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OimAH XAPAKTEPHCTifKA PAEO'ill 

AKTYaJil,HOOTl, npo6.neMH. HHTBpec K HOCJI8ltOBaHIDlM 0Tpall8HWI YJlliTpa
XOJIO,lUIHX He!TpOHOB (YXH) OT B81!18CTB o OTHomemreM P · MHHMol 'ffiOT.I 
aMIIJmTY,IUl pa008.IIHID1 It peaJil>HOI B ,ItHana30H8 ro-5+!0=-3 (CJia_6onorJIOntall

ll!lt8 B8ni8CTBa) o6yCJIOB7I8H OYl!l80TBYDJlHM O 1970 r. paOX01!tlt8HH8M M8lKJJY -
'' 

3KOlI8pl'lM8HTaJil,HllMII H pac~eTH!:lMH 3Ha~8HIDIMII B8p0.IITHOOTH rrorJI01!18HWl jl 
(no.n norJI01!18HH8M YXH llOHHMaBTO.II HX 3aJCBaT .llltpa,MK H HarpeB ope.no!) 
YXH npK HX 0Tp8llt8HHH OT llOB8pXHOOTH. Sa 15-JIBTHHI nepHOlt 3KonepHM8H
TaJil,mlX HOCJ18ltOBaHH! no 3TO! npo6JI8M8 "aHOMaJil>HOro" norJI01!18HH.II YX, 
6WIO lI~8HO MHoro .ItaHmlX, HO OHR 'IaOTO llpOTHBOpe'IaT .npyr .npyry l/. 

CaM M8TOlt OlIP8lt8Jl8HH.II BBPO.IITHOOTH rrorJI01!18HH.II, OOHOBaHHll! Ha H3-
M8P8HHH Bp8M8HH l!U13HH YXH B JIOBYDIK8, .no IlOCJ18ltH8ro Bp0M8HH 6wr no
OYl!l80TBY 8ltHHOTB8HHHM. 3TOT M8TO.It 06Jia.Ita8T orrp8lt8Jl8HH!lMH H8.ItOOTaTKa
MH. B OB.II3H O 3THM npe.noTaM.IIJlOOl, neJieooo6pa3HHM pa3pa60TaTli HOB!l! 
BllOOKO~OTBHT8JlliHml: onooo6 H3M8p8HH.II Bepo.lITHOOTH norJIOl!IBHWl li npo
B80TH O ero lIOMOl!ll,D H3M8p0HWI Ha P.fllt8 CJia6onorJIOntallllHX B81!180TB. 

HHTepeo K HOCJ18ltOBaHH.IIM 0Tp3lll:8HH.II YXH OT B81!180TB O 60JII,mHM oe
~8HR8M 3axBaTa ( P = 10-1+10) OM3aH llP8l!Ul8 Boero O B03MOmIOOTLD 
lij)OB8pKH 1Ip0lt0Ka3aHHoro B I96I r. H.H.I'ypeBH~M H II.3.HeMHpoBoKKM/2/ 
SlllJIBHH.II pooTa KOa@KIJ;HBHTa OTpWK9HWI YXH OT noBepxHOOTli B81!180TB8. 
o.YB8JIH~emreM oeqemrJI 3aXBaTa, Tait Ha3imaeMoro "MeTaJJJmqeoKoro" OTpa-

1:eHWI YXH. 
KpoMe Toro, HOOJ18ltOBaHWl 0Tpall8HH.II YXH OT B81!180TB C 60Jll,IIIHM oe

qemreM 3axBaTa no3BOJIR.DT nOOMOTp0Tl, B ~8JIOM Ha 3~aw paooeHHWl 'Ia0-
THIJ1l Ha KOM1IJ18KOHOM llOT8HIJ;HaJI8. ne!OTBHT0Jll>HO, ltJill HR3K03H0pr8TH"IJWX 
HelhpOHOB (B qaoTHOOTH, YXH) H30TOII!l r~OJIHHH.II H ~ H HX 008.ItHHB
HWl p08JIH3YDT CJIY'IaH, itOr.na peaJILHM qaou lIOTBHIJ;HaJia B3aHMO.It9lOTBH.II 
MOlt8T 6HTI, lIOJIO!tHT8Jll,HOI HJIH OTp:im;aTBJlliHO!, a 110 a6oOJIDTHOI B8JlHqHH8 
- OpaBHHMOI O MHKMO!. IlpH 3TOM B .ItHa!la30H8 YXH HOCJ18ltOBaHWl MOryT 
6HTl, Ilp0B8lt8Hli B mnpoKOM no OTHOIDBHHD K B8JIHqHH8 IlOT8HIJ;HaJia 3Hepre
TH~OKOM HHT0pBaJI0. 

lieJILD lIH0080TaimOHHOtt pa60TH .IIBHJIOOI, H3M9p0HH8 B8POHTHOOTH nor
Jl01!19HH.II YXH CJia6onor~OntaDIIKMH B81!180TBaMli,· 3KOlI0pHM8HTaJILHa.lI lipOBBPKa 
lipHM8HHMOCTH KOMlIJ18KOHOro llOT0HIJ;HaJia B3aHMO.It8ftOTBH.II O 60J11>mott MHKMO~ 
qaoTLID ltJill OlIHOaHHa OTpaM9HH.II YXH OT lIOB8pXHOOTH TB8P.JtOro T8Jia H HC-
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CJI8'AOBalm8 pacnpocTpaH8HHR YXH B CJIOllHHX KOHcpR:rypanwlX H8itTpOHOBO'AOB 
C ytl8TOM HX Ma.I'HliTHOro li rpaBHTawIOHHOro B3aHMO'A81CTBHI. IlapBol 3aM
-qait pa6OT!l 6Wia paspa6OTKa HOBOrO BllCORO1lY13CTBHT8JII,HOrO cnoco6a.H3-
M8paHHR.B9p0RTHOCTli norJiomeHHR YXH. BTOpaR sima-qa COCTORJia B axcne
pHM9HTaJII,HOM HCCJIS'AOBaHHH OTpallt9Hrui YXH OT BemacTB C 60JII,llll{M ce~eHH-
9M saxBaTa H BllRBJI9IDUl xapaxT8pH!lX oco6eHHOCT81 OTpallt9HHR. TpeT1>91 
3aM~eit, Henocpe'ACTB9HHO CBR3aHHol C nepBHMH ,ItBy'Mll, 6llJia paapa6oTKa 
M9TOM H CO3,ItaHH9 ycTaHOBRH ,n.1!SI H3M9p0HHR HHT8rpaJI1>Horo no yr;ry xp
~ippliD;lf9HTa OTpa:t8HIDI YXH. lieTB9pTaR 3aM'q8. COCTORJia B H9~6xo~OCTH 
pam8HIDI 3aM~ .D;Rifxpy3HH YXH B COCTaBHOM,pa3B8TBJI9HHOM H HaMal'HH~8HHOM 

HSitTpOHOBO,ItaX. 

HaywraR HOBH3Ha pa6oTll COCTOHT B TOM, ~TO npn 88 BlinOJIHeHHH 

BnepBll8: 
- paspa6oTaH MSTO'A nsMapeHHR HHT8rpaJII,Horo no yr,ry xoaipplin;a8HTa 

'0Tpallt8HHR YXH OT nOB8pXHOCTH TB8p.ItOro T8Jia, JIPH 8TOM: 
I) nORa38HO, ~TO ,ItamruM M9TO'AOM MOlltHO H3M9pRTI, rpamrcmyD CRO

p0CT1> MaT8pnaJia, T~HY CJIOR OKHCJia Ha M8TaJI.1I9, HCCJI8'AOBaT1> CJIOHC

TH8 MaT8PHaJIIl; 
2) HOBllM M8TO'AOM onpe'A9JI9Ha rpaHH'l:!ll8.R CROpoCTI, HaMOp0llt8HHOro Ha 

a.imm:HH8BYJ) fPoJil>l'Y JI~a £>,i O ; 
- pa3pa6OTaH cnoco6 H3M9p9HWl B8pORTHOCTH•nOrJiom0mm YXH, oc~o

BaHHHI Ha .D;liqxpy3HH YXH B nopomxax, npH·8TOM: 
I) npOB8'A9H!l HCCJI9'AOBaHHR .D;liqxpy3HH YXH B nopomxax pa3JIH"IHHX B8-

11(8CTB; 
2) axcnepHM8HTaJI1>HO noxaaaHo, ~TO aTHM cnoco6oM MOlltHO npoBO.D;RTl>; 

HSM8P9Hlm B8JIH'tJlIH!l ~ Ha ypoBH8 ,._ I0-5; 
3) npOB9'A8HH H3M9p0HWl ~ ,n.1!SI MaT8pHaJIOB IIOpOmKOB M8'AH, ORHCH 

M9'AH H rpaqil!Ta; ,n.1!SI OTOlltE8HH!lX nopomKOB MS.D;li, OKHCH M9'AH H rpaqiRTa 
npn 200°c nOJiy'q8HO corJiaCH9 axcnepHM8HTaJil,HllX MHHilX C T90pHel; 

4) axcn8pHM8HTaJII,HO noxasaHO, ~TO 8THM cnoco6oM MOlltHO HCCJI8'AO

BaTI, nopHCTOCTI, Ma.T8pHaJia; 
- HCCJI9'AOBaHO OTpa:t8HH9 YXH OT ·mroi:x BemecTB C 6OJII,DIHM O9~8HH9M 

saXBaTa KaR Cd, II3u, (;.cl, r55~, G-<4,0.3 • r55Gi:<zOJ H yoTaHOB-'. 

JISHO: 
I) ,n.1!SI Bem0OTB O nOJIO!tlITSJII,HOI pea.n::&HOI 'lffiQTI,I) 8.MIIJIHTy;IOi pacoeR

HHR RO8~8HT OTpallt9HHR YXH O pOCTOM O8~8HWl saXBaT8. OHa'tJB.Jla nima-
8T, npoxo.ItKT ~apes MHHID,lyM, a B ~Heibn0M pacTST; 

2) ,n.1!SI BemeoTB C OTPH~T8JII,HOI pea.n:1,HOI 1iaOT1>I) aMWnl'.Ty;IOi pacc8Ji
HWl xo~eHT orpageHHR YXH c pocToM oe~eHHR saxBaTa MOHOTOHHO pac

'1'8T; 

3) C YM8Hl,lll8HH9M aHepnm: YXH RO~8HT OTpallt8HWl BO3paCTa.8T; 
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- p0meHH 3aM'tJlI 'Ampfly3HH YXH B OOCTaBHOM, pa3B9TBJI9HHOM H Ha
MaI'HH~SHHOM HeiiTpoHOBOMX, npn: 8TOM: 

I) ,naHa HHTepnpeTaD;lfR axcnepHMSHTaJil,HllX ,ItaHH!lX Ha OCHOB8 T9OpHH 
.D;li4XPY3HH YXH B pa3B9TBJI9HHOM H9itTpOHOBO'A9; 

2) BllJiBJI8H xapaxTep BJIHRHHR IIapaMeTpOB rpaBHTaD;lfOHHOrO CII9KTPO
M9Tpa Ha nponycKa.Jme YXH; 

3) HCCJI9'AOBaHO BJIHHHH9 IIOJIRpn:san;aoHH!lx xapaKT9pHCTHK H TO~HH!l 
CJioa nopomxa Ha oTpalltSHHe n: nponycxaHH0 YXH. 

IlpaRTH~9CKaR ll9HHOCTI, pa60Tll 
I. 3xonepHM9HTMl,H!l9 ,ItaHHH8 IIO BepoRTHOCTH norJiomeHHR YXH B 

OTOlltllt9HmlX MS'AH, ORHCH M9'AH H rpaipHT9 o6MCHm:JTCR HCXO,Itll H3 H3B9CT
H!lX C9'q8HHff saXBaTa H HarpeBa YXH B 8TKX BemecTBax, ~TO BalltHO ~ 
YRCH9HWl xapaKT9p;I. B3aHMO'A9IOTBHR YXH C noBSPXHOCTbD H, B 'IaCTHOCTH, 
,n.1!SI paspa6OTKH COCy:llOB C Bp0M9H9M XpaH9HIDl YXH, 6Jrn3Rlii"vl R BP9M9HH 
fo-pacnima HSITpoHa. 

2. ilCCJI9'AOBalm9 OTPBJlt9HIDl YXH BemecTBaMH C 6OJII,IIIRM C9~9HH9M sa
XBaTa IIO3BOJIHJIO YCTaHOBHTI,, ~TO KOMllJI9KCH!lit noTS~aJI C 6OJII,moit MHH
MOit traCTI,D MOllt9T 6HTI, HCnOJII,3OBaH ,n.1!SI O~CaHHR B3allMO'A9itCTBHR YXH co 
cp8'AOit, ~TO BalltHO ,n.1!SI cpR3HRH YXH. 

3 • .IT.aHHile rpaHH~ol cxopocTH '.lJ.tO Ba:tHH ~ cos.namm cocy,na 
xpaHSHKll. YXH C HaMOPOllt8HHHM CJIO8M JII,,Ita :tJ.,, 0 . 

4. RB.ne~e .D;liqiw3HH YXH B nopomxax B yCJIOBHJiX llOJIHOro OTpa:t8HHR 
OT IIOB8pXHOCTH 38p9H MOllt9T 6HTI, HCnOJII,3O:BaHO KaK 1lY13CTBHT8JII,H!lit MSTO'A 
H3ytl8HHR OBOitCTB IIOB8pXHOCTH TB8p'AOro T8Jia (B TOM 'tJlICJI8 H MaI'HHTHHX), 
a Truate npn paspa6oTKe IIOJIRpnsaTopa YXH. 

5. IlpOB8'A8HH!l8 HCCJI8'AOBaHWl no .D;Rifxi>ysmr YXH B H8itTpOHOBO'AaX 
CJIOlltHHX xoaipRrypaD;lfit MOryT 6HTl> npHMeHeHH ~ paspa6oTKH ycTaHoBox, 
ncnQJII,syniua:.ras YXH. 

6. RinOJIH8HH08 HCCJI8'AOBaHH9 OBOitCTB rpaBHTan;aoHHoro Cll8KTPOM9T
pa nO3BOJIR8T llOBllCHTI, TO~OOTI, Cll8RTpaJII,H!lX H3M9peHHI .D;Rifxi>Y3HOHHOro 
llOTO.Ka YXH. 

AIIpo6atmR pa6OTil. 0CHOBH!l8 IIOJIOllt8HHR R pesyJILTaTH pa6oTH 'AOKJia
~CI, n o6oYlltMJIHCI, Ha CecoKH 0T'ASJieHHR Jl'ASpHott ~H3HKH AH CCCP 
(r.MocKBa, !986 r.), Ha Il pa6o~eM OOB8m8HHH no llCCJI8'AOBaHHD ROH,It9HCH
po:sammx ope.zt Ha peaxTope HEP-2 (,JJ,y6Ha, !985 r.), Ha MeE,DyHapo'AHoit 
IIIKOJI9 IIO paoceJiHHJl H81TpOHOB B ROH,It9HCHpOBaHH!lX CP8'Aax (mTimT-BeJieH, 
r,np, !987 r.), Ha XIY COB8m8HHH no ROOP'AHH~ Ha~O-HCCJI8'AOBaT8JII,
CitHX pa6aT, BHIIOJIHSHHl,IX O llCllOJlI,3OBaHH9M HCCJI9'AOBaT8JlI,CKIIX Ji'A8PHHX 
p0aKTOpoB (r.lu!MHTpoBrpim, !986 r.), Ha Mellt'AYHapO'AHOit KOHq>8p9HD;llll no 
H81TpoHHOI ~H3HK8 (KHeB, C8HTR6p1, !987 r.) • 
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Ily6mmarorH. no peayn1:,TaTaM ,llliCC8pTall;liH orry6mKOBaHO BOC8Ml> ne

tJaTHHX pa6oT. 
CTpyRTYpa ll o6~8M pa6oTH. l!HccepTaD;Wl COCTOllT'll3 BBenern, ~em

pex rnaB, 3aRJIJO'l8Hlli! li Clll1CKa mTepa'cy'pH (94 CTPamml:l, 4 Ta6mD)l, 

26 pHCYHROB). 

CO.I{EPlll'.AillfE PAEO'lli 

Bo BBeneHHH onpeneneHH npe~eTH Hccnenooom, H8JIBI'aeTc.11 :e:x aK
aKTYaJII,HOCTI, H o6mee COCTO.llHlI8 K MOM8HTY liCCJISnoBaHH.ll, cpopMYmpy!lTC.ll 
WJD ll a~a~, pemeHHH8 npH llX BHnonHeHHH, nepe~~BJTC.11 nMOllt8HlI.ll, 
BHHOCHM118 aBTOpoM Ha 3al!lliTY. llaeTC.11 xpaTK08 coneplttamIS ,llliCC8pT~ 
no rMBaM. 

B nepBOft rnaBe Olll1CHBa8TC.II MSTon ll3M8p0HH.II HHTSrpMI,HOrO no yr
Jf'/ xoaqxl,Hn;aaHTa 0Tpa11teHH.11 YXH. MeTon paamaoooH Ha KaHaJia YXH peaKTO
pa llliP-2 (pHC. I). KaHaJI ll3rOTOM8H H3 ~HnpH~SCKOii C~I,HOii Tpy6H 

,. ,• 

.a\~'.'-

Plic.I, KaHaJI YXH Ha llEP-2. I - aKTHBHa.11 aoHa peaKTOpa, 2 - ·aaMe.MH
TMI,, 3 - KOHB8pTop YXH, 4 - nHpotJHH!\ aaMe,MHTen, 5 - Hell
TpoHoBOn, 6 - 3amHTa, 7 - KpHoreHHHe Tpy6onpoBOnH, 8 - 3amRT
HHI m.116ep, 9 - BaKYYMJia.ll MeM6paHa, IO_ - BOM .n;,I.11 HaMopamma
HH.11 KOHBepTOpa, II - 'CIICT8Ma BaKYYMHOft oTKam, 'I2 - mTOpKa, 
I3 - neT9KTOP, I4 - aneKTpoHHa.11 rumapaTYPa. 

C BHYTP8HHHM ,nli9.M8TPOM !87 MM li HM88T ,nmmy 9,6 M. HeftTpOHOBOn ItaHaJia 
BHJIOllt8H H3 200 MM 0Tp03KOB anaKTponompoBaHHOil M8JUI01i Tpy6H. IIporryc
KaHll8 YXH HSttTpOHOBOnoM COCTaBJI.ll8T 0,24 • .Ivul n~eHH.11 ~croro ~ 
YXH K Ka~ YXH noncoe,llliH.llDTC.ll yr~OBH8 noBOp0TH li3 H8pataB8Dit81 CTa
D lirJIH M8,llli. B rMOBHO! tJaCTH HSITpOHOBOM pacnonollt8H HCTO~ YXH, 
npencT8.BJ!.ll1]ltd co6ol MOCKYJO MaCTHHY .113 r:ir.nPHna ~PKOHH.11 H ."nHPO'IHilii" 
38M8,MHTMI,. B Ka~ecTBe 38M8.n;,I.IIDl!l8! cpenH B nHp0~0M 3aM8,MHTSne HC-
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nonayeTc.11 Bona. lleTeKTOpoM YXH CJIY!tHT nponop~omun,mrll c~eT~ Ha . 
ocHOBe 3Ha c BXO.ItHHM a.111MinmeBHM ORHOM MOlll8JtI,D I30 c,l,. IlpH MOIIUtoc
TH peaKTOpa 2 MBT c~eT YXH neTSKTOpoM COCTB.B.mlJI 20 c-1 nPH OTHOmemm 
nOTORB. YXH K ~OHOBOMY 20:I. 3a yronoBHMH noBOpoTaMH K H8ilTpOHOBO.ny 
noncoe,llHH.118TC.11 ycTpoiicTBo (pHc.2) .n;,I.11 HaMepeHH.11 Koaq$1:n;aeHTa oTpai,;e
mm YXH OT Hccna,ItyeMoro o6paana. 

H, 

PB:c.2. YcTpo!cTBO .n;,I.11 H3M8peHH.11 HHTerpaJII,HOro K03qxl,Hn;a8HT8 co cneK
TPOM8TpH8it B rpaBHT~OHHOM nMe". I - TpoihmK, 2 - o6paa"en:, 
3 - neTSKTOp. 

OcHOBHHM sneMSHTOM ycTpoitcTOO ~eTC.11 paaB0TBHTan1:, HellTJ>OHOBo
na (Tpoiramt). C noMOl!II,D S-o6paaHoro xoneHa TpoihmK-pacnoMraeTC.11 
Ha BHCOT8 Hr Han ypOBHSM HSllTpoHOBOM. TaKHM o6pa30M, 6~onap.11 3a
M8~8HHD YXH B rpaBHT~OHH_QM noie 06ecne'IltBa8TC.11 H3M8H8Hll8 cneKTpa 
YXH Ha o6paan:e 2. YtaCTOK (OTBon) TpoitHHKa C o6pa3D;OM MOllt8T B~TI,
C.ll BOKpyr OCR TpofiHHKa, 06ecne~a.11 TSM CaMllM nono~TSnHYl) B03-
MOlltHOCTI, H3M8H8HH.II cneKTpa._IlpH HCCJienoooHlIJlX nopomKOB 3TOT OTBon 
opll8HTlipo~c.ll BSPT~I,HO BHH3. lleTSKTOP 3 ycTaJI8.BJIHBa8TC.II Ha pac
CTO.llHHH H3 ~ 73 CM HHllt8 OCH TpoitHHKa, ~TO o6ecne'IHBaeT perncTpan;am 
Boero. cnaKTpa YXH, HaXO.ltlDltliXC.11 Ha ypOBH8 OCR TpOllHHKa. 

Jvm H3M8H8HH.ll. ~CTBHT8nHOCTH K H3M8p0HHD B8p0.IITHOCTH nornome
HH.11 YXH B o6pasn:e, a TSJC!t8 wram,m:3~ Bp0M8Hll H3M8p8Hliff B OTBonax 
Tpollmxa .YCTaJIOB1l8Hl,I ,ItHaqlparMY. TaKa.11 KOHCTPYKD:ll.11 ycTpoitcTBa, xorna 
HCCJ18.ztY9MY! o6pasen: H neTSKTOp p83H8C8HH, BH6paHa H3 coo6pai,;em H8-
3aBHCHMOro H npoCTOro nOCTYII8, R o6paaey H neTSRTOpy. 0JmT 3KC~aTa
nl!lt ycTpolcTBa noxasaJI, ~o B HaM nocTaTo~o nerKo MOZHO 0Cj'lllacTBJI.11TI, 
HarpeB o6paana no 600°C H OXJUUt,Il;8HH8 no -I90°C, napeXO,llliTI, OT CMOm
HHX o6pa3D;OB K TaKHM ClirJII,HO .JtHcnaprnpoBammM,KaK nopomoK, pa8M811laT:r. 

· 3aCJIOHKH HanocpencTB8HHO napan o6pa3nc>M lirJIH neTSRTOPOM. B CJIYtJa8 MOH0-
3HepreTH~8CKHX H81TpOHOB HHT8r~I,BHA no yrJf'j K03q$1:n;aaHT OTpa![SBPI.11 
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YXH oT·o6pasIJ;l IIJIOma.nI,D So onpe.zteJIJieTCJl Ta.K: 

/2(11") == 
1 ~, y -1 1 Jo- -w.l +J-, fw-f , (I) 

y;,-1 _ /4 -1 _-;L 

r.zte :J - C'l8T c l'ICCJI8JJY0MllM o6pasuoM; J; - C'!8T C o6pasnoM, ~ 
KOToporo K08!ppmnt8HT OT,P8.llt8HW! PaB8H HY"JID (IIOJIH8THJI8H}; .% - C'I8T 
C o6pasnoM, ~ KOTOporo K03@>HnaeHT 0Tp8llt8Hrui paB8H 8,ItHHHU8 (M8,It!,}; 
W= .r/s. ; S - MaKCHMa.lI:E,HO BOSMOlltH.aJl IlJIOIIlll,IU, o6pasIJ;l. 

, C .ztpyrott CTOPOHH, HHT0rpaJI:E,HHi1 KOa(p'pHnaeHT R.ltr) M0llt8T 6HTL 
BHpruttEiH 'l:8p0S K034${naeHT OTpallt8HHSl Rfv; &) , r.zte f) - yroJI IIa,It8-
HHSl; H amrnoTpomm IIOToxa :fl(()) Ha o6pasna 

l<.(V-) ==J1-rv;0);{(fJ}cl~s-l& /flr0Jcl(,/Js<0 • <2> 

Alm30TpOIIHSl IIOTOKa ;fl(()} 6wra OIIpe,It8JI8Ha HS HSM8pemi:tt /Uzr) C xa
JIH6poBOtJ'.HHM o6pasnoM, ~ KOToporo l<,(v;e} xopomo H3Becrno. KaJm:6-
poBO'l:HHM o6pa3UQM CJIYl!tM o6pasen HS MOJIH6,It8Ha. B pesyJILTaTe 6wro IIO
JJY'l:8HO :/((&-}: Co!,() , 

HBHHfi BR.It ~(v;B) onp8,It8JISl8TCSl xapaxTepoM HCCJI8.I(y8MOro o6pas
D;l. B npocTettmaM CJJylme CJia6onorJI0111amtero CILIIOWHoro o6pas:ini Riv; 6) 
OIIp0,It8JIR8TCJl TOJil,KO rpaHH'l:HOtt CKOPOCT!,I) 7/"1/' Ma.T8pHaJia. B 3TOM CJIY
'l:a8 HSM8peHHSl KOaqipHnaeHTa 0Tpaiit8IDl:Sl II03BOJJ'JllOT OIIp8,It8JIHT:E, z;-3/' , 
:3:itCII8pHM8HTaJILHH8 ,ItaHHH8 ll paC'l:8THaa KPHBaSl 3aBHCHMOCTJ!I l(Zl"'I') IIpH-
B8.It8HH Ha pHc.3. . 

PHc,3. 3aBHCHMOCT!, Koa@>:ime:aHTa OTpa!t8HHSl YXH 
:. . ....--. R. OT rpamt-rmott CKOpOCTH ~ (M/c}. i 

CIIJlOWHaSl JIHHHSl - paC'l:8T IIO ipopr.,yJie (I}. 
:3RCII8pHM8HTaJILHH8 ,ItaHHH8 IIOJJY'!8Hll CO 
cJie~ 06pasD;1MH: :Ill- ROH,IteHca
TOPHM qionra TOJllltliHOI IO MRM, M; -
IIPYTOK TOJilllHHOtt 5 MM, Pt - JIRCTOBO:ii 
npoxa T TOJilllHHOff I MM, :z ft, - JIHCTOBOtt 
IIp0KaT TOJIIIIHllOit I MM, /.{ 0 - JIHCTOBOfi 
IIp0KaT TOJilllHHOit 0,5 MM, T8(pJIOH - JIHCT 
TOJllltliHOit 2 MM, CTaJI!, IXI8H9T - IIOJIHpo
BaHHH! J!KCT TOJllltliHOit 0,5 MM, 

"t' 17 
o.•~ -----1...1 

H3 p:a:cymca BH..IJ;HO, 'ITO 
Ha:a:60JII,WaSJ TO'IHOCT!, HSMepa
mtSl zr'Zf IIp:a: Sa.IJ;aHHOit TO'I
HOCTH H3M8p0mtSl ~t/~ = O,OI 
,ItOCTHraeTcJl B l!IHT8pBaJI8 3Ha-

'I8mtit lYtp = 3+4,5 M/c H cocTaBJIJleT .dlf"y/tr'lf = 0,00'7. . 

Omtcammti M8TO,It HSM8p8HHSl HHT8rpaJI:E,Horo K03ql:p:anH8HTa OTprutt8mtJl 
YX!I 6WI HCIIOJIL30BaH IIpH OIIp0,It8JI8mtH rpamr1raoil CKOPOCTJ!I HaMOp8lltHBa8MO
ro Ha IIOB8pxHOCT!, aJIDmim8BOil ipOJILrH JI:E,,Ita 21.i O • PaH88 Ha.MOpa!tHBa-
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mte ~,1 0 OCYJ!l8CTBJJ'JlJIOC!, B 8KCII8PKM0HTax IIO OIIp0,It0JI8mtll Bp8M8HH 
xpaHeHHSI YXH. B SaMKHYTHX cocrnax H npHBeJio x npoTl!IBope"!HBHM pesyJIL
TaTaM, IIOCKOJILKY B STHX 3KCII8pHM8HTax H8 IIp0BO,ItHJIOC!, HSMepeHH:ff rpa
mt'IHOil CROpoCTH TSlllt8JIOro JI:E,,Ita, TO CJiy'l:aH OTCYTCTBHSl 8qxp8KTa BaMOpa
lltHBamtSl MOlltHO 6wro 06'!,SiClntT!, ImSKOil rpaHH'IHOil CKOpOCT!,10 S?'.t O • Hs
M8p0HH08 3Ha'l:8HH8 rpaHH'IHOfi CROpOCTH .0,iO ·cocTa.BMO zJ.:,. = 4,85± 
O,I5 M/c, 'ITO, IIO-BH.ItllMOMY, mnte MaKCHMaJILHoil rpami:nu cnexTPa YXH B 
3KCII8pHM8HTax, r.zte HaMopammrume ~~o H8 npHBSJIO K YB8JIH'l:8Imll 
Bp8M0HH XPaH8HHSl, H wme Ma.KCHMBJll,HOfi rp8.lllmH CII8KTpa B 3KCII8pHM8H
TaX, r.zte Ha6Jm.IJ;aJICJl pOCT BpeM8HH xpaH8HHSl, 

HHT8rpaJI:E,Hlifi M8TO.It IIOSBOJISl8T IIpOBO,ItHTL HSM8P9Hl'!Sl TOJilllHllH CJIOSl 
ORHCJia Ha IIOB8pXHOCTH M0TaJIJia, ~T06H y68,ItHTLCSl B STOM, 6HJIH IIpOB8,It8-
BH HSM8P8HW! xoa@>:ime:aHTa OTpallt8HHSl B SaBHCHMOCTH OT TOJIIIIKHH HaIIW18H
HOro Ha 8JllNHHll8BYD iponry CJIOSl M8,ItH, B pesyJI:&TaT8 6wro llOJJY'l:8HO, 'ITO 
TO'IHOCTR I% B H3M8p0HHH R03qxpHD;K8HTa OTP8lK8HIDloCOOTB0TCTBY8T TO'IHOC
TH 4,5 I B HSM8p8mtH TOJllltliHll CJIOSl Cl, = 0+200 A. 0TM8THM, 'ITO TO'I
HOCTL I% B H3M8p8mtH KOS@>HnH0HTa 0Tpallt8HHH, o6yCJIOBJI8HHaSl CT8.TliCTH
KOfi, ,ItOCTHraeTCJl sa 0,5+I 'l:aC HSMepemi:n. 

. CoBepmeHHO 8CT8CTB8HHHM 6wro HCIIOJILSOBaT!, M0TO.zt:a:KY HSM8P9HWl HH
TerpaJI!,HOro K08!ppmnt0HTa OTp8llt8HHSl B HCCJI8,ItOBaHHSlX .ItH/MJYSHH YXH B Ta
Kofi CWil,HO,ItHCII8pr:a:poBaHHOfi cpe.zte I KaKOli .llBJIJl0TCJl nopomox. Ys.e II8PBH8 
HSM8P8HHJI Ha nopomxe M8.ItH, B KOTOpHX onpe,It8JISlJI8C!, B8JIH'IHHa I[ ~ 
H80TOlltllt8HHOro, IIp0MHTOro B CIIHpT8 H OTOlltllt8HHOro Ml:iT8pHaJia, ,ItaJIH SHa
'!8IDlfl, xopomo corJiaCYJllllll8CJl C ,ItaHBHMH, IIOJJY'l:8HHHMH M8TO,nliKOR XpaH8HWl 
YXH B COCY.It8, 

BTOpasi rJiaBa IIOCBm!l8Ha OIIHCaHHll paHee BHIIOJIH0HHHX pa6oT no npo6-
JI8M0 "aHOMa.JILHOro" IIOrJiomeHHJl YXH, o60CHOBa.HIDJ H OnHcaHHD HOBOro CIIO
co6a HSM8P8HHSl.B8POSlTHOCTH IIOrJiomeHHSI, a Trutllt8 OIIHCaHHD BHIIOJIH8HHHX 
HOBHM CIIOC060M HSMepeHHft, PemeHHSI npo6JI0Mli "aHOMaJil>HOro" IIOrJIOIIl0ffiIB 
YXH H8T H B HaCTOJllll88 BpeMSI. IIOCJI8 MHOrOJI0THHX ycwrnil 3KCII8PHM8HTaTO
poB H T80P8THKOB B HaDJeit CTpaHe H sa py68lltOM Y~aJIOC:& YCTaROBHT:&, 'ITO 
npH'IHHOft IIOT8pL YXH Ha YPOBH8 ~;;: ro-3 SlBJISl8TCSl RX Hal'peB Ha CT8H
KaX cocy,Ita. IlpOB8,ItSl O'IHCTKY IIOB8pxHOCTH MaT8pHa.na, Ha ,M8,ItH Y.ItaJIOC!, . 
BIIJIOTHYD IIpH6JIHSHTLCSl K 3Ha'l:8HWIM ,,Z. , IIp0~CKaSHB88MHM T80pHei1. Co-
B8pm8HCTBOBaJiaC!, M8TO,Itmta HSM8pemtil, Ta.K, 6HJIO OCYJI18CTBJI8HO l'ISM8p0HH8 
B8p0JITHOCTH IIOrJIOIIl8HHSl IIYT8M perHCTPanirH Harpe'nll YXH. ,Il.na.HCKJill'I8HWl 
napaSHTHOro BJIHSlHHSl meJieit HCCJI8,Ity8Ml,lit MaTep:a:aJI CTaJI BHOCHT:&CSl B cocy~ 
xpaH8HHSl. Ewr 0CYJ!l8CTBJI8H IIPOTO'IBHA pelltHM HSM8peHHil. OCHOBHHM CIIOC0-
6oM O'IHCTRH IIOB8pXHOCTH CTaJI BHCOROT8MII8paTYpHHil OTJltHr MaT8pHaJia, 

HoBHfi CIIOC06 HSM8p0HWl B8pOSlTHOCTH norJiomeHHSl OCHOBaH Ha HCIIOJIL
SOBaHliH ,IJ;Hqxpy3HH YXH B IIOpomxa • .IlH~pySl B nopomxe, YXH B yCJIOBHSlX 
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noJIHoro OTpalKeHrul OT noBepXHOCTH aepeH HCilHT!maJOT, Kait H npH xpa.He
mrn YXH B JIO:symKe, 6oJil,IIIOe "!IICJIO CTOJIKHOBeHHil •. TeM CaMllM YI3eJIHtJ1IBaeT
CJl B COTHH pa3 no cpaBHeHHID C O,ll;HOKpaTIDlM OTpa:!teHHeM Bepo.RTHOCTI, nor
JiomeHHH YX.H H, R8.It CJI8,ll;CTBH8, pacTeT tzyl3CTBHT8JII,HOCTL K H3Mepeinm Be-
pO.RTHOCTH norJiomeHIDI. 

C~eCTBOBamre 'Allqxf/y3HH YX.H B CJIOe nopomKa npHBO'AHT K 3aBHCHMOC
TH K031Pl?HUH9HTa OTpallteHH.R OT TOJIIIIHHH CJIO.R (pHc.4). Ma aaBHCHMOCTH 

R 
1 

0,75 

L•0.4MM 

Afr =60MkM 

0,5 Ll-'---'-_;___L _ __1____, 

0.16 0,32 0.48 0.64 0.B 

PHc.4. 3aBHCHMOCTI, K03qxpHnKeHTa 0TpalK8-
HM fl OT TOJimHHH .t, (MM) CJIOJl 
nopomKa Me,ll;H. I - OTPalltalllllM (Me,ll;
Ha.R) IlO.n;JIOlltKa, 2 - norJIOmamia.R 
( IlOJIB3TMeHOBa.R) IlO.n;JIOlltKB.. 

Koa({$inaeHTa oTpruKeHHR R(l} MOlltHO na
BJieqI, napaMeTpH, xapaKTepHaYJ{lllHe ,ll;Hqxf/y
aaID (Boo6me, ,ll;OCTaTo~o ·aHaTI> 'AM auaqe
HHR K03q$1Ul{9HTa OTpruKeHIDJ R1 H R,~ 

npH 'ABJX 3HatJ:8HrulX TOJimHHH f-, H {.t , CO
OTB8TCTB9HHO), HallpHM9p ,ll;JIHHY 'Allqxf/y3HH L H TpaHcnopTHYID .ItJIHHY /4t.• 
TpaHcnopriIM ,n;.mi:Ha h'!. paBHa ,ItJIHHe pacceRHH.R A-s , Henocpe,ll;cTBeH
uo .cB.RsaHHOit C pa3MepaMH aepHa H IlJIOTHOCTLID ynaKOBKH aepeH B nopomKe. 
C 3KCnepHMeHTaJII,HOH TO~OCTI>ID ~ 30% 6HJIO IlO,ll;TBePllt,ll;eHO, ~O .I1,1IJl YX.H, 
'AH~PYIIIlHX B nopomKe, fo S .:= /4-t ~ . 

.IT,rui onpe,ll;eJieHIDI B9PO.RTHOCTH norJiomeHH.R YX.H npH CTOJIKHOBeHHH C 
aepHOM ,ll;OCTaTo~o 3HaTL K03ip'pHUl{eHT OTpalKeHH.R R..,,, OT CJIOR 6eCKOUeq
HOll TOJIIIIHHH 

jf ~ 3_ ,r-f-R.-)Z . 
'f -t+R.- • (3) 

B 3KCnepm.t9HTax no orrpe,ll;eJieHHID j( TOJIIIIHHa CJIOJl nopomKa BH6HpaJiaCI, 
Ha yCJIOBM {, = 3 L H ( L11 - MaKCHMBJII>HO B03MOlltHM ,!1,}IHHa 'AHIPl?Y-
a1rn), IlpH KOTOpOM OTJIHtJlle . fl OT 3HaqeIDUI, COOTBeTC_TBJIDmero 6eCKO
He~ott .n;.mi:He CJIOR, He rrpeBHmaeT I%. 

EOJII>IIIHHCTBO H3MepeHH1t no Oilpe,ll;eJieHHID Jf M9TO'AHKOil xpaHeHIDI 
B cocy,IJ;e 6wro BHilOJIH9HO B Me.mru:x cocmax. B CM3H C 3THM H3MepeHH.R 
HOBHM cnoco6oM npoBO'AHJIHCL BHa~e Ha nopoll!Ke Me'A:1'1. IlopomoK 6HJI IlOJIY
qeH H3 6pycKa 6ecKHCJIOPO'AH01t M9,ll;H H HMeJI cpe'AHHil pa3M9p aepHa 
... 800 MKM. MR ::noro CBeJKeHaToqeuuoro nopomKa nOJiyqeHo aHaqeHHe ,z. = 
= (8,2±I,3)·I0-4. IloCJie sToro nopomoK 6HJI npoMHT B cIIHpTe Ii .rr.,m Hero 
IlO~HO ~ = (I,8±0,3) 0 Io-3• 8TH peayJII>TaTH xopomo corJiaCJIDTCR c 
no~e~ pauae COOTB9TCTBYIDmHMH ,ll;aHiillMH 7.ro-4 H I,45•I0-3 
(CM. / 3 ). IlOCJI9 OTMra nopomKa ~H 5oo0c B BaeyyM9 ro-2 Topp IlOJIY
tJ:8HO 3HaqeHHe ~ = (I,I±0,3)-IO , qTo corJiacyeTCR c pacqeTIDlM 3Ha-
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tJ:9HH9M I,45•I0-4 H peayJII>TaTaMH / 4 , 5/,. nQJIYqeHHHMlf M9TO'AHKQi1 XpaHe
Hrul. YCJIOBIDI OTlltHI'a ue HCKJill'ffiJIH, 0,ll;HaKO, o6pa30BaHrul Ha IlOB8pXHOCTH 
39p0H CJIOR 3aKHCH (M,,t O • Ilp9'AUOJiara.R, qTo CJIOit 3aKHCH o6pa30BH
BaJICJl HaCTOJII,KO TOJICM, 'ITO OTPallteHHe YXH IlpoHCXO'AHJIO HCKJIID'JHTeJII,HO 
TOJII,KO OT Ut..:,0 , IlOJIYi:mM 3KCITepHM9HTaJII>H09 3Haq!3HH9 'z: = (9,25± 
2,3).ro-5. 8TO 3HatJ:8HH9 corJiacyeTca c pacti:eTHHM fa.= I,05•I0-4, 
OCHOBaHlruM Ha lI3BeCTHHX ce'J9HHRX aa~Ta B.M9'AH II KHCJIOpo,IJ;e. EcTecT
B9HHHM 6HJIO npOB9CTH H3M9pemm ~ Ha H8 HCCJie,D;OBaHHOM pauee BemecT
B9. B qacTHOCTH, 6WI BH6paH nopomoK XHMHqecKH tJIICTOit OKHCII Me'AH C«,O 
C paaMepoM 39pHa I5 MKM. OTlltHr nopOIIIKa npHBO,ll;HJI K 3Ha'IHTeJII,HOMY YM9HL
meHHID '2. • Ha OTOlltllteHHOM npH 50o0c nopomKe Il0.7lytJ:8HO 3HatJ:eHHe . t' = 
= (9,8±2,0).ro-5, 'ITO B npe,ll;eJiax OIIIH6KH H3MepeHHit COBila,ll;aeT C pac
qeTHHM 3Ha'IeHH9M tel.= 8,3•I0-5• 

.IT,!m npoBepKH BJIHRHH.fl nop B aepue Ha BepORTHOCTI, norJiomeHH.R YX.H 
npH CTOJIKHOBeHHH C aepHOM 6HJIH npoBe,ll;eHH lI3MepeHIDI Ha rpauyJIHpOBaH
HOM Cu.,O • Cpe,IJ;HHfi 'AllaMeTp rpaHJJI paBHMCR 4 MM. IlJroTHOCTI> MaTep:aa
Jia rpaeyJIH COCTaBJIRJia 0,55 OT IlJIOTHOCTH, COOTBeTCTBYmt91t KpllCTaJIJiy 
euo . MR Z, OTOlltllt9HHOii rpauyJIH Il~9HO 3Haqemre,B ~ 7 pas npe
BHmannee 3Ha'IeHHe, noJIYqeHHoe .rr.,m aepm~ nopomKa, qTo cBH3HBa9TCJI c 
c~eCTBOBaHH9M .Itli1Pl?Y3HH YXH B nopax rpauyJIH. 3TH H3M9p9HHR IlOKa3aJIH, 
qTo C IlOMOmLID 'AHIPl?Y3HH YXH B nopoWKaX MOlltHO onpe,ll;9JIRTI, nopHCTOCTI, Ma

T9pHaJia. 
MeTO,ll;HKa H3MepeHHii no3BOJI.R9T npoBO,ll;llTI, li3MepeHH.R · ~ Ha YPOBH9 

ro-6+ro-5• IlosToMY neJiecoo6paauo 6wro npoBecTH H3MepeHIDI ua CJia6onor
JIOmalI!lHX BemecTBaX, KaKHMH RBJIRIDTC.R rpaq/HT, 6epHJIJIHit, aJiruHHll1t H T~'A-

.IT,!m H3M9p9HHtt 6HJI BH6paH rp/;lqlHT, KOTOpHfi m.reeT Bl,ICOKYI) rpaHH'JHYID 
CKOPOCTI,, BH,ll;epuBaeT BHCOKOT9MIIepaTYPHHit OTlltHr, He B3aHMO,IJ;9ilCTBYR C 
KOHCTPYKTHBHHMH Ma.Tepl!MaMH. rparp!iTOBHtt rropomoK C paaMepoM 3~~9H 7 MKM 
6wr Il~9H H3 6JioKa peaKTOpHoro rpaj)HTa JJJIOTHOCTI,ID ~6 r•CM • • 

Ha OTOlltllt9HHOM npH 5oo0c rpaqilIT9 B BaKYYM9 IO Topp no~eHO 
aHaqe~e 'l. = (3,Q±0,65)-ro-5 npn 20°c u (O, 7±0,5) •I0-5 npH _200°c. 
EcJIH aHaqeHHe t npH 20°c npHMepHo B 7 paa npeBHmaeT pactJ:0THoe, TO 
npa 200°c oHo coBrra,IJ;aeT c pacqeTHHM aHaqeHHeM ["-= 0,9•Io-5• 3Ha'I9-
HHe Z H- , . B OCHOBHOM, CB.R3aHO C c·eqeHHSM Heynpyroro gacce.RHIIR YXH. 

Il~9HH09 3HaqeHH9 ,ll;JIR rpaq>HTa Ha YPOBH9 t= ;o- JIBJIReTCR nep
BllM,H .I1,1IJl IlOBHW9Hrul Ha,ll;9lltH~CTH 3TOro BHBO,ll;a npe'AUOJiaraeTCJl npoBeCTll 
H3MepeHHR Ha ,IJ;pyrHX CJia6onorJiomamtHX BemecTBax, B tra.CTHOCTH Ha 6epHJI
JIBH,R OKHCH 6epuJIJIIDI. 

B T09TI,9il rJiaB9 OllHCHBaIDTCR HCCJie,IJ;OBaHrul OTpallteIDfJl YXH OT BemecTB 
C 60JihlIIHM ceqeHH9M 3axBaTa. 
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KosqxpH~eHT 0Tpa11temm. 'll:aCTHIJ11 OT np.RMoyroJI1,Horo noT0HD;HaJiaon
pe,tteJU1eTCS1 .ttBYMll napaM8T~ L= fT./tF.a H .,1.3 = 'IT',:./t/j_ 

. ( 11;,= ~v Nl./'JC • ~ = ~ V1lt,'/li . · ; lo , ~-= - ,D;8fl.CTBH_;:-
T8JILH8Ji H MHllMaJl 'll:aCTH aMIIJmTY.IUl pacce.mnm; i1/ - nJIOTHOCTL smep; 
wt- - Macca H8iTPOHa; -/,_,, - nocTOrumasI lJJia.HKa). B CBSlSH C STHM HHT8-
pecHO 61:VIO BWlBHTL S8.BHCHMOCTL /?.{,d) npH qlKKCHpOBammx tJ(, • B Ka

'l8CTB8 B8Ill8CTB C nOJIO!tl'IT8JILHOil peaJILHOtt >m.CTLD aMIIJmTY.Itl:i pacceJlHllli 
61:lJIH BH6paHH At , U I 556¼0.1 , r;.,:l,,t.03 ·~ ~ , c OTP~T8JILHO:l! 
p0aJILHOfl. "UlCTLIO - Y , frau , ISSG-ol,. CJie,It,V'8T o6paTHTL BHHMaHH8 Ha 

napy I 55Gi:t H V , y KOTOPHX COBna,D;aDT peaJILHH8 >m.CTR aMIIJmTY.ItH pac
C8HIDl.li H B 4000 pas pa9JIHtmDTCH MHHMl,18. HsMepeHHH C STOfl. napo:l! y,tto6-
Hll TeM, 'ITO RX MO'!'(HO npoBO.ItRTL. c O.ItHHM cneKTPOM YXH. IIoc1toJI1,K,Y 0JIY-
6HHa npoHll'.KHOB8HHH YXH B cpe,ey npH 0Tp8llt8HHH COCT8.BJU18T 50.;.IOO A,~ 
npa.BMLHOil HHTepnpeT~ SKCll8PHM8HTaJILHliX ,ItaHHHX H806XO,ItHMO SHaTL 
COCTOHHH8 noBepXHOCTH HCCJI8,tty'8MOro o6pasn,a. B'saBHCRMOCTH OTYCJIOBd 
npHrOTOBJI8HHH H CO,It8p1!taHHH M8TaJL1Il!qecKOro o6pasn,a Ha ero noBepXHOCffl 
M0'!'(8T npHCyTCTBOBaTL CJIOil OKHCJia M8TaJIJia. B CBSlSH C STRM 61:lJIH npH
HHffl MepH, HcKJI10>m.D11He ero o6pasoBaHHe. B >m.CTHOCTH, noCJte Mexrumqec
Kofl. o6pa.60TKR o6pasnoB Ha rJIY6HHY H8 M8H88 I MKM o~pasD;ll nOM8Illa.mICL 
B BaICYYMHYIO KB.Mepy H HSBJI8K8JIHCL HS H88 Henocpe,ttCTB8HHO nape.It HSM8-
pemr.m.m. IlepHO,ItRqecrur Ta10lt8 npOBO,ItHJICSi KOHTPOJIL COCTMlilf,ll noB8pXHOC
TH o6pasnoB H 88 QqHCTKB.. 06paSD;ll OKHCH ra,n:OJIHHHH 61:lJIH n~eHH npo
KB.JIHBaHH8M aSOTHOKHCJIOil COJIH ra.n:OJIHHHH, a Truat8 Hapa!ltl!BaHH8M OKHCH 
nyT8M oT!tHra M8TaJIJIHqecKoro ra.n:OJIJmruI. KoHTPOJILHHe HSMepeHHH He nosBo
JIHJIH BHHBHTL Pa9JIHqHH M81lt,tty'·ll0~8HHHMH .ItBYMH cnoco6aMH o6paSIJ,8.MH 
~ OJ B ~noco6HOCTH RX 0Tpallt8 TL YXH . ( C TOqffOCTLD 2%) • 

Ha pHc.5 H pHc.6 npHB8,It8HH p8SYJILTaTH HSM8pem OTpal!8HWl YXH 
OT B8Ill8CTB C 60JII,IIIRM ceqeHHeM saXBaTa 6 ~ v;/- • Hs pHc.5 BH,ItHO, 
qTo. ~ B8Ill8CTB C .c. ;;,, 0 C pocTOM ceqeHHH saXBaTa 6 KOSqxpm:~II-
8HT 0Tpallt8HHH BHaqaJI8 na,ttaeT, ,ItOCTHraeT Mll'.IJRMYMB., a B ,ItaJILH8fun8M pac
T8T. Hs pHc.6 BH,ItHO, qTo .ItM B8Ill8CTB C ,. <. 0 C pOCTOM ceqeHHH sa
XBaTa 6 Ha6.JID,Ita8TCSi MOHOTOHHHil p0CT KOSqqlHIJ;ll:8HTa 0Tpallt8IDIJi. 

HaCKOJil,KO B8JIHKO BJIK!lIDIS- ceqemra Sa.xBaTa Ha KOSqqlHior8HT OTpal!8-
HWl YXH,BH,D;HO HS pesyJILTaTOB HSMepem npH . Vi = I,I M/c. TaK,Ha 
BaHa,ll;HH Y° KOSqqlHIJ;ll:8HT 0Tpa.llt8HHH COCTaBHJI 0,05+0,03, B TO .Bp8MH KB.I< 
Ha HM8Jlll8M B 4000 pas 60JILmee C8'18HH8 Sa.xBaTa r55 Gd- - 0, 5I±O, 05. 
Ka.K 6HJIO npe,ttcxasaHo ll.H.I'ypeBHqeM H II.S.HeMHpOBCKHM, KOSqxpHIJ;ll:8HT OT
pal!8HWl YXH Ha ra.n:OJIHHHH MO!t8T ,ItOCTHraTL SHaqHT8JILHOfl. B8JIHqllH!l. 

rJiaBa ~8TB8DTM nOCBHill8Ha BOllpocaM ,ItHqxpy9liIB YXH B COCTaBHOM H 
pasB8TBJI8HHOM H8ilTpoHOBO,ttaX C yqeTOM RX MaI'Hl'ITHOro HrpaBHTBUROHHOro 
BSSHMO,ttettcTBd. IlpHMepoM COCTaBHoro uettTpoHOBO,tta, llOM81Il8HHOrO B rpa-
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PHc. 5 •. SxcnepHMeHTaJILHHe .ttaHHHe 
l'l pacqeTHHe KpHBHe S8.BHCH
MOCTH //.(4) MSI B8Ill8CTB C 
llOJIO~HT8JILHOH p88JILHOH 
q8CTLIO Co 8MIIJIHTY.IUl YTI
pyroro KOrepeHTHoro pac-
C8HHRH. 
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PHc.6. 3KcnepHM8HTaJILHH8-,ItaHHH8 H 
pacqeTHll8 RPHBH8 saBHCRMOC
TH f<..(/.3) ~ B8Ill8CTB C OTp!!
IJ,aT8JlLHOtt peaJILHOil '!aCTLIO Co 
aMIIJIHTY.ItH ynpyroro RorepeHT
Horo pacceaHll'.a. 

BHTall;IIOHH08 no~e. HBJIH8TCH rpaBHTa
IJ;ll:OHHHtt Cil8KTpOM8Tp YXH. rp8.BHTa
IJ;ll:OHHllil·cneRTpOM8Tp np8'ACTaBJIR.8T 
co6oil Il-o6pa3H08 K0~8HO. IlpH nOBO-

poTe KOJieHa BOKpyr OCH ropHSOHTaJILHOro H8ilTpOHOBO,tta OHO no,ItHRMaeTCJi 
• Iia BHcozy {:: ts,·fl 'I , r.tte ' t - MHHa Bpamall!leroCSI y,mcTKa xoJie-

Ha, If' - yrOJI HaKJIOHa KOJI8Ha K ropHSOHTMLHOii nJIOCKOCTH, B pesyJILTa
T8 qaro Ha nyTH H8ttTpOHOB COS,Ita8TCSi rpa.BHTaIJ;ll:Omrail 6ap1,ep. TaKHM 06-
pasoM, Cll8RTPOM8Tp HBJIH8TCSi qiHJILTpOM, ROTOpJ:lH noSBOJIH8T HSM8p.fITL HH
T8rpaJILH08 KOJIHqeCTBO H8HTPOHOB N('/} (cneKTpa.llLHM KpHBM) B nep
BJiqffOM cneKTpe C SHeprHe~ £ ;,, M/1,,, , r.tte fr!, - MaCCa H8ilTpoua, 

g- YCKOp0HH8 CB06o,ItHoro na,It8HM; 

(4) /v('f) = zrw tr) (f>(tr) c(zr 

'(,lJtJl~'/ 
r,D;e 'f'{'lf) - Cil8KTp llOTOKa YXH Ha BXO,It8 B Cll8KTPOM8Tp, T(y;zr) - npo
IIYCKB.HH8 YXH Cll8KTPOM8TPOM. 

.Uo nocJie',ItHero Bp8M8Hli onHcaHM .ItliqXpY3HH YXH B H8HTpOHOBO,It8 C rpa
BHTaD;ll:OHHHM noJieM H8 6wro H STO He nOSBOJIHJIO paCCqHTaTL i/r,v-). 
B pesyJILTaT8 rpaBHTaIJ;ll:OHHHH Cll8KTpOM8Tp CTaJI cqaTaTLCH npHrO~ 

. /6/ CKopee ~ KaqecTBeHHHx BHBO,ItOB, .qeM KOJIHqecTBeHHHX HSM8p8HHH • 
B I987 r. Sa,D;a>m. .ltllqxpySHH YXH B H8ilTp0HOBO,It8 c rpaBHTanaoHHHM noJieM 
6HJia pemeHa B.K.HI'HaTOBHqeM,H CTaJIO BOSMO~HHM BHllOJIHHTL pacqem 11/y}. 
IlpH pacqeTax tV('{) BaPLHpOBaJIHCL ,ltJIHHH y>m.CTKOB cneKTpOM8Tpa, B8-
POHTHOCTL norJIO!ll8HM YXH I[ B CT8HKa.X, cneKTp ,P(tr} , BB0,ItllJIHCL 
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,Il;HatppaI'MH. B pe3yJII,TaT8 6wro IIORa3aHO, 'ITO MOlltHO OIIKOOTI, BC8 3KCII8-
pHM8HTaJII,HO Ha6Jnm8HHEl8 q)OpMl:l CII8KTpaJII,HOft KpHBOft. BHIIOJIH8HHH8 pac'18-

'IH y6el!t,ll;aDT B TOM, '1'+'0 H3M8p8Hltll rpammnaomnlM CII8K'rpOM8TpOM CTaHYT 
60JI88 TO'IHEIMH H Ha,IJ;8lltHHMH. 

Tpe60BaHHJl OT,ll;8JII,HllX H3M8peHd Ha YCTaHOBR8 (CM. pHc.2) IIplIBO
,ltHJIH,R H806XO,ltliMOCTH Y'!B.CTOK IIO,ll; o6pa38U BHIIOJIHJITI, IIpOTRllt8HHHM (,ll;O 

I00 CM). B aTOM CJiy'lae H8JII,3H 6wro npeHe6peraTI, .ltH!pW"SHe! YXH B 

3TOM Y'!B.CTR8. A Ha,IJ;O 6WIO C'IHTaTI,, 'ITO ~3HOHH!lil IIOTOK ,~, :imy

Dtl'Iii OT HCTO't!ID!Ra IIO BXO,ll;HOMy- Y'!B.CTRY, pa3,I1;8M8TCH Ha IIOTOR i B 
Y'!B.CTR8 C o6pa3UOM H IIOTOK J~ B Y'!B.CTK8 C ,ll;8T8KTOp0M. 

PemeHH8 38,ll;atJJI ,Il;HifqiysHH YXH B pa3B8TBJI8HHOM H8ttTpOHOBO,ll;8 ,ll;a8T 
,ItJIJl IIOTORa Ha ,ll;8T8KTOpe CJI8.v;yneyJO 3aBIICHMOCTI, OT B8p0HTHOCTH IIOrJiome

HHJl M YXH B 06pa3ue: 

I~ {+tfM 

1'+dH 

r,ll;e f; , c:5 - He ·3aBHCHDtl'Ie oT M Ko3qxp:e:naeHTH. 

(5) 

Kalt IIORa38JIH 3KCII8pHM8HTaJII,HEl8 HCCJI8,ll;OBaHHJl, 3aBHCHMOCTI, BH,ll;a 
(5) ,ll;8ilCTBHT8JII,HO HM88T M8CTO. 0,ll;HaKO IIOTOK YXH B YCTaHOBR8 JlBJill8TCH 
H8H30TpoIIHElM,H .ItJm OIIKcamm 3RCII8pHM8HTaJII,HWC ,ll;aHHHX IIOTpe60BaJIOCI, 
qJ8HOM8HOJIOrH'l8CRH BB8CTH pa3JIH'IHEl8 ,ItJl!l Tp0X Y'!B.CTKOB K03qxpHna8HTH ,Il;Hip
qiy3HH. Ilo-mwmoMY, 60JI88 IIOCJI8,ll;OBaT8JIJ,HO! T80pHett ,Il;HqJW"3HH, B YCJIO
mmx H8H30TpOIIHOro IIOTORa YXH, MOllt8T 6HTJ, T80p:im ,ll;Byxl'pynIIOBOil BOT
HomeHHH HaIIpaBJI8HH.fl ,ll;BHllt8HH.fl ,Il;H(pW"SHH. Paspa6oTKa TaKO! Te_opHH B Hac
T0Jmt88 Bp8Mll 0~8CTBJI.fl8TCH. 

OIIKcami:e .ltli(pW"SIDI YXH B HaMarHH'IBHHOM HettTpOHOBO.ll:8 HJIH nopomxe 
Y.ll:06HO IIp0BO,IJ;HTI, C IIOMOmI,D ,IUlYXKOMIIOH8HTHOro B8RTOpa IIJIOTHOCTH 

1,/(~J.: ( t'-'tf~) ) . ( f,/1 (c} - IIJIOTHOCTJ, H8iiTpOHOB C HaIIpaBJI8HH8M cmma 
N.d~) ·. 

IIO MarHHTHOMY IIOJID, /t'l,/e) - IIpOTHB IIOM), IIO,It'IHH.flDll8roca ypaBH8HHD 

c£ ~Jl(e)/rll-l. = N ;V(-r:} / (6) -~ -L) t,1 -La, 
r,ll;e M= tL-L t.-'" ; L,·1e - ,ItJIHHa ,IJ;HqJW"SHH HettTpoHa, Haxo,ll;HB-

'-' ,lJ. '. meroca B COCTO.flHHH fl G fl H nepeme,ll;mero B COCTOHHH8 fl K. fl. 

IlpH S8,ll;aHHElX xapaKTepHEix pasMepax HBATPOHOBO,ll;a HJIH nopomxa ,IJ;Hif>-'
ws:im YXH OIIp8,I1;8JI.fl8TCH B8p0.flTHOCT.flMH nor.11omeHHJ1 YXH /I, H /f.1., B 
060:e:x CllllHOBHX COCTO.flHHJlX H B8pOHTHOCTI,I) II8p8XO,ll;a l'IJ HS O,ll;HOro 
cmmoBoro COCTOHHHJl B ,ll;pyroe (B8JIH'll!Ha HJlitYKnaH MaI'ID!THOro IIOM np8,ll;
IIOJiara8TCH H860JI1>mott). IlpoB8,ll;8HHH8 pao~eTH IIORaSaJIH, 'ITO OIIpe,I1;8JI8HH8 
IIaPaM8TpOB /Y1 , /1.i H /f3 BOSMOlltHO HS HSM8p8HHHX 3aBHCHMOCT8ft IIO
MpHsanaH OTpallteHHoro HJIH npome,ll;lllero IIOTORa OT TOJIDtl'IHl:,I CJIOJt nopomxa. 
IlpH STOM TO'lfflOCTI, onpe,I1;8JI8HHJl TOro HJIH HHoro IIaPaM8Tpa onp8,I1;8JI.fl8TCH 
CT8II8HI,I) IIOJI.flpHSaUHH nepBH'IHO IIa,ll;allll8rO IIOTORa H SHaKOM IIOJI.flpHsanaH. 
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TaK, IIpH BHCOKOH CT8II8HH IIOJillpHSaUHH II8PBlltJHOro IIOTORa B03MOlltHO H3M8-
pemi:e O'IBHI, MaJJil:x 3Ha'leHHil //3 ·~ HanpHMep, np:e: napaMeTpax 111 = ro-I 
H fl 1, = ro-4 H3M8H8HH8 IIOJlllpH3aUHE'. npomemnero CJIOtt · IIOTORa Ha ~ !00% 
IIpOHCXO,ll;HT IIpH ,I1;8C.flTHKpaTHOM Ha yp0BH8 IQ-? H3M8H8HHll /1.3 IIpH cpllK

CHpoBaHHOM SHa'l8HHH TOJimliHH CJIOH ~ 30 ,ninm pacce.flHH.fl. 

B Sa.RJIN'WHHH npHB8,ll;8HH CJI8,I(yllllH8°0CHOBHH8 p83YJII,TaTH pa6oTH: 

I. Pa3pa60TaH M8TO,ll; H C03,ll;aH!l YCTaHOBKH ,ItJl!l H3M8p8HH.fl HHTerpaJII,

HOro IIO yrJ!Y KOS4XPHna8HTa OTpallt8HHJl YXH.OT CJIJIOWH!lX H ,Il;HCII8prHpoBaH

HllX cpe,ll;. 
2. p~3pa60TaH HOW, OCHOBaHHHil Ha ,Il;H(pW"3HH YXH B IIOpO!IlKaJ!:, CIIO

co6 HSMepeHHJl B8p0HTHOCTH nor.11omeHHH YXH. IlpOB8,ll;8Hll 3KCII8pHM8HTaJII,HEl8 
HCCJI8,ll;OBaHHJl ,ll;Hcpq!Y'SHH YXll B riopomKax paSJIH'IHHX ~emecTB~ IlpOB8,I1;8Hll H3-

M8p8Hltll B8JIHtJJIHH ~ H IIOJfY'18Hll CJI8,DylCII1H8 3Ha'I8HHJl: 
a) Jt)I.ll OTOlltllt8HHllX M8,ll;H H ORHCH M8,Il;H (I,!+0,3} 0 !0-4 H (9,8+2,0)• 

ro-5, COOTB8TCTB8HHO; . - -
6) .ItJI.ll OTOlltllt8HHOro rpatpHTa (3,CJ±0,65)·10-5 IIpH 20°c H (7,0±5,0)• 

ro-6 IIPH 200°c. 
p93yJII,TaT1,1 IIO r Jt)I.ll M8,Il;H, OKHCH M8,ll;H H rpatpHTa IIpH 200°C COrJiacy-

'roTC.fl C pac'l8TOM. 
3. BnepBHe 3KCII8pllM8HTaJII,H'.O HCCJI8,ll;OBaHO OT~allt8HH8 YXH OT Tarorx 

BemecTB c 60JI1>lllliM cetJ:eHHeM 3axBaTa,KaK Cr£, II Cr/,,, C-1, , I
55U, 

r;d,l. 03 ' I55C.ol.t 03 • Ha6.mo.n;eHHHtt. xapaKT8P IlOB8,ll;8HH.fl K03qxpHnaeHTa OT
pallt8HH.fl YXH OT BemecTB C IIOJIO~HT8JII,HOfi H OTPHUB-T8JII,HOtt aMIIJIHTY.Il:aMU 
paCC8.flHH.fl B 3aBHCRMOCTH OT C8'18HH.fl 3aXBaTa COOTB8TCTBY8T IIp0,ll;CTaMe
HHD O KOMIIJI8KCHOM IIOT8HnaaJI8 B3aHMO,ll;8fiCTBH.fl YXH co cpe~ott. KoaqxpHUH-
8HT oTpallteHH.fl YXH oT r55 r;.d, n V , HMe~nx paBHEie peaJII,Hll8, HO oTJIH
tJaxmH8 CH B 4000 pa3 MHHMEl8 '!aCTH IlOTeHnaa.'Ia B3aHMO,ll;8ttCTBHJl, cocTaBHJI 

0,5!±0,05 H 0,05±,0,03, COOTB8TCTB8HHO, "ITO yRa3HBa8T Ha B03pacTaHHe 

0Tpallt8lllffi C YB8JIH'l8HH8M C8'18HH.fl saXBaTa. 
4. PemeHll ,ll;HqqJY3HOHHll8 3a,ll;atra: 
a) OIIp8,I1;8JI8HO nponyCKaHH8 YXH cocTaBHHM H pa3B8TBJI8HHHM H8ttTpO-

HOBO,ll;aMH; 
0 

, 6) HCCJI8,ll;OBaHO MH.flHH8 napaM9TpOB rpaBHTaUHOHHoro CII9KTpOM8Tpa 

Ha IIPOIIYOKaHH8 YXH; 
B) paCCMOTpeHa ,ll;Hcp(llY3H.fl YXH B HaMarHH"I8HHElX HeilTpOHOBO,ll;ax H IIO-

pouraax. 

0CHOBffil8 003VJII,TaTl,I IlHCC8DTamrn OllV6JIHKOBaHII B CJI81IV10DlliX pa6ow.X: 
I. ro.11HKOB B.B., Ky~arHH E.H., lmKHTeHKo·D.B. KaHaJI YJII,TpaXOJIO.ll:HllX 

H8i!TpOHOB Ha peaKTOpe lffiP-2. - ,Ily6Ha, 1985. - 8 c. (Coo6memi:e/06~8,ll;. 

HH-T . .fl,ll;8pH.HCCJI8,ll;.:-P3-85-285). 
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rpaBHTall;l!OHHoro Cil8KTPOM8Tpa Y~bTpaxMO~HHX HettTpOHOB. - ,Itr6HB., 
1987. - 12 c. (ITpenpHHT/O6'1,8~. HH-T ~epH.HCCJie~.: !'3-87-832). 

8. roJmKOB B.B., HrHaToBH'l B.K., HHKHTeHKo Kl.B. ,UHqxpysHH y~bTpaxo~o~
HHX H8liTPOHOB B pa3B8TBJI8HHOM HettTpOHOBO~e. - ,Itr6Ha, 1988. - 9 c. 
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