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HsMepeH~e nonRp~sau~oHH~x napaMeTP08 AnA K8a3~ynpyroro pac
c eRHHR /KYP/ npOTOHOB Ha RAepH~X HyKnOHBX npeACT88nReT 6onbWO~ 
HHTepeC K8K C T04KH 3peHHR H3y4eH~R MeX8H~3M8 pe8KU~H, TBK H C 
T04K~ 3peHHR YT04HeHHR HaW~X npeACT88neHH~ 0 CTpyKType RAep/ l~ 
0AHaKo nonRp~sauHOHH~e 3~eKT~ 8 KYP ~ccneA08aH~ e~e HeAOCTa
T04HO. HMe~HeCR pe3ynbT8T~ nony4eH~, 8 OCH08HOM, B on~TaX no 
K883HynpyrOMy pacceRHH~ npOTOH08 Ha nerK~X RAP8X, B~nOnHeHH~X 

B nOCT8HOBKe, He npeAYCM8TPH88~~eH P83AeneH~R BKnBAOB B peaK
U~~ OT HyKnOH08 pa3nH4H~x RAePH~X o6ono4eK. B 3T~x on~Tax no
KasaHo, 4TO yrnoeaR sae~c~MOCTb acHMMeTp~~ AnA KYP non~p~so
eaHH~x npoTOH08 noA06Ha yrno8o~ saeHC~MOCTH AnA ynpyroro pac
ceAH~R nonRp~3088HH~X npOTOH08 C8060AH~M~ npOTOHBM~ /2 / , a ee
n~4~Ha BC~MMeTp~~ 8 388~C~MOCT~ OT 3Hepr~~ COCTBBnAeT 0,6-0,8 
OT een~4~H~ ac~MMeTP~H AnR ynpyroro pacceRHHR. 

nonRp~3aU~R npH K883~ynpyrOM pacceRHHH HenonRpH3088HH~X 
npoTOHOB Ha nerKHX RApax oKasanacb 6n~3KO~ K acHMMeTpHH KYP 
nonHOCTb~ nonApH30B8HH~X npOTOH08 / 3 / . 0Ka3anOCb TBK*e, 4TO ee
nH4~Ha nonAp~sau~H 3ae~c~T OT Macco8oro 4~cna RAPa M~weH~ H 
oTn~4aeTcA oT nonAp~sa~~~ np~ ynpyroM pacceRHH~ HenonAP~3~B~H
H~X npoTOH08 npOTOHaM~ 4 . HeAaBHO 6~nH nocTa8neH~ on~T~ 5 no 
HccneAOBaH~~ 38BHC~MOCTH acHMMeTPHH KYP nonRPH30BaHH~x npoTo
HOB nerKHM~ RAPBMH OT ~Mnynbca, nepeASBaeMoro OCT8T04HOMy RAPY· 
B HHX 6~n0 nOK838HO, 4TO AnA K883~ynpyroro pacCeRHHR HB HYKnO
H8X S-o60n04K~ aC~MMeTpHR 3BB~CHT OT 3HeprHH OTHOCHTenbHOro 
ABH*eH~R CTanKH8a~~HXCR 48CTHU, TBK *e 1 KBK H AnA ynpyroro pac• 
ceRHHR nonApHsoeaHH~X npoTOH08 HenonRpHsoeaHH~MH npoToHaMH. B 
cny4ae HyKnOHOB p -o6on04K~, HBPRAY C yK838HHOH 8~We 388HCH· 
MOCTb~, 8enH4HHB BCHMMeTpHH 06ycnaenH88eTCR TBK*e 8nHRHHeM 3~
~eKTHBHO~ nonRPH38UHH HyKnoHoe MHweHH 161 . TonbKO e 3THX on~Tax 
npH H3y4eHHH acHMMeTpHH e KYP npoH3BOAHnocb pa3AeneHHe BKnaA08 
HyKnOHOB S - H p -o6on04eK. 
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HaCTOAU',He H3MepeHHR 8~nOnHeH~ B C8R3H C pe3ynbT8T8MH pa6oT~ 

C uenbO CPBBHHTb napaMeTp~ nOnRpH38UHH H ~CHMMeTpHH npH KB83H
ynpyrOM pacceAHHH Ha pasH~x AApax. 

HETOA H3HEPEHHSI 

HsMepe HHA acHMMeTPHH e~nonHeH~ Ha ny4Ke nonRPHS08BHH~x npo
TOH08 CHHXPOUHKnoTpoHa n11n OHSIH c nonRpHsauHe~ 42,5% AnA KYP 
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H8 yron 8 = 57 ° C.~.M. ABYMR TeneCKOnaMH H3 C~HHTHnnR~HOHH~X 
C4eT4HKOB C B~COKHMH 3HepreTH4eCKHMH noporaMH perHCTP8~HH npo
TOHOB. HsMepeHHR .npoaoAHnHCb c MHweHRMH H3 3neMeHTOB Li ,Be, C, 
Al ,Cu,Cd, Pb. reoMeTpHR on~Ta 6nHsKa K reoMeTpHH ceo6oAHoro 
HYKnOH-HYKnOHHOro pacceRHHR I 81 = 25°n.c . , 82 = 56°n.c.l, 
ecneACTBHe 4ero cpeAHHH HMnynbc, nepeAaBaeM~H OCT8T04HOMY RA
py, 6~n 6nH30K HyneeoMy sHa4eHHIO . B TaKoo reoHeTpHH enHRHHe 
3¢$eKTHBHOH nonRpH38~HH H8 H3MepReMyiO 8CHMMeTpHIO HeaenHKO, H 
HM, no-BHAHMOMy, MO*HO npeHe6pe4b. Yrno8~e paspeweHHR TenecKo
no8 paeH~: 601 = + 1,3 n.c. H 68 2 = + 3,5°n.c. 3HepreTH4eCKHe 
noporH perHCTP8~HH npoTOH08 38A88anHCb C noMO~biO nornOTHTeneH 
c y4eTOM paa6poca 3HeprHH npoTOH08 a ny4Ke, yrnoeoro paapewe
HHR TeneCKOn08, 3HeprHH C8R3H npOTOH08 8HYTPH RAep, H pa8HR
nHCb T1no_p . = 420 H3B; T 2nop. = ~00 H3B . npH 3THX ycn08HfiX 
noAaBnR~HH BKn8A B C4eT COBnaAeHHH TeneCKOnoB A8eT K883Hynpy
roe pacceRHHe. Ton~H~ MHWeHeH-pacceHBaTeneH cocTa8nRnH He
CKOnbKO rpaMMOB Ha K88AP8TH~H C8HTHMeTp. ~H cny48HH~X COBna
AeHHH H3MepRnCR nyTeM 3aAeP*KH HMnynbC08 OAHOrO H3 TeneCKOnOB 
Ha 70 HC - BpeMR AnHTenbHOCTH Me*AY ABYMR MHKpoHMnynbC8MH npo
TOH08 8 ny4Ke. OH He npeewwan 20%. 
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PHC. 1. ACHMMeTpHR B 
KeasHynpyroM pacceRHHH 
nOnRpH3088HH~X npOTOH08 
Ha RAP8X pa3H~X 3neMeH-
TOBj 8 -= 25 ° Jl. C. 
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06CYIAEHHE PE3YnbTATOB 

PesynbTaT~ H3MepeHHR acHMMeT
PHH npeACTaaneH~ H8 PHC. 1, H3 KO
TOporo 8HAHO, 4TO 8CHMMeTpHR npH 
K8a3HynpyroM pacceRHHH nonRpHso
eaHH~x npoTOHOB Ha RApax n04TH He 
38BHCHT OT 8TOMHOrO HOMepa RAP8! 
npH nepeXOAe OT BOAOPOAa K yrne
POAY OH8 yMeHbW8eTCR H8 20% H Aa
nee a npeAenax owH6oK on~Ta ocTa
eTCR 6es H3MeHeHHR. TaKaR *e 
acHMMeTpHR 1- 80%1 a KYP 6~na no
ny4eHa ~aHee Ha RAPe 6epHnnHR a 
pa6oTe 21 npH perHCTpa~HH npoTo
HOB c noporoM T 1 nop. = 150 H3B, 
T . e. 5onee HH3KHM, 4eM B HaWeH 
pa6oTe. Ha pHc.2 H l AaHo cpaaHe
HHe nony4eHHOH H8MH 8CHMMeTpHH C 
nonRpH38~HeH B KB83HynpyrOM pac
ceRHHH, H8HAeHHO~ 8 pa5oTe
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CneAYeT aaMeTHTb, 4TO onepa~HR 
cpaBHeHHR He COBCeM KOppeKTHa, 
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pa6oTax A8HH~e 
pasH~x yrnax 50 • nOCKOnbKY B 3THX 

6~nH nony4eH~ Ha 
I 01 = 2s<'n.c. -
6oT a H 01 = 21 ° 

H8CTOR~811 pa- '$, 
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H npH Cy~eCT8eHHO pa3H~X 3Hep
reTH4eCKHX noporax TenecKonoa 
I T 1 nop. = 420 H3B H T2 nop. 
= 100 H3B - HacTOR~aR pa6oTa H 
T1 oop. = 200 H3B H T2nop. 
= 70 M3B 1 41 1. Ha o6oHx pHCYHKax 
npHBOAHTCR acHMMeTpHR AnR non
HOCTbiO nonRpH3088HHOrO ny4K8 
npOTOH08, napaMeTp~ nonRpH38~HH 
H 8CHMMeTpHH npH pacceRHHH Ha 
80AOPOAe C4HT8JlHCb OAHH8KOB~MH, 
H HX 3H84eHHfl COBMe~eH~, a T04-
KH, npeACT88JlR~He nonRpH38~H"' 

nepeHOPMHPOB8H~ C y4eTOM pa8eH
CTB8 05oHX napaMeTpOB AnA BOAO
POA8• npHBeAeHH~e Ha PHCYHKe 
A8HH~e MOryT CllY*HTb yK838HHeM 
Ha TO, 4TO napaMeTp~ 8CHMMeTpHH 
H nonllpH38~HH npH KB83HynpyrOM 
pacCeRHHH H8 RAP8X MOryT OTnH-
48TbCR. B HacTOR~ee apeMA HeAc
HO, K8K8R 48CTb 3TO~ pa3HH~~ 
npOHCXOAHT H3-38 BnHAHHA RApa, 
H KaKaR - Hs-sa HecoenaAeHHA 
3KCnepHMeHT8nbH~X ycnOBH~. no-
3TOMY C Hawe~ T04KH 3peHHA 
rnaBH8fl 38A848 B H8CTOR~ee 8pe
MA COCTOHT 8 TOM, 4T06~ nony-
4HTb 6onee T04H~e 3KCnepHMeH
T8nbH~e A8HH~e e OAHHaKoa~x 
3KCnepHMeHT8nbH~X yCnOBHAX. 

A8TOP~ 8~Pa*aiOT 6naroAap
HOCTb B.B.EpMaKOBy, r.~.Hcaeay, 
A.r.lyK08Y sa noM~b npH npoae
AeHHH on~Ta. 
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~· CpaaHeHHe eenH-
4HH~ 8CHMMeTpHH H nonR
PH38~HH B K883HynpyrOM 
pac ceRHHH npOTOHOB Ha 
RApax paaH~x 3/leMeHToa. 
e 8CHMMeTpHR 8 = 
= 25 ° n.c. 1HacT.pa6.1. 
0 nonRPH38~HR 14 18= 

= 21 °n.c. 
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PHc.3. CpaaHeHHe eenH-
4HH~ 8CHMMeTpHH H nOnR
PH38~HH 8 K883HynpyrOM 
pacceRHHH npOTOHOB Ha 
RApax pasH~x 3neMeHToa. 
e 8CHMMeTpHR 8 = 

= 25° n.c. 1HacT.pa6.1. 
0 nonRpH38~HR 0 = 

= 27 °n.c .'41 
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