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Pa60T8 BNnonHeHS B Ra60p8TOPHH BNCOKHX SHeprHit 06~8AHH6HHOrO 

BHCTHTYT8 HA6pHNX HCcneAOBBHHit 

HayllHNI pyKOBOAHTenb -

KBHAHAST ~HSHKO-K8T6U8THll6CKHX HSYK 

CTBPWHI H8YllHNI COTPYAHHK 

O~HUHBnbHNe onnoHeHTN: 

AOKTOP ~HSHKO-U8T6U8THll6CKHX HSYK 

npo~eccop 

AOKTOp ~H3HKO-U8T6U8THll6CKHX HSYK 

BeAy~ee aayqao-HccneAOBBTenocKoe yqpe~eHHe: 

OKOHOB 

8Arap OcxapoBHll 

rP~lill1H 

BaneHTHH rpHrOpbeBBll 

YYP3~H 

BnaAHKHP CepreeBBll 

~HaHqeCKHI HHCTHTYT HU. n.H.Re6eA6B8 AH CCCP, r.IOCKB8 

3BiijHT8 ,llHCC8pT8UHH COCTOHTCfl "-" 1981 r. B 

"-" llBCOB HB 38C8,ll8HHH Cll6L\H8JUI3HpOB8HHOrO COB6T8 ll-Q47.0l.Q2 npH 
Ra60p8TOpHH B~COKHX 3HeprKH 06~6AHH8HHOrO HHCTHTYTB HA6PHNX HCCneAO

BBHHI, r. Hy6aa, MOCKOBCKOI o6n8CTH, Ra60p8TOPHH BNCOKHX saeprHit OKR~, 

Koa~epeau-sa:n. 

C AMCC8pT8UH81 KOZHO 03H8KOKHTbCH B 6H6JUIOT6K8 RB8 O~M. 
ABTOpe~epST p830CR8H n n 1981 r. 

YqeaNR ceKpeTBPb CneUHanHaHpoBaaaoro coBeTa 

.!JI«ya~p M.~.RHXAllEB 

DElilAH XAPAKTEP~CT~KA PA£0'!'1 

AKTYBllbHOCTb npo6:n8UN. ~H3HK8 penHTHBHCTCKHX 

llOAOR H 6NCTpO pB3BHB8~6ICH 06118CTb~ ~H3HKH BNCO: 

H80p8BR6HH8 BCCR6AOB8HHI UOlreT ,ll8Tb B03110llHOCTb H. 

~eCTBO ~ COB6pW6HHO HOBNX COCTOHHHfiX, HSnpHuep, B 

r:nooaaoH nnaauN. CyiijeCTBY~T JS anHllHj,je Teo peTHlleCKJ 

CUOTpeHH~ U8X8HH3U8 B38HUOABICTBHH H,llep C HAPBUH, 

KORHll6CTBO UO,lleneit, ,llnH npOB8pKH KOTOpNX H606XO,llHJ 

SKCnepHII6HT8RbH8H HH~pUBUHH. BBKHOI llBCTbD 3TOI I 

CH ,ll8HBN6 no KHOZ6CTB6HHOIIY p0ll,ll6HH~ ll8CTHU B H,llpt 

ABICTBHHX. 

UenD p860TN COCTOHR8 B p83p860TK6 H C03,ll8HHH 

KH CO CTpHuepHOA KSUepol, H3UepeHHH C8ll6HHI Heynp; 

B38HUOA6ACTBHH, HCCR6AOB8HHH X8p8KT6pHCTHK KHOZ6C~ 

qaCTHU B aeynpyrHX H,llpO-HAepHNX B38HUOABICTBHHX H 

HNX ,ll8HHNXo 

HSYllHBH HOBHaua H aHallHUOCTb pa6oTN. Paapa6o~ 

rep yCTBHOBKH CO CTpHUepHOI Kauepol C Cy~eCTB6HHO 

CTHKSUH, ll6U H8 yCT8HOBK6 B nepKllH, C03A8B8BW6HCH 

Ufl H npeAH83H8ll8BWel:CH ARH pemeHHH 8H8ROrHllHOI 38) 

fi011Yll6HN 3KCnepHU6HT8RbHj,j6 A8HHN6 no ceqeHHfll 

A6ACTBHA H no xap8KT6PHCTHK8U UHOlK6CT:fle.IIIIOro pox.a,1 

pyrHx aaaHwoAelcTBHHX H,llep renKH c Li, C, Ale, A 
HAep yrnepo,lla c C, Ne , Si, Cu.., 'Zr npK 4.5 I 
WHHCTBO 3THX ,ll8HHbiX (jbJ,10 nony'I6HO H ony6nHKOB8HO I 

Te ,llH8ll830H8 HCCR640B8HHNX YHW6H6~ H B HBCTOH~ee 1 

6onee nonHNU. 

fiOny'leHHN6 3KCnepHW6HT8RbHj,j8 ,ll8HHN6 ll03BORHn• 

R6HHN6 BNBO,llH 0 cnp8B6A1IHBOCTH cy~eCTBY~X IIOA6RE 

C03,ll8HH6 HOBHX IIO,lleneA fl,llpO-HAepHHX B38HII046ACTBH~ 

fiy6nHK81UIH• 0CHOBHUe peaynbTBTbl .llHCC6pTBU11H • 
/ 1- 12/, ony6nHKOB8Hiibll. B :aypaanax 11 H46PH8fl rfH3HKB' 

HHKB aKcnepHueaTa", ''Nucfear- Physics" , npenpHH1 
OKRM. 

06~611 AHCCepTBUHH. TeKCT COCTOHT H3 BB6,ll6HHfl, 

qeHHll. ,llHCCepT8UHfl CO,llep:tHT 78 CTpS!!HU, BKRJO'IBR 6 
H 6H6RHOrpa~B~ H3 67 H83h8HH~. 

fipBKTHll6CK8fl UeHHOCTb pa00T~. ~J'IKOESR ll8CTb 

pa, BKRKJII8DIJI8H CHCTeuy H.ll6 !!11.1 ,;MK8lll!H ll.!ie p 110 38 pH~ 

0 . ::,E~Ir1~EH~bl~1 ~l~CT · 1 T~. 

;. ,_?HblX v. ccr.- ...:r3-.• 
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SHeprHA 06~~BH6HHOrO 

1UaTHll8CKHX H8,YK 

OKOHOB 
a~rap OcxapOBBtl 

rPHIIIHH 
Ba.neHTHH rpHrOpbeBHll 

YYP3HH 
·. B.na~HMHP CepreeBHll 

18T61lbCK06 yqpe~eHHe: 

ll.H.Be6e~eBa AH CCCP,.YocKBB 

COCTOHTCH "-" 1981 r •. B 
Cne~81IHSHpOB8HHOro COBera .l{-047.01.02 npH. 

06:ne~H.HeHHoro HHCTHTyTa H.ztepaux xccne.zto
o6nacTH, ·Jia6opaTopHH aucoKHX aueprH! OHlUi, 

oaHaKoMHTLCH a 6H6nmoTeKe BBa OHHH. 

" 1981 r. 

CneUH81IH3HpOB8HHOro COB8T8 

'.f.1twya~p M.~.JIMXAllEB 

OEmAH XAPAKTEPMCTMKA PA£0T~ 

AKTYBnLHOCTL npo6newu. ~H3HK8 penHTHBHCTCKHX H~ep HBRHCTCH Mo-· 
RO~Oif H 6HCTpO pa3BHB81lll!68CH 06.li8CTLil \tJB3HKH B!iCOKHX ::meprBit. :3TO 
H80p8B.li6HH6 HCC.li6~0B8HHit MOLeT ~BTL B03MOXHOCTL H3,Ytl8Tb H~epaoe Be
~6CTBO B COBepmeHHO HOB!iX COCTOHHHHX, aanpHMep, B COCTOHHHH KB8pK
r.JIDOHH08 nnaawu. Cy~eCTBYDT paa.JIHt~Hiie TeopeTHtleCKHe no~xo~u K pac
cwoxpeHHD M6X8HH3M8 B38HMO~e.ltCTBHH H~ep C H~paMH, C03A8HO 60.libW06 
KO.liBtl6CTBO MO.zte;ne.it, ~liH npOB6pKH KOTOp!lX H606XO.ztHM8 p83H006p83118H 
3KCnepHM6HT8.liLH8H HH\tJOpM8~HH. Bazuo.it ll8CTbD STO.it HH\tJOpM8~HH HBliHDT
CH ~8HHH6 no MHOX6CTB6HHOMY POX.lt6HHD llBCTH~ B H~pO-HA6PHHX B38BMO
.zt6i!CTBHHX. 

UenL pa60TU COCTOH118 B paapa60TKe H C03~8HHH TpHrrepa ,YCT8HOB
KH CO CTpHM6pHOI K8M6po£t, H3Mep.eHHH C6tl6HHil HeynpyrHX H)J.pO-HA6PHllX 
B38HMO~e.llCTBHil 1 HCCR6AOB8HHH X8p8KT6pHCTHK MHOli6CTB61IHOrO po~eHHH 
ll8CTB~ B HeynpyrHX H.ztpO-H~epHHX B38HMO~e.ltCTBHHX H 8H8RH36 nonyqea
HHX .ztBHH!iX. 

Hayquas HOBHaua H auatlHMOCTL pa6oru. Paapa6oTaH H coa.ztaH TpHr
rep ,YCT8HOBKH CO CTpHMepuoil K8M6pOit C C,Yii(6CTB6HHO R,YllWHMH X8p8KT6pH
CTHK8MH, ll6M HB YCT8HOBK6 B .liepK.liH 1 C03~8B8BW6£lCH ll TO ze C8M06 Bpe-
MH H npe~H83H8tl8llW6l!CH .ll1IH peweHHH 8H81IOrHtlH08 38~8llH. • 

ll01l,Ytl6HH 3KCnepHI&6HT81ILHb16 ,1\8HHU6 no C6tl6HHHM HeynpyrHX B38HMO
~ei!CTBH8 H no X8p8KT6PHCTHK8M MHOlKCCTlleJIHOrO POJCA6.i:IHH tl8CTH~.B Heyn
pyrHX BaaHwo~eAcTBHHx H,llep renHH c Li, c I Ne I Ae I Cu.~ Pt! H 

H~ep yrnepOA8 c cl Ne,.Si I Cu., Zr npH 4.5 raB/c•HyK.liOH. Eonb
WHHCTBO STHX ~8HHaX u!lJO ll011Yll6HO H ony61!HKOB8HO BnepBble, a no WHpO
Te ~H8ll830H8 HCC116.llOB8HHbiX MHW6H6tl H B HBCTOHU166 BJl6MH HBJIHCTCH HBH-
601166 OO.liHbiM. 

llOnytleHH!i6 3KCll6pHM611T8JILHU6 ~BHH!i6 ll03BORH1IH C~6.li8Tb onpe.n.e-
116HHH6 Buao~u o cnpaae,llnHBocTH cyUieCTBYD~x wo.n.enen H CTHMynHpoaanH 
C03.zt8HH6 HOBUX MO.ll61l68 H)J.pO-H.llCPHHX B38HMO.ll68CTBH8. 

llj61IHK8YHH• 0CHOBHUe peaynLT8TI:J .IIBCCCPTB~IHI H3.liOlleUU B pa60TllX 
/

1
-

12
/, ony61IHKOBBHIIU,. B llYPH81l8X "H.n.epuaa ¢H3HK8 11 , "np1160p1:1 H · T6X

HHK8 3KCnepHK6HT8 11
, "NuceeQr- Pny5ics" , npenpHHT8X H C006UICHHHX 

OIDIH. 

06~6M ~HCCepTBYHH. !eKCT COCTOHT H3 BBC.ztCHHH, nHTH rnaB H 38K1ID
qeHHH • .l{Hccepra~HH co~epxH_T 78 CTpauHu, BK1IDI.IBH 6 7a6nH~, 18 pHCYHKOB 
H 6H6.liHOrp8\tJBD H3 67 H88b8HHH. 

llp8KTHtl8CK8!i yeHHOCTL paOOTU. ii;YllKOE8H llBCTD C03.1l8HHOrO TpHrre-, 
pa, BK1IIO'l81llfi8H CHC~eMy H116liiH.;i!KBUHH H!i,ep·no 38pH.lJ.Y H llPO\lH1IHpOB8HHH 

0 .. bE!!~HEH~biM vlHCn-.!TY

;uEPHbiX v.ccnrr:.oa~H: 

6~5m10TEKA 



ny'IK8, HBnHCTCH yHHB6pC8nbHO~ H UOE6T Ourb ncnonb30B8H8 B p83pa0oT

K6, TpHrrepOB 1 npe~H83H8'16HHIU ~nH pemeHHH ~pyrnx 38~8'1 HB YCT8HOBK6. 

CHCT6U8 li~CHTHcPHKBUliH H,ll6p LIOl!BT Ourb TBKEC HCllOnb30B8H8 (H HCOJ{HO

Kp8THO liCllOnb30B8nacb) npH !18CTpOliK6 p6!tHM8 paOOTbl ilCTOIIHRKa THJKBnbJX 

1-lOHOB YCKOpHTena. 

9KCnepHI46HTBnl>Hb16 ~8HHU6 no C6'16HliHll neynpyroro B38UMOJ{6HCTBRH 

H HHOE6CTB6HHOUY po~~6HHD 118CTHU KoryT HCDOnb30B8TbCH KBK npn nnaHH

pOBBHHH HOBbiX 3KCD6pW16HTOB, TBK H B CW6lii:Hb1X oOnBCTHX HBYKH (clJU3HK8 

KOCIUI'I6CKHX nyqel1, 0HO!iC~HUiiHCKH6 HCCn8AOB81Ulfl li T. ~.). 

Anpodayna paOoTu. OcHOBHbl6 peayni>TaTu pado~u ocicyE~annci> na ce

UHHapax JIBS 14 J!BTA mlli!t1, Ha WKOne no Heynpyrnu B381'll.tO.ll6ilCTBIHIM B Ea

KypnaHH (1977), Ha CCCCHHX OT,ll6n6HHH HJ{6pHOll cPH3HKU AH CCCP (1978, 
1979), a T8K&e npe~CTBBnflnHCb HB M6JK~yHapO,llliU6 KOHclJ6p6HUHH B Ey,llanem

T6 (1977), UKlpHxe (1977), BanKyBepe (1979) n EepKnn (1980). , 

AllTOp 3811!UU\8CT / 

I. PaapaOoTKY u coa,/.\auue Tpurrepa ycTaHoBKil co CTpnuepnoli KaMe

pol1 ~nH ll3Y'IC!UlH Heynpyrux H,llp0-HJ{6pHbiX B3BIUIO,L\6HCTBHl1 l1 peaynbTBTbl 

HCCnC,/.\OB8InlH xap8KT6pHCTI-iK TpHrrepa np11 paciOTC B ny'IKBx H~ep. 
2. Pa3p860T8HHUl1 MCTO,L\ H31.1CPCHHH C6'!6Hilil ueynpyrux H~pO-HACpllUX 

B38RUO,ll6UCTBUn, peaynbT8Tbl U3MCp6HHH C6'!6HHli B38HMOA6l1CTBHfl ll.llCP re-

nlill c Li, C, Ale., Ae, Cu., P~ H H.ll6P yrnepO.l\8 c C, /\/e, Si, . 
C.u, 'Zr- u auanHa aTHX peayni>TBTOB. 

5. Peayni>TBTbl nccne,lloBanna xapaKTepncTnK pacnpe,lleneunl1 no uuo

lK6CTBeuuocTu. OTpRl\8T6nl>HbiX llHOHOB B HCynpyrr.1X B381UI0]16i!CTBHHX H,ll6p , 

remm c Li, c, Ne, Ae, Cu., P!J n H.li6P yrnepo}.la c C, Ne, Si, 
CLi 

1 
Z.-, - H BHanH3 3TUX peayJII>TBTOB. 

4. PeaynbTBTbl H auanna .l\BHHbiX no ·cpe}.lneuy 'lHCny npoTOIIOB, Bli6H

Tblx H}.lpaMu renlla 11a HACP c 
1 
Ne, Ae, Cu 1 P8 • 

5. Paapa60T8HHYD MO,llC]lb H~pO-H}.IepHbiX B38UIIO,ll6nCTBUH. 

CO.llEP.lllAHI.1E JUiCCEPTAUl1Ll 
, . , ,~: ?~J~G:, : 

Bo BB6,!!6HHR llO,l{'I6PKHyTa BHTyan:&HOCTb uayqenm~. ~.llpO,::ii)lepHilllC B38H-

MO,ll6llCTDHU' CciJq'pJ.iynHpOBI)'Iia 'ue'ii~ Pa 6~x~. npHB6.ll~~o Kpa~ii~a.:~~,lleplKaHn'e 
.llliCC6pT8UH>l H nepe'IRCriBHU OCHOBHbH/iionoJK6HHH, '38Jl!Hii!Seuu6' SBTOpo~ •. ,· 

'. B nepBon rnaBe cctJ.lopuynnpoBaHu;ocHoBHHe TpecioBaHna~ • JIP6.zl':&HB}Illeuue 

K TpHrrepy YCT8HOBKH C, ~ByxlleTpO:SO~ <CTpll!ll6PHOli K8116pott; llJ)6.liH83H8'16H'

HOll ~JIH HCCJIC,ZlOBBijHH HeynpyrHX H,llp0-~6pHbiX B38Hil0}.16HCT!lllH, Ofil1Caiia t' 

CI!CT6!.18 CUHHTHJinfiUHOHHbiX'. C'I6T'I!t1KOB u<norHKB ·0biCTpOiL:3JieKTpOJil!ltK, npH

,B6,llCHll OCHO.I!Hbl6 xapaK.,T6pi!CTRKH:,Tpllrrepa, nony'I6HHll6 'B npoue'cce, 3KCmiy- , 

8T8Ullll yCTB,HOBKR. 
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Ha pnc. I npHBe,lleHa cxewa pacnono:ateHua Cit'IHTHJimil\llOHHUX C'ICT1l!t1-

KOB TpHrrepa H Kawepu c wnmeHI>D. J!orHKa aanycKa To x T 0 >~ TT"x T"'•" 7..,'"' 

• Bblt:DI<g~bTHW h . J!'f1lA~ r--l.iiEifTpo,a T., 
Ctll I<A""EPbl MMWEH__}.__ . ~ 
··~~lr - --¥= / --'- .. , -~-
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' i !Ail'~~M- ' 

1< !-~ riposoa _ n~&M 

- 2900 300) llOO 

PHc. I. Cxewa pacnonoxeuna C'IBT'IHKOB TpHrrepa 

CUHHTHJinHUROHHblti C'ICT'IHK To CO CUHHTHnnHTOpOM (nnaCTHK) paawep011 

200x200x5 Kw
3 , npoCIIBTpHBaewuw TpeiiH WOTOyuno~HTenauH, BKnn'leHHliMH 

·Ha COBJ18}.16HHH, pa60T86T B BllnnHTy~HOU p6lltUUe H,npe~a3H8'lCH ,ll]IH 

H.ll6HTHclJHKBUHH · ~ep ny"qKa no aapa~y. CqeT'II1HH T0 c nnaCTHKBIIH ~Ha
lleTpow IS Kll H TonmHHOH 2-3 1111, npOCII8TpliB86MUUH (KBJK~blti) ~YMH ciJO

TOyMHOEHTenHUH, BKnD'ICHHbiM14 H8 COBnB.ll6HHe, npe}.IH83H8'1CHbl ,llnfl OT6opa 

T6X H.ztep nyqKa, KOT0Pb16 HAYT B. HanpaBJICHHH HB KHWCH:b. HeOClXO,llHUOCTb 

"nporpllliHpOB8HHH11 CBH3BBB C waneBbHHIIR pa3U6jJ811li npOBO,l{HIItHX l!HW6Hen, 

pacnO~OliCH~~X B 'IYBCTBHT6nbH0°W. 0Cl':&6116, CTpHYepHOti .Halle pH (00JII>m06 

aneKTPH'IecHoe non~). C'leT'IHK Tr c nnacTHKOK ,llHalleTpOII ~5 1111 H 

TOni!lHHOll U,l 1111 TBKEe npe~uaaaaqeu ~nH npO~HliHP~BBHRH_llY'IKa.'TonutHHa 
nn~CTHKB orpaHH'ICH8 Tp600B8HR6M ,llOCTBTO'IHO BbJCOKOti 3~<lJ6KTHBHOCTH 

TpHrrepa (AOliH_Baanllo~eticTBHll,_B 11nmeald H,,raae ,Ka11epu .oT Oellllero 'IRena 

ilJOTOrp~ciJHti) •. JlnH 3TOrO TOniiiHHB nn~<;THKB ,llOUH~ OUT I> _3HaqHTBnl>HO 

11,6Bl>W~, TOnutHHll IIHW6HH. I.!HW6HH, B CB~D 0'16p6~b, ,llOUHH dh'Tb TOHKHIIH, 

.~To6u HCKnD'lHTb aciJ<!JeKTu,noBTopHux Baanuo~eilcT:ann, CHH3HTI> AO HecKoni>-. ·.... . . . .. ·. .. . . ' . . 
KHX npOU6HTOB KOHB6pCHD rBUIIB-KBBHTOB H T.~. BC6.UHW6Hil (38'HCKJID'l6-

.HH611 JIHTHeBoit -1,5 r;c..l) .HuenH TOni!Ufuy ·or 0,2 .llO · a,·4 rjc112 ~ · CtieT'lll-
.,. ' ' •• ·,1 •.· ...... ' ' ' .·• ·--·· ' ' ' • . 

KH .TA _C. IIn8CTHKBIIB ltHBIICTpOII 100 ,1111 pa00T8DT B .P6lii:HU6 H3li6P6HHH 

a~nnHTy~u ,(npH116p a~nnHTY~Horo cneKTpa -·Ha PHC. 2) H,npe,llH83H811CHbl 

~nH perHCTPSUHH ny'IKOBbJX H,llep, H6 HCnbJTBBWHX Heynpyroro BaaH~O.ztev:cT
BHH.· 'Heo6XO}.IHIIOCT:b 6oni>moro 'paCCTOHHHH wex~y KHW6H:&D H ·C'IeTqHKaUH 

T.., '·' oc>yciiolineaa ~ueodxo.ziniiOCTbD CB6C'IH K. WHHHIIYMY nonp8BKH,'-c:B!iaaa

'ilue' ·c· :Boa11o:&Huw 'rio.zta:Bneifeeu lmoroaapn:Zuiux -q.parYeHToa H'itpa·. ~cnutaB
mero ''n6'pnciJepH'Iec!ioe BaanYoilencTBne B MHw.eHn. AunnHTY.l!Hiie: H B:pelleHiiue 

·pelll!.ibl pa-60Tll C'leTq'l\KOB 'nepHO,llH'ICCKH 'npoBepHDTCH: (6ea: ~epepbiBOB B Ha-

6ope :CTBTHCTHKH) c· llOllou\iD aw'nnH'Ty~'Horo' 8H8n'li'a'aropa':-· B 'TPHrrepe nc

noni>30B8JIHCl> OnoKH 6ucTpo~ ·3nenTpo!iv.EIH, pa:Jpa6o;aHIIhie l; JIBS 'ol1iiil. 

·3 
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PHC. 2 
A14nJIHTYAHb16 cneKTP~ C OAHOrO 143 cqaT
tiHKOB TA npH paaHbiX pe:muax pa6oTu 

yCKOpHT6Jlli 

. 0CHOBH!l6 X8P8KTepHCTHKH TpHrrepa: 
I. Tprarrep noa.BOJifleT IIOJ\CliHO .su.ztenan no 3apH.ztY HYEH!le H,Ztpa H3 

c~eca a.ztep B nyqKe. 
2. B~eKTHBHOCTb Tparrepa npra pa6oTe B pa3HilX nyqKax ra npra paa

HHX UHW6HHX COCT8BJIHJI8 B Cpe.ztHe~ 20-30~. 
3. CHCTe~aTHtl:eCKHe OWH6KH, BHOCH!.We TpHrrepO~ B H8Clp8HH!li! M8Tfl

pHan, 148JILI ra.KaK npaBHJIO •He npeBOCXOA!iT CT8THCTHqiCKJU O!JIH60K. ::ITO 
onpe.zteJIHeTCH 814nJIHTYAH!lMH p6EHK814H cqeTqJaKOB 1 HCnOJib30.B8HH614 TOHKHX 
wrameaell H wanoll aneprypoll cqeTqHKOB aanpera. (AnepTypa cqerqraKoB 38-
npeTa .s onHC!lBaewoJ.i Tprarrepe aa A.Ba nopH,ZtKa wear,me, qeM a.a aaanorHq-
aoll ycTaaoBKe B EepK:nH). ' 

4. Tprarrep aa.ztezeH B aKcnnyaTa~H. KaK noKa3anra MH~roqHcneHH!le 
C68HC!i HS yCKOPHT6JI6 1 noTepH .BP6146HH HS-38 H~nona.ztOK B TpHrrepe 86 
npeBoCXOAHT I%. · ' · · . 

Bo BTopoll rnaBe onracaaa MaTO.ztHKa aawepeRHH ceqeaxl!.aeynpyroro 
B38HMO.zteitCTBHli H.ztep C HAP814H H8 YCTSHOBK6CO,CTpiiM6pHOil K8146pOlt1 

.P8CCMOTP6Hii BCTOqHHKH CHCT6M8THq6CKBX OmH60K H Oq6H6Hii.HX BOSKOZHii6 
B6JllllliiH!i 1 paccqHTSHii COOTB6TCTBYiliiUl6 ·no npaBKH,. npHB6].l6Hii, ·• np08HSJIH~ 
3HpOB8HY H COnOCTSBJieHY C p8Cii6T8WH no. p83JIHqHbiJil liO,Jte~M no:nyqeHH!i6 
caqeaHa aeynpyroro .saaHWOAeitcTBIIH s.ztep "He c Li, C, N'e, Ae. 
eu.. pt, ia HAap ' 2 C c c, IV'e. s;. · t:U, z.~ . 
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,. 

jr 

CeqeHHH Haynpyroro B38H.~O].leitCTBTr1fl onpe].leJIHJIHCT> B ,l.lB8 STana. llpH 
Ha6ope CT8THCTHKH H8 yCKOPHT6JI6 HenpepbiBHO HSM6jlllJIOCT> OTHOUI6HH6 tJHq
na aanyCKOB (TparrepOB) K qHc.ny liA~p, na,naKJ~ItX ·US I.IHUieH:&. 3BTelol npH 
npoc140Tpe onpe,nenanocr, OTHomearae qracna ~Torpa~ran c Baaayo,ne~cTBHHI4H 

. B, 14HUieHit (HJIH, rase KB
1

ilepu) K. 061Jlel4y qHCJIY: ~OTOrpa~Hit. llO,l.lp06HO npo-
8H8JIH3HPOB8H!l B03140ZH!le, CHCT6!l8THqecKH6 OmH6KH 1. CBH38HH!le .. C, K8llt].llllil 
3T8ll01ol onpe;neJieHHH ceqeHHit. llOK838HO, q'J!Q CHCT6!.18THqecKH6 OUIH6KR·.H6 
npeBOCXO].lliT~H6CKOJIDKHX npo~eHTOB •. 0KOHqBT6llf>HUe.OUIR6Ka,ceqeHHH (BKJIKl
qaKJIJlHe H CTSTHCTHqecKae OWHClKH) COCT8nJif!DT 4-7% • 

Kpoue ABHHUX no ceqeanau aeynpyroro B38HI.IO.lleltcTBaa npHBO;nRTCH H 
BeJIHiiHH!l One'/ - ceqeHHH POJI!A6HHH XOTH 61>1 OAHOH OTpH~BT6lll>HO 38-
PHESHHOH qaCTH~U. 060CHOB8H8 UeTOAHqeCKSfi llOJI63HOCTl> ceqeHHH E>nee ·• 

fiOK838H0 1 qTO nonyqeHHU6 3KCnepHY6HTBJIT>H~e ,lt8HHUe no ceqeHHHU 
HaynpyrHX_liAPO~B;nepH~X B38HUO,lt6itCTBHH BMeCT6 C ASHH~MR ipyrHX pa6oT 
npHCj:nraa.HTenl>HO. onHCHBa lOTCH~ ~o pMy11oi4 Epa,nTa-lleTepcaf13/: 

&;~ = io:r, f?{rA;t3 +A'/'-t)2. 
c ,napaweTp~I.IH R.o ~ I',4o '~.~ " = I,03. O;nHBKO npH aTOM 7 -KBa.n.
paT HB CTeneHT> CBOcJOA!l. OKOJIO 31 5. ·::ITO· qaCTHqHO OelyC1!0BJI6110 38Y6THbll.l 
p8CXOE,lt6HHeM 3KCll6pHMeHTBJIT>HilX 3HaqeHHH1 nonyqeHH!lX p83H~MH MeTO,l.lH
K814141 ,q8CTHqHO- HeCOBapme~CTBOI.I C8MO~ ~OpMyJIJ,i. PHC. 3, HB KOTOp014. 
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P~tc. 3 

Ceqearaa aeynpyrrax B38HMOAeltcT
BHlt (6eJibl6 H qepHNe KpyxKH -
a awn .naaHue no He A · ra C A 
B38HMO~eltCTBHHI.I 1 Kp6CTHKH -
].l8HHhi6/I4/ no pA .) B 38BH
CHMOCTH OT Cyi4Mhl. ~COB 

CT8JIKHB8KllllHXCli HA6P 

npraBeAeHu Hamra .llBHHHe no ae~npyrraw ceqeuraau IleA ·ra CA BsaHuo
~ettcTBidl .swecre c ABHHhiWH/I I no pA .saai!uoAe.ttcTBraau, noKaa'uBaer, 

qTo Haynpyrrae ceqeiiHH He HBmlllTCH YHHBepC8JIT>HOti ~YHK~H6H B6JIHiiHHU 
A'l3 +A 'I$ . 

p T ' . 

CetieHHH HeynpyrHx HeA ra CA BSSHI4o,nettcTBHlt wo:mo xopomo 
annpOKCHI4HpOB8TT> ~opwy1!8MH 

5 



If:" ) 0,51 
Uin {HtZ.4 = ff2 A 

0 Cf;r 
6;, (CA) = 2~"'t'A '. 

llpa a~oH :ztnH A = :1 B o6oux c.ny'!laHx no:nyqaJDTCft ceqeHHH HYKJIOH-H.Itep
HNX B3Bir!MO.l!6HC~BHH, COBn8.It8D~He C TO'IHOC~:&D (2-3)% C HY6D~HMHCH B 
:nu~epatypc. 

no 

280 

tOOt 

fiOJIY'IIBHHUe 8KCnepHYOHT8Jl:&HN6 .l!8HH~6 Cp8BHHB8DTCH (pHC. 4) C 

6'in(CA,)xA;D.t., 

. 
0 V D 
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tO 20 50 tOO 200 
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Puc. 4 
Cp8BH6HM6 BKCnepKMeHTB:JlDHWX lr! 

pacqeTHHl ceqeaHI aeynpyrax 
B381r!MO.It61iCTBHI. 0 - 8KCnepH
M6HT, 0 - Oll~H'Il6CK06 npHCi:JlH
'&6HH6/I5/, + - "no:nyon~H'le
CKoe npH6JIHJlt6HH6 11/l6/, () -
KSCK8;llH8ft MO.l!6Jl:&/l?/, A,V, e 
pacqe~y no MO.l!6JIH f:nayeiepa HS 
pa6o~rf!S,l9 • 20/ COOTB6TCTB6Hlt0. 

pacqetauu ceqeHHI no pas:na'IHU• uo.ItenHM. Cpa:sHeHae noKasu:saet, 'ITO 
OllTH'l6CK06 npa6:nHneHH6 .l!OBOJI:&HO 38Y6THO 38Bblm86T CO'l6HH6 Heynpyroro 
B38HUO;zt61CrBHH, OC066HHO B OCiJIBCTH :nerKHX H;ztep-UHm6H6H. Cornacae 
.l!PYrBX p8C'l6TOB C 3KCnepHYOHTOH :nyqme, O.l!HBKO p8C'l6TU, npOB6.l!OHHU6 
pasa~ua anropaua no uo;zte:na rnayCiepa, Toze He :scer;zta cornacyDTCH uex
.l!Y COCioi. 9TO,B03HO'&HO,OCi~HCHft6TCft BUCiOpOU p83HUX nap8Y6TpOB pacnpe
.l!6Jl6HHH ft.l!6PHOI nnOTHOCTH. 

B Tp8TD61 rn8B6 npHBO.l!liTCH pacnp6;zt6Jl6HHH no MHOE6CTB6HHOCTH OT
PRit8T6JI:&HUX nHOHOB, pOE;zt6HH!IIX BO B38HJAO.It6IC~BHSX H;ztep ~ J.le C J..i, 
c, Ne, A e, Cu., P& H H;ztep ~2C c c, Ne, Si, cu, ';!r

P~CCMOTp6HU B03MOXH~6 HCTO'IIHHKB CHCT6U8TH'l6CKHX OmH60K, 0It6H6HU HX 
B,Omt'lllr!Hbl, p8CC'IHT8Hbl nonp8BK14. JleTSJI:&HO OCiCYX.It86TC~ :sonpoc 0 BUCiope 
HOPMHpOBKH npa HCCJI6AOB8HHH pO~.l!6HHH llHOHOB B ft.l!PO-IiA6PHbiX B38HMO
.It6ncTBHHX. fiOK838HO, 'liTO B H6KOTOpUX CJIY'IBHX (HanpHMep, npa Cp8BHO
HHH C 9.ItPOH-8;ztpOHHbUoiH B381!110.l!6i!CTBHHMlt) .l!BHHL:e no YHOlltSCTBBHHOio!Y 
POX.It6HHJD CJI6.l!Y6T HOpliHpOB8T:& HB Eip~c« - C6'116HHB POE.It6HHH XOTH 
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6U O;ztHOrO llMOH8 (B CJiyqae B.ItpOH-B,llpOHHOrO B38HMO.l!6ACTBHH fi l'.,. .. cl 

COBDS.l!96T C O;n ) • flp8.l!110Jt6H npOCTOSi Y6TO.l! pSC'l8T8 B6JIH'IHH!i 

G"p~oeL. , He HsuepaeuoA aKcnepHKOHTBJI:&Ho •. Cpe.ItHHH JAHoxecT~eaaocn 
OTPHit8T6Jl:&HUX lllr!OHOB 9HBJIH3HpyeTCft H Cp8BHHB96TCft C p83JIH'IHUYH UO.Ite
JlHWI (pHC. 5). Cp9BH6HH6 noKS3hiBBeT, 'liTO npe.ztCK939HJIO MO.l!6JIH KOJIJI6K-

e 4 
"A c 
v3 
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10 100 
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2 

PHC. 5 
CpaBHeHHe aKcnepHMOHTan:&Hux H pac
'IIOTHUX Cpe.ztHBX MHOJt6CTB8HHOCTel OT

PHitSTen:&HUX nHOHOB. 0 - 3KCnepH
M8HT, [J - MO.l!6JI/2I/, 0 - MO
.l!6Jl:& KOJIJI6KTHBHOit TpJCiKH/22/, X -

K8CK8,ltH8ft HO.It6JI/17 I. A - .lo!O]l8Jl:& 
H638BHCHYhiX B38HMO]l6HCTBHI/23/, 

~ - IIO.ll6Jl:& H639BHCHMWX B39HIIO-
.l!6ACTBHA (r~Ba Y HaCT. pa60TH). 

i 
"' 

'· 
I• 

<n>tn 

4 

PHC. 6. 38BHCHio!OCT:& .ztHCnepCHH pacnpe.zte1!6HHH no LIHOli!:SCTBBHHOCTH OTpH

USTSJI:&HUX nHOHOB OT cpe.ztHell WlOllt8CTileHH~CTH. 0-H'-'A, •· CA -
3KCnepHYBHT, +-HeA, X-CA - pacqeT no KBCKB.l!HOn uoJi.eJIH/l?/, 
JIHHHft - ]lJift f p - B38HHO.l!8HCTBUi/24/ 

7 



TI!BHOii- TpydKH aaweTHO -oTJIH4aeTeH' oT. aKenepH:.teHTa JILHJ:IX '.ztaauux ,c Mo.zle
JIH He38BHei!Wl:IX B38lUIO,l{ei1eTBH£l HeOJIOXO OUHeblBBIOT B Jienow epe.ztHDD 'WHO
llteeTBeHUOeTL IDIOUOB, · 06eyE,ll8JOTeH B031o!OlKHble ·Upi!I!Hllbl -oTJIHI!Hfl pacqeTOB 

<flO KBeKB.l{HOfi loiO,l{enH OT ·aKerief.'Hioi6HT8JlbHbiX ,l{BHU!:iX ·no epB.l\H6£l loiHOAteeT
BeHHOeTH. 

• - -Z)~ XapBKTep 3BBHel!l.!OGTI! Allenet:eHH !l>:: ( n>. - n OT epe.ztHe£1 
loiHOA>eeTBeHHOeTU n OTjjU48T6ilbHblX ID!OHOB B He A B38ID.IOA6HeTBHHX 

11 B ?P B38IDJO.l{eueTBI!f!A oqeHb 6JIH30K (pae. o). U.l{H8KO B CA B38-
HMO~eliCTBHllX ,l{rtcnepe;m pacTeT e yBenH46Hl1eM ;:; 3HBqkfTe JibHO dueT-

pee. 3TOT ~8KT XOpOillO Od~ReHReTeH B paUKBX MO,nenen HB38BHeiDJI:IX B38H
IoiOAeHCTBHH Tew; 4TO no 1o1epe YB6JIH46HHH 8T01!HblX BeCOB eTBJIKHBBD~HXeH 
H.I~ep Bee donee 3H84HTeJILHI:Ill BKJIBA B ,ltHenepcu~ ,ltBeT paa6poe qHeJia 
B38HMOABHeTByDU{HX·· HJKJIOHOB, • 

B qeTsepTOH rnase OUHCBHB WBTOAUKB H Upi!BeAeHI:I pe3yJILT8Tl:I H3W6-
• peHHWepe.ztHero l!lleJia npOTOHOB, Bbl611TblX 113 f!Aep .c,Ne, Ae, Cu.., pg 
:.H.llPBMl1 renHH. ,ilnR o6cyllt,ll;aeworo qkfena npoToHOB 6unH BSHTbl .nse paauue 
··HHJ:HHB aaepreTHI!eeKHe rpaHlll.\hl (KHHBTHI!eeKaa aaeprHR 30 MaB H 45 MaB). 

BI:IdOp 3THX rpBHHL\ o6yenosnea KBK ueTOAH4eCKHMH-eooOp8llt6HHHMH (.llllfl 
·npOTOHOB'C M6Hb~e£l 3H6prHeA eTBUOBUTef! BeebMB ey~eCTBBHHOR nonpBBKB 

HB norJI0~6HH6 B'UHWBHH)\ TBK' H BOaWOlltHOCTb~ COUOCT3BJI6HHH UOJIJ46HHO
ro peaynbTBTa e ABHHJ:IMH auynbellOHHhlx aKenepiiMeH'rou. Cpasueur~e nony
qeaublx ABIIHhlX e paeqeTawH (pr~c. 7) .noKB3hiBaeT xopomee eornacr~e e aKe-
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200 

PHe. 7 
Cpe,llaee I!IICJIO npoToHoB, B~-
611ThiX HAPBMH renua us H,llep
MHllleuea e aTOWHJ:IM seeow AT • 
0. - 3KenepHil6HT (BBPXHHB 

TOI!KII - npOTOHhl e T ;> 30 !.laB, 
HHXHIIB ~ e r> 45 !.laB), KpH

Bl:IB 1,2 - EaeqeT no ~opwynaw 
pa6oT/2I,2 I, K~HBBH 3 - wo

.ztenL ~anep6ona1 6•271, ~ -
paeqeT no KBeKB,llH0£1 llO]tBJIH 
717/ 

nepHMBHTOM KBeKB]tH0£1 YO,llBJIH/17/, PaeqeT no YO,'{BJIH ~a£lep6onaf26 • 27/ 
.ll8BT ey~eeTBBHHO MBHLWBe l!lleJIO Bbl6HTblX npOTOHOB. fip08H8JIH3HpOB8H8 
B03MO:IH8H npHI!HHB 3TOrO paeXOllt,ltBHHH. 

38BHCHMOeTL epe,nuero 4HCJI8 npOTOHOB, Bl:IOHTI:iX H3 H.ztBp-llHWeHB£1 H.zt
paWH rBJIHf1 1 XOpOWO annporleHWHpyeTeH ~OpMyJIBMH 

8 

;;,. = 0.5 A~s-5' 
fip = O.Lf A~SS' 

f r,. > 30 MaB), 

( Tp > "fS' l.iaB), 

r.zte A r - aroMHJ:II Bee f!Apa-wHmeuu. 
fion:yqellHBH 38BHeHMOeU eneHHJi HBynpyrHX B38HilO]tB£ieTBH£l H X8p8K-. ) 

TepHeTHK MHOKBeTBBHHOrO p03]tBHHH qaeTHU OT 8TOMHOrO-Beea MHWBHH A88T 

B031lOKUOeTL paeei!HTSTL llHOXBeTB8HHOeTL 38pHEBHHI:iX qaeTHU B 31lYJILeHHX1 

o6nyqeuuux HAPBMH renxa. Pea~nLTBTH paeqera xopomo corn:seJDrea e 'au
HYMH awyn:LeHoHHYX pa6or/28 •2 I. OAHaKo non:yl!eHHHe BBTopauu pa60TH 291 
ABHHI:IB AJIH nerKOI H TRIBnOI rpynn HABP nopo3HL o6aapyXHB8DT 38MBTHOB 
p8CXO~BHHB e 06ey~8BKHMH ]tBIIHI:IIIH, UOJIJ48HI!Hio!H HB I!HeTJ:IX llHW8HHX 1 

4TO roBOPHT 0 TPYAHOeTH~ B H3Y4BHHH A -38BHeH~toerel ll8TO]t01l ~OTO-, 
awynLeHlt. 

B DHT0£1 rnBBB npKBOAUTeH ODHCSHHB paapa60TBHHO£l SBTOpOil MOABJIH 
H.ztpO-H.ztBPHHX B38Hil0,11B£leTBHI 1 OeHOBBHH0£1 HB npe.ztDOJIOX8HHH 0 H838BHeH
»OM B38HilO]tB£leTBHH HyKJ!OHOB eTSJIKHBBD~XeH fl.ztBp. PaeeKOTpBHO MeeTO 

paaBHBaewoi MO.zteJIH epe.ztH .ztpyrHx MO.ztenea. llpHBO.ztHTCH ~opwyna AJIH,pae
qera 6"x -eetlBHHI B38HMO,ltEIIeTBHH K H TOJ!LKO K HYKJIOHOB H,!!pa-euapa
AB B H.ztpB-IlHIDBHH. llo.ztp06HO 8HBRH3KpyeTeH BOUpOC 0 TOll, KBKHe CB48HHH 

HJKJIOH-HYKJIOHHYX B38HMO.zte£leTBH£l (nOJIHI:IB 1 Heynpyrue) enBAJBT HenonLao
BBTL B paeqeTBX. ITpKBO]tHTCH peayJILTBTY I!HeJIBHHYX paeqeTOB B8J!H4HH 

o" .ztna BaaHwo.ndeTBH£1 a.ztep renHH e HAPBMH Li, c, Ale, Ae, Cu, 
/'~ 1 HB OeHOBBHHH KOTOp!:iX llO]t6JIL epaBHKB88TCH C 3Kenep14MBHTOU:. Pe~yJIL

TBT epBBHBHHH npHBB}tBH HB pHC. 8, r.zte npe.zteTSBJI8HI:i pae'IBTHI:IB H SKene-
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PHe. 8 
BepoaruoeTL o6paaoBa
uma ~parueHTOB e aaps
AOK Z B 30HB CTpH

DHHr~ rBJIHH. JlHHHH -
paeqer no wo.ztenH. 
o,4,X- - axenepH

MBHTAJILHHe ~SHHI:IB pa-
60TH/30/ ~ 4l • - 731/ J I I 

pi4M8HT8RLHI:IB ABHHJ:Ie/30•3l/ DO pacnpeAenBHKm 88PHAOB-~8rM8HTOB 
B 80H8 eTpHDHHra. Cp8BH8HHB p8CIIBT8 epB.l\H8l MHO&eeTBBHHOeTH OTpHUB-
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TBHLHUX nHOHOB C 8KCnepHW8HTOK (npH STOW npeAnOnaraeTCH1 tiTO Cp6AHHH 
wHozecTBBHHOCTL npH BSBHWOAe.ltcTBHH HAep·renHH H yrnepoAa c ~pawH 
J.HlWBHH onp6A6~8.TC.H Dp0HSB8)l8HH614 Cp8.ll;H8rO tiHCna HyKnOHOB HAp8-CH8-
pH.ll;81 HCnHTBBWHX Heynpyroe BS8HUO)l8~CTBH8 1 H cpe.n;He.lt KHOX8CTB8HHOCTH 
B HyKnoH-HYKnoHHou coy.n;apeHHH) npHBo.n;Hnoci· yJKe 'Ha p.Kc. 5. BH.iHo, ·tiTO 
B o'6oHX ceytiBHX corna'cHe lio.n;enH c' 'aKcn'epH'IiBHTOU li'nonH'e YAOB116TBOpH
Til'nLHO'e' •. B paYKBX 'J.io.n;enH paccllaTpHEaD.TCH ·aaKOHDiiepHOC~H'no'BeJi'ea'Ha. 
,ltHC.nepcHH pa~npeJfen.eHHH···no: KHOiiBCTBBHHdCTH o·TpH~aTenLHUX h~OH~B 'KiiK 
B.'Heynpyrlix;' TBK H B. UBHT.panLHllX :Baaliuo.neRcTBHHX. Ka'tieCTBSHHHe nEe,li
CKBSBHHH MOJtBml xopowo' corJiacyJOTCH c SKcn'epHMBHTB~Liii.uui ~BHftuwil 2/; 
npilie.iteH!l TBKile peayiiLTBTll: pacqeTa C8ti8HHH UBHTpanLHoro'·BaaHuoie'UcT
BHH a.n;e Pi'' pacnpe.n;e neHHH BSllHYO)le.ltcTB'HH c 'IPHKCHPOBBHHHM iiHCJIOM' lisa H.:.' 
KO~e.ltCTBYIO~HX' Hyitni>HoB no npH~enLifOMY napaueTpy (pHc •. 9) H He~OTOpue 

· )lpyrHe. PaccwoTpeHu H cqo pMynHpoBaHN rpaHHUu npHWBHHYOCTH npu:BeAeH.:. 
H!lX ilJOPMYJI• 
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Pile. 9 
PeayJILTBTbl pacqeTa·pacnpe.zteneHHH no 
,npH~BJILHHW nBp8W8Tp811 BS8HIIO)l8~CTBH.It 
C iPHKC!t!pOBBHHbiM tiHCHOII K Heynpyro 
BSSHIIO)lB.ItCTBYD~HX HyKnOHOB renHH' , __ 

B SBKHIOtiSHHH C~opuynHpOBBHbl OCHOBHb18 HTOrH )lKCCSpTBUHOHHO.It pa6o-
Til.'· 

I. Paapa60TBH8 H OT118Z8H8 CHCTBYB sanyCKB (TpHrrep)_yCTBHOBKH 
CO CTpHU8pHO.It KSYepo.lt B IIBrHHTHOY nOJIS {CKM-200), C nOWO~LD KOTOpO.It 
noJiytieH '6on~>wou '·'o6:be·u · aKcnepHii:e iira'.riiHo.lt 141Iwo pw'a·iu!~' · o' iteyripyrifx 'H.ii:Po"-: 
H.ztBPHbiX BSBHMO.zteltCTIIHHX~"' CHriiel.iaTlitiecK'lie' oiu!.i6it'lf;· BHOCHI.We')'TpHrrepoil ·' 

10 
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·'· 

B H86Hpaeuyv CTBTHCTHKY, He npeBOCXO)lHT H6CKOJII>KHX npOU6~T,OB0/tiTO' '~o
CTHraeTCH BHBHUSOLI COCTBBa nytiKB no SBPHAY H)l8p1 npHl!SHS,HHSi?nneHOti
HHX CUIIHTHJIJIHTOpOB 1 fi03B,01!.HIOJJII1X HCllOHL30B8TL TOHKI!6 J.nlrutiHH:'· iti.!aiioll 
anepTypo£1 CtiST'lliKOB aanpeTB 1 paCiOT8IOUIUX B peXU!.d8 HSM8p8Hiifi 'aap~)l8 _ 

tiBCTgUbl~ . "~ •• :~~~~ :;: 
2. PaapaCioTaHa MBTOAI!Ka HauepemtH ceqeuHLl ua· ycTauoBKe ·co cTpa-

uapHoLl Kawepon H HauepeHu cet~eHH.H Heynpyrux BaaHJ.IO)lellcTBHil' fi~~P ~He 
c H)lp81dH Li, c, 11/e I Ae' Cu., PC H ~ep f2.c·' 'c'fl.llpa~~ i c~ Af!, 
Si Cu., ~r- npH m..myJILC6 4.5 raBjc Ha HYKHOH. TOtiHOCT1> HSM8P6llllH 

, ' '·' ~: ;· ' \) '-i 1 7~:. ;":' ,·:,' ; • ,,. :" . j 

cetieHnil. c ytieTo~o~ Boai!OE:Hhlx CHCTel.laTuqecKux owu6oK coc-taliimei' '4-7%. 
PaccuoTpeHH u npoaHaJIHSHpoBaHu paa mt'ill!le annpoKcnuaul!H cet~elmu 'ueyn
pyrux BSBli!MOJteil.cTBHli HASP c HAPBMH. noKaa aHo, ~ tiTO pactieTfl no<:uo,l1omt 
rJiay6epa y.n;o»neTBOPHTenLuo. corJiacyJOTCH · c aKcnepll.MeuTanl;Hb!Mii'· .ztaimhliia. 

3. nonyt~eHu pacnpe.n;i:meuHH no MHoJKecrBeuuocTn oTpH((aTeni;HuX nHo-
HOB BO BS8HYO)l8llCTBH.HX .H)lep ~1-/e C Li, C, Ale, A e, Cu., P6; I H 
R]tep 12C c C, Ne, S;, C<~, ~r-. HpoaH8nllS.IIpOB8HLr•B03MOl!!Hb18·HC
TOtiHHIU1 cncTeua:rHt~ecKilx ow116oK, pacct~HTaiiu · cooTBefcT.BYIO~He "Iioiipa:aiui. 
llpHB6)l8Hll B paanHtiHHX HOpMllpOBKBX C!J8AH~I6! AIHOllteCTBeHdocrusa.J,iJ.licnepl 
CHll C OWH6KOlt 4-5%, BKJIIO'l810JJI8H BOSI.IillliHU6 •CllCTiH.i8TI!ti6CK116~·0Uhi6kl!. · 

4. nonyt~euu (c TotiHocTI>IO I0-15%) .n;miH.bie'o··c:peAiioil.'uuoiec±1leu.::.~; 
HOCTU npoToH'on, BHOl-IT!lX H,llpBI.IH ~He H3 H)l8p C, Ne, Ae,''(::u;;P£ • 

• , ·' .. . .. . ·\·· · r ... -~. ~~· ·~ . .-•:- t.. ,. ·,, 
5. flony'ISHH116 3KCll8pH!A6HT8HI>HH8. ,ll8l!HH8 'llO'MHOJK8CTB811IIDMY pOli!)lS-

HHIO npOTO!IOB ll OTPHU8T6HL!I!JX nHOllOB !ii,poaJ:ia1ili3!1poBaHU ii'icorioCTBBnetii.r 
c pa.n;oM Mo.zte nan HJtpo-n.n;e pHux ·.B3.a'm,o.zien·cTililt;~( noi<aaaao;'· '~'To 'J.!'o)ii?n~> 1 s 
KOJIJISltTHBH0!-1 Tpy6KH H tlJ81lep6o'ni;H'BH M0~8nL· 'c'akcnepui,ieuTcfJrfllliMi{'~aii.:.: 
lliliLIH HS COrJiaCyiOTCfl 1 H tiTO. HSHOO.riee y)lODJ:iBTBOpii'TB'pbl!Oe' OUi!caiJii!(·~itdS 
nepHM8HT8 .ll;BIOT 140)l6JIU H838BHClwUX il3811MO~elicTBHil~·) ''" · '' il :n:) • \'S 

6. Pa3BHT8 J.IO)l6JIL H,ztpO-H~epHbiX B38lll.IOA6tiCTBIDI, ocnoua'iia~il',...H8 
npe.n;noJIOllC6HUH 0 ue S8Bl1CHMOU :aaiiliill:r.n;eticrn\in HYl\JlClHOB; crallli~iila!O~ilxcn s 
ff)l6 p. flpe~CK83 BHHH !.IO)l6JIH' CO rJiacyioTCfl 1 C. ~BHllbUW:c i'lKCllSpH!ASHTB·~' 'if p~'u-

··- -..,.,,~ ~ rz> <""""' #1, ., !~ ' .,_.~-•: ;;_;,;_ .. ~,,'...- jc {J'i: 

KBX uo.n;eJIH c.n;enaH pacqeT HeKoTopux xapaKTepHCTHK' (ceqemm;- pacnpe.ne-
JIBHHR no npHUBHI>HHll 'nap8LI8Tpa'M H ;:~p;·j'·"ueurpa'nLHUX11 ; HxuJO.:::.fi~eplibiX: J.(. 
BSBHLIO,l1.8.1tCTBH.It. .C~·:' ,:.; ,:~( ,(:r::;i'] ,<:\ • ;; ,\) ;)}:·; .. :c.:j ,;,( 
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