K0, H8 Moryr C!UTI, paspemeHU BCJI8A-

0TBll8 K0Heqa~ll.paspema~eit 0II000C!H0CTH H8l!Tp0HHWC oneKrpoueipoB. 

. lloa-rouy pesynnarou s_1tcnepu1.1enra HBllflllTCH ceqeHHH, ycpe)tueuii1,1e no 

uuorHM pesoaaacau. Cpe,tirne ·oeqemiH 11oryr C!1,1n onucau1,1 B repMHHax · 
. . . 

0T8THC!HqecK0l! reopHH ff1t8PIWX.P88KUHit 'llepes CP8AHH8 8H8'1l8HHff na-

p81letpoB ueitrpouawc peaouanoo». 

. . . e ,;,e . ~ _, 
- · .12t1 JIJ , n . . r.,(:k_. 7:."~ ) (2) 6";,i(E)=7Tll ~ g 6 7;,Jt+7i"+ li;e' ·r r,,~, 1? 

B 8T0U.BllpruteHHH r.cno111,soBaHY oC!~enp~HffT!,18 0C!03H8'18HHff, 8 npo-
7":Jt r:Je' · rJf · 

. HHltC8J.IOCTH , ,, t 'ln , 't CBff38H!l C npHD8A8HHUUH ll8l!Tp0HH!il• 

MH : Se H P8ltH8UH0HHUUH SR(/iltiioll110BllllH qiyaKqHHL!H 0118AYlllllHMH co

ouomeHltmm: 

T,/1e = 2,rc;;/ 8e lie rf' { t + -f Se Z'i ff )-2
, 

·. f,, ie::z. l E.t~'.] T,/1: . ~;!F 4?T(2I+f) 93• s,e. { ( E) . 
. ~yurutna · f (E) yqurusaer aiiJ¢BTH11ecKym aa1111cuuocTL pa,tuaquou

aoA CHJioilott q>yHK[lHH, 8 <I/8KT0p f' - <pJIYK!l.'yaqHH H8it'l'p0HHNX MHpl!H :B 

KanMax ynpyroro H aeynpyroro paccenuuH. 

. j 
~ 

·1 
;,,. 

I 
l 
~ 
t 

'l -
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88]{8'1{8 II0JIY'll8Hl1ff CHJI0llhlX 4JYHKJ.tl1il 1!8 ycpe]{ll8Hlll.lX C0IJtlHH!t arurna

Ta CD0,ltl1Jl8Cl> K pa3JI0ll(81Jl1ll KpllD0ll C6'1l8Hl1fl ua 'l'Plf 1rn1mo11e11Tu, coor

ll8TC'l'llYIOOl'l8 ll!CJIBAY naprt.118111,HllJC ll0JIH C f =0, l ,2, lllJ8~118 p881Ill'IIHYll 

3H8P,1'8'1'H'l:8CltylD 88BIICIIU0CU 9 II U0.l\f0UH6 T60ptiTH'll6Cl<Oll KpllB0tl K 

8ltCll6Pl1UeHT8111,Hllll .l\8HHblU, .IIC[IIJJILayn U6'1'0.I\ uaKClluyua npaB.I\0UO,t061!tt • -1111 - 0{t8HltH Cll1I0JlUX IPYH!tltlllt ( p ). 0UTHIJOO .hHU0 JI CIJl.l01I8 HB1rnyqmero . 
omte8Hl1ff ;mcnepl1U8HT81II,HWC 1t8HHIDt, H8X0,I\IIJIUCl> UIIUIIUl1381.tf,!eil CJI81tY..,... 

~ere KllU.I\P8Tll'IHDro ~YH!t{tll0Hana: 

S2 '[_., -- T -1 ,,...,. __.. - "T.. T -t - - . . 
= 0JKcii:6"reo;,] · V · [~ten 0-reopl +(f'o-r}W,·(Po-P), <3> 

r]\e O aKcn. H (J -reop. - a1tcnep111rnwran1>uoe H ..t,oopen1qec1toe, pac-

C'IHTBHJI06 no ~opuyne (2), ceqeu110 aax:BaTa; P0 11 Wo - ll0KTDP 

anp11opuwc 3118116Hl1ll napaueTp0ll ( Se .II 54e Mff e =0,I,2) 

ll we 1t0Bap11aq1101111an 11arp11qa, Ho1•opan npe.11nonaraeTCH .l\llarouanLuolt; 

V - 1mBapl!aq11ouuan 11arp111~.a no1•pem11ocren a1tcnep111.1~H'l'WlbHUX ]t811HUX. 

no ce11ett11l111 aax11aTa. ·Marp.11ija V. noaBonReT 6onee crporo onpeA8J1Ht1> 

81tcnop11ueHTaJibHY~ !tp11l1Yll C0II0HHR u, C1I0.I\0l18Ten1,uo, C!o11oe ll01IH0 

11n11Jieq1, co.neplla~yJDcn B aen 1rn\f)op11a1.t1rn o cpemmx peaonaacaw: napa• 

IJ0Tpax. 

PeayJlbT8TU no.ic1ta napaueTp0D npeA0TBDJI811ll Ha puc. 5t-7 H ll Ta(j

JlllJ.t8. IlorpemH0CTll 0HJI0BWC qiyn1tq11l!, nplill8,teUHU8 B raC!n., HllJlllllt0ff 

1tff81'0H8JlbllllllH 8Jl81l8H'1'8MH K0BapHBlt110HH0ll 11arp11qu 0Jlll160K 0llTHMMl>• 

HUX napauerpoll, lt0T0paa 0{t0UHBBJ18Cb no OJl6.llYlllll8Sqiopuyne: 
2 . 

W = -J· [ HT, v-! H + Wa- 1 J- 1 , rAe H -uaTpH• 

qa 1toaqiqi.11q.ieuroB qyBouuron1,Hocru oeqeu1rn K napaue·Tpau, N-1JH0210 

a1tcnep1111enra111>11w: ioqeK. He.itHarouan1,11ble qneau sToH uarp11ItU 0Tpa:aa"'.' 

JJT K0pp8Jlfl{tH0IIIIU8 0ll0l!CTBB H8S.ll611IIUX Ufi-OQ8U0Jt CHJl0BUX <J)yHKQH1l~ ·· 

llonyqe1111uo ·onr1111anL11uo napauerpu :ii npe.itenax · ~llleC!oK ae aa111car ~, 
. . ~ '+~· :,, -~ • •. -. :. 

me anp11op111i1x a11aqe111tS H lll.181!1' ueC!oJl.I,111He (~0,3_i-0,4) 1toaifxI>HqHe1tli, 
. . . 

B3811"1l0ll Jtoppenm.~1111 • PBCC'llil'tUIIIIU0 no 3THM napewerpBM KPHBll8 oeqe .. ' 
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HUH saxBaTa BOD.icy HBXO,ll/lTOH B xopolll8)( oornaoHH O HSWHMH aKonepH

IIOHT8nI,IIW.lll .llBHHl:l!.111. 

A1i_aJIH8 IlOJIYllOHHYX H8t!TpOHHHX H pa,nH8Ul'IOHHYX OHJIOBYX .if>YHKU11'1 

npoBO,llHrOR B ll8TB8pTott rJiaB8_l{HCC8pTBUHl'I. IlepB!llt naparpaq, aron 

I'Jl8lll:l IlOCBHlll,8H paocuorpemrn 88Bl1CHMOCTH H8'1TpOHHYX CHJIOBYX qiyHKUHU 

or arounoro :eeca. 9KcnepHuearanHl:le ,naHH!le no .r-, p- (:e odJiaCTH 

po,n1<oae1JBJII,HYX sneuenro:e) 14 d- BOJIHOBlilll Helrpo11H1i1Y cMJIOBlilM if>YHK

UHRM npc,llCT8BJl8Hl,I Ha pHc. 5+7. 

Paccuorpeaae co:eoKynaocrH HYBJlll!HXOR ABHHHX no S1, e~cuorpR 

na liJC . OTHOCWrem,no H8BYCOKYD '.rOqJlO(l'l!,, ll0lt881U18Jl'l' t 'ITC B ,tHanaao

B8 !=140~150 (nerKHe HBOTO~H H80,ltHll8 H cauapHH) Hll88TCH rnydoKHR 

u11na1,1y1,1 o BOJIHtmuoB S1 ~ (O,b0,3)•10-4. B odnacirH _A=I55l-I'l0 ax-

cnepm.rearan1,u1:1e 1!8HBH8 CBH;zt8T8JII,C:T:BYM O HBJIH'IHH YBKCH11y11a . 

( s 1 ~ b3•Io-4j. LlaJIO'lHCJ18HHOCTI, 8K_cnepHM8HT8JII,HHX l{8~HHX no :ee-

1iHllHH8 s 2 noKa He IlOBBOJIH8T npocnel{HTI, ,neram,uym aaBHCHMOCTI, 

d-:eonuo:eott ueRrpoHHott OWioBolt if>YHKUBH or- arouuoro :eeca; 01tHaKo, 

HamH _peayJIHBT!l no11rJiepllt,t81lT CYll!8CTBOB8HH8 3 0 -p,aouaHca B ' s 2<A> 
B 0611acTH pe,tKHX 86Y8Jll, H YK881lBBM Ha BOBMOJCHOCTI, ero p8Cll!8-

IIJI8HRH Ha ;zuia nRKa, nelltall!HX :e o<5nacrH A ::!! I45H55 H A = I65H70. 

]lJIR opaBHCHHH aKcnepHMOHT8nI,HllX pesyJII,TBTOB C CYll\OOTBYIDll!HllH 

T80p8THll8CKll!Jl'I npe1(CT8B11eHl'IHIIH 6um-1 npo:ee,nenu p8CtIOTl:I uettrpOHHWC 

CMOBl:lX q,y1rnnntt so• s I' s z (A) 118T.O,ltOM CBfl88HHUX: K8H8JIOB 

11 no C(]ep111!8CKO!t OilTll1!8CKOilM01te11H, HCilOJII,l!Yfl OilTl1ll8CKHtt IlOTOHLtHBJI 

TypUHCKOro It Ilepu-EaKa. B111t noreuuuana R KOHKp8THU8 3H8ll811UH ero 

napauerpo.u ,nan!l H,i::w. 

V=-¼ . I . - 4i wreJx 
0 1+e.rp[(r-R)/ay] 0 c4) 

x ex [(r-R.-8)/a1v] -IL.·(~{liJ_, e:rp[(r-R)/aso] 
{f+exp[(t-/i-B)/aw] so )l)GJ n+exp[{r-R)/aso] 

j 

]! 

l 
{( 
)! 

~l 

( 
~L 
'i 

Vo ·Vso wt°' \j/Cf) w,2., av aso a\.V r, 
Ya:e_ llaB YaB Ua:e • Ma:e. ~II 4111 4)1& . tlJII ~ 

- II - g R 
TyplrlHCKHtt 47 6 12 I;5 12 0,52. ·0,23 :0,23 0,3 113 
IlepH-BaK 43,5 8 5,4 5,4 5,4 0,65 0,65 0,47 0 1,35 

PeayJII,T8TY pacqeTOB noKaaa~H Ba pHp. 5+7 CUJiomHoK lrl nyHKTHpHott 

JIHHHHIIH (118T0lt OBH88IIHHX KBHSJIOB, 0001'B8!QTB8B110 0 noTeHttHBJIOII 

TyplrlBCKOro H DepH-Eaxa) H !01'8tfflOH KpHBoli (cwepHq80KHtt OllTH'180l<Hlt 

IlOT8Ht{HM TypHHC~oro). P831IH11HY8 :eapHa~!H pacqeroB n~ 118TOltY OBn~ 

·aaHHl,IX K8HMOBlt81lT 1501188 UpH8MJ18II08 onaoaHH8 COJIOKJ'UHOC!H 8i(OJll)

PHll8ijT8JII,HHX l!BHfWlC no S0, · S 1, 82 (Ah qe11 paoqe!H no otI,apH ... 

1{80KOA onTHl{80KO" IIOA8JI~: '.P8Cl8llJ188TCfl 4$-poaoHaHo, npoffBJineroq 

crpy~ypa :e 3S H 3P -pi,ao1ta11oax, a I pattoae A·"" 155+180 s a11.1m ... 

CHIIOC!H·srcA)_B~ecro r~y6oKoro IIHHHIIYll8, npe~oK~SYBaelforo ci)apH ... 
qec~oH OU?Hqecxoa 110118111,D npoHBJIHeTCH 118KCHIIJM, qfo ny'lllla OOOTBet

C!BY8~ aKcnepHll8HT811I,HHII pes~,g,rarau. B a~BHCHIIOCH · s z(A) o(!Ha-

' pyzeao pacmennenue 3!) -peaonaaoa ua ;zuia nHKa~ qro ~B!t~e cornacyeT

ca O noJiyqeHH!lM B H80T0Hllt8ll pa60!8 8KcnepH118HT8JII,HllM YK888HH~M Ra 
B08JIOl!tHOCTI, raxoro: pacnt811Jl8HBH. 0,tHBKO COI'Jl8.CB8 Teopernqecruix ttp11-

BHX c a1tciiepH11eurmn!lMH 1taHH~UH1 ocoe5eHHO :e cnyqae S 1(A) H .. 'S 2 OJ:, 
--~ .· . . . . ·_:._._.. 11 

HBJifleT.Cfl xaqeoTBe11u1u1 H rpe<5yercf! na.n:r,nettmaa padora, -nanpn:e-. 1 

118HH8H ila IlOJIYll8HHe BOJiWC 8KCl18pHM8HT8JI1>H_WC 1!8HHI« IlO $e ·~ .~)~µ-• 
BYD 011epe1t1,, 1t11H p- H d- Hettrpouo:e. 

B nocne.nneu naparpalf)e 1(HccepT8i4IU1 paocMOTp9Hll Ht1'1}!01!ll11O pa;b1la
'1tHOHH!l8 Cl1JIOB!le c}y~ItUHll Sae H nonyqea napatJeTp .·a. 11JIGTE .. 6c;~ - . 

H,nepnmc YPOBHe~. 

m. OoijOBHU.8 pe3yJILT8Tll pae5oTH. 

I~ YooBepmeHCTBOB8H ff pacnpocrpaaen· na <5oJrne mnpo1~.11ll 1tiiar:~~on. 
3Hcprl1/it HellTPO}lOB (5~350 K3B) ueron llBllOpemm ce·-ismi~ p3~Ml!.~Cl~-

HOro 38JCB8T8 1 OCHOB81Ull:li1 H8 perl1CTpal\Ull I Mrl!Ol18llllh!X cr;i(j,~Oif:~~•- .. 
XBaTa CLtl1HTl!;!Jl/lllll0llllb!M c5aitou 11 cnertTpO!JflTPHii -;-!i02Tp:-.doi il~\)1('i1:Lin 

• •.• •-t' ;" -:~·? ':;,:_,,:.+. ~ 
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