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Ha sace.zraHl111 .zr11ccepTau11OHHoro coSeTa .ll-O47.OI.O2 s Jla6opaTo

p1111 Bb!COKl1X 3Hepr11A O6W,lll1H8HHOrO 11HCTl1TYTa 51.zrepHb!X 11ccne.n:o-

BaH11A no a.n:pecy: 

141980, r . .l[y6Ha Moc1<osc1<OA O6nacT11, JIB3 Ol1Hl1. 

C .n:11ccepTau11eA MOlKHO O3HaKOMl1TbCfl B 6116n110TeKe JIB3 Ol1Hl1. 

AsTope<I?epaT pasocnaH •• ___ .. ______ ~1998 r. 

YYeHblA ceKpeTapb ,lll1CcepTaUl1OHHOrO coseTa 

.ll<;JKTOP ·<I?.-M.HaYK, npo<I?eccop . ~ ~ M.<l>.J111xayes 

O6illAH XAPAKTEPl1CTl1KA PA6OTU 

AKTYaJibHOCTb npo6JieMbl. B HaCTO.Rmee speM.R OCO6b!A 11HTepec np11-

OCpeTaeT .n:eTaJibHOe 113YY8Hl1e 3JieMeHTapHhlX. aKTOB B3al1MO,lleACT-

811fl a.n:pOHOB KOCMl1Y8CKl1X JIYYeA C nerKl1Ml1 .R.n:paMl1 np11· Ha116onee 

Bb!COKl1X 3Hepr11flx, cymecTBeHHO npeBOCXO.llfll!ll1X 3Hepr1111, .n:ocn1- · 

)!(11Mble C nOMOfilb!O YCKop11TeJJeA. l1Me!O!lll18C.fl Ha cospeMeHHOM· 3Tane. 

3Kcnep11MeHTaJibHble .zraHHble no B3al1MO.lI0ACTBl1flM.· nl1OHOB C fl.ztpaM11 

6b!Jil1 nonyYeHbl B KOCMl1Y8CKl1X JIYYax .llO 3Hepr1111 3,5 T38 [ IJ, a 

Ha YCKop11TeJI.RX .l{O 525 r3B [2] . .lleACTBY!Ofill10 11 CTpo.Rm11ec.R 1(0}1-

JiaA.zi:epbl nYYKOB n11OHOB ;Bl:lCOKOA 3Hepr1111 . .zi:aTb He MoryT .. 8 TO )Ke 

speM.R Ha BhlCOTax rop 11M08TC.fl Hap.R.llY C HYKJIOHaMl1 3aMeTHUA 

noTOK nl1OHOB, np11YeM .llOJlff 11X pacTeT. C pOCTOM 3Hepr11A L3]. 

no3TOMY 113YY8Hl10 B3al1MO.ll0ACTBl1A n11OHOB 11 HYKJJOHOB KOCMl1Yec-

K11X JIYYeA B O6JiaCTH csepXBhlCOKl1X 3Heprl1A C nerKl1Ml1 ~.zi:paM11 Ha 

BblCOTaX rop OCTaeTC.fl aKTYaJJbHUM.· 

l1ccJJe.lloBaHl1.fl B3al1MO.lI0ACTBl1A pEiJJ.RTl1811CTCKl1X 51.zrep, HaYa

Tble Ha Cl1HXpo<I?a30TPOHe JIB3 Ol15U1, B HaCTO.R!llee speM.R CTaJJl1 o.zt

H11M 113 6YpHO pass11sarom11xc.R HanpaBJieH~A·<I?l1311Kl1 BUCOKl1X 3Hep

r11A. Bee sospacTarommi 11HTepec, npoRBJJ.ReMuA K 3TOMY HanpasJie

H1110, CB.R3aH C B03MOlKHOCTb!O noJiyYeHl1.fl l1H~OpMau1111 0 npOflBJJ8Hl1.flX 

KBapK-r JIIOOHHOA CTPYKTYPbl .R,llpa [ 41 11 06 o6pasosaHl111 HOBOro 

COCTO.f!Hl1.fl .R.llepHOA MaTep1111 - KBapK-rJIIOOHHOA nna3Mhl 'r51. BalKHOA 

YaCTb!O 3TOA 11H<I?OpMaUl111 .f!BJI.fl!OTC.fl .zraHHhl0 no MHOlKeCTB0HHOMY polK

.n:eHl1IO YaCTl1U B Heynpyr11x 11 ueHTpaJJbHhlX .R,lipO-.R.llepHhlX B3a11MO

.zi:e ACTBl1.f!X. 

C pa3B11Tl1eM 11 YCJJOlKH8H110M 3KCnep11MeHTOB B <I?l1311Ke YaCTl1U 

BblCOKl1X 3Heprl1A ceMeACTBO KJiacc11YeCKl1X TpeKOBhlX .zreTeKTOpOB 

CKaMepa B11JibCOHa, .lil1<I?<I?Y311OHHhl0 11 nysblpbKOBble KaMepu) no

noJIHl1JIOCb 11CKpO8hlM11 11 CTp_l1MepHhlMl1 KaMepaM11. np11 3TOM OKa

sanocb, YTO B KOCMl1YeCKl1X JJYYax BblrO.l{HO 11cnOJib3OBaTb Tpe

KOBhle 11CKPOBhl0 KaMepu 11s-sa BO3MOlKHOCTl1 CO3,llaHl1.fl KaMep 60Jib

m11x pasMepoB, a Ha YCKOPl1T0JI.f!X - CTp11MepHue KaMepbl B MarH11T

HOM none, Kai( ynpaBJJfleMhle .zteTeKTOphl C 4n-reoMeTpl1eA. IT03TOMY 

paspa6OTKa, l1CCJie,n;osaH11e TpeKOBhlX 11CKpOBhlX 11 CTPl1MepHblX Ka

Mep, CO3.ztaHJ1e Ha 11X OCHOBe KpynHOMacmTa6HhlX KOMnJieKCHhlX YCTa

HOBOK ,ll;Jl.fl 113YYeHl1.fl .R,ll;epHhlX B3al1MO.zteACTBl1A nl1OHOB 11 HYKJJOHOB 

KOCMl1YeCKl1X JIYYeA np11 csepXBhlCOK11X 3Heprl1flX Ha BhlCOTe rop, a 

TaKlICe MarHl1THHX cneKTpOMeTpOB .lIJ!.fl 11CCJJe.ztoBaHl1.fl B 06JiaCTl1 pe-
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nflTl1B11CTCKOA fl,ZlepHOA ~11311Kl1 Ha ycKop11Tene Ha npOTfllK9Hl111 MHor11x 

neT flBnflnOCh 11 flBnfleTCfl aKTYanhHblM HanpaaneHl19M B 3KCnep11MeH-

TanhHOA ~11311K9 yaCTl1U Bb1COKl1X 3Hepr11A. 

ije nh pa6OTl:l COCTOflna a: 

- paapa6oTK9 11 CO3,ZlaHl111 KOMnneKca 6OJJhilll1X TpeKOBblX 11CKJ)OBblX 

KaMep ,Zlnfl KpynHoMacmTa6HblX ycTaHOBOK, npenHa3Ha'-!eHHblX nnfl 11c

cnenoaaHl1fl fl,ZlepHbIX B3al1MO,ZleACTBl1A nl1OHOB 11 HYKnOHOB KOCMl1'-!eC

Kl1X nyYeA B o6naCTl1 csepXBbICOKl1X 3Hepr11A Ha TflHb-illaHhCKOA 

ropHOfl cTaHUl111 C3340 M Ha,Zl ypOBHeM MOpfl); 

- paapa6oTKe 1111ccnenosaH1111 6onhm11x cTp11MepHbIX KaMep 11 cosna

Hl111 Ha 11X OCHOBe MarH11THblX cneKTpoMeTpOB ,Zlnfl 11ccnenosaHl1fl B 

o6nacTl1 peJJflTl1B11CTCKOA nnepHOA ~11311Kl111 B npoaeneHl111 C 11X no

MOlllhlO 3KCnep11MeHTOB B nyYKaX Cl1HXpo~aaoTpOHa JIB3 OMHM~ 

- 11ccnenoaaHl1l1 xapaKT9p11CTl1K MHOlK9CTB9HHOro polK.Zl9Hl1fl n110HOB 11 
0 o6paaosaHl1fl ACK)- YaCT11U B Heynpyr11x 11 ueHTpanhHblX CTOnKHo-

B9Hl1flX fl,Zlep C nnpaMl1, 113MepeHl111 ce'-!9Hl1A 3Tl1X B3al1MO,Zl9ACTB11A 

np11 3Hepr1111 3,66 A f38 11 a aHan11ae nonyYeHHl,IX naHHl,IX. 

Hay'-!Hafl HOB113Ha 11 npaKTl1'-!9CKafl ueHHOCTh peaynbTaTOB pa60Tbl. 

Bneps1,1e paapa6oTaHl,I 11 CO3,ZlaHN .ZlBYX- 11 Tpex3neKTpO,ZlHl,19 TpeKOBI,19 

11c1<poa1,1e KaMep1,1, 11Merom11e 6onhm11e pa6OY11e ·nnoman11 - no II M
2 

11 

aaaopN - no 0,5 M. Tpex3neKTponHafl KaMepa nnoma.ZlhIO II M
2 

c 

aaaopoM 2x0,2 M, CO3,ZlaHHafl ,Zl}lfl KpynHoMaCmTa6HOA ycTaHOBKl1, 

flBnfleTCfl caMOA 6onhillOA KaMepoA B M11pe C M11Hl1ManhHNM KOnl1YecT

BOM semecTBa Ha nyTl1 per11cTp11pyeMNX yacTHU- OHa TaKlKe MOlKST 

61,1Tb 11cnonhaosaHa 11 nnn 11ccnenosaH11fl m11poK11x aTMoc~epH1,1x n11s

HeA. Ha OCHOBe .ZlBYX3JI9KTPO.ZlHbIX TpeKOBl,IX l1CKpOBl,IX l1 CTp11MepHI,1X 

KaMep sneps1,1e nocTpoeH 11cKposoA cneKTpoMeTp nonHoro nornome-
2 . 

Hl1fl nnoma.Zlh!O l M ,ZlJlfl 11CCJie,ZlOBaHl1fl nnepHl,IX B3al1MO,Zl9YICTBl1A an-

pOHOB np11 3Hepr11l1 s1,1me 100 f3B, KOTop1,1A flBJiflJICfl 6a30Bl,IM MO.ZlY

neM ,Zl}lfl peaJil13aUl111 KpYnHOMacmTa6HNX ycTaHOBOK. 

·coaMeCTHl,IMH yc11n11nM11 OMHM 11 <I1TM MH-AH PK CM<I1B3 AH Kaa 

CCP) C Henocpe,ZlCTB9HHl,IM yyaCTl19M aaTopa paapa6oTaHl,I, C03,ZlaHl,I 

1111cnoJih30BaHbl B 3KCnep11MeHTax MarHHTHble cneKTpOMeTpl,I CKM-200 

l1 rH6C, OCHOBY KOTOPbIX COCTaBJIRIOT .ZlBYXM9Tp0Bble CTp11MepHble Ka

Mepbl, no3BOJlfl!0m11e per11cTp11poaaTh B 4rr-reoMeTpl111 BCIO CJIOlKHYIO 

MHOrOTpeKOBYIO KapTl1HY B3al1MO,ZleACTBl1A peJIRTl1B11CTCKl1X R,Zlep C R,Zl

paMl1 11, B TO lKe apeMR, oT611paTh pe,ZlKl1e COClbITl1R. CKM-200 O.Zll1H 

l13 nepa1,1x B Ml1pe cne1<TpOMeTpOB co CTpl1MepHl,IMl1 KaMepaMH, neA

CTBOBaBml1X B nyYKaX peJIRT11Bl1CTCKl1X fl,Zlep. 
2 

C noMOll16ro 3Tl1X cneKTpOMeTpOB nonyYeH CloraTbIA 3KCnep11MeH

TaJ16HblA MaTepHaJJ no HeynpyrHM M uettTpaJI6HblM B3al1MO,ZleACTBl1RM 

fl,Zlep re1111B c Li, c, Ne, _Al. Cu, Pb, fl.Zlep yr11epona c Ne, c, 

Si, Cu, Zr-, Pb, fl.Zlep Kl1C11OpO,Zla C Ne, Pb, R,Zlep ~Topa C Mg, 

R,Zlep HeOHa C Ne, Zr- 11 .R,Zlep MarHl1fl C Mg np11 3Hepr1111 3,66 A f38. 

3Tl1 ,ZlaHHble IT03BOJll1JIM npoBeCTM CMCTeMaTl1'-19CKl1A atta11113 sa

B11Cl1MOCTeA OCHOBHblX xapa1<Tep11CTl1K MHOlKeCTBeHHoro pOlK,Zl9Hl1.R OT-
O . . 

p11uaTe Jl6HblX ITl1OHOB 11 o6pasoBaHl1.R ACK ) '-!aCT11U B Heynpyr11x 11 

ueHTpaJ16HblX B3al1MO,ZleACTBl1flX, a TaKl!Ce 3aBl1Cl1MOCTeA ce'-!eHHA 

3T11X B3aHMO.ZleACTBl1A OT aTOMHbIX Be COB CTaJIKl1Ba10m11xcfl .R.Zlep 11 OT 

lKE3CTKOCTl1 Kp11Tep11eB OTClopa U9HTpa116HblX B3al1MO.Zl9ACTBl1A. TToJJy

YeHHbl8 pe3YJl6TaTbl no3BOJll1J111 C.ZlenaT6 onpe,ZleJleHHble BblBO.Zlbl 0 

cnpaB8,ZlJll1BOCTl1 Tex 11Jll1 11Hb1X TeopeTl1'-18CKl1X MO.ZleJJeA, a TaKJKe 0 

BO3MOlKHOCTl1 cymeCTBOBaHl1R oelmero paBHOB8CHOro 11CTO'-IHl1Ka BTO

p11YHblX YaCT11U- 6OJlbllil1HCTBO pesy Jl6TaTOB 3Tl1X . l1CCJl8.ZlOBaH11A 

no11yyeHo 11 ony61111KoBaHo anepable. C noMOillbIO cneKTpoMeTpa fM6C 

TaKlKe anepBble nOJIY'-19Hbl ,ZlOCTOBepHb18 ',ZlaHHble no peJJRTl1B11CTCKl1M 

r11nepR,ZlpaM 11 l13Y'-18Hbl peaKUl111 nepesapR,ZlKl1 peJJl'!Tl1B11CTCKl1X .R.Zlep 

Ha R.Zlpax. 

TTOJIY'-18HHl,le 3Kcnepl1M9HTaJl6Hl,18 ,ZlaHHl,18 MOrYT Clb1T6 11cnOJJb-

3OBaHbl KaK np11 n11aH11poBaHHl1 HOBblX 3KCnepl1M8HTOB Ha HYKJIOTpoHe 

l1 YHK-6OO, TaK 11 B CMelKHbIX 0611aCTRX HaYKl1 Ca ~113MKe KOCMl1'-18C

Kl1X JIYYeA, B pa,Zl11au11OHHOA ~11311Ke, 611OMe.Zll1Ul1HCKl1X l1CCJJe,ZlOBaH11-

RX 11 T.,Zl.). P.R.Zl paspaelOTOK BblnOJJHeH Ha ypoaHe 1130ClpeTeHl1A. 

Anpo6au11.R paeloTbl 11 ny6J1111<au1111. 

OcHOBHble pe3YJlbTaTbl 11 BblBO.Zlbl ,Zll1CCepTau11OHHOA paelOTl,I ,ZlOK

Jla,Zll,IBaJIHCb 11 O6CYlK,ZlaJJl1Cb Ha Bcecol03Hl,IX KOH~epeHUl1RX no KOCM11-

'-18CKl1M JJYYaM B AJJMa-ATe C1966 r.), a Hoaoc11611pc1<e CI967 r.), 

B TamKeHTe CI968 r.), Ha MelK.ZlYHapo,ZlHOM COBentaHl111 no l1CKpOBblM 

KaMepaM B lIYClHe CI966 r.), Ha MelK.ZlYHapO,ZlHOM Cl1MnO311YMe no Ha

HOC8KYH,ZlHOA R,ZlepHOA 3JJeKTPOHl1Ke B lly6He CI967 r.), Ha Bceco

!03HOA lliKOJJe no Heynpyr11M B3al1MO,ZleACTBl1.RM a,ZlpOHOB 11 .R,Zlep Bblco-

1<11X 3Hepr11A B A11Ma-ATe Cl982 r.), Ha HaYYHhlX ceM11Hapax MHII> 11 

WI>B3 HAH PK CAH-Kas CCP), II>TH ·MH-AH PK B AJJMarn, II>MAH, Ha Ka

~e,Zlpe 3KCnepl1M9HTaJJ6HOA .R,ZlepHOA ~11311K11 MMII>M B Moc1<Be, JIB3 11 

JIBTA OMHH B lIY6He, Ha coaemaH11.Rx MelK.ZlYHapo,ZlHoro coTpY.ZlHHYecT

sa no 11ccJJe,ZloBaH11RM Ha cneKTpoMeTpax CKM-2O0 11 fM6C a AJJMa-
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-ATe CI982, I989 rr.) 11 B lIYCiHe, a TaKl!Ce npe.ztcTaBJI.RJil1Cb Ha 

MellC.llYHapo.ztHhle KOHq>epeHU1111 B lIYCiHe CI964 r.), 6y.ztanewTe CI969, 

I977 rr.), a BaHKysepe CI979 r.), a 6ep1<J111 CI980 r.), a Bep

caJJe CI98I r.), B MwmraHe CI982 r.), B 6paATOHe CI982 r.), 

a 6aJIOTOHq>JOpe.zte CI983 r.), a A.zteJia11.zte, AscTpaJ111.R CI990 r.). 

B OCHOBe .lll1CCepTau1111 - 58 onyeiJJl1l(OBaHHhlX paeiOT, B TOM 

Yl1CJJe 4 1130CipeTeHl1.R, cn11coK KOTOphlX C 11H.zteKCOM A np11B0.lll1TC.R B 

KOHUe aBTOpeq>epaTa. 

CTpYKTYpa .zt11ccepTau1111. 

1I11ccepTaUl1.R COCTOl1T 113 BBe.zteHl1.R, Tpex pas.zteJJOB 11 3aKJJIO

YeHl1.R, cn11c1<a nyeiJil1KaUl1A 1111cnOJib30BaHHOA Jll1TepaTyphl. KallC.zthlA 

113 pa3.zteJIOB, B CBOIO oqepe.ztb, COCTOl1T 113 BBe.zteHl1.R, .llBYX rJJaB 11 

3aKJJIOYeHl1.R. 

COZIEPIAH~E PA60TU 

Bo BBe.zteHl111 OCiOCHOBhlBaeTC.R aKTYaJJbHOCTb TeMhl .lll1CCepTa

U1111, Cq>OpMY JJl1pOBaHa ue Jib paeiOThl, a TaKlKe Kpa TKO 113J!Ol!C8 HO co- • 

.ztepl!CaH11e scex pas.zteJioB 11 rJJas. 

Pa3,ll~JJ I nOCB.RllleH paspaeiOTKe, 11CCJJe.ztoBaHl1!0 11 C03,llaHl1!0 

KOMnJieKCOB TpeKOBhlX 11CKpOBhlX KaMep .llJI.R KpYnHOMacmTaelHhlX YCTa

HOBOK, npe.ztHa3HaYeHHhlX .llJI.R 113YYeHl1.R .R,llepHhlX B3al1MO.zteAcT

B11FI n110HOB 11 HYKJJOHOB KOCMl1YeCKl1X JJYYeA B oelJiaCTl1 csepXBblCO

l(l1X :meprl1FI Ha BhlCOKOropHOA CTaHU1111. Bo BBe.zteHl111 pa3.zteJia 

KpaTKO paCCMOTpeHhl MeTO.llhl 11CCJie.ztOBaHl1.R B3al1MO.ztef!CTBl1A YaCT11U 

KOCMl1YeCKl1X JIYYeFI BhlCOKl1X 11 csepXBhlCOKl1X 3Hepr11F111 Cq>OPMYJil1-

poBaHhl OCHOBHhle TpeelosaHl1.R, npe.ztb.RBJI.ReMhle K YCTaHOBKaM. 

Oepsa.R rnasa pa3.ztena I nocs.RmeHa paspaeloTKe 11 co3.ztaH1110 

KaMep 11c1<posoro cneKTpoMeTpa nnoma.ztb!O 9 M
2

, KOTOphlA npe.ztHa3-

HaYaJic.R .llJI.R 113YYeHl1.R .R.ztepHhlX B3al1MO.zteFICTBl1A a.ztpOHOB KOCMl1Yec

l(l1X JIYYeFI B 0ClnacT11 3Hepr11A E
0

::::I T3B /IA, 2A/. 

B §I.I .ztaeTc.R KpaTKOe on11caH11e cxeMhl 3Toro cneKTpoMeTpa, 

KOTOpa.R CO.ztepl!Cl1T 4- p.R.zta TpeKOBNX 11CKpOBhlX KaMep, Ml1W8Hb 11 ' 

CU11HTl1JIJI.RU110HHNA KaJiop11MeTp . 

B §I.I.2 CqiOpMYJil1pOBaHN OCHOBHNe Tpe6osaHl1.R, npe.zt1>.RBJI.Re

Mhle K KaMepaM cneKTpoMeTpa, KpaTKO on11caHhl pa3paeloTaHHNe 11 

co3.ztaHHNe s csoe speM.R .llJI.R BNClopa onT11MaJibHOro sap11aHTa pa3-

Hhle Tl1nN KaMep. 6hlJil1 C03.ztaHhl TpeKOBNe 11CKpOBhle 11 pa3p.R.ztHhle Cc 

l130Jil1POBaHHhlMl1 OT paeloYero ra3a 3JieKTPO.ztaM11) KaMepN pa3HhlX 

pa3Mepos 113 pa3Jil1YHNX MaTep11aJIOB /3A, 4A/, a TaKl!Ce 0.llHOMeTpo-

4 

• 

Ba.R TP8X3JieKTpO.ztHa.R CTpl1Mepua.R KaMepa C 3a3opoM 2x20 CM /5A/. 

~CCJie,llOBaHl1.R 3Tl1X KaMep noKa3am1, YTO Ha11Cionee onTl1MaJJbHhlM 

sap11aHTOM .llJI.R cneKTpOMeTpa B TO speM.R .RBJJ.RJJaCb TpeKosa.R 11CK

poBa.R KaMepa nJJoma.ztbJO I M
2 

c 3asopoM 0,2 Mc KopnycoM 113 

CTeKJia Tl1na OC CO CKJJeeHHhlMl1 3JieKTpO.ztaMl1. 

lIJJ.R rasooelecneYett11.R Ta1<11x KaMep ClhlJJa pa3paeloTaHa 11 co3-

.ztatta cneu11am,Ha.R c11cTeMa c op11r11ttaJJbHhlM pery JJ.RTopoM .ztasneHH.R 

.llBYXCTOpOHHero .zteACTBl1.R }lJI.R no.zt.ztepl!CaHl1.R pasttoro .zta~JieHH.R npH 

OTKaYKe 11 HanOJJHeHHl1 .llBYX pa3JJHYHhlX no q>OpMe H pa3~epaM eM

KOCTeA pa3HOpO.ztHhlMH ra3aMl1 /6A/. 

B §I.I.3 C<liOPMYJJl1pOBaHN OCHOBHNe TpeelosaHH.R, npe.zt1>.RBJJ.Re

MNe · K napaMeTpaM BNCOKOBOJibTHhlX HMny JlbCOB, n11Taiom11x TpeKOBNe 

11CKpOBhle 11 CTPl1M8pHNe KaMepN, onwcaHN pa3paeloTaHHNe 11 C03}laH

HNe pa3HNe Tl1nN rettepaTopos HattoceKYH.llHNX HMny JlbCOB TaKJP:e C 

ueJJblO s~Clopa onTHMaJJbHoro sap11attTa. rettepaTophl BhlnOJJHeHN no 

pa3HNM CXeMaM C pa3JJl1YHNMl1 napaMeTpaM11 BNXO,llHUX 11Mny JlbCOB 

/3A, 5A~ 7A, 8A/: aMnJJHTY.lla OT 90 .llO 600 KB, <liPOHT ttapacTaHH.R 

OT 20 }lO 3 HC, }lJIHTeJJbHOCTb }lO IO HC, sa,llepl!CKa BUXO}lHOro 11M

ny JlbCa OTHOCl1Te JlbHO 3anycKaiome ro }lO 36 HC. C nOMOlllblO 3Tl1X re

He pa Topoe npose}leHu HCCJJe}lOBaHl1.R xapaKTepHCTl1K C03}laHHNX Clo

Jlbilll1X TpeKOBhlX HCKPOBNX, pa3p.R,llHNX 11 CTpl1MepHNX KaMep, a TaK

l!Ce ocymeci'enetto n11~aH11e. KaMep 11bJpoaoro cneKTpoMeTpa TTOJJHOro. 

nor JJomett11.R nnoma.llb!O I M2. · 

B §I.I.4 KpaTKO on11caHN paspaeloTaHHNe H peaJJH30BaHHNe Ha

HOCeKYH.llHble cxeMbl ynpasJJeHl1.R, TT03BOJJ.R!Ollll1e TTOJJY'iHTb YCl1JJ8HHNA 

11MTTY Jibe C ape Me He M 3a}le PlKK11 :5:46 HC OTHOCl1Te JlbHO BXO}lHblX c11r

HaJJOB co c~eTYl1KOB .llJI.R 3anycKa BblCOKOBOJ!bTHOro rettepaTopa C 

TTOMOlllb!-0 BCTTOMoraTeJJbHOro rettepaTopa C T11paTpOHOM /?A, 9A/. 

3}leCb TaKl!Ce on11caHbl pa3paeloTaHHble H C03}laHHble }lJI.R n11TaH11.R T11-

paTpOHHblX rettepaTOpos C TrJ-11-325/16, 400/16) Ma~oraelap11TAble 

BblCOKOYaCTOTHNe 11CTOYHl1K11 BblOOKl1X Hanp.Rl!CeH11F1 Ha I8 11 30 KB 0 

TOKaM11 Ha ttarpy3Ke 300 11 IOO MKA oo?TBeTcTsetttto /IQA/. 

B §I.I.5 npl1B0}l0Hbl pe3YJ!bTaTbl 11CCJJ0}lOBaH11FI C03}laHHblX 

TpeKOBblX 110KpOBblX, pasp.R,llHNX 11 CTpl1MepHNX KaMep. 3}l0Cb B nep

BYIO OYepe,llb (Jl,1]111 11CCJJe}lOBaHbl TpeKOBble 11CKpOBble KaMepbl, Hanon

H0HHble aprOHOM np11 }laBJJ0Hl111 Hl1l!Ce aTMOCqiepttoro. TaKoe HanoJJHe

Hl1e npe.lloTaBJJ.RJio B oeoe speM.R onpe,lleJieHHhlFI 11HTepeo, ocoeletttto 

}lJJ.R KaMep (JOJibmoro oeiwMa H uOJibWOro 11X 'il1CJia, TTOCKOJibKY ap-

5 



roH caMblA itemeBblA 11 .llOCTYnHblA 11HepTHblA ras. nmcasaH·o, '-!TO pe

r11cTpau11.R Jil1BH8A B aproHe C "oco6oA '-111CTOTl,I") Ha6JIIO.llaeTC.R, Ha -

'-!11Ha.R c itaBJieH11A ~40 MM pT.cT. /3A, IIA/. l1cKpos1,1e pasp.R.llbl, 

KaK 11 B KaMepe C H80HOM, CJI8.llYIOT no TpaeKTOp1111 '-!aCT11U .llO yr-
0 

JIOB HaKJIOHa 8~40. ]11BHeBa.R 34?4?8KTl1BHOCTh KaMep1,1 np11 cpeitHeM 

'-111CJie '-!aCT11U B Jil1BHe 7 BblCOKa.R 11 OCTaeTC.R noCTO.RHHOA .llO itaB

Jl8Hl1.R 200 MM pT.CT. O.zmaKO TpeKl1 .lll14?4?Y3Hble 11 COCTO.RT 113 .llBYX 

11 6oJiee TOHKl1X 11CKpOBblX KaHaJIOB, 11M8IO!lll1X B11.ll cnJieTeHHblX 113B11-

BaIO!lll1XC.R llCrYTl1KOB, '-!TO ocoCleHHO 3aMeTHO np11 Hl13KOM itaBJ18Hl1l1-

np11 YB8Jil1'-18Hl111 itaBJI8Hl1.R TpeKl1 CTaHOB.RTC.R CloJiee '-18TKl1Ml1, OitHa

KO Ka'-!eCTBO TpeKOB OCTaeTC.R OTHOCl1T8JihHO Hl13Kl1M. 

C itpyroA CTOpOHl,l 3KCnepl1M8HTaJihHO noKa3aHO, '-!TO pasp.Rit

Hble KaMepbl B B11.ll8 CT8KJI.RHHblX .llOCTaTO'-IHO ClOJihIDl1X pasMepoB Cito 

I M
2) Kopo6oK C HeOHOBblM HanoJIH8Hl18M 06JiaitaIOT I00% Jil1BH8BOA 

34?4?8KTl1BHOCThlO 11 xopom11M Ka'-!eCTBOM TpeKOB /4A/. CTp11 COOTBeT

CTBYIOllleA Hanp.RllC8HHOCTl1 noJI.R KaMepa CTaHOBl1TC.R 1130TpOnHOA /4A, 

I2A/, T.e. cnoco6HOA per11cTp11posaTh 0.llHOBpeMeHHO KaK CTp11Mep

Hble, TaK 11 11CKpOBble CJI8.llbl. 

Ha OCHOBe 11CCJI8.llOBaHl1.R 0.llHOMeTpOBOA TpeX3JI8KTPO.llHOA CTp11-

MepHOA KaMepbl C sasopoM 2x20 CM 113 CTeKJI.RHHblX KOpo6oK /fJA/, 

cos~aHHOA aBTOpOM 0.llHOBpeMeHHO C .llBYXMeTpOBOA KaMepoA SLAC 

(6), noKasaHa B03MOllCHOCTh nocTpoeHl1.R .llR.R 3KCnep11MeHTOB B Koc

Ml1'-!eCKl1X Jiy'-!aX "MHOro3JieKTPO.llHOA" CTPl1MepHOA KaMepbl /I3A, 

I4A/. - noitoClHa.R cxeMa nocTpoeH11.R cTp11MepHoA 'KaMepbl nositttee 

peaRl130BaHa B YCTaHOBKe no no11CKY KBapKOB B KOCMl1'-leCKl1X }ly

'-!aX (71. 

B §I.I. 6 KpaTKO on11c1:rnaeTc.R sneps1,1e cositaHHblA CI967 r.) 

Ha OCHOBe BblmeynoM.RHYTblX KaMep 11CKpOBOA cneKTpOMeTp noRHoro 

I 2 -
norRomeHl1.R nRomaithlO M .ll}I.R 113Y'-!eHl1.R .RitepHblX B3al1MO.lleACTBl1A 

aitpoHos KOCM11'-!ecK11x RY'-!eA B 06JiacT11 3Hepr1111 E
0
>0,I T3B /I3A

- I5A/. Ha p11c.I npl1BeiteHl:J 0Clm11f1 B11.ll 3TOro cneKTpoMeTpa B npo

uecce 11cn1:JTaH11.R ca) 11 \f?OTorpa411111 cJieitos MIOOHos s1,1coK11x 3Hep

r11A 11 3ReKTPOHHO-.R]lepHoro Jil1BH.R, saper11cTp11poBaHH1:Je B cneKT-

poMeTpe C(l). 3TOT cnekTpOMeTp, 06JiaitaBIDl1A BblCOKl1M npocTpaH

CTBeHHUM 11 BpeMeHHblM paspemeHl1.RMl1, .RB}l.fl}IC.fl 

.llJI.R peaR11sau1111 YCTaHOBKl1 nRomaithIO 9 M
2 

ClaSOBUM MO.llYReM 

BTopa.R rRaBa pas.lleRa I nocs.Rmetta paspa6oTKe 11 C03]laHl1IO _ 

60}lhIDl1X TpeKOBblX 11CKpOBblX KaMep .llJI.R MellC.llYHapoitHoro npoeKTa 
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Pwc.I. a - 0Clmv1f1 Bvf.ll vICKposoro cneKTpoMeTpa noJittoro nor Jiome-

Hl1.R C1967r.) Cl -~OTOrpa~vfvf CJie.zros MIOOHOB BblCOKvfX 3Heprl1f1 vf 

3JieKTpOHHO-.Ritepttoro JivfBH.R. 

Cl1<I>B3 AH Kas CCP, <I>l1AH CCCP, Yttv1sepcv1TeT r.Jlo.zrsh v1 11fll1 r.Kpa

Kos Pm KOMnJieKCHOA YCTaHOBKvf nROIUa]lhlO 44 M2 c A.zrpoH-44) /I6A/. 

YcTaHOBKa ClblJia npe]lHaSHa'-!eHa ]lJI.fl vfCCJie.zrosaHvf.fl .fl.llepHblX B3avIMO

.lleACTBvfA nvIOHOB 11 HYKJIOHOB KOCMvf'-!eCKl1X JIY'-leA npw 3Hepnrnx Bbl

me IO T38. 

B §I.2.I KpaTKO onwcaHa cxeMa 3TOA KOMnJieKCHOA YCTaHOBKvf, 

KOTOpa.fl co.zrepllCvfT 7 P.R.llOB TpeKOBblX vfCKpOBblX v1 3 P.fl.zra peHT

reH03MY JihCl10HHblX KaMep, Ml11ll0Hh vf 110Hvf3auwoHHblA KaJiopvIMeTp C 

vfOHvf3au110HHblMl1 KaMepaMv1. 

B §I.2.2 paCCMOTpeH Bblelop onTvIMaJihHoro BapwaHTa TpeKo

BblX vfCKposux KaMep YCTaHOBKvf. 

3.zrech .zr11ccepTaHTOM npe.zrJiollCeHo KallC.zruA p.R.zr vICKposux KaMep nJio

ma.zrhIO 44 M
2 

KaK OCHOBHOF!, TaK l1 nepsooyepe.n:HoA Cv13 Tpex p.R-
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.ztoe) ycTaHOBKl1 Ha611paT& 113 4-x oT.zten&HNX cneuHan&Ho pa3pa6o

TaHHNX don&mHX Tpex3neKTpO.ztHNX KaMep nnoma.ztbIO 4,OOx2,75 M
2 

C 3a3opOM 2xO,2 M /I7A,I8A/. npH 3TOM OCHOBHafl YCTaHOBKa Oy

.zteT HM9Tb 28 TaKl1X KaMep, a nepeoot.tepe.ztHafl - 12 BMeCTO npe.zt

naraem11xcfl OT.zten&HNMH coaeTopaMH npoeKTa 144 KaMep nnoma

.ztbIO I M2 KalK.ztafl. 
nnfl 3anycKa KaMep ycTaHOBKH aBTOpOM 61,1no npe.ztnolKeHO HC-

nonb3OBaTb TpH pfl.zta CUHHTHnnflUHOHHNX ct.teTYHKOB nnoma.ztb!O 44 

M2 Ka~.ztNA, pacnonolJCeHH!,IX B Te ne HOHH3aUHOHHOrO KanopHMeTpa Ha 

pa3HNX ypoBHflX 11 pa6OTa10m11x Ha coena.ztettHl1 c 3a.ztaHHNM 3Hepre

THt.teCKl1M noporoM, a.zteKBaTHl:lM nopory 3anycKa KanopHMeTpa ✓I8A,.,.. 
B §I.2.3 npe.ztcTaenettu pe3yn&TaT1,1 11ccne.ztoeaHHA, npoee.zteH

HNX B npouecce OTpa6OTKl1 KOHCTPYKU11H npe.ztnolKeHHOA don&moA Ka

Mep1,1 ycTaHOBKl1, e1,16opa nerKHX H .ztemeeux MaTepHanoe .ztnfl ee i13-

roToeneHHfl. 3.zteCb 6un11 HCnNTaHN 3KCnepHMeHTanbHNe KaMepN C 

3neKTpo.ztaM11 113 MeTann11311poeaHHOA naecattoeoA nneHKl1- CpoK 

cnylKdN 3THX KaMep oKa3ancfl orpatt11t.teHHNM 113-3a pa3pymett11fl Me

Tann11t.tecKoro noKpNTl1fl naecaHoeoA nneHKl1 3neKTpo.ztoe no.zt .zteAcT

e11eM 11cKpoeoro pa3pfl.zta ✓I9A, 2OA,.,.. 3aTeM 61,1n co3.ztaH 11 npoee

peH B padot.teM pelKl1Me MaKeT 6on&moA KaMepu C BHYTpeHH11Ml1 npo

eonot.tHNM_l1 3neKTpo.ztaM11, KopnycoM 113 nettonon11ypeTaHa cnnY-3O5), 

repMeTl1311PYIOIIl11Ml1 sepXHl1Ml1 11 HHlKH11Ml1 CTeHKaMl1 113 naecaHOBOA 

nneHKl1 11 co cTeKnflHHNM OKHOM .ztnfl ~OTorpa~11poeaHl1fl /2OA/. 

Pe3yn&TaTN 11ccne.ztoeatt11A nOKa3an11, YTO TaKafl KaMepa OTBe-:

t.taeT nocTaeneHHNM Tpe6oeaHl1flM 11 MOlKeT cnylKl1Tb npOTOTl1nOM 

TpeX3neKTPO.ztHOA KaMepu nnoma.ztbIO II M
2 

. 
B §I.2.4 onHcaHa Tpex3neKTpo.ztttafl TpeKoeafl 11cKpoeafl KaMe-

pa nnoma.ztbIO II M2, co3.ztattHafl Ha e1,1coKoropttoA cTattu1111 .ztnfl ye-
" TaHOBKl1 A.ztpott-44 11 TaM lKe 11ccne.ztoeattttafl /f3A/. ITp11 co3.ztatt1111 

KaMepu pa3pa6oTaHa Texttonor11fl 113roToeneH11fl npoeonot.tHNX 3neKT

po.ztoe 6on&moA nnoma.zt11 - 2,75x4 M2. nnfl 3neKTpo.zta 11cnon&30-' 

eatta npoeonoKa .zt11aMeTpoM O,I MM 113 6ep11nn11eeoA 6pott3N. 

npoeonoK11 pacnonolKeHbl tta paMax 3neKTpo.ztoe c maroM 2 MM. Tp11 

CTeHKl1 KOpnyca KaMepN BNnOnHeHN 113 6nOKOB nnY-3O5. nepe.ztHflfl 

cTeHKa Kopnyca KaMepu, t.tepe3 KOTopy10 ocymecTBnfleTcfl ~0Torpa

~11poeatt11e cne.ztoe t.tacT11u, eunonttetta 113 naecattoeoA nneHKl1 Ton

m11ttoA 175 MKM, eepXHflfl 11 Hl1lKHflfl - 113 nneHKl1 TOnm11ttoA IOO MKM

Pe3y n&TaTl:l 11ccne.ztoBaHHA KaMepbl C H9OHOBNM ttanonttett11eM np11 
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pa3nl1YHl:lX HanpfllKeHHOCTflX 3neKTp11t.tecKoro nonfl C3; 6,6; 8 KBlcM) 

11 3a.zteplKK11 11MnYJibCa ---0,3 MKC, OTHOCl1TenbHO npOXOlK.zteHl1fl n11BHfl 

t.tepe3 ttee, noKa3an11, t.tTo KaMepa xapaKTep113yeTcfl 100% 3~~eK

Tl1BHOCTbIO per11cTpau1111 COTHH 11 TliCfl'-111 O.ztHOBpeMeHHO npOXO.ztfllill1X 

t.tepe3 Hee t.taCTl1U, BliCOKOA pa3pema10meA cnoco6HOCTblO 11 TOYHOC

Tb!O cne.ztoeaHHfl 11CKpli no cne.zty t.taCT11U, OTCYTCTBl1eM KOppenflU1111 

B cpa6aTNBatt1111 npoMelKYTKOB, nyt.tmeA O.l(HOPO.ztHOCTblO .RpKOCTl1 11CK

pOBliX TP9KOB t.taCTl1U Jil1BHfl, '-!eM B KaMepax co cnnomHl:lMl1 3neKT

po.ztaM11 Cp11c.2). KaMepa o6Jia.ztaeT BNCOKOA Ha.ztelKHOCTblO B pa6oTe 

P11c.2 ~oTorpa~i,m m11pOKoro aTMoc~epHoro JIHBHfl, 3aper11cTp11po

eattttoro e TpeKOBliX l1CKpOBliX KaMepax nJioma.ztbIO I 11 II M2. 

B Te'-!eH11e .ztnHTeJibHOro epeMeHH B ycnOBl1.RX BliCOKOrOpbfl. 3Ta Ka

Mepa npo.ztonlKaeT OCTaeaTbC.R caMOA donhmoA ueJibHOA KaMepoA B 

M11pe C Ml1Hl1Man&HNM KOnl1'-!0CTBOM eemecTBa Ha nyTH per11cTp11py-
. . 

9MliX '-laCTHU l1 B HaCTOfllllee epeMfl. 
. . . . 

B §I.2.5 on11caHa pa3pa6oTaHHafl coeMeCTHO c OHHH c11cTeMa 

ra3oo6ecne'-!eHl1fl 6onhinl1x TpeKOBliX 11CKpOBliX l1 CTpl1MepHliX KaMep 

✓2IA, 22A/. OcttoeoA cxeMN 3TOA c11cTeMN .RBnfleTC.R ttenpepuettuA 

npo.ztye KaMepu pado'-!HM ra3oM 113 6on&moA eMKOCTH co c6opoM 11 

perettepau11eA ero no.zt .ztaeJiett11eM, '-!TO 3Ha'-!HTenhHO noeumaeT 3~

~eKTHBHOCTb O'-!l1CTKl1 11 O6ecne'-l11BaeT noCTOflHCTBO COCTaea ra3a B 

KaMepax. TaKafl Cl1CTeMa 11CTTOJih3OBaHa B pa6O'-!11X ceattcax Ha Cl1H

xpo~a3OTpOHe cneKTPOMeTpa CKM-2OO /23A/. 

B §I.2.6 on11catta Cl1CTeMa BNCOKOBOnhTHoro 11MTTYnbCHOro n11-
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1 .: TPOKOB•x HCKpoa•x KaMep YCTaHOBKH A~pott-44, BKRIO'fOIOIIIOR 

I :~eu11a}lhHO pa3pa60TaHHl::le cosMeCTHO c Ovl5U1 rettepaTopl::l c .llBOA

HOA i{>opMl1PYIOlll8A }ll1Hl19A C napaMeTpaMl1 11Mny }lhCOB /24A/: aMn}ll1-

TY .lla 300 KB, i{>pOHT HapacTaHl1fl 3-5 HC, .l(}ll1T9}lhHOCTh 20 HC, 

speMfl 3a.l(ep%Kl1 ~500 HC OTHOCl1T8}lhHO 3anycKa10111ero 11MnY}lhCa. 

0.l(l1H TaKOA reHepaTop paCC'-111TaH Ha pa60TY C 14 KaMepaM11 YCTa

HOBK11- Op11Be.l(eHa cxeMa n11TaHl1fl 0.l(HOBpeMeHHO 6 KaMep I/2 '-!aCTl1 

nepB00'-18P8.llHOA YCTaHOBKl1. TaKOA reHepaTop C 60)198 Bl::lCOKOA aM

n}ll1TY .l(OA Bl::lXO.llHl::lX 11Mny }lhCOB ycnemHO 11CnO}lh30BaH .l(}lfl n11TaHl1fl 

cTp11MepHoA KaMepl::l cneKTpoMeTpa rvt6C ]B3 Ov!Hvl /25A/. 

B §!.2.7 KpaTKO on11caHa cneu11a}lhHO pa3pa60TaHHafl /l?A,,, 11 

C03.l(aHHafl B ]J1TMO Cl1CTeMa i{>OTOrpai{>11poBaHl1fl KaMep YCTaHOBKl1 

A.ztpoH-44, COCTOfllllafl 113 4-x CTepeoi{>oTorpaMMeTpl1'-!8CKl1X YCTaHo

BOK CC<l>Y). Ka%.ztafl C<l>Y npe.ztHa3Ha'-!eHa .zl}lfl qioTorpai{>11poBaH11fl Ka

Mep I/4 '-!aCTl1 ycTaHOBKl1 '-!epe3 0.llHY 11X CT8HKY 11 COCTOl1T 113 3-x 

i{>OTOKaMep C B3a11MHOA op11eHTau11eA, '-!TO no3B0}lfl8T BOCCTaHOBl1Th 

C Bl::lCOKOA TO'-IHOCTh!O npocTpaHCTB9HHY!O KapTl1HY per11cTp11pyeMoro 

}ll18Hfl C 60}lhilll1M '-111C}l0M '-laCT11U-

Pa3.l(8}l II noCBfl1118H on11caHl1!0 .llBYXMeTpOBl::lX CTpl1MepHl::lX Ka

Mep MarHl1THl::lX cneKTpoMeTPOB CKM-200 /23A,,, 11 rvt6C /26A/, pa3-

pa60TaHHl::lX .. 11 c~3.llaHHl::lX coaMeCTHl::lMl1 YCl1}l11flM11 Ov!Hvl 11 <l>Tvl MH-AH 

PK Cv!<l>B3 AH Ka3 CCP). Bo BBe.zteH1111 pa3.l(e}la YKa31::lBaJOTCfl npe11My-

111ecTBa: MarH11THl::lX cneKTpoMeTpOB co CTPl1MepHl::lMl1 KaMepaM11 no 

cpaBH8Hl1!0 .• C YCTaHOBKaMl1 .ztpyr11x Tl1nOB. 

Oepsafl r}lasa pa3.zte}la II nocsflmeHa on11caH1110 cneKTpoMeTpa 

CKM-200 -"23A/, pe3Y}lhTaTaM pa3pa60TOK 11 11CC}l9.l(OBaHl1A OT.l(9}lh

Hl::lX ero Y3}l0B. 

B §2.I.I np11Be.l(eHl::l OCHOBHl::le xapaKTep11CTl1Kl1 cneKTpOMeTpa. 

0CHOBY cneKTpOMeTpa COCTaB}lfl9T CTp11MepHafl KaMep~ n}IOllla.l(h!O 

200xIOO cM2 c 3a3opoM 2x30 CM, noMemeHHafl a MarH11THoe no}le 

0,8 T}I Cp11c.3). fa3006ecne'-!ett11e KaMepl::l npo113BO.lll1}IOCh c noMo-1 

lllh!O Cl1CT9Ml::l /2IA/ CcM. §I.2.5). B pa6o'-!eM pe%11Me KaMepl::l C 

HeOHOBl::lM HanO}IH0Hl10M .l(}ll1T9}lhHOCTh Bl::lCOKOBO}lhTHOro 11MnY}lhCa -

I0,5 HC, aMn}ll1TY.zta - 500 KB, B9}ll1'-111Ha npoToKa pa6o'-!ero ra3a 

'-!epe3 Hee B npe.zte}lax 5-IO }I B 3as11c11MocT11 OT Tpe6yeMoro spe

MeH11 ee naMflTl1 C5-IO MKc). B 3aBl1Cl1MOCTl1 OT U8}ll1 3KCnep11MeHTa 

sanycK KaMepl::l cneKTpoMeTpa npo113BO.lll1JICfl }11160 Tp11rrepoM Bl::l6l::l

BaH11fl Ha}leTa10111ero fl.l(pa 113 nY'-!Ka Ha Y'-!aCTKe, HaXO.l(fllll9MCfl BHYT-
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P11c.3 

CxeMa cneKTpoMeTpa CKM-200 

11 }IOr11Ka Tp11rrepa cs1 -s
6 

-

CU11HTl1}l}lflU110HHl::le C'-10T'-111K11; 

sch - C'-18T'-111Kl1 sapfl%9HHl::lX 

qiparMeHTOB 11 Sn -HeATpa}lb

Hl::lX cneKTaTopos Ha}leTaromero 

fl.ztpa). 

rm oelwMa KaMeph! - Ha6.1110.ztett11e scex Heynpyr11x ssa11Mo.zreACTB11A, 

.111160 Tp11rrepoM ueHTpanbHHX ssa11Mo.zreAcTB11A - Hael.1110.zteH11e asa11-

Mo.zreAcTs11A 6es sapfl%eHHl::lx i{>parMeHTOB 11 HernpanhHl::lX cneKTaTo-
o 0 pos fl.zrpa cHapfl.zta CP/z>3 f:::,B/c) c yrnaMH Bh!neTa e<ech~ , 3 

0 0 
11 e<en~ , 3 COOTB8TCTB8HHO /27A/. Tp11rrep TC0,0) COOTB0TCT-

BYeT Heynpyr11M B3al1MO.ll8ACTBl1flM, a ·TC2,0)' re 3,0), TC2,2) 11 

TC3,3) COOTB9TCTBY9T U8HTpanbHl::lM B3al1MO.l(eACTBl1flM Cpuc.4). TH-

PHc.4 <l>oTorpai{>HR ueHTpanbHOro B3aHMO.ll8ACTBHR fl.zrpa 

ny }lbCOM 72 f38/c) c fl.llPOM Pb. 

160 Cc HM-

nH'-IHl::le cpe.zrH11e 88}ll1'-!11Hl::l om11CloK B 113MepeHl1RX 11MnY.JibCOB YaCTHU, 

nnocKoro 11 rJJy611HHoro yr nos TpeKoB .llAR rr - -Mesottos: t..P/P~,03-

-0,04; N~ Mpa.zt, t..c,;;15 Mpa.zr np11 P rr -~ 0,7 f:::,B/c 11 I ~0,3-0,5 M. 

C nOMOlllblO 3Toro cneKTPOMeTpa np11 Henocpe.zrcTB8HHOM yyacTHl1 
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.zu1ccepTaHTa nony'-!eH Clon1,mof! 31<cnep11MeHTanhHhlf! MaTep11an 11 npo

se.l.[eHhl 11ccne.l.[OBaH11.R Heynpyr11x 11 ueHTpanbHhlX B3al1MO.l.[eAcTBl1A 

pen.RTl1B11CTC!<l1X .R.l.[ep C .R.l.[paMl1. 

B §2.I.2 np11Be.l.[eHh1 pesyn1,TaT1,1 onTl1M113au1111 OCHOBHhlX ysnoB 

BhlCOl<OBOnhTHoro reHepaTopa HaHoce1<yH.l.[HhlX 11MnynbCOB CTpl1MepHOfl 

1<aMepl:l cne1<TpoMeTpa CKM-200 -"28A, 29A/, nosson11sm11e ysen11'-!11Th 

ero cpo1< cnyl!CClhl. On11caHa npe.l.[nol!CeHHa.R op11r11Han1,Ha.R cxeMa re

HepaTopa 11Mnyn1,cos /30A/, nosson.RIOIUa.R cornacosaTb sec1, Tpa1<T 

~OPMl1POBaHl1.R HaHOCeKYH.l.[HOro 11MnYnhca 11 ITOBl:lCl1Tb BhlXO.l.[HOe Ha
np.Rl!CeH11e /3IA/. 

B §2.I.3 npose.l.[eH aHan11s .l.[l1HaM111<11 npo.l.[ysa rasoM CTp11Mep

HOA 1<aMepl:l 11 npe.l.lnol!CeH ee 3ne1<Tp11'-!ec1<11f! aHanor s B11.l.[e Rc-ue

n11 /32A/. C noMOIUhlO 3TOro aHanora MOllCHO B Harn.R.l.[HOM B11.l.[e 11H

TepnpenfpOBaTb np0Te1<a10m11e B 1<aMepe npouecc1,1, cB.R3aHHl:le c 11s

MeHeH11eM KOHUeHTpau1111 HaTe1<a10mero s Hee sos.l.[yxa. 

8 §2.I.4 on11caH HOBhlA MeTO.l.[ KOHTpon.R 11 113MepeH11.R speMeH11 

naM.RTl1 cTp11MepHofl 1<aMepl:l no xapa1<Tep11cT111<e BhlXO.l.l.Rmero 11s Hee 

rasa C noMOIUblO scnoMoraTenbHOfl Clec~l1nbMOBOFI 11CKPOBOfl KaMephl 

/33A, 34A/, KOTOphll~ pean11sosaH B cneKTpOMeTpax CKM-200 11 nmc. 

ITp11Be.l.[eHhl pesyn1,TaTl:l 11ccne.l.[OBaHl1.R 3Toro MeTO.l.[a /35A/, OCHO

BaHHOro Ha 06IUHOCTl1 MexaHl13MR rasosoro pasp.R.l.[a B 11CKpOBl:lX 11 

CTPl1MepHNX 1<aMepax. Ha p11c.5 .lln.R np11Mepa npe.l.[cTaBJieHhl 3Kcne-

, .. 
~ ,.z 
~ 
~t.Q 

~ [O.I .. 
~Q.6 

tM 
0.,1 I r,,,t, II ·• I 

'I 

f.O 

o.,. 

'I -jO.I. 

O.f 

o.z 

P11c.5 3aBl1Cl1MOCTb OT speMeH11 sa,l.[ep

l!CKl1 BhlCOKOBOJlbTHOro l1Mnyn1,ca 3~

~eKTl1BHOCTl1 n 11c1<pOBOA\1<aMep1,111 

nnoTHOCTl1 CTpl1MepoB dN/dx B CTp11-

MepHOA KaMepe .l.[n.R pen.RTl1B11CTCKl1X 

Q.Q/1 11 , I IZ II zo Zf z,0·0 • 0.l.[H03ap.R.l.[HhlX '-!aCTl1U-
t,11urc 

Pl1MeHTanbHhle sas11Cl1MOCTl1 nnOTHOCTl1 CTP11M8POB CdN/dx) Ha Tpe1<e 

0.l.[H03ap.R.l.[HOff pen.RTl1B11CTCl<Off '{aCT11Uhl B .l.[BYXM8TPOBOff CTP11MepHoA 
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KaMepe 11 3~~eKTl1BHOCTl1 n 11CKpOBOfl 1<aMep1,1 OT 3a.l.[epl!Cl<l1 B no.l.[atfe 

BhlCOl<OBOnhTHl:lX l1Mnyn1,coa Ha l1X 3ne1<TpO.l.[hl, nony'-!eHHhle B paClo

'-!eM pel!Cl1Me KaMepl:l. 8l1.l.[HO, 'fTO apeM.R naM.RTl1 CTpl1MepHoff KaMepl:l 

Tn, onpe.l.[en.ReMoe no CHl1l!CeH1110 B.l.[Boe nnOTHOCTl1 CTPl1Mepoa Cles 

ytfeTa annapaTYPHOf! sa.l.[epl!CKl1 er M1<c), a Ta1<l!Ce apeM.R naM.RTl1 t..n, 

Haff,l.[eHHOe C nOMOIUbIO acnoMoraTenbHOf! l1Cl<POBOff KaMephl np11 YCJI0-
1/2 

B1111 n2-1-C 1-n1) , paBHhl II Ml<C. ITpl1'-1eM 3TO l!Ce 3Ha'-!eHl1e MO-

l!CeT Cll:lTh onpe.l.[eneHo 113 nIOCloro y~acT1<a 1<p11soff n. PaspaCloTaHHhlff 

MeTO.l.[ nosson.ReT .l.[OCTaTO'-IHO onepaT11BHO C3a 20-30 Ml1H.) ocyme

CTBn.RTb l13MepeH11e apeMeHl1 l!Cl13Hl1 CBOClO.l.[HhlX 3ne1<TpOHOB B BblXO

.l.[.RIUeM 113 cTp11MepHofl 1<aMep1,1 rase Cles saTpaT apeMeH11 yc1<op11Ten.R 

C TO'-!HOCTblO He Xyl!Ce IO% 11 l<OHTpon11poaaTb HenpephlBHO B XO.l.[e 

3Kcne p11Me HTa. 

ITp11 11ccne.l.[OBaH1111 apeMeHl1 naM.RTl1 CTp11MepHl:lX KaMep C noMo

lUhlO BCITOMOraTenbHl:lX l1Cl<pOBl:lX l<aMep Bhl.RBneHhl Hel<OTOphle. cneu11-

~l1'-!ec1<11e ocoCleHHOCT11 xapa1<Tep11cT111< nocne.l.[H11x./36A/. OClcyl!C.l.[a

IOTC.R B03M0l!CHOCTl1 l1X 11cnonh30BaHl1.R B npa1<T111<e ~11311'{eCl<l1X l13Me

peHl1fl . 

BTopa.R rnaaa pas~ena II noca.RfueHa on11caH1110 .l.lBYXMeTpoaofl 

CTpl1MepHOfl 1<aMepl:l MarHl1THOrO cne1<TpOMeTpa n1EC /26A/ Cp11c.6) 

11 CO.l.[epl!Cl1T pesynbTaTl:l 11ccne.l.[OBaH11f! CTPYKTYPhl 11 .l.[11HaMl1Kl1 pas

B11Tl1.R CTp11MepHhlX cne.l.[OB. 

Cne1<TpoMeTp rMBC cos.l.[aH Ha Clase ycTaH0B1<11CKM-20011 ~YH1<

u110H11pyeT B HaCTO.Rmee apeM.R Ha Cl1Hxpo~a30TPOHe. np11 3TOM 1<po

Me paspaClOTKl111 C03.l.[aHl1.R HOBOA Cl1CTeMhl BhlCOl<OBOnhTHOro 11Mny

n1,0Horo n11TaHl1.R ClhlJil1 peKOHCTPYl1pOBaHhl caMa KaMepa l1 3ne1<TpO

MarH11T ICIT-4I, a sasope 1<0Toporo oHa pasMemaJiac1,. Pe1<0HCTpY1<

UH.R MarH11Ta Clhlna CB.R3aHa C yc11neH11eM l130n.RU1111 oClMOTOK .l[n.R 

ysenw1eH11.R ero n11Ta10mero To1<a, a TaKl!Ce c ycTaHOBKOfl npo'-!Horo 

repMeTl1'fHOrO KOHYCa B maxTe .RpMa l1 nonIOCHOro HaKOHe'-!Hl1Ka, 

oClecne'-IHBaIOmero COBMeCTHO C .l.[OCTaTO'-!HO npO'-!HhlM 11 repMeTl1'fHl:lM 

KOl!CYXOM KaMephl BOSMOl!CHOCTh ee paClOThl B .l.[l1ana3oHe ,l.[aaneH11fl 

0+0,5 MITa /37A/. C noMOIUhIO 3TOro cne1npoMeTpa np11 Henocpe.l.[CT

seHHOM Y'-!aCTl111 aaTopa 61,1n11 npo.l.[Onl!CeHhl HatfaThle Ha YCTaHOBKe 

CKM-200 11ccne.l.[OBaHl1.R ueHTpanbHhlX .R.l.[pO-.R.l.[epHl:lX B3al1MO.l.[ef!CTBl1fl, 

snepal:le nonytfeHl:l .l.[OcToeepHhle .l.[aHHhle no peJI.RT11a110Tc1<11M r11nep

.R.l.[paM 11 11sytfeHhl pea1<u1111 nepesap.R.l.ll<l1 pen.RT11a11cTc1<11x .R.l.lep Ha 

.R.l.[pax. 
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Pv1c.6 OClmaR cxeMa cneKTpoMeTpa nrnc. 

B §2.2.2 KpaTKO onv1caHa peKOHCTpyv1posaHHaR 'ABYXMeTpOBaR 

cTpv1MepHaR KaMepa /38A/ cneKTpOMeTpa rHBC. PeKOHCTPYKUvlR Ka

Mep1,1 nposonm1ach Ha ocHose TpeClosaHv1A, 0Clecne<msaromv1x y JiyYme

Hvle ee TO'iHOCTHblX vi 3KCnJiyTaUvlOHHblX xapaKTe_pvlCTvlK C ueJiblO 

cosnaHvlR npeummOHHOA CTpvlMepHOA KaMepbl B nepcneKTvlBe C pery..: 

JivlPYeMblM naBJieHvleM paClo'iero rasa 'AJIR paClOTbl Ha YCKOpvlTeJihHOM 

KOMnJieKce CvlHXpoq>a30TPOH-HYKJIOTpoH. 0Ha BblnOJIHeHa vl3 HeClOJih

moro HaClopa CTaHnapTv130BaHHblX 3JieMeHTOB, nonycKalOIIlvlX B03MOl!C

HOCTh cClopKvl ee B Tpex vlJivl 'ieTblpeX3JieKTPO'AHOM sapv1aHTax. 

B §2.2.3 onv1caHa CvlCTeMa BblCOKOBOJihTHoro vlMnYJihCHoro nv1-

TaHvlR CTpvlMepHOA KaMep1,1 cneKTPOMeTpa rHBC /39A/, OCHOBHblM Y31-

JIOM KOTOpoA RBJIRIOTCR reHepaTOpbl HaHOCeKYH'AHblX vlMnYJihCOB /24A/ 

c ClOJihillvlM pecypcOM paClOTl,I CHe MeHee 105 cpaClaTb1BaHv1f1) v1 c na

paMeTpaMvl, COOTBeTCTBYIOIIlvlMvl ee paClo'ieMY pe::tev1My: aMnJivlTYna -

500 KB, CTaClvlJihHOCTh aMnJivlTY'Abl ""±1%, nnv1TeJibHOCTh - 12 HC, 

q>pOHT -"'5 HC, 3anep1KKa - ;5;500 HC. CvlCTeMa C03'AaHa Ha OCHOBe 

o_n1,1Ta MHOroJieTHeA 3KcnnyaTauv1v1 vi MOnepHv13aUvlvl BblCOKOBOJihTHoro 

reHepaTopa HaHOC9KYH'AHblX vlMnYJihCOB YCTaHOBKvl CKM-200 vi Hanez-

14 

"'ti 

HO paCloTaeT Ha YCKOpvlTeJie COBMeCTHO co CTpvlMepHOA KaMepoA 

cneKTpoMeTpa fHBC. 

B §2.2.4 npv1seneHbl pe3YJibTaTbl vlCCJienosaHvlA CTPYKTYPbl vi 

'AvlHaMvlKvl pasBvlTvlR CTpvlMepHblX cnenos. Ha OCHOBaHvlvl aHanv1sa 

3Kcnepv1MeHTaJihHl,IX naHHblX vi pesy JibTaTOB, vl3BeCTHblX vl3 JivlTepa

TYPbl npennmKeHa "3HepreTvl'ieCKaR" MoneJih HapaCTaHvlR cseTOBoro 

vl3JIY'ieHvlR vi pa3Mepos JiaBvlHbl C yseJiv1'ieHv1eM ra30BOrO YCvlJieHvlR 

N, OCHOBaHHaR Ha nponopuv10HaJipHOCTvl CBeTOBoro vl3JIY'ieHvlR 

3JieKTpocTaTv1YecKoA 3Heprv1v1, 3anacaeMoA Jiasv1HoA npv1 ee pa3-

Bv1Tvlvl /40A/. H3 MO'AeJivl cnenyeT, '{TO npv1 Hevl3MeHHOM nopore 

perv1cTpauv1v1 vl3JIY'leHvlR BeJivl'ivlHa cxEN COi- nepBblfl K03q>q>v1UvleHT 

vlOHvl3aUvlvl ·TayHCeHna, E - HanpR::teeHHOCTh 3JieKTpvl'ieCKoro nonfl) 

- KOHCTaHTa. noJiy'l{eHHble B paMKaX Monenv1 pe3YJihTaTbl He npoTvl

sope'iaT vlMeIOII!vlMCR 3KCnepv1MeHTaJihHl,IM naHHblM, TTOJIY'i9HHblM npv1 

nocTaTO'iHO illvlPOKOM vl3MeHeHvlvl YCJIOBvlA paClOTbl CTPvlMepHOA Ka

Mep1,1, vi noKa3blBaIOT, 'ITO pa3Mep1,1 JiaBvlHbl B HeA npv1 onpeneJieHHblX 

YCJIOBvlRX MoryT He npeBbllliaTh HeCKOJihKvlX MvlKpOH. PaspemaromaR 

cnocoClHOCTh KaMep1,1 npv1 3TOM onpeneJIReTCR 'IYBCTBvlTeJihHOCThlO 

v1 pa3pema10meA cnocoClHOcThIO perv1c'I'pv1pyromv1x ycTpoAcTa. B paM

Kax MoneJivl HaXO'AvlT oClMCH9Hvle TaK::tee HaClJironaeMaR CTPYKTypa 

CJiena B CTpvlMepHOA KaMepe. nonyYeHHOe HaMvl npv1 oClpaClOTKe 

CHvlMKOB co cTpv1MepH1,1x KaMep cneKTpoMeTpoa CKM-200 v1 rHBC v1H

TerpaJihHOe pacnpeneJieHv1e KYCla nv1aMeTpos cTpv1Mepos /4JA/ 

csv1neTeJihCTBYeT, 'ITO ClOJihWOA pasClpoc nv1aMeTpOB CTpvlMepoa RB

JIReTCR Hev13ClelKHblM 3q>q>eKTOM, KOTOpblA oClyCJIOBJieH BKJ!a,ZIOM KJiac

TepoB CcrYCTKOB vl3 H9CKOJ!hKvlX 3Jl9KTpOHOB), oClpasoaaHHblX B 

npouecce BTOpvl'IHOA vlOHvl3aUvlvl 6-3JieKTpoHaMv1 CnepBvl'IHblMvl 

3JieKTpOHaMvl C 3Heprv1eA, nocTaTO'IHOA 'AJ!R oClpasoaaHvlR XOTR Clbl 

eme O'AHOA 3JieKTpOHHOA nap1,1). npaKTvl'ieCKvl ace CTpv1M9pHble KaMe

p1,1, v1cnoJih3YeMble B 3Kcnepv1MeHTaX, vlMeIOT 3ipq>eKTvlBHblA nopor pe

rv1cTpauv1v1 no KpaTHOCTvl KJiacTepa Cno 'ivlCJIY 3JieKTpOHOB), 3Ha'l{vl

TeJibHO npea1,1maromv1A en11HJ1UY- np11 3TOM nnoTHOCTh CTPvlMepoa Ha 

cnene O'AH03Ha'IHO onpenenReTCR 3q>q>eKTJ1BHblM 3HepreTvl'ieCKvlM no

poroM per11cTpauv111 KnacTepos. 

B §2.2.5 Ha OCHOBaHvlvl aHaJIJ13a Jil1TepaTypHblX J1 TTOJIY'i9HHblX 

Ha YCTaHOBKe CKM-200 naHHblX TTO'ATBepl!C'A9HO, 'ITO l1MTTYJihCHoe pa3-

pemeHJ1e MarH11THoro CTpl1Mepttoro cne1<TpoMeTpa onpenenReTCR a 

OCHOBHOM, MacmTaCloM q>OTorpaqi11poBaHv1R vi "sepHvlCTOCTblO" C "my

MOM") q>OTonneHKJ1. 
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6naro.ztap.R M0Hbill0MY BKJia.zty MHOrOKpaTHOro KYJJOHOBCKOro 

pacce.RHl1.R, MarHl1THhlff CTpl1MepHhlff cneKTpOMeTp OClJia.ztaeT JJY'-lilll1M 

11Mny JibCHhlM paspemeHl1eM, '-!eM TTY3hlpbKOBa.R KaMepa B MarHl1THOM 

noJJe B OClJiaCTl1 11Mny JibCOB ~IO f38/c. Y1cnoJib30BaHl1e re Jil1.R BMec

TO HeoHa MOl!CeT CYIIl0CTB0HHO Y JJY'-lilll1Tb 11MnY JibCHOe paspemeH11e 

CTp11MepHoff KaMephl /42A/ . 

B03MOl!CHOCTb pa3M01Il0Hl1.R Ml1ill0H0ff, BKJIIO'-!a.R 11 M0TaJIJil1'-!0CKl10, 

BHYTPl1 OClWMa CTpl1M0pHOff KaMephl, a TaKl!Ce cnocoClHOCTb ee per11-

CTp11poBaTb BTOPl1'-!Hhl0 sap.Rl!C0HHhl0 '-laCT11Uhl B TTOJIHOM T0JI0CHOM yr

JJe C4n-reoMeTp11.R) C BhlCOK11M Bp0M0HHhlM paspemeH11eM .zteJiaIOT Mar

Hl1THhlff CTP11M0pHhlff cneKTPOM0Tp 11CKJII0'-111T0JJbHO 3<p<p0KTl1BHhlM .zte

T0KTOpOM .ztJJ.R 11CCJI0.ztOBaHl1ff m11p0Koro cneKTpa .R.ztepHhlX B3a11MO

.ztef!CTBl1ff, B TOM '-111CJie 11 0'-!0Hb pe.ztKl1X. 

Pa3.zt0JI III nocB.Rlll0H 11CCJI0.ztOBaHl1!0 Heynpyr11x 11 U0HTpaJibHhlX 

.R.ztpO-.R.ztepHhlX B3al1MO.zteffCTBl1ff np11 3Hepr1111 3,66 A f38. 

Bo BB0.zt0Hl111 pas.zteJia no.ztyepKHyTa aKTyaJibHOCTb 3Tl1X 11CCJie

.ztOBaHl1ff. 

B nepsoff rnase pas.ztena III paccMoTpeHhl pesyJibTaThl 11sMe

peH11fl C0'-10Hl1ff Heynpyr11x 11 U0HTpaJibHUX .R.ztpO-R.ztepHUX B3al1MO

.zteffcTBl1fl, 11CCJie.ztoBaHl1fl xapaKTep11CTl1K MHOl!C0CTB0HHOro pol!C.zt0Hl1R 

OTp11uaT8JJbHhlX TTl10HOB. 00JIY'-10Hhl .ztaHHhle no cpe.ztHl1M '-111CJiaM npo

B3al1MO.zteffcTBOBaBml1X npOTOHOB R.ztep 11 HYKJJOHOB R.ztpa Ml1ill0Hl1, 

a TaKl!C0 onpe .zte JJe Hhl pasMe phi 11 <pOpMhl OClJiaCTl1 11CnYCKaHl1R 

IT--M030HOB B 3Tl1X B3al1MO.zt0ffCTBl1.RX. npose.zteHO cpaBH0Hl10 nony

'-10HHhlX pesy JibTaTOB C npe.ztCKa3aHl1RMl1 pa3Jil1'-!HhlX TeopeTl1'-!0CKl1X 

MO.zteneff 11 3Kcnep11MeHTaJibHhlMl1 .ztaHHhlMl1 .ztpyr11x paCloT . 

B §3,I.I np11se.zteHa oClma.R xapaKTep11cT11Ka 3Kcnep11MeHTaJib

HhlX .ztaHHhlX, nOJIY'-10HHhlX nyTeM npoCMOTpa, 113MepeHl1.R 11 aHaJJl13a 

COClhlTl1fl, saper11cTp11poBaHHhlX B CTp11MepHhlX KaMepax cneKTpOMeT-
4 12 16 19 

pos B nY'-!Kax peJIRTl1B11CTCKl1X .R.ztep A C He, C, 0, F, 
20 24 P 6 

Ne 11 Mg) C 11cnOJib30BaHl10M .R.ztepHo- '-111CTUX Ml1ill0Heff ATC Li, 
7
Li, c. Ne, Mg, Al, Si, Cu, Zr 11 Pb). OpOCMOTP 11 113MepeHl1R 

COClhlTl1ff npoBO)ll1Jil1Cb Ha npoCMOTpOBhlX CTOJJaX 11 Ha noJJYaBTOMaTax 

s lIYClHe, AnMa-ATe 11 s .ztpyr11x coTpY.ztH11'-!arom11x rpynnax. liaHHhle o 

C0'-!0Hl1RX R.ztpo-mi:epHhlX B3al1MO.zteffCTBl1ff 11 0 MHOl!CeCTB0HHOCT.RX oCl

pasoaaHl1R '-!aCT11U TTOJIY'-10Hhl Ha oClmeff CTaTl1CTl1K0 ~6,5 ro4 
COClhl

Tl1ff. K11HeMaTl1'-10CKl10 xapaKTep11CTl1Kl1 IT--MeSOHOB 11CCJI0.ZJ;OBaJil1Cb 

no peSYJibTaTaM 113MepeHl1ff ~2,2 ro4 n110HOB . 
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B §3.I.2 paCCMOTpeHhl pe3YJibTaThl 113MepeHl1fl C0'-10H11ff Heyn

pyr11x 11 U0HTpaJibHUX B3al1MO.zteffCTBl1ff R.ztep C R.ztpaM11 Ha cneKTpo

MeTpe CKM-200 /27A, 43A-46A/. 

Ce'-!0Hl1R 3Tl1X B3al1MO.zt0ffCTBl1ff onpe.zteJI.RJil1Cb B .ztBa 3Tana. 

lIJI.R 3TOro B npouecce OClJIY'-10Hl1R CTpl1M0pHOff KaMephl HenpephlBHO 

113MepRJIOCb OTHOW0Hl10 '-111CJia sanYCKOB CTp11rrepos) K '-!11CJJY R.ztep, 

na.ztarom11x Ha M11ill0Hb, saTeM np11 npoCMOTpe CHl1MKOB onpe.zteJIRJIOCb 

OTHOill0Hl10 '-111CJia <pOTOrpa<I>11ff C B3al1MO.zt0ffCTBl1RMl1 B Ml1ill0Hl1 C11JI11 B 

rase) K oClmeMY '-111CJIY <pOTorpai_{>11ff. np11 3TOM ClhlJil1 no.ztpOClHO npo

aHa]ll1311pOBaHhl B03MOllCHhle Cl1CTeMaTl1'-!0CKl10 om11ClK11, CBR3aHHhl0 C 

Kal!C.zthlM 3TanoM onpe.zteJieHl1.R ce'-!eH11ff. 

6hlJil1 113M0p0Hhl C0'-10Hl1R Heynpyr11x B3a11MO.zteffCTBl1ff Cain) 11 

C0'-!0Hl1R pol!C.ZJ;0Hl1R OTp11uaTeJJbHhlX n110HOB Caneg) BO B3al1MOiteffcT

B11RX R.ztep 12c C R.ztpaMl1 C, Ne, Si, Cu 11 Zr, a TaKllC0 a B 
4 · neg 

CTOJIKHOB0Hl1RX R.ztep He C .R.ztpaM11 Li, c. Ne, Al, Cu 11 Pb. To'-1-

HOCTb 113MepeHl1R C0'-!0Hl1ff C Y'-!0TOM Cl1CT0MaTl1'-10CKl1X om11CloK -
4 12 

5-7%. floKa3aHO, '-!TO C0'-10Hl1R Heynpyr11x He+Li 11 C+AT B3al1MO-

.zteffCTBl1ff BM0CTe C .ztaHHhlMl1 ,zi:pyr11x paCloT xopomo OTTl1ChlBaIOTCR 

<pOpMY JJOff, np11Be.zteHHOA B C 81: 
a. =10n R2 CA1 /3+A1 /3-{>CA-l/3+A-l/3)J 2 

1.n a p T p T 
C napaMeTpaMl1 Ro -I,30 iliM 11 /3=0,93. flOJJY'-!0HHhle 3Kcnep11MeHTaJib-

Hhle .ztaHHhl0 no C0'-!0Hl1RM Heynpyr11x B3al1MOiteffCTBl1A Y.ztOBJI0TBOp11-

T0JlbHO corJiacyIOTCR C npeii:cKa3aHl1.RMl1 H0KOTOphlX TeopeTl1'-10CKl1X 

MOiteJieff, OCHOBaHHhlX Ha Teop1111 MHOrOKpaTHhlX pacce.RHl1A fJiayClepa. 
4 

Ce'-!eHl1R U0HTpaJibHhlX B3al1MOiteffCTBl1ff .Ritep He C Li, c. Al, 
12 16 

Cu, Pb, .R.ztep C c C, Ne, Cu, Zr, Pb, R.ztep O C Ne, Pb 11 

.R.ztep Ne C Ne, Zr CaU) 113M0p0Hhl np11 H0CKOJibK11X KPl1T0pl1RX OTClO

pa, pa3Jil1'-!a!Ollll1XCR MepoA llC0CTKOCTl1 - yrJiaMl1 sanpeTa Ha BhlJ!eT 

3apRl!C0HHhlX 11 H0ATpaJibHhlX peJI.RTl1B11CTCKl1X <I>parMeHTOB .R.ztpa CHa

PR.zta /27A/. np11 3TOM .ztOCTaTO'-IHO TPY.ztHOff npoClJieMOff .RBl1Jl0Cb 

oClmee on11caH11e noJiy'-!eHHoro HaClopa ce'-!eH11ff au, 3Ha'-!eHl1R KOT0-

p1,1x, no-B11.ztl1MOMY, CYIIl0CTB0HHO 3aBl1CRT He TOJibKO OT reoMeTp11-

'-10CKl1X <paKTOpOB, HO 11 OT 3<p<p0KTOB .ztl1HaMl1'-10CKOro xapaKTepa, 

TaK11x KaK npospaYHOCTb .R.ztepHoro semecTBa, nepepacce.RH11e, 

B3al1MO.zteffCTBl1e BTOp11'-1HhlX '-!aCT11U 11 .ztp. 

B §3.I.3 npoBO.ztl1TC.R aHaJil13 pacnpe.zteJI0H11ff no MHOllC0CTBeH

HOCTl1 OTp11uaTeJibHhlX n110HOB, pOl!C.zt0HHhlX B Heynpyr11x 11 U0HTpa-
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nhHHX ssa11Mo.2IeAcTBl1RX AP +AT "26A, 27A, 45A-48A.,,. ITp11 3TOM 

onpe,2I9)1.fl)ll1Ch cpe.2IHRR MHO~eCTB9HHOCTh <n_>, .2Il1Cnepc11R pacnpe-
2 2 2 

.2I9)19Hl1.R D_=<n_ >-<n_> 11 K03q>q>11U119HT ero acl1MMeTp1111. OcHOBHHe 

saKOHOMepHOCTl1, BH.fIB)l9HHHe np11 3TOM, l1)1)1JOCTp11pyeT p11c.7. Ecn11 
4 

,l()l.fl Heynpyr11x B3al1MO.zteACTBl1A He+AT 3Tl1 pacnpe.zceneHl1.R '.2lOCTa-

TO'-IHO Y.ZCOBJieTBOp11Te)lbHO on11cHBa1-0TCR "YHl1BepcanhHNM" ,ZI)l.fl 

""'11 3 
C 
V 
I 

" -g 2 . 
I a 

I 

// 

C-~:+ 
_;:.,--;--r+~-• 
- ~:'.'_, __ ✓ 

l
♦ nc-A, TiDOl 

. o ttC-A1 T(ta 
• ttc-AT 1,s.01 

l6&A-raB ◄ :c•c T(U> 
a 0-AT T{to) 

: :g:~T :Hi~ 
•"Mj-MI T 12.D 

4 6 8 IO 12 
<n_> 

P11c.7 3aBl1Cl1MOCTh D _ 

OT < n _> B p-p B3al1MO

.zceACTBl1.RX Cnp.RMa.fI), 

Heynpyr11x 11 ueHTpa

JihHHX CTO)IKHOB9Hl1RX 

R.ztep c R.ztpaM11. Cnnom

HaR KPl1Ba.R OTBe'-!aeT 

saKOHY ITyaccoHa. 

PP-B3al1MO.zteACTBl1A COOTHOIIl9Hl19M BpodnescKoro CD_~<n>) (91, TO 
12 

,l()IR Heynpyr11x C+AT CTO)IKHOBeHl1A C1<pecTl1Kl1) OHl1 OKa3HBaI-OT-

CR m11pe. 0.ztHaKO ,ZI)IR ue HTpaJibHHX B3al1M0.2Ie ACTBl1A 06Hapy~e HO 

pesKoe cy~eH11e 3Tl1X pacnpe,lle)leHl1A, KOTOpHe ,l(OBO)II,HO 6)1113Kl1 K 
2 

saBl1Cl1MOCTl1 D _ =< n _> , COOTBe TCTBYIOmeA pacnpe,lle )10 Hl1IO ITyaccoHa. 

3TOT q>aKT anepBHe HaM11 6H)I YCTaHOB)leH Ha OCHO~e .l(aHHHX, nony

'-19HHHX c n0Mom1,ro cneKTpoMeTpa CKM-200 11 nponaHosoA KaMepN AB3 

0¥15U1 /48A/. 3Tl1 Ha6)1JO,lleHl1.R 11 cpaBH9Hl1R 3aBl1Cl1MOCTeA C n_> OT AT 
4 12 

,l(}IJ'I Heynpyr1-1x He, C+AT asa11Mo.zteACTBl1A C npe,llCKasaHJ.1RM11 He-

KOTOPHX TeopeTl1'-19CK11X MO.l(eJJeA Ka~YTCR COBM9CTl1MHMl1 C on1-1ca

Hl1.RMl1 R.ztpo-R.zcepHHX CTOJIKHOB9Hl1A Ha OCHOBe H03aBl1Cl1MHX HYKJJOH

-HYKJJOHHNX B3aJ.1MO.zteACTBl1A /45A/, BO BCRKOM CJJY'-lae np11 HaIIleA 

3Hepr1-111 11 ,l(OCT11rHYTOA TO'-IHOCTl1 3KCnep11M0HTa. 

B §3.I.4 11sJJaraeTCR npoue.2Iypa noJJY'-leHl1R 

Hl1M '-111CJJaM npos3al1MO.zteACTBOBaBIIll1X npOTOHOB 

.2IaHHHX no cpe.2I

R.2Iep <Q> 11 

HYKJIOHOB ,;.zcpa-M11II1eH11 <v T> B Heynpyr11x 11 ueHTpaJJbHlilX ssa11-

M0.2IeACTBl1RX AP +AT /49A, 50A/. ITp11 3TOM KPOMe <Q> 11 <vT>, KO

Top1,1e nOJJY'-10Hlil C TO'-IHOCThlO 5-20%, onpe,lleJJeHlil cpe.2IHee '-ll1CJJO 

npOB3al1MO.ll0ACTBOBaBIIll1X npOTOHOB .R,llpa-cttapR,lla <Qp> 11 OTHOIIl8Hl1.R 

R_=<n_)/(Q>, r.2Ie <n_> - cpe.l(HRR MHO~eCTB9HHOCTI, OTp11uaT8JJI,HlilX 

18 

n110HOB. BaHHlile no ueHTpaJJI,HlilM B3al1MO,l(eACTBl1.RM nOJJY'-19Hlil np11 

H9CKOJJhKl1X Kpl1Tepl1RX OT6opa, KaK 11 ce'-!eHl1R ueHTpaJJbHlilX CTOJJK

HOBeHl1A R,llep C R,llpaMl1 CcM. §3.I.2). IToKa3aHO, '-!TO seJJl1'-111Ha R_ 

OCTaeTCR np11MepHO nocTORHHOA B 11CCJl9.2IOBaHHOM .zc11anas0He aToM-
12 16 20 , 

HlilX secos AC C, 0, Ne), A cc, Ne, Cu, Si, Zr) B3al1MO-
p T 

.zceACTBYJOm11x R,Ziep, 0,2Il1HaKOBa B Heynpyr11x 11 ueHTpaJibHlilX CTOJIK-

HOBeHl1RX 11 He saB11Cl1T OT Kpl1Tep11es OT6opa ueHTpaJJbHlilX CTOJJK

HOBeHl1A /49A/. 3TOT pesyJJI,TaT ·npe.zccTaBJJ.ReT 11HTepec, noTOMY 

'-!TO .ZCJJR 113Y'-!eHHHX peaKUl1A <n_> MeHReTCR no'-ITl1 Ha nopR.ZCOK. no

JIY'-leHHlile 3KCnep11MeHTaJJhHlile .zcaHHlile .zcaJJl1 B03MO~HOCTh B csoe ape

MR noKasaTh, '-!TO JJl1HeAHlilA pocT BeJJl1'-111Hlil R C Kl1H9Tl1'-leCKOA 3Hep

n1eA E Ha HYKJJOH R.zcpa-cHapR.zca, o6Hapy~eHHlilA B 11HTepsaJJe 3Hep

rl1A 63BaJJaKa 0,5::SE::52,I f3B, npo.zcoJJ~aeTCR snJJOTh .zco 3,6 f3B. 

B §3.I.5 Ha OCHOBe aHaJJl13a 11HTep<I>epeHU110HHlilX KoppeJJRUl1A 

TO~.ZCeCTBeHHlilX n110HOB, o6pasosaBIIll1XCR B Heynpyr11x 11 ueHTpaJJI,-
4 12 16 . 

HlilX B3al1MO.ZCeACTBl1RX R.zcep He, C, 0 C R.ZCpaM11 Li, C, Ne, Cu 

np11 3Hepr1111 3,66 A f::iB, onpe,zceJJeHlil pasMep1i1 o6JJaCTl1 11cnycKaH11R 

BTOpl1'-IHlilX rr--Me30HOB /5IA/. TIOJJY'-19HHlile BeJJl1'-111Hlil He 06Hapy~11-

JJl1 BlilX0.2IRm11e sa npe.zce JJl,I OIIl1160K pa3JJl1'-111R no cpaBHeHl1JO C COOT

seTCTBYJOml1Ml1 pesy JJI,TaTaMl1 .zcpyr11x 3KCnep11MeHTOB C pe JJRTl1Bl1CT-
12 

CKl1Ml1 R,llpaMl1 MeHbIIll1X 3Hepr11A. BJJ.R ueHTpaJJI,HlilX C+Cu CTOJJKHO-

BeHl1A onpe.zceJJeHlil nonepe'-!Hlile 11 npo.zcoJJhHlile pa3Mep1i1 oelJJaCTl1 11c

nycKaH11R rr - -Me30HOB B pa3HlilX 11HTepBaJJaX 61i1cTpOT /52A/, KaK 11 

B padoTe [IOJ. PesyJJI,TaTlil yKa3lilBaJOT Ha H9Cq>ep11'-!eCKYIO CslilTRHY

Tyro) q>OpMY 06JJaCTl111cnycKaH11R n110HOB B uettTpaJJbHOA '-laCTl111X 

6HcTpOTHoro pacnpe.zceJJeH11R. 

BTopaR rJJasa pas~eJJa III nocsRmeHa 11ccJJe.zcosaH11JO odpaso
o 

BaHl1.R ACK )-'-!aCTl1U B Heynpyr11x 11 ueHTpaJJhHlilX R.ZCpO-R.ZCepHlilX 

B3al1MO.ZCe ACTBl1RX-

B §3.2.I npe.zccTaBJJeHlil pesyJJI,TaTH 11CCJl0.2IOBaHl1A po~.zcettl1fl 

ACK0
)- '-!aCT11U B Heynpyr11x ssa11Mo.zceACTBl1flX 

4
He+Li 11 B ueHTpa-

12 16 
JII,HlilX CTOJJKHOBeHl1RX C+AT CC, Ne, Cu, Zr, Pb) 11 O+ATCNe, 

Pb) np11 11Mny JJI>ce 4,5 A f38/c /53A-57A/. BaHHlile noJJY'-!eHH Ha 

cneKTpOMeTpe CKM-200. 06ma.R CTaTl1CTl1Ka 3aper11cTp11posaHHlilX 

CTpaHHlilX '-!aCT11U B ;Tl1X ssa11Mo.zceACTBl1RX: 4I8 A- 11 IOI K:, 113 

KOTOplilX 82A 11 I7Ks 113 Heynpyr11x B3al1MO.ZCeACTBl1A, 336A l1 84 
0 

Ks 113 ueHTpaJJbHHX CTOJJKHOB0H11A- OcHOBHlile nonpaBKl1, CBfl3aHHlile 
0 

C noTep.RMl1 V -co61i1Tl1fl B6JJl1311 Ml1IIl0Hl1, Ha paccTORHl111 COOTBeTCT-
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syiomeMy T>5,5 T
0 

11 3a npe.zteJiaM11 pa6oYero o6wMa KaMep1:,1, sso

.Zll1Jil1Cb C yYeTOM COOTBeTCTBYIOllll1X CTaTl1YeCKl1X secos. AHaJil1311-

posaJil1Cb 11 YYl1TblBaJil1Cb 11 .ztpyr11e nonpaBKl1. ITOJIYY8HHble 336 A

-c06blTl1A 113 ueHTpaJibHblX B3al1MO,ZleACTBl1A no.ztpa3,ZleJIRJil1Cb Ha Tp11 

rpynnbl B 3aBl1Cl1MOCTl1 OT AT: CCC, CNe, ONe), cccu, CZr), CCPb, 

OPb). ITp11 aHaJil138 .ztaHHblX (Jl:,IJll1 nOJIYY8Hbl CJ18.ZlYIOIUl1e pe3y JlbTaTbl: 

- HaA.zteHO, YTO OTHOWeHl1fl BblXO,ZlOB A 11 K
0

-yacT11U K BblXO.ZlY OT

p11uaTeJibHblX n110HOB .ZlJ!fl scex Ap+AT nap ueHTpaJibHO CTaJIKl1BaJO

IUl1XCfl fl.ztep 11 .ZlJlfl Heynpyr11x 
4

He+Li B3al1MO.Zl8ACTBl1A 0,Zll1HaKOBO: 
-2 -2 

RA-<nA>/<n_>=CI,8±0,2) • 10 11 RKo=<nKo>/<n_>=C!,5±0,3) • 10 ; 
s s 

- .ZlJlfl ueHTpaJibHblX B3al1MO.zteACTBl1A He (Jl:,l}lQ 

U1111 MHOl!CeCTBeHHOCTl1 OTp11uaTeJibHblX n110HOB 

pOHOB <n~/<n_> "'ycp.''co6 ·:::J, B TO BpeMfl 

B3al1MO,ZleACTBl1A <n~)/(n_> "'ycp.''cod.>I; 

o6Hapyl!CeHo KoppeJIR

c pol!C.zteH11eM A r11ne-

KaK .ZlJifl Heynpyr11x 

- nonyYeHo pacnpe.zteneH11e nonepeYHoro 11MnYJibca .ztJifl A-yacT11u. 

06Hapyl!CeHO, YTO cpe.ztHee 3HaYeH11e BeJil1Yl1Hbl PT B npe.ztenax 011111-

(JQK O.Zll1HaKOBO .ZlJ!fl scex Ap+AT nap ueHTpaJibHO CTaJIKl1BaJOntl1XCfl 
. 4 

fl.ztep 11 .ZlJ!fl Heynpyr11x He+Li B3al1MO.zteACTB11A- 0THOCl1TeJibHblA 

1136blTOK A-yacT11U C PT>I r3B/c (JQJibme B ueHTpaJibHblX B3al1MO

.zteACTBl1flX (9±2)%, YeM B Heynpyr11x 
4
He+Li CI,5±1,5)%; 

- noKa3aHO, YTO Kl1HeT11YeCKafl 3Hepr11fl A-yacT11U B c.u.M. CTaJI

Kl1BaJOIUl1XCfl HYKJIOHOB MOl!CeT (JblTb npe.ztCTaBJieHa B ~OpMe: 
3 3 * 4 d N/d P~expC-T /To) C To~I50 M3B KaK .ZlJ!fl Heynpyr11x He+Li 

B3al1MO,ZleACTBl1A, TaK 11 .ZlJ!fl pa3Jil1YHblX ueHTpaJibHblX CTOJIKHOBeHl1A. 

* B nepBOM CJIYYae pacnpe.zteJieH11e 3aKaHYl1BaeTCfl np11 T :::600 M3B, B 

TO speMfl KaK ueHTpaJibHble B3al1MO,ZleACTB11fl CO.ztepl!CaT C5±2)% co61:,1-

Tl1A c T*>600 M3B; 

- cpe.ztHl1e 6blCTpOTl:,I <YJia6> A-yacT11U y6blBalOT C pOCTOM AT. ~op-
4 

Ma Y pacnpe.zteJieHl1fl 113MeHfleTCfl OT nJIOCKOA .ZlJ!fl Heynpyr11x He+Li 

B3al1MO,ZleACTB11A, .ZlO 11MeIOIU11X n11K B 06JiaCTl1 Yp/2 ,ZlJ!fl nerK11X fl.ztep ' 

B ueHTpaJibHblX CTOJIKHOBeHl1flX 11 11MeIOIU11A pe3Kl1A n11K Ha3a,Zl Ha Tfl

l!CeJiblX M11WeHflX B ueHTpaJibHblX B3al1MO,ZleACTBl1flX; 

- o6Hapyl!CeHO, YTO nOJiflp113aUl1fl A-yacT11U 6Jil13Ka K HY JIIO, B npe

.zte Jiax om1160K He Ha6JIIO,ZleHa 3aBl1Cl1MOCTb OT AT 11 OT nepe.ztaHHOro 

11Mny Jibca; 

- He (Jl:,IJIO o6Hapyl!CeHO Hl1 O,ZlHoro O.ZlH03HaYHO 11.zteHTl1~11u11poBaHHOro 

A-co6blTl1fl cpe.zt11 4I8A-r11nepOHOB. 
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l[Jifl no.ztTBeplC.ZleHl1fl pe3y JlbTaTOB pa6oT [ II, 121 B YaCTl1, Ka

caiomeACfl oco6eHHOcTeA B xapaKTep11cT11Kax rr -Me3oHoe 113 rpynn1:,1 

co6blTl1A, CO,Zlepl!Cam11x A-YaCTl1Ubl, l1Me10m11x B Cl1CTeMe NN-cTOJIKHO

B0Hl1fl 11MnYJibC 3a Kl1HeMaTl1YeCKl1M npe.zteJIOM CPT>I 1'38/c), a TaK

l!Ce .ztJifl YTOYHeH11R npe.ztsap11TeJibH1:,1x .21aHHblX 06 yrJioeux pacnpe.zi:e

JieHl1flX A-YaCT11U B c.u.M. CTaJIKl1BaJOntl1XCfl HYKJIOHoe /67A/ Ha 

CTaTl1CTl1YeCKl1 (JOJiee o6ecneYeHHOM MaTep11aJie, l1CCJie.210BaH11fl 6blJil1 · 

npO,ZlOJil!CeHbl Ha CneKTpOMeTpe rI,16C B UeHTpaJibHblX CTOJIKHOBeHl1flX 
24 • 

Mg+Mg np11 11MnYJibce 4,3 A f3B/c /68A/. 

B §3.2.2 np11Be.zteHbl pe3YJibTaTbl 3Tl1X 11CCJie.ztoeaHl1A. ITp11 .zi:e

TaJibHOM aHaJil13e 3KCnep11MeHTaJibHOro MaTep11aJia 6blJIO HaA.21eHO 

448A-co6blTl1A 11 paCCYl1TaHbl 11X CTaTseca, KOTOpble 11CnOJib30BaJil1Cb 

np11 nocTpOeHl111 pacnpe.zte Jl8Hl1A 11 Bbl'-'111CJieHl111 cpe.ztHl1X 3Ha'-ieHl1A 

pa3Jil1'-'IHblX xapaKTepl1CTl1K A-9acT11u. 3.ztecb TaKl!Ce He (Jl:,IJIO 06Hapy

l!CeHO Hl1 O.ztHoro A-co61:,1T11fl. ITp11 aHan113e npoueccos 06pasoeaH11n 

A-'-'!aCT11U 11 accou11aT11BHoro pol!C.zteHl1fl rr -Me30HOB B ueHTpaJibHblX 
24 

Mg+Mg BSal1MO.zteACTBl1flX 6blJil1 flOJIY'-'leHU CJie.zty10m11e peSYJibTaTu: 

- cpe.ztHl1e BeJil1'-'111Hbl nonepe'-'!Horo 11MflYJlbCa 11 6blCTPOTU A-9acT11u: 

<P T>-0,569±0,DI4 f38/c 11 <y JI.c.>-I,170±0,022. TeMnepaTYpa 

Cl1CTeMbl, 113 KOTOpOA 6blJil1 11cnymeHl:,I A-'-'!aCTl1Ubl, onpe.zteJieHHafl no 

seJ111'-i11He <PT> cocTaBJifleT TA-137±9 M3B; 

- Yf'JIOBble pacnpe.zteJieHl1fl A-'-'!aCT11U 11 nOTOKa 11X-K11HeT11'-ieCKOA 

3Hepr1111 B c.u.M. CTaJIKl1BaIOntl1XCfl HYKJIOHOB OT Jll1'-'laIOTcfl OT 11SOT

ponHblX C p11c.8. 9). . 

ITp116J111s11TeJibHO 11soTponHoe yrJiosoe pacnpe.zteJieH11e A--qacT11u e 

ueHTpaJibHblX BSal1MO.zteACTBl1flX JierKl1X fl.ztep Cp11c.8) nOJIY'-'!eHO B 

OCHOBHOM 113-sa He,ZlOCTaTO'-iHOA CTaTl1CTl1'-'leCKOA 00ecneYeHHOCTl1 

/67A,,,, r II, 121. 

- yrJios1:,1e C11 3HepreT11'-'!ecK11e) pacnpe.zteneHl1fl rr--MesoHos e· co6u-
o~ . 

Tl1flX C A , l1Me10m11x B Cl1CTeMe NN-cTOJIKHOBeHl1fl 11MOYJibC sa K.11-
* in * HeMaTl1'-i8CKl1M npe.zteJIOM CP A>980. M3B/c), 11 A CP A<980 M38/c) -

'-'1aCTl1UaM11 11 6es A-'-'!aCTl1U B C.U.M. CTaJIKl1BaI01lll1XCfl HYKJIOHOB 

npaKT11'-'lecK11 o.zt11HaKos1:,1 11 He1180TponH1:,1 Cp11c.IO,ID; 

- Kl1HeMaT11'-'1eCKl1e xapaKTepl1CTl1K11 rr -MeSOHOB B C00UTl1flX C KYMY
out. 

JlflTl1BHUM11 A -'-'1aCTl1UaM11 He OTJll1'-'1a10TCfl OT xap~KTep11CTl1K OTp11-

uaTeJibHblX fll10HOB B 06U'-'!Hf:lX ueHTpaJibHf:lX Bsa11MO.zteAcTBl1flX. 

3T11 pesyJibTaTH He no.ztTeepJ1C.zta10T r11n0Tesy cr_r, 121 o cyme

CTsosaH1111 o6mero :ztJifl rr - -MesoHos 11 A-9acT11u paeHoaecHoro CTep-
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PHc.a YrJIOBl:le pacnpe}leJieH11.R A

"lacT11u B c.u.M. CTaJIKl1BalOilll1XC.fl 

HYICJIOHOB. 

* 

~i 
lO -l:z . 

0.5 

-1.0 -0.6 -0.'2. 0.2 0.6 f.O 
case* 

P11c.IO YrJiosoe pacnpe.neJ1eH11e 

TT -Me30HOB B c.u.M. CTaJI1Cl1-

saiom11xc.R HYKJIOHOB .llJI.R rpynnl:l 
C061:lTl1A A out. 

" 4 _,. 
l0 

-lO •QI -01 " o.&c.l! sl to 

P11c.9 YrJiosoe pacnpeJieJ1eH11e 

noTOICa Kl1HeT11"1eCKOA 3Hepr1111 

A-"!aCTl1U B C-U-M- CTaJIKl1BaIO

Illl1XC.fl HYICJIOHOB. 

3; 
~ 
~ -!z 0.1 

~~-0,1 . f \T!''' 'II I 
-tz -1.0 -o'.e -a:2 0:2 ds 1.0 cos 9• 

P11c.II PasHOCTh yr JIOBl:lX 
-pacnpe.neJieHl1A TT -Me30HOB 

out 
113 rpynnl:l C061:lTl1A A 11 
Ain_ 

MaJll130BaHHOro) 11CTO"IHl1Ka B ueHTpaJibHl:lX B3al1MO.lleACTBl1.f!X .fl}lep C 

.R.llpaM11. 

CpaBHeH11e "111CJia co61:lTHA c .llBYM.fl 3aperHCTPHPOBaHHl:lMH pac-
24 

na.naMH A-"!aCTHU B ueHTpaJibHl:lX Mg+Mg B3aHMO}leACTBH.f!X C O~H-

.naeMl:lM, B npe}lnOJIO~eHH11 OTCYTCTBH.R HCTO"IHHKa rHnepoHOB C no-
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Bl:lllieHHOA MHO~eCTBeHHOCTblO, noKa3aJIO, "!TO pa3HHUa Me~}IY Ha6JIIO

.llaeMl:lM C29) 11 npe}lnOJiaraeMl:lM C20±5) "IHCJIOM C061:lTHA He O"!eHb 

seJI111Ca. 

B 3aKJIIO"!eHl1H c<I?OPMYJIHposaHl:l OCHOBHl:le pe3YJlbTaTl:l H Bl:lBO}ll:l 

}lHCCepTaUHH-

OCHOBHHE PE3Y]bTATH ~HCCEPTALU1H 

I- B npouecce pa3pa60TKH 11 C03}laHl1.fl 1CpYnHoMacmTa6Hl:lX YCTaHo

BOIC }lJl.fl H3Y"!eHl1.fl .R}lepHl:lX B3al1MO.lleACTBHA n110HOB H HYKJIOHOB 

ICOCMl1"1eCKHX JIY"!eA B 06JiaCTH csepXBl:lCOKHX 3HeprHA Ha T.RHb-illa

HbCICOA Bl:lCOKOrOpHOA CTaHUl111 C3340 M Ha.ll ypOBHeM MOp.f!) Bl:lnoJI

HeHO CJie}lYIOillee: 

1. Ha OCHOBe aHaJIH3a MeTO.llOB HCCJie.nosaHH.fl .R}lepHl:lX B3aHMO}leA

CTBl1A "!aCT11U ICOCMH"!eCICl1X JIY"!eA Bl:lCOICHX 3HeprHA c<})opMYJI11po

BaHl:l OCHOBHl:le Tpe6oBaHl1.fl IC YCTaHOBICaM no 113Y"!eHl1!0 B3aHMo

.lleACTBl1A nl10HOB 11 HYKJIOHOB B 06JiaCTl1 csepXBl:lCOICl1X 3Hepr11A 

H 060CHOBaHl:l }lOCTOHHCTBa MeTO}ll11Cl1 TpeKOBl:lX 11CICpOBl:lX KaMep 

}lJl.fl TaKHX 3KCnep11MeHTOB. 

2. Bnepsl:le npeJIJIO~eHl:l 11 C03}laHl:l KOMnJielCCl:l 60JiblliHX TpeKOBl:lX 
3 

HCICpOBl:lX KaMep CI00xIOOx20 CM), npe}lHa3HaYeHHl:lX }IJI.fl pa6o-

Tl:l B YCJIOBl1.f!X Bl:lCOKoropb.R B COCTaBe KpynHOA <})11311'-leCKOA yc

TaHOBKl1 no H3Y"leHl1!0 B3al1MO}leACTBl1A a}lpOHOB B o6JiaCTl1 3Hep

r1111 sl:lme I T3B. B paMKax JiaHHoro ttanpasJieH11.R .11ccJieJI0BaHHA 

snepsl:le C03.llaH 11C1CpOBOA cneKTpoMeTp 

nJioma.llhlO I M2 .llJI.fl pa60Tl:l npH 3HeprH.RX 

noJIHoro norJiomeHH.R 

?:O,I T3B, ICOTOpl:lA 

.RBJI.RJIC.fl 6a30Bl:lM MO}IY JieM }IJI.fl peaJIH3aUHH YCTaHOBKH C perHcT

paUHOHHOA nJioma.llhlO 9 M
2. 

3. B XO.lle peaJIH3au1111 TpeKosoro JieTeKTopa c per11cTpaUHOHHOA 

nJioma.llbIO 44 M2 .llJI.R Me~JIYHapoJIHoro npoeKTa YCTaHoBKH AJipoH

-44, npe}lHa3Ha"!eHHOro }lJl.fl H3y"!eHH.fl B3aHMO.lleACTBHA nHOHOB 

11 HYKJIOHOB np11 3Hepr11.Rx Bl:lme IO T3B, pa3pa6oTaHa, C03.llaHa 

11 11CCJie}lOBaHa B YCJIOBH.f!X Bl:lCOKOrOpb.R CaMa.R 60Jihma.R B MHpe 

Tpex3Jie1CTpOJIHa.R TpeKOBa.R 11CKpOBa.R KaMepa nnoma}lb!O II M
2 

C3a3op 2x20 CM) c MHHl1MaJibHl:lM KOJil1"!eCTBOM semecTBa Ha nYTl1 

per11cTpHpyeMl:lX "!aCT11U- Pe3y JlhTaTl:l l1CCJie}lOBam-1A ee OCHOBHl:lX 

xapa1<Tepl1CTl1K noKa3aJil1, YTO OHH Y.llOBJieTBOP.RIOT Tpe6oBaHl1.RM 

3KcnepHMeHTa. OpoeKT npeJIYCMaTpHBaJI C03}laH11e ceMH p.R.llOB 113 

28 TaKl1X KaMep. COOTBeTCTBeHHO pa3pa60TaHl:l CHCTeMa Bl:lCOKO

BOJlbTHOro 11MnY JibCHOro n11TaHl1.fl, CHCTeMa <})0Torpa<})11poBaHl1.fl, 
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c11cTeMa rasooClecneYeH11R 11 sanycKa KOMnneKca KaMep ycTa

HOBKl1 A.zrpoH-44. 

IL TTp11 Henocpe.zrcTBeHHOM YYaCTl111 .zr11ccepTaHTa C rpynnoA co

TPY.lrH11KOB 113 M~B3 AH Kas CCP coaMecTHO c OMHM: 

1. Cos.zraHU 11 11CnOJJb30BaHU B q>113W-leCKl1X 31<cnep11MeHTax Ha C11Hx

poqia30TPOHe OMHM .zrayxMeTpoaue CTp11Mepttue KaMepu, KaK octto

au Kpynttux MarHl1THUX cneKTpoMeTpoa CKM-200 11 fM6C c cooT

aeTCTBYJOilll1M11 Cl1CTeMaM11 BUCOKOBOJJbTHoro 11Mny JlbCHoro n11Ta

Hl1R, rasooClecneYeHl1R 11 KOHTpOJJbH0-113Mep11TeJJbHOA annapaTy

poA; 11ccne,zroaaHu qi11s11YecK11e ocoCleHHOCTl1 0ClpasoaaH11R pe

r11cTp11pyeMux cTp11MepHux cne.zroa, paspaCloTaH 11 pean11soaaH 

p.ff,zr op11r11HaJJbHux pemeH11A no nosumeH1110 3qiqie1<T11BHOCT11 paelo

Tu KaMep Ha YCKOpl1TeJJe. 

C nOMOillblO YnOM.ffHYTUX cneKTpOMeTpOB nOJJYYeH ClOJJbfilOA 

31<cnep11MeHTaJJbHUA MaTep11an O Heynpyr11x 11 ueHTpaJJbHUX R,lI

po-R.zrepHUX B3al1MO,lieACTBl1.ffX, 0 peJJRTl1B11CTCKl1X r11nepR.zrpax 11 

0 nepesapR,lIJ<ax R.zrep Ha R.llpax. 3TOT MaTep11aJJ CTaJJ OCHOBOA 

P.ff.lla HaYYHl:lX nyeln11Kau11A, ocymecTBJJeHHUX .B paMKax Mell('.,lIYHa

po.zrHoro COTPY.lIHl1YeCTBa Ha 3Tl1X cneKTpOMeTpax. 
. . 4 

2. TTpoae.zreHu 11ccne.zroaaH11R tteynpyr11x asa11Mo.zreAcTBl1A He+AT CLi, 
· · 12 
C, Ne, Al, Cu, Pb), C+A CC, Ne, Si, Cu, Zr) 11 UeHTpaJJb-

4 T 12 
HUX CTOJJKHOBeHl1A He+A CLi, C, Al, Cu, Pb), C+A CC, Ne, 

16' T 20 20 T 
Cu, Zr, 

24Mg+Mg 

Pb), o+AT CNe, Pb), F+Mg, Ne+ATCNe, Zr) 11 

np11 3Hepr1111 3,66 A f38, l<OTopue .n03BOJJl1Jl11 nOJJYYl1Tb 

cJie,zry10m11e pesyJibTaTu: 
12 

- onpe.zreneHu ceYeH11R Heynpyr11x asa11Mo.zreACTB11A c+AT 11 ueH-
4 12 16 20 

TpaJJbHUX CTOJJKHOB0Hl1A He+A , C+A , O+A , Ne+A , a 
· · T T T T 

TaJ<ll('.e ceYeHl1fl p0ll('.,lI0Hl1fl OTp11uaTeJJbHUX nl10HOB B Heynpyr11x 
4 12 , 

B3al1Mo.zreACTBl1RX He+AT 11 C+AT ,lIJJfl Mo.zreJJbHoro He3aBl1C11MO-

ro aHaJI11sa. TToKasatto, YTO nonyYettttue .zrattttue no ceYeH11RM 

Heynpyr11x B3al1MO,lieACTBl1A Y .lIOBJJeTBOPl1Te JlbHO cor JJaCYIOTCR C , 

pacYeTaM11 no Mo.zren11 rnayelepa; 

- nonyYeHU pacnpe.zreJieHl1fl no MHOll('.eCTBeHHOCTl1 OTp11uaTeJJbHUX 
. 4 12 

nl10HOB B Heynpyr11x B3al1MO,lieACTBl1flX He+AT, C+AT l1 ueHTpa-
4 12 16 19 20 

JlbHUX CTOJJKHOBeHHRX He+A, C+A, O+A, F+Mg, . Ne+A 
24 ·· · T T T T 

11 Mg+Mg_ Bnepaue noKa3aHO, YTO pacnpe.zreneHHR MHO'.l!CeCTBeH-

HOCTeA rr -M.e30HOB, 0Clpasoaasm11xcR B ueHTpaJJbHUX B3al1MO,lieA

. CTBl1RX pa3JJl1YHUX R.zrep, ,lIOBOJJbHO ClJJl13l<l1 K pacnpe.zreneHl1IO TTy-
2 

accoHa CD ~<n_>); 

24 

- noKasaHo, YTO Ha116onee y.zrosneTaop11TeJibHoe on11caH11e aceA 

COBOKYnHOCTl1 noJiyYeHHUX 3J<Cnep11MeHTaJibHUX .zraHHliX no MHOJKe

CTBeHHOMY pOJK,lieHHIO OTp11UaTeJibHliX nHOHOB B Heynpyr11x l1 

ueHTpaJibHliX R.zrpo-.ff.zrepHUX B3al1Mo.zreACTBl1flX ,zraIOT MO,lieJIH Hesa

B11Cl1MliX NN-asa11Mo.zreACTBl1A; 
4 12 

- B Heynpyr11x B3al1MO.zteACTBl1.ffX He+AT, C+AT l1 ueHTpanb-
4 12 . 16 19 20 

HUX CTOJil<HOB0Hl1RX He+A C+A , O+A , F+Mg, Ne+A 
24 T, T T T 

11 Mg+Mg nonyYeHU .ztaHHUe O cpe.ztHl1X Yl1CJiax npossa11MO.zteA-

CTBOBaBm11x npOTOHOB .ff.ztep, npossa11MO.zteACTBOBaBm11x npoTOHOB 

.ff.ztpa-cHap.ff.zta 11 npossa11Mo.zteACTBOBaBm11x HYKJIOHOB R.ztpa-M11me

Hl1, a TaKJKe OTHOmeHHR cpe.ztHl1X MHOll('.eCTBeHHOCTeA OTp11uaTe

JlbHliX nHOHOB l1 npOB3al1MO.zteACTBOBaBml1X npOTOHOB R.ztep. 

TToKa3aHO, YTO aeJil1Yl1Ha OTHOmeHl1R OCTaeTCR np11MepHO noCT0-
12 16 

RHHOA B 11CCJie.ztoBaHHOM .zr11anas0He aTOMHliX BeCOB Ape C, 0, 
20

Ne), A cc, Ne, Si, Cu, Zr) B3al1MO.zteACTBY!Ollll1X R.ztep, o.zr11-
T 

HaJ<OBa B Heynpyr11x 11 ueHTpaJibHliX CTOJIKHOBeHHRX l1 He saa11-

Cl1T OT 1<p11Tep11es OT6opa ueHTpaJibHliX B3al1MO.zteACTBHA; 
12 

- .ztJIR ueHTpaJibHliX C+Cu CTOJIKHOBeHHA R.ztep onpe.zreneHli 

nonepeYHlie 11 npo.ztOJibHUe pasMepu 06nacT11 11cnyc1<att11R rr -Me

soHOB B pa3HUX HHTepsanax ClliCTpOT l1 nonyYeHO y1<asaH11e Ha 

Hecqiep11YeCKYIO CsuTRHYTYW q>OpMY 06JiaCTl1 11cnyc1<aHl1R OTpl1Ua

T6JlbHliX n110HOB B ueHTpaJibHOA YaCTl111X ClliCTPOTHOro pacnpe

.zreneH11R; 
0 

3. TTpose.zreHli l1CCJie.ztOBaHl1fl o6pasosaHl1fl A- 11 K -YaCTHU B Heyn-
4 

pyr11x B3al1MO.zteACTBl1flX He+Li l1 B ueHTpaJibHliX CTOJIKHOBeHl1flX 
12 · . 16 

C+A cc, Ne, Cu, Zr), O+A (Ne, Pb) np11 11MnyJibce 
T T 

4,5 A f3s/c l1 YCTaHOBJieHo: 

- OTHOmeHl1fl BliXO,ZtOB A l1 K
0

-YaCTl1U I{ BliXO.ztY OTp11uaTeJibHliX 

nHOHOB .ztJIR ueHTpaJibHliX B3al1MO.zteACTBl1A l1 .ztJifl Heynpyr11x 

CTOJIKHOBeHl1A O.ztl1Ha1<oso: 
-2 -2 

RA-<nA>/<n_>=CI,8±0,2) •10 l1 RKo=<nKo)/(n_>=CI,5±0,3) • 10 ; 
s s 

- OTHOCl1T0JlbHliA 1136HTOK A-YaCTHU C P T>I f:;.B/c, xapaKTep11c

Tl1Kl1 KOTopux He YKJia.ztUBaJOTCfl B Kl1HeMaTl1KY NN-ssa11MO.zteACT

Bl1A, ClOJibme B ueHTpaJibHliX CTOJIKHOBeHl1flX (9±2)%, YeM B 

Heynpyr11x CI,5±1,5)%; 
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- noJIRPl13aU11R A-YaCTl1U B Heynpyr11x B3al1MO.l(8ACTBl1RX 11 B 

ueHTpaJibHUX CTOJIKHOB8Hl1RX dJil13Ka K HYJiro; 

4. ITpose.zceHU 11CCJl8.l(OBaHl1R odpasosaH11R A-yacTl1U B USHTpaJibHUX 
24 

CTOJIKHOB8Hl1.RX Mg+Mg np11 11MnYJibce 4,3 A f38/c 11 HaA.zteHo: 

- yrJIOBOe pacnpe.zceJ1eH11e A-YaCTl1U B Cl1CTeMe USHTpa Mace 

CTaJ1KJ1Barom11xcR HYKJIOHOB OTJll1"1aeTCR OT 1130TponHoro; 

- Kl1HeMaTl1YeCKl1e xapaKTep11cTl1Kl1 OTPl1UaTeJlbHUX n110HOB B co

dUTl1RX C KYMYJIRTl1BHUMl1 A-yacTl1UaM11 He OTJll1YaIOTCR OT xapaK

Tep11CTl1K rr--Me30HOB B odUYHUX ueHTpaJibHUX CTOJIKHOB8Hl1RX; 

- yrJiosue pacnpe.zteJieHHR rr -MesoHos B c11cTeMe ueHTpa Mace 

CTa}!Kl1Barom11xeR HYKJIOHOB Hel130TponHu; 

- noJiyYeHHUe .ztaHHUe He nO.l(TBeplK.ztaroT r11n0Tesy O cymeCTBOBa

Hl111 KOJIJleKTMBHOro TepMaJll130BaHHOro 11eTO"IHl1Ka BTOp11YHUX 

yaeT11U B ueHTpaJibHUX R.l(pO-.R.ztepHUX ssa11MO.l(8ACTBl1RX. 

5. He dUJIO OdHapyllteHo H11 0.l(HOro O.l(H03Ha"IHO 11.l(8HT11q>l1U11poBaHHO

ro A-eoduT11R epe.zc11 866 A-r11nep0Hos, saper11cTp11posaHHux so 

seex B3al1MO.l(eACTBl1.RX. 
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