


B HaCTOR~ee speMR ny4KH BYCOK03HepreTH4HYX (E -10 M3B/HyKn.) 
TR*eflYX HOHOB see 4a~e npHMeHRDTCR AflR HCCneAOBaHHR pa3flH4HYX 
CBOHCTB MaTepHaflOB B YCflOBHRX BYCOKOH CKOPOCTH reHepa~HH paAHa
~HOHHYX Ae~eKTOB. TaK, a pa6oTax 11·3/ fiyno o6Hapy*eHo 3Ha4HTenb
Hoe H3MeHeHHe nnaCTH4eCKHX CBOHCTB anDMHHHR,o6ny4eHHOrO HOHaMH 
yrnepoAa c 3HeprHeH 70 H 100 M3B. HHTepnpeTa~HR 3THX peaynbTaTos 
3aTPYAHReTCR H3-3a OTCYTCTBHR AaHHYX 0 MHKpOCTPYKType o6ny4ae
MOrO MaTepHana. 

KpoMe Taro, HaCKOflbKO HaM H3BeCTHO, AO CHX nop npRMYe HCCne
AOBaHHR Ae~eKTOo6pa30BaHHR B an~HHHH, o6ny4eHHOM TR*eflYMH HO
HaMH BYCOKHX 3HeprHH, He npOBOAHflHCb. npH TaKOM o6ny4eHHH o6pa-
3yeTCR 60flbWOe KOflH4eCTBO T04e4HYX Ae~eKTOB, KOTOpYe cornaCHO 
Cy~eCTBY~~HM TeOpHRM/4/ YCKOpRIDT nepenon3aHHe AHCflOKa~HH, TO 
ecTb npHBOART K ysenH4eHHD CKOPOCTH nonay4eCTH. AaHHYe o MHKpo
CTPYKType o6ny4eHHYX MaTepHanos fiYAYT cnoco6cTBOBaTb AaflbHe~
weMy pa3BHTHIO npeACTasneHH~ o6 3BOniD~HH Ae~eKTHOH CTPYKTYPY 
B 3THX YCflOBHRX. 

8 HaCTOR~eH pa6oTe MeTOAaMH BYCOKOBOflbTHO~ 3fleKTpOHHO~ MHKpo
CKOnHH H 3fleKTPOHOrpa~HH HCCneAOBanacb MHKpOCTpyKTypa an~MHHHR, 
o6ny4eHHoro HOHaMH yrnepoAa c 3HeprHeH 90 M3B. Hcnonb30BanHCb 
o6pa3~Y OTO**eHHOrO B BaKyyMe nocne npoKaTKH anDMHHHR 4HCTOTOH 
99,9996% B BHAe ~Onbr TOfl~HHOH 40 H 250 MKM /npH npo6ere HOHOB 
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pa3~ax TOfl~HHOH 250 MKM MO*HO fiyno H3y4aTb o6naCTb TOPMO*eHHR 
HOHOB, rAe, KaK H3BeCTHO, o6pa30BaHHe Ae~eKTOB nOA Ae~CTBHeM 
o6ny4eHHR MaKCHMaflbHO. 

YcnoBHR o6ny4eHHR 6YnH npHMepHo Te *e, 4TO H a npoBOAHBWHXCR 
paHee onYTax no paAHa~HOHHOH nonay4eCTH 11·21. An~MHHHeBaR ~onbra 
o6ny4anacb B Te4eHHe 10 MHH BYBeAeHHYM Ha B03AYX ny4KOM HOHOB 
12c ~HKnoTpoHa Y-200 fla6opaTopHH RAePHYX peaK~HH OH~H, A03a 
-10 13 HOH•CM-2 • HHTeHCHBHOCTb ny4Ka COOTBeTCTBOBana CKOPOCTH o6-
pa30BaHHR Ae~eKTOB 0,7·10-7 c.H.a.·c-1·cM-2 • Pac4eT 4Hcna cMe~e
HH~ npoH3BOAHflCR no ~opMyne, npHBeAeHHO~ s 15~ MaKCHManbHOe 3Ha-
4eHHe senH4HHY nospe*AeHHR cocTasnRno 7·10-5 c.H.a.-c-1 -cM-2 • 

TeMnepaTypa o6paa~os so speMR o6ny4eHHR He npeBblwana 40 °C. 
06ny4eHHYe o6pa3~Y BYAeP*HBaflHCb npH KOMHaTHOH TeMnepaType 

B Te4eHHe HeCKOflbKHX HeAeflb H 3aTeM yTOHRflHCb 3fleKTpOXHMH4eCKHM 
MeTOAOM AflR 3fleKTpOHHO-MHKPOCKOnH4eCKHX HCCfleAOBaHH~ Ha npocBeT. 
Bo H36emaHHe HapyweHHR HCCfleAyeMO~ Ae~eKTHO~ CTpyKTyp~, o6pa-
30Baswe~CR B pe3yflbTaTe o6ny4eHHR, yTOHeHHe o6pa3~0B npOBOAH
flOCb npH -10~, npH4eM o6pa3~Y noMe~anHCb a cne~HanbH~e paMKH, 
npeAoxpaHR~~He oT Ae~opMa~HH, KaK 3TO o6b14HO peKoMeHAYeTCR Ae
naTb 161 • 

AnR 3neKTpOHHO-MHKpocKonH4eCKHX Ha6n~AeHH~ HcnonbaosancR 
BYCOKOBOflb THbiH MHKpOCKOn j em-1 000 C yCKOpR~~HM HanpRmeHHeM 
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1000 KB. ~p~6op n03BOnReT Ha6n~AaTb Ae~eKT~ CTPYKTYP~ B an~M~
H~~ TOn~~HOH AO HeCKOnbK~X M~KpOH ~ nony4aTb KapT~H~ M~KPOA~
~paK~~~ C 04eHb Man~x o6naCTeH B pe~~Me M~Kpo-M~KPOA~~paK~~~. 

Pa60Ta Ha BbiCOKOBOnbTHOM M~KpOCKOne BenaCb np~ M~H~ManbHOM 
TOKe ny4Ka e A~~paK~~OHH~X ycnoe~Rx, He cnoco6cTBY~~~x o6pa3o
eaH~~ T04e4H~x Ae~eKTOB. Ho Aa~e np~ 3T~x Mepax npeAOCTopo~HOCT~ 
~ccneAOBaH~R MO~HO 6~n0 npOBOA~Tb n~Wb orpaH~4eHHOe epeMR BO ~3-
6e~aH~e nORBneH~R KOMnneKCOB T04e4H~X Ae~eKTOB B an~M~H~~, o6-
pa3yl:l~~XCR noA AeHcTe~eM 3neKTpoHoe. 

nepe~e ~e Ha6n~AeH~R o6ny4eHHOro B~COK03HepreT~4eCK~M~ ~OHa-
M~ yrnepOAa anl:lM~H~R noKa3an~ Han~4~e HOBOH, He Ha6n~AaBWeHCR 
paHee B an~MHHHH, Ae~eKTHOH CTpyKTyp~. 3TO 6~nH pacnpeAeneHHR 
04eHb xapaKTepH~x Ae¢eKTOB e BHAe 4epHo-6en~x nonoc /p~c. 1a-r/ 
H AOCTaT04HO 6onbWHX nRTeH - KOHTpaCTH~X 4epHo-6enbiX o6naCTeH 
/pHc.1a,6/. 3TH o6nacTH COAep~aT 4epH~e 4eT~pexyronbH~KH /pHc.16/, 
HanoM~Ha~~He B~AeneH~R ~a3bl /61. TeMH~e y4aCTKH Ha nonocax/pHc. 1a/ 
TO~e noxo~H Ha B~AeneHHR ~a3~. 5~no o6cneAOBaHo 6onbwoe KOnH4ecT
eo nOA06HbiX nRTeH H nonoc; C TeMH~X y4aCTKOB Tex H APYrHX HeOAHO
KpaTHO CH~ManaCb MHKPOAH~paK~HR, KOTOpaR 6~na COnOCTaeneHa C 
MHKPOAH~paK~~eH OT ceeTn~x o6nacTeH nonoc H OT MaTpH~~. He co
Aep~a~eH BHAHM~X B~AeneHHH. nocKOnbKY HCCneAyeM~e o6naCTH Man~ 
/COTH~ aHrCTpeM B AHaMeTpe/ H o6~4HY~ M~KPOA~~paK~H~ C HHX CHRTb 
Henb3R, HCnOnb30BancR pe~HM MHKpO-MHKPOAH~paK~HH, np~MeHReM~H 
B B~COKOBOnbTHOM M~KpOCKOne. 

H3secTHO, 4TO ~3-3a c~epH4eCKOH a6eppa~~H o6beKT~BHOH nHH3~ 
B03H~KaeT HeCOOT BeTCl B~e Me~AY y4aCTKOM o6pa3~a, ~OpM~py~~~M 
M~KPOA~~paK~HOHHY~ KapTHHY, ~ y4aCTKOM, BbiAeneHH~M ceneKTOpHOH 
A~a~parMOH / S /. npeHMy~eCTBO B~COKOBOnbTHOro M~KpOCKOna 3aKn~4aeT
CR 8 TOM, 4TO OW~6Ka HeCOOTBeTCTBHR npH MHKPOAH~paK~HH nponop
~HOHanbHa Ky6y AnHHbl BOnHbl 3neKTPOHOB ~ yME!HbWaeTCR C nOBbiWeH~eM 
ycKopR~~ero HanpR~eH~R. AnR peanH3a~HH B03MO~HOCTH BbiCOKOH no
KanbHOCT~ M~Kpo-M~KPOA~~paK~~H B 3neKTpOHH~H MHKpOCKOn jem-1000 
eeeAeHa AOnonHHTenbHaR n~H3a. B pe3ynbTaTe 3TOT npH6op no3eonReT 
nony4aTb 3neKTPOHorpaMM~ C nno~aAH, orpaHH4eHHOH KpyrOM AHaMeT
pOM 300 ~. B nposeAeHH~x 3KcnepHMeHTax nocTORHHaR np~6opa e pe
~HMe M~Kpo-M~KPOA~~paK~~~ COCTaBnRna 1..\=13,4 MM.K, rAe L- yc
noeHaR An~Ha KaMep~, ,\ - AnHHa BOnH~ 3neKTPOHOB npH YCKOpRIO~eM 
HanpR~eHHH 1000 KB. 5onbWHHCTBO KapT~H M~Kpo-M~KPOA~~paK~HH, 
CHRT~X C 4eT~pexyronbH~X TeMH~X o6nacTeH nRTeH /p~C. 16/ H TeM
H~X ~ CBeTn~X y4aCTKOB nonoc /p~c.1a/, COAep~anH xapaKTepH~H PRA 
pe~neKCOB, COOTBeTCTBYI:l~HX pe~neKCaM 1 00, 200, 300. . . Kap6HAa 
an~M~H~R Al4 C 3/ a= 3,33 'A, c= 24,86 ~. npocTpaHcTeeHHaR rpynna 
Pb3 mc/, CM. pHc.2a,6. B OAHH 3neKTPOHOrpaMMbl BXOAHn TOnbKO 3TOT 
PRA, Ha APYr~x 6~H BHAH~ H AOnonHHTenbH~e pe~neKc~, cor nacy•o
~HecR c peweTKOH Al4C3 /eM., HanpHMep, pHc.26/. MHKPOAH~paK~HR 
C y4aCTKa MaTpH~~. He COAep~a~eH Ae~eKTOB, COOTBeTCTBOBana 4HC
TOMY an~MHHH~/pHC.2B/. 
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PHc.l. Ae~eKThl, B03HHKmHe s ~onhre anroMHHHH, o6nyqeHHOH 
B Te~eHHe 10 MHH HOHaMH yrnepoga C 3HeprHeH 90 M3B, g03a 
-IOlSHOH•CM-2 ; TOn~Ha ~OnbrH - 250 MKM /a,6/ H 40 MKM 
/s,r/. 
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PHc.2. KapTHH~ MHxpo-MHKPOAH~pax~HH / a,6/ H MHKPOAH~pax
~H /B,r/ C pa3~~ y~aCTKOB ~OnbrH aniDMHHHR, o6n~eH
HOA B Te~eHHe -10 MHH HOHaMH yrnepona C 3HeprHeA 90 M3B, 
A03a -J018 HOH• CM-2. 

XOTR 3fleKTPOHOrpaMM~ npH HCnOflb30BaHHH MeTOAa MHKpO-MHKpo
AH$paK~HH HeCyT MeHbWY~ HH$OpMa~H~, 4eM 3fleKTpOHOrpaMM~ C 
60flbWHX o6nacTe~ KPHCTanna, 3TOT MeTOA n03BOflHfl 3aKn~4HTb, 4TO 
Ha6n~AaeM~e nonoc~ /pHc. 1a-r/ npeAcTaenR~T co6o~ B~AeneHHR Kap-
6HAa Al4 C8 , a o6nacTH Ha pHc. 1 a, 6 - o6nacTH nepece4eHHR TaKHX 
B~AeneHH~. 

0 
nocKOflbKY 4aCTO WHpHHa B~AefleHH~ /100-1000 A/ MHOrO MeHbWe 

~X AflHH~ /OT AOfle~ MHKPOHa AO HeCKOflbKHX MHKPOH/ /CM. PHC. 1a-r/, 
B~AeneHHR MOmHO C4HTaTb CTepmHeBHAH~MH HflH HHTeBHAHbiMH KPHCTan
naMH, o6naCTH HX nepece4eHHR 6yAeM yCflOBHO Ha3biBaTb 11 Kny6KaMH11 • 

HanpaeneHHR nepeceKa~~HXCR cTepmHe~ caM~e pa3Hoo6pa3H~e/pHc. 16,e/, 
H HeB03MOmHO B~AeflHTb KaKHe-TO npeHMy~eCTBeHH~e KPHCTannorpa$H-
4eCKHe HanpaeneHHR HX pacnonomeHHR e peweTKe an~MHHHR. 

CneAyeT OTMeTHTb, 4TO HaflH4He 11 Kny6KOB11 xapaKTepHO TOflbKO 
AflR aniOMHHHeBO~ $OflbrH TOfl~HHO~ 250 MKM. no OpHeHTHpOB04H~M 
O~eHKaM, nnOTHOCTb KpynH~X 11 Kny6KOB 11 /AHaMeTpOM -1 MKM/ B o6oe-
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Me $OflbrH an~MHHHR TOfl~HHO~ 250 MKM B MeCTaX. 6flH3KHX K o6nacTH 
TOpMOmeHHR HOHOB, COCTaBnReT-1 0 g 11 Kfly6KOB 11 •CM-S, HO MemAY HHMH 
BCTpe4a~TCR H MeflKHe CKOnneHHR CTepmHe~ . 8 $Oflbre TOfl~HHO~ 
40 MKM 11 Kny6KH 11 OTCYTCTBOBaflH, Ha6n~AaflHCb TOflbKO rpynn~ nepe
CeKaiO~HXCR CTepmHe~, 3a4aCTyr.> 6onee AflHHHbiX, 4eM B TOflCTO~ c!JOnb
re. 

Pa3flH4He B pacnonomeHHH H KOflH4eCTBe CTepmHe~ H 11 Kny6KOB 11 

B c!JOnbrax pa3HO~ TOfl~HHbl CBR3aHO, no-BHAHMOMy, C TeM, 4TO TOflbKO 
B 6onee TOflCTO~ $Oflbre Ha6mOAeHHR npOBOAHflHCb B6flH3H o6naCTH TOp
MOmeHHR HOHOB yrnepOAa, rAe B03HHKaeT MaKCHMaflbHOe KOflH4eCTBO 
T04e4H~x AeclleKTOB. 

3aKOHOMePHOCTH pacnonomeHHR xapaKTepHoro PRAa pe$neKcoe 100, 
200,300 ..• no OTHOWeHH~ K YAflHHeHHO~ CTOpoHe CTepmHe~ He B~RB
neH~. HHorAa 3TOT PRA 6~n HanpaeneH BAOflb AflHH~ HHTeBHAHOro 
KpHCTanna, HHOrAa COCTaBflRfl yron B 20° HflH 70° no OTHOWeHHIO 
K HeMy. 

AH$PaK~HOHH~e KOHTpacTH~e nonoc~ Ha HHTeBHAH~x B~AeneHHRX 
/pHC.1r/, B03MOmHO, CBR3aH~ C ABO~HHKOB~MH npOCflO~KaMH,B03HHK-
WHMH npH pOCTe Kap6HAa an~MHHHR. ' 

noMHMO T04e4H~X 3fleKTpOHOrpaMM Al 4C 3 Ha6n~AaflHCb H KOflb~ee~e -
c nonHKPHCTannoe Kap6HAa /pHc.2r/, rAe BHAH~ ABa pacnonomeHH~x 
PRAOM HaH6onee RpKHX KOflb~a Al 4C~, COOTBeTCTBYIO~He MemnnOCKOCT
H~M paccTORHHRM d = 2,80.8. H d = z,87A. AHc!JpaK~HOHH~e KOflb~a co
oTeeTcTeoeanH o6nacTH, AflHTenbHoe epeMR HaXOAR~e~cR noA ny4KOM 
3fleKTpOHOB. no-BHAHMOMy, npH Harpeee ny4KOM B03HHKflH 6ecnOPRA04HO 
pacnonomeHH~e HeBHAHM~e B 3fleKTpOHH~~ MHKPOCKOn MeflKHe B~AeneHHR 
Kap6HAa Al 4C 3• 

06ny4eHH~e yrnepOAOM o6pa3~~ an~MHHHR, HCCfleAOBaHH~e 3fleKT
pOHHO-MHKpOCKOnH4eCKHM MeTOAOM, 6~flH TaKme npOCMOTpeH~ B 3fleKT
pOHOrpac!Je 3MP-100M npH ycKopR~~Hx HanpRmeHHRX 100 H 75 KB. Ha 
3fleKTpOHOrpaMMaX npHCYTCTBOBaflH TOflbKO OTpameHHR OT 4HCTOrO an~
MHHHR. 3TO CBR3aHO C HeAOCTaT04HO~ AflR 4YBCTBHTeflbHOCTH 3TOrO 
MeTOAa A030~ o6ny4eHHR -1013 HOH•CM-2 • npoBeAeHH~e paHee Ha 3TOM 
me 3fleKTpOHOrpa$e / ? / o6cneAOBaHHR an~MHHHR, o6ny4eHHOrO HOHaMH 
yrnepoAa c 3HeprHe~ 20 K38 npH ~o3e 1017 HOH·CM-2 e~RBHnH nocne 
AOnonHHTenbHoro oTmHra /npH 400 C/ HanH4He clla3~ Al 4C3;cTepmHe
BHAH~e Aec!JeKT~ npH 3TOM He Ha6n~AaflHCb. 

noKa HeH3BeCTHO, o6pa30BaflHCb flH CTepmHeBHAH~e B~AefleHHR c!Ja3~ 
A14 C 8 cpa3y e npo~ecce o6ny4eHHR HflH me TOflbKO e pe3yflbTaTe no
cneAYIO~HX AHc!Jc!JY3HOHH~X npo~eCCOB, nOCKOflbKY MemAY npo~eccaMH o6-
ny4eHHR H Ha6niOAeHHR o6pa3~oe npoXOAHno 3Ha4HTenbHoe epeMR. Ho 
He3aBHCHMO OT MeXaHH3Ma o6pa30BaHHR B~AefleHH~ Kap6HAa MOmHO no
naraTb, 4TO H3 o6pa3y~~HXCR npH o6ny4eHHH nap cllpeHKenR Memy3enb
H~e aTOM~ an~MHHHR HAYT Ha o6pa3oeaHHe Kap6HAa , a eaKaHCHH, eo-
3HHKWHe npH o6ny4eHHH e Tex me napax cllpeHKenR, ocTa~TCR ceo6oA
H~MH H MoryT cnoco6cTeoeaTb ycKopeHHO npo~ecca non3y4eCTH, 4TO 
COrnacyeTCR C cy~eCTBY~~HMH TeopeTH4eCKHMH npeACTaBneHHRMH 0 Me
XaHH3Me paAHa~HOHHO~ nOfl3Y4eCTH1 4/ , 
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B 3Kcnep~MeHTax no ~ccneA08aH~~ MexaH~4eCK~x C80~CT8 o6pa3-
~os an~M~H~~ nocne ~x o6ny4eH~~ AOn~Ho npo~8~TbC~ /c HeKoToporo 
noporo8oro 3Ha4eH~~ A03~ o6ny4eH~~/ Ae~CT8~e Ha6n~AaeM~x 8~Ae
neH~~ Kap6~Aa KaK 6apbepo8 An~ nepeMe~eH~~ A~cnoKa~~~/81,4TO 
AOn~HO np~80A~Tb K ynop~A04eH~~ ~ oxpyn4~8aH~~ MaTep~ana. 

noABOA~ ~Tor~ np08eAeHHbiX ~ccneA08aH~~. MO~HO 3aKn~4~Tb, 4TO 
o6Hapy~eHH~~ $aKT o6pa3osaH~~ np~ o6ny4eH~~ an~M~H~~ ~oHaM~ yr
nepoAa 8~AeneH~~ $a3bl Al 4C 3 8 8~Ae CTep~He~ ~ 11 Kny6Ko8 11 Heo6-
XOA~Mo Y4~T~8aTb np~ aHan~3e 83a~MOAe~CT8~~ T~~enbiX ~OH08 8biCO
KO~ 3Hepr~~ C o6ny4aeM~M~ M~WeH~M~. 

noA06Hble ~8neH~~ MOryT ~MeTb MeCTO ~ 8 APYr~X MaTep~anax 
IAPYr~e nap~ ~oH-M~WeHb/, 8 KOTop~x 803MO~Ho o6pa3o8aH~e $a3. 
3To cneAyeT y4~T~8aTb, Hanp~Mep, 8 on~Tax no ~MnnaHTa~~~ 8~coKo-
3HepreT~4eCK~x ~OH08 8 nonynp080AH~K~. 06pa308aH~e nOA06H~X 8~
AeneH~~ MO~eT OKa3~BaTb KOC8eHHOe 803AeACT8~e Ha HeKOTOp~e $~-

3~4eCK~e npo~ecc~, Hanp~Mep Ha paA~a~~OHHY~ non3y4eCTb. llene
Hanpa8neHHO C03Aa8a~ H~Te8~AH~e Kp~cTann~ 8 o6ny4aeMOM MaTep~ane, 
MO~HO ero ynp04H~Tb. 

TaK~M o6pa30M, ~cHo, 4TO o6Hapy~eHHoe ~sneH~e 3acny~~8aeT 
AanbHe~wero AeTanbHoro ~ccneA08aH~~. Uenecoo6pa3HO npOAOn~~Tb 
3neKTPOHHo-M~KpocKon~4eCK~e ~ccneA08aH~~ Ae$eKTHO~ CTPYKTYPbl 
c ~enb~ s~~cHeH~~ MexaH~3Ma ~ 3aKOHOMepHocTe~ npo~ecca o6pa3o8a
H~~ $a3o8~X B~AeneH~~ np~ 6oM6apA~P08Ke pa3n~4H~x MaTep~ano8 

T~~en~M~ ~OHaM~ 8~COK~X 3Hepr~~. 

R8TOP~ OnarOAaP~T aKaAeMHKa I .H.$nep08a 3a nOCTO~HHOe 8HHMa
HHe K pa6oTe. 
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PyKon~cb nocTyn~na 8 ~3AaTenbcK~~ OTAen 
30 Ho~6p~ 1983 roAa. 

HET RH nPOBEROB B BAWEA BHBRHOTEKE? 

8bl MOlleTe DOJIY'IHTb no DO'ITe nepe'IHC.IIeHHble HHlle KHHrH, 

eCJIH OHM He 6bi.IIH 38K838Hbl paHee. 
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~3AaTenbCKHH OTAen 06~eAHHeHHOrO HHCTHTYTB R~epHbiX HCCne~OB8HHA 



·TEMATHqECKHE KATErOPHH nYBnHKAUHR 

OB»E~HHEHHOrO HHCTHTYTA ~EPHYX 

HCCJIE~OBAHHR 

TeMaTKKa 

1. 3KcnepHMeHTaflbHaR ~H3HKa BWCOKHX 3HeprHH 

2. TeopeTH4eCKaR ~H3HKa BWCOKHX 3HeprHH 

3. 3KCnepHMeHTaflbHaR HeHTPOHHaR ~H3HKa 

4. TeopeTH4ecKaR ~H3HKa HH3KHX 3HeprHH 

5. MaTeMaTHKa 

6. ~AepHaR cneKTpOCKOnHR H paAHOXHMHR 

. 7. ~H3HKa TRlKenwx HOHOB 

8. KpHoreHHKa 

9. YcKOPHTenH 

10. AaToMaTH3al.lHR o6pa60TKH 3KCnepHMeHTaflbHWX 

AaHHWX 

11. 8W4HCflHTeflbHaR MaTeMaTHKa H TeXHHKa 

12. XHMHR 

13. TexHHKa ~H3H4ecKoro 3KcnepHMeHTa 

14. ~CCfleAOBaHHR TBePAWX Ten H lKHAKOCTeH 
RAePHWMH MeTOAaMH 

15. 3KcnepHMeHTanbHaR ~H3HKa RAePHWX peaKLlHH 
npH HH3KHX 3HeprHRX 

16. Ao3HMeTpHR H ~H3HKa 3a~HTW 

17. TeopHR KOHAeHCHpOBaHHOrO COCTORHHR 

18. ~CnOflb30BaHHe pe3yflbTaTOB H MeTOAOB 
~YHAaMeHTaflbHWX ~H3H4eCKHX HCCfleAOBaHHH 
B CMelKHWX o6naCTRX HayKH H TeXHHKH 

19. 6H~H31!1Ka 


