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r,1te '}"' - J!A8pHID1 '} - <pSKTOP npo!OHS, 

~ - 11arHetoH Bops. 

Hanpoep, npH H = IO :e:a II T = l°K, P = O,OOI, ,.e. O,I~. 

Ha pxc. l llOK888H8 C!S'fHqecKSH ll011llPH88llHS KSK ~YHKWIS O!HO■e-
H . 

HJIJI T )P[H xe:e:o,opwx Bo~opo,1toco,1tepsa11tHX Be•ectB. Hs pacyua 

cxe;uet, uo .1tnH nonyqeHllH nomipasaixHH,.,, 40+7~ tpe6ye,c11 !811-

nepa'fypa ,v O,OI°K H 11arHHH08 non:e 50t60 K8o 0,1tHSKO H8Jlll1Ul8 

llOHH88IXHOHHWC ll0T8pi, KO!Opse <5y;rty'f H8HB<5eeH npa nponyc:e:aHHH 

qepea IIHS8Ha nyua 88PRX8HHHX qac!KD;, B lllIOXSH TenxonpoBo;n

HOC'fi B!HX B8Dt8CTB npz CB8PXID18KOI T81lll8PS!ype, no-BQH)lOIIY, 

H8 llOBBOllllT npoHSB8C!H CTOlli rny<50K08 OX118a,1{8HH8. Kp011e Toro, 

npH CB8pXBH8KOI T8Mllepa,ype llOaHO OXH,1{8'fi oqeHi <5onux Bpe

ueH pexa:e:caxum,c KO!OpWIH CHC'f8118 npo!OHOB 6y,1t8! npli!XOlt}lfi K 

p8BHOB8CHOA nomipH38}XHH. TSKHII 06paao11, nonyqeHH8 BHCOKOI no

nHpH88IXHH B npOTOHHOA UHmeHH CTS'fHqec:e:1111 K8'f0,1{0M llOK8 He 

npe;nctaBmieTCR peam,a1:D,1 ;neno11. 

B rxaBe Il HSlIOX6lW OCHOBIW8 'f80p6'fHqecKH8 acneKTH 116!0-

;na ;ztHH811Hqec:e:oK nomipH381UlH npO'fOHOB (;rt.n.n.) npH H8CUJ1t8HBII 

TSK aaasBaelllIX "aanpe~eHHHX" nepexo;noB a.n.p./6 ,7/. Enaro;rtapa 

STOily 118'.rO;ity CTano BOBIIOZHWI nonyqeHH8 BHCOKOl nonHpH88lXHH 

npoTOHOB B !Bep,itOA 1111meHH npu H H T ,nerxo ;nocTynHwc B na<5o

paTopHott npaKTHKe. 

CyDUIOCTi ll6T0.1{8 aaxnmqae'fCfi B Cll6;itYDDt81l. IlyCTi BOAOPOAO

co;nepxantHtt o<5paaeix c ue6om.moA np1111ec»m napa11arHHTHWC HOHOB, 

HM6DDtHX a1P4>e:e:THBHHA cmm S = I/2 noue11teH B_uarHHTHoe noxe H 
H HUeeT Te11nepa'fypy T. Enaro;napH sne:e:TpoHHo-mtepHoMy BBSH-

110.itettcTBum napa11arHH'fHWC HOHOB C npOTOHSMH, 1111em11teuy xap8KT6P 
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uarBHTHoro AHllOnbHOrO B38HMOA8ICTBHH, B STOM o6paaue, llOMHMO 

o6uqBl,IX nepeXOAOB a.n.p. H a.M~p. (penaKC8UHOHHJ,IX HnH BOa6yx

A88MHX ocuHnnHPYDDUlll noneu H1 c qacToTol cooTB8TCTB8HHO paB-

HOit Ye = fe H Hmt Y>-i = !"' H ) , BOSMOZHH TSK Haah!Bae-
i~ ~r. 

Mlle "aanp811l8HHH8" nepeXOAH a.n.p., qacTOTH KOTOp!,IX p8BHH 

~i- = Ve -+ µ.,,_ H J_ = Je - v~ • KazAHit T8K01t nepeXOA 

conpoBOll,1(88TCH OAHOBpeueHHOlt nepeopHeHT8UH8it CllHH8 napauarHHT

HOro HOH8 H CllHH8 npOTOH8. 

Ha PHC. 2 llOK888H8 AHarpaoa SHepreTHqeCKHX YPOBH8H CHC

T8JW napauarBHTHHI HOH-llPOTOH. 3H8K8llH + 14 - o6oauaqeHH npoeK

l{HH S H I Ha HanpaBneHHe H , a I/2 onyiqeHa. B Konowte I 

llPHB8A8H8 OTHOCHT8nbH8ff aaceneHHOCTb YPOBH8H Ana BCero o6paana 
4 Ai..f ,_. 1 .. @J-J 

B T8llnOB011 p8BHOB8CHH, rAB ~ = ~T H c = T 
K r. 

( '}e - 'j- <PBKTop napa11arH. HOHB). 

IlpH BOa6yll,1teHHH H nonH011 HSCHlll8HJaH noneM HJ. , ocrumnHpy- · 

lllllHM :C qacToTol ~.:.. (Hmt J+ ), o~oro Ha "aanpe11lBHHJ,1X11 nepe-

_XOAOB HaceneHHOOTH ypoBHeit 6YAYT T8KHMH, KBK llOK838HO HS pHc.2. 

B KOnOHKe 2 (HnH 3). IlpH STOY npeAnonaraeTCR, 'ITO CKOPOCTb 

omrn-pemeTO'IHOit penaK08UHH npOTOHOB 8H8'1HT8JlbHO 118Hbm8. sneK

TpOHHOtt penaK08l{HH. TrutHM o6paaou,B OHCT8Me npoTOHOB YCT8HOBHT

OH HOB08 OOCTOHHHe AHH8MH'l80KOro p8BHOB8CHH. IlOACT8BnHH HOBH8 

HaoeneHHOCTH B (popuyny I, MOlltHO BHA8Tbt qTo CHOTeMe npOTOHOB 

K8K 6H nep8A88TCR 8Jl8KTPOHH8H llOIDIPH88~H 

I; = tt, 1J.t!_ 
~i<T 

(u,4~ P_ =-th~-) 
2KT ~ 

(3) 

3H8K MHHyC oaHaqaeT OTPHU8T8nbHYll llOJJ.flpH38l{HD, HanpaBJI8HHYll B 

npoTHBononozHyll OTOPOHy no Cp8BH8HHD C nonapH88UHett B Tenno-

6 

. ~.- f! 
a~ f, 

I 
I 
j 

6 
'j 

I 

-1 
'·. 
. ! 

'!I BOK PBBHOBeoHH. Hanpoep, B o6paaue c npHKeCbll HOHOB Nd "t 

( it = 'h. • 2, 7), nouellleHHOM B uarHHTHOe none H =20 xa npH 

TewepaType T = I°K, cHcTeue npoTOHOB MOllCeT 6un nepe,1taHa no
JIRpHsanHs ~ 95~. 

9To.H)teanuwtt cnyqal, npeAflonaraDDUlit, 'ITo mHPWIH 11 aanpe

lll8HHHX11 nHHHI A~,: (B 8AHHHI{8X qaoTOTH) .118nH no Cp8BH8HHll 0 

;,., , T.e. 'KSZ)tHI "aanpellleHHHl11 nepeXOA MOJteT 6HTb BOa6yz.zteH 

B OTA8JlbHOCTH H l3C8 npOTOHH C OAHH8KOBOi BepOHTHOCTbD MOryT 

Y'l80TBOB8Tb B "aanpeiqeHHWC:11 nepeXOAax •. 

B peanbHWC o6paauax B8JIH'IHH8 M8KCHM8nbHO l308MOZH01t nonHpH-

38l{HH npOTOHOB onpeAenaeTCH 000THOmeHH8ll CKopocTel SJI8KTPOHHOI 

H npOTOHHOI CllHH-pemeTO'IHOI penaKC8l{HH H 3H8qHT8nbHO Yll6Hbm8-

6TCH B cnyqae mHpOKHX H60AHOPOAHO ymHpeHHblX HHHHI s.n.p. Ha Be

JlH'IHHy ll8KCHM8nbHOM nonapHaanHH npOTOHOB CHHbHO BnHH8T xapaK

Tep llPOCTP8HCTB6HHOi CllHHOBOI AHq>qJY3HH B CHCT8Jle llpOTOHOB H 

xapaKTep Kpocc-penaKC8l{HH;(cneKTp8nbH8H AHq>qJYBHH) BHYTPH sneK

TpOHHOI JIHBHH. 

rnaBa m·noCBHlq6H8 HSMepeHHD nonapH88l{HH C HCll0Jlb80B8HH6ll 

lleTO'AOB H.ll.p. Mepol nonapusanHH MOZeT CJl~ltHTb BeJIHquaa HHTe

rpatbHOtt HHT8HCHBHOCTH CHrnanoB a.u.p.: 

. p = Coiv.,t J X.11 JJ J (4) 

• Ji 
r'Ae :( - llHIU48H '180Tb P8AH0'18CTOTno« BOCllpHHM'IHBOOTH 

X -= J/ - i J!' , OilHCblB8DUlel nornOlll8HHe (HnH HCllyCK8HHe l3 

cnyqae OTPHU8T6JlbHOil nonapHaauHH) SHeprHH, KOTOpoe MOZ6T 6HTb 

saperHCTPHPOB8HO, H8llpHMep, C llOMOUlbD Q - M6Tpa. 0~H8KO MO,Jty-
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JIHUHH H8IlpHZ8HHH H8 KOHType Q - U6TP8 CHrHaJiaMH H.M.p. H8JIH

H6ffHIDl o6pasou CBH38H8 C J,," 

1T 
v .. = ¼-V 

~ 
= 

4r1Ql:" 
1 ,. 4J;70l." 

+/(QI Z,', '):''~ •. ); 
(5) 

r}.{8 ~ - KO8!MJHI.tH8HT 38IlOJIH6HHH, {( - ;llO6pOTHOCTI, KOHTypa, 

¼, - H8npHZ8HH8 Ha KOHType Q - M8Tp8 B OTCYTCTBHe H.M.p. 

IlpOH3B8;ll8HH8 ~ 0.. MOJl[HO mi6p8TI, TaKHM, 11TO B8JlH11HHa 4nz {; i}1 

}.{JIH CHJII,HO YCHJieHHHX CHrH8JlOB H.M.p. 6y;lleT •'V O,I. Tor;lla 

· Bl(Jia;ll B H3M8pHeMyJO B8JIH11HHY 7)- OT /) {tf; J ~~ %': .. ) 6y;ll8T -v 3% 
. Va r 

H HM MOZHO npeHe6peq1,. TaKHM o6pasoM, B-Ka118CTB8 Mepu noxHpH38-

UHH MOZHO HCilOJll,3OBaTI, pesyJII,T8T HHTerpHpOB8HHH H3M6pH6MOH Be

JIH11HHH V- C BB6;ll8HH6M nonpaBKH Ha H8JIHH8HHOCTI, a - MeTpa B 
Vo 

BH;ll8 

P = Con st J: oi v · (i "'" l;) (5) 

KoHCT8HTa B (5) onpe;ll6JIH6TCH npH HHTerpHpoBaHHH CHrHaJIOB H.M.p. 

B TenJIOBOM P8BHOB6CHH, KOr;lla nOJIHPH38UHH H3B8CTHa. B o6~eM . v- . 
cny11ae nonpaBKa l: 38BHCHT OT - t ;t.' HOT napaMeTpOB . 7 Vc 
p8;llHO11aCTOTHOro K86eJIH, CO6;llHHHJO~ero KaTyWKy C BXO;llOM ()_ -Me-

Tpa H MOE6T 6HTI, pacC11HT8Ha B COOTB6TCTBHH c pa60TOH/8/. 

ECJIH ~opua cHrHaJIOB H.M.p. npH }.{.n.n. He H3M8HH6TCH, TO 

HHTerpHpOBaHHH He TpeoyeTCH. B 8TOM CJiyqae ;llJIH uepu llOJIHPH38UHH 

MOZHO HCilOJII,3OBaTI, 8MllJIHTY}.{Y CHrH8JIOB H.M.p. HJIH aunJIHTY}.{Y HX 

npOH3BO}.{HHX C BB6}.{6HH6M T8KOtt Jl[8 nonpaBKH H8 H8JIHHettHOCTI, ;llJIH 

CHJII,HO yCHJI6HHHX CHrH8JIOB~ 

9 



B rnaBe IY onHC8HH IlOHCKOBHe OllHTH no A.n.n. B MOHOKpH

CTannax ABOllHOro naHTaH-JmrHHeBoro HHTpaTa -

La.2. M:h ( N0,.,)
1
,2.. 2.4 H..t.O 7 ( LMN)c npoec:&10 HOHOB Ce. H 

Nd , BunonHeHHue B orurn. 

IlepBHll onHT no A,n.n. 6un BHnonHeH B MBrHHTHOM none 

·~3,5 Ka npH TeMnepaType 0,5°K, nonyqaeMo~ nyTeM oTKaqKH napoB 

H? B cnenHanI>HO CKOHCTPYHPOBBHHOM KPHOCTaTefI/ •. CxeMa onuTa 

noKaaaHa Ha pHc. 3. MoHOKPHCTanJI LMN - I c npHuecI>IO 0,8% 

G !,-,. e IlOMelllBJICH B KBapneByIO 8MilYJIY 2, BBeAeHHYD B npHMO-

yrOJII>HHtt peaoHaTop 4, B KOTOPOM c IlOMOlllLIO 3- C8HTHMeTpoBoro 

KnHcTpoua I2 Boa6yxAanncL Kone6BHHH THna H102 •. 

,'· 

B STOM OilHTe 6un AOCTHrHyT cpeAHH~ Koag_iq)HnHeHT ycnneHHH 

IlOJUipHaauifH 123, qTO COOTBeTCTByeT nonHpHaanHH npOTOHOB - 8%. 

M8KCHJ.18JILHalJ Bem,:qnHa IlOJIHpHaanHH B HAeanLHOM cnyqae npH yKa

aaHHHX H H T cocTaBJIHeT ~ 37%. OcHOBHBH npHqzHa OTKJIOHeHHH 

OT HAeanLHOro cnyqafi - mHpOKHe nHHHH "aanpemeHHHX11 nepeXOAOB 

a.n.p. y HOHOB Ce B LM N , aaueTHo nepeKpHBBIOlllHeCH B MarHHT

HOM none 3,5 Ka. 

BTopott a1tcnepHM8HT - A.ll'.n, Bo BpamaDllleMCH KpHCTBJill~" LMN. 
A6par8M H nxeq_iqlpnc/9/ YK838JIH Ha B03MOEHOCTL yBem,:qeHHH IlOJillpH

aanHH IlPOTOHOB nyTeM BpameHHlI B M8rHHTHOM none o6paana c peaKo 

aHH30TpOilHHMH napauarHHTHHMH CBOHCTB8MH. 

IlyCTL BOAOPOAOCOAepxall!HH KpHCTann C He60lILmoll npHMeCLIO 

napaMarHHTHHX HOHOB C aqxt,eKTHBHHM cnHHOM s = l/2' ;1-- ~aKTOP 

KOTOPHX YAOBn6TBOpHeT ycnOBHIO: 

j 1. = i J.4411:l'. ) 111 ==. i.tMH = tJ-,,_, J 
(6) 

IO 

\. 

i 
I 
l 

i 

I 
i l. 

i' 

nouellleH B uarHHTHoe none H H HMeeT TeMnepaTypy T o.::I°K. 

EcJIH npH 8TOM B MOXaHH3Me aneKTPOHHOtt cnHH-pemeToqHott penaK

C8I.tHH npeo6JiaAaeT IlPlIMOH OAHO~OHOHHHtt nponocc, TO CKOpOCTI, no-

. cneAHell 38BHCHT OT opHeHTBI.tHH KpHCTanJia B M8rHHTHOM noJIC 

r-1 
.--v trt(e) = o,,'°~-:/-e 'I" a.t,s•i-1,,ie <?> 

le d 6~ 6n J 

i H rAe e - yron Mex,ity OCI,ID KpHCTanJia :Z H HanpaBneHHeM • 

IlpH BpallleHHH TaKoro KpHCTaJina CHCTeMa HOHOB 6HCTPO npHo6peTa

eT aneKTpOHHYIO IlOllllpH381.tHID Pe = t~ 'j~s: 6naroAapH 

KopoTKOMY T1e ~ KOrAa aneKTpOHHHll t- - ipaKTop npoxoAHT qe

pea CBOe MaKCHM8JII,HOe 3HaqeHHe H nepeAaeT STY noJIHpH38I.tHIO CHC

TeMe npOTOHOB 6naroAapa TOMY, qTo npH {j ,',tMtt = '111.,, BeJIHqH

H8 uarHHTHoro p8ClllenneHHH ypoBHell B o6eHx CHCTeMax CTaHOBHTCH 

OAHH8KOBOtt, a lie pe3KO BoapaCT8eT. 

B KpHcTaJIJie L MN c Ce MHHHMSJII>Hutt <}- cpaKTop npH11ep

Ho B 7 paa npeBuwaeT Cl, npOTOHa. B 8TOM CJiyqae HMeno CMHCn . Ii. 
npHM8HHTL MeTOA Boa6yxAeHHlI 11 aanpellleHHHX11 nepexOAOB, AettCTBYlI 

H8 CHCTeMy HOHOB H npOTOHOB AOilOnHHTeJI:&HHM paAHoqacTOTHW (HO 

He MHKPOBOJIHOBHM) noneM, qacTOT8 KOTOporo p8BH8 p83HOCTH Jiap

MOpOBCKHX qacToT HOHOB Ce H npoTOHOB 

p -= ~e (jk) - yh.-- • (8) 

OTJIHqHe OT OOI,IqHoro MeTOA8 A.n.n. aaKnIDqaeTCH B paaAeneHHH BO 

BpeueHH nponecCOB 8JieKTpOHHOH penaKcanHH H BHHY)lAeHHHX nepe

XOAOB, TaK KaK npH BPBllleHHH KpHCT8JIJia nepBHM BCerAa 6yAeT 

H8CHlllaTLCH nepeXOA C MHHHManLHOH qacTOTOH, AOJilKHa Ha6nIOAaT:&CH 

TOnLKO IlOJIOlll:HTeJILHalI nOJIHpHaanHH, 

II 
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9KcnepH1,48HT, cxeMa KOTOporo IlOK888H8 H8 pHc. 4, 61:m BliilOJI

H8H IlPH TeJlllepaType I,3°K B IlOJIHX OT 2 AO 5 KS, npH qaCTOT8X 

H8Clilll8HHH OT 60 AO I?O Mr~ H npH p8BHOMepHOM BP8Ill8HHH KpH

CT8JlJI8 co CKOpOCTHMH OT 30 AO 550 06/Wll.H.121. MaKCHM8JlbHOe ycH

neHHe llOJIHPH88IlHH npOTOHOB COCT8BJIHJIO -v ?O, HO MOillHOCTH B. q. 

reHepaTOPB-He 6HJIO AOCT8TOqHo AIDl llOJIHOro H8CHill8HHH. 

HaHnyqmue peaynbT8TH ~o A.n.n 6HJIH nonyqeHN B TpeTben ca

PHH sxcnepuueHTOB, B KPHCTannax L MN c npu1w1ecbIO Nd /3/. Onu

TH npoH8BOAHJIHCb npH TeunepaType I,25°K B M8rHHTHOM none IO KS. 

IiHJIH HCCJIBAOB8HH KPHCTBJIJIN L MNpaanuqHoro 06'I>e11a - OT 0,036c1i 

AO IO cu8 , BHpameaHue Ha aacumeHHoro pacTBopa c paanuqHoM KOH

neaTpanHe« HBOAH118 - OT 0,2 AO I%. lnH npHrOTOBJI8HHH p8CTBOP8 

6HJIH HCll0Jlb80B8HH HCXmAHHe npo.107KTli C quCTOTOM 99,99%, a AJIH 

H868Z8HHH CBepXTOHKOtt CTPYKTypH s.n.p. HCll0Jlb80B8JICH HBOAHM, 

o6orauteHHNti AO 98% qeTHo-qeTHNM uaoTonoM NdI42 • 

BnarOA8PH yaKHM, xopomo paapemeHHHII JIHHHHII "aanpell{eHHNX11 

nepeXOAOB 6HJIO AOCTHrHyTO 500-600-Kp8TH08 yBeJIH'll8HH8 IlOJIHpH88-

ItHH npOTOHOB, qTO COOTB8TCTByeT llOJIHpH88IlHH ~45%, OJIH8KOtt K 

sneKTPOHH0'1 ~ 5?%. 

9TH peayJIDTBTH 6HJIH IlOJIOlltBHli B OCHOBY C08A8HHH pa6oqero 

B8pH8HT8 (rn. Y) npoTOHHOH IlOJIHpH80B8HHOtt MHmBHH/4/. EnoK-CX8M8 

MHmeHH H CX8M8 reJIH8BHX KOWYHHK811HM llOK888Hli HS pHC. 5 H 6. 

TpH llJI8CTHHKH npm,:oyroJibHOM ~OPMH 6NJIH BlipB88HH H8 MOHOKpHCTBJI

JIOB LM N, BHPBillBHHHX HB pacTBopa c I% COABPlltBHHBM NJI42• 

IlJI8CTHHKH ,cnozeHHHe CBOHWII 8CT8CTB8HHNMH rpaHHMH, o6pa3yIOT 

cy1111apHHM 06'I>eM 2x2x3 CM (Bee 26 r) H llOM8Ill8Hli B BHCOKOMOAHHti 

MHKpOBOJIHOBHM pe80H8TOP, pacnoJIOllt8HHHtt B OTOrHyTOM OTpOCTKe 
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renHeBoro KPHOCTBTB. SneKTPOMSrHHT, CH86ZCHHHI CT86HnH88UHCI 

nona no a.11.p., o6ecnequBan Hanp.HZCHHOCTD nona 20 Ka, c ycTol

quBol O~HOpO~HOCTDD B uecTe pacnonozeHHH MHmeHH, He xyze 104 • 

Boa6ylE,lleHHe "aanpe~eHHliX" nepexo~oB a.n.~. ocy~eCTBnanocD OT 

C.B.q. reHepaTopa THna nBMllli o6p8THOI BOlllili ( /\ = 4 IOI) JIO~

HOCTDD OKOno I BT. B KpHOCTBTe no~~epzHBanacD TeunepaTypa 
' 4 

~I°K ny~eu OTKaqKz napoB ·He co CKopocTDD 1500 n/ceK npz ~aB-

neHHH 0,l MM pT.cT. ~YMH Hacocauz - II THna llBH-1500 H 12 THna 

BH-4-. IlonapH88UHH npoTOHOB ~70% ~OCTHranacD 88 30-35 MHHy,l. B 

CT8IU!OH8PHOJI pezaue npH IlOM8PX14B8HHH T~KOI ·nonapH88UHH B 

KpHOCT8T8 p8CCCHB8XOCD OKOXO 350 llllT. C,B,q, MO~HOCTH. IlpH no~

BC~8HHH ~OHDmett ,MO~HOCTH y~8B8HOCD nonyqaTD CT8Il8HD nonn

pzsanza ~ 80%, HO npu sxou pesxo BospacTan pacxo~ xa~xoro renun. 

li3M8p8HH8 nonapH88UHH npOH3BO~HHOCD C IlOJIO~DD Q - Jl8Tpa. 

lByxneTHHtt OilHT 3KCnny8T8UHH MHmeHH npH npoBe~eHHH <pH8HqecKoro 

3KCnepHM8HT8 IlOKaaan, qTo C8JlliM y~o6llli!M H 3qJW8KTHBHliM OKaaanca 

cnoco6 Ha6nD~eHHH cnrHanoB H.M.p. - V-(v) Ha aKpaHe ocnznno

rpa~a C O~HOBpeMeHHOit 38IlHCDD Ha neHT8 Sllil-09 K08qJWHUH8HT8 

it>ypDe ao = t j V(t)dt npu nepuo~uqecKoit paaBepTKe qac-

TOTH B,q. reHep8TOpa Q - JICTpa 50 paa/CeK. (T.e. C qaCTOTOI 

ceTH). Koune:ecanua "~yru", npe~cTaBnHD~eA co6oit BepmuHy peao

HBHCHol KpHBott KOHTypa H.M.p.,ocy~ecTBnnnacD C IlOKO~D HCKyc

CTB8HHOI ~rH, Blip868TliB86MOI B 6nOK8 yn~aBneWIH G. - JICTPOM. 

Bsxo~ Q - MCTpa B npouezyTKSX MelE,lly CHrH8ll8JIH H.M.p. 38KOpa

qnancH KOHT8KT8JIH nonapH80B8HHOro pene. nna IlOBlimCHHH CTS6HnD

HOCTH pa60TH Q - MeTpa npH HenpepsBHHX woroqacoBliX H86nD~e

HHHX np.lU4eHHX8CD 8BTOJl8THqecKSH no~cTpOIKB KOHTypa H.M~p. 
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IIonpaBK8 Ha H81.IHHei1HOCTJ, Q - MeTpa BBO]U11.18CI, B ynpouteH-

HOM BH,Zle 

P' ( 1 '1r(v,.) p ~ p~. i:: z y;:-)· Pa I (9) 

I . 
r.zte P H p; - SHaqeHHe K-Ta ~yp1,e ,Zl1.lll CHrH81.IOB ll.M.p.,ycH-

1.18HHhlX H B T8ll1.IOBOM p8BHOB8CHH. 3H8K MHHYC OTHOCHTCll K OTPHna-

T81.1I,HOi1 ll01.lllPHS8nHH. 7)-(il~J - M8KCHM81.II,HOe HSM8H8HHe H8-

npllX8HHll H8 KOHType. Tell He MeHee nonyqeHHOe T8KHM o6p8SOM 

SHaqeHHe no1.1llpHsanHH H8XO,ZlHTCll B xopomeM cor.JiaCHH co 3HaqeHH

eM, noJiyqeHHllM HS acHMMeTpHH ynpyroro P··P - pacceHmrn npo-· 

TOHOB c saeprHeit 660 MsB. 

B rJiaBe YI OllHC8H 6ucTpun peBepc H8llP8B1.18HHll ,ZlHH8MHqecKH 

yc1meHHOi no.nllplrnanm1 npOTOHOB, paspa6oT8HHlli ,Zl.7Ill COKP8Ul8IIHll 

BP8M8HH nepeXO]l8 OT 0.Z(Horo SH8K8 noJmpHsanHH K .ztpyrouy. KaK 

H3B8CTHO, 8C.7IH BOS]l8itCTBOB8TI, Ha CHCT8MY CfiHHOB CH.7IliHllM pa.ztHO

qacTOTHllM no.neu H1 c qacToToi (J) H,HsMeHHH nocTOllHHoe no1.1e 

Ho (H.7IH qacToTy W npH <.[JHKC.14POB8HHOM Ho ), npoitTH qepes 

pesoHSHC, TO B8KTOP MSKpOCKOnHqecKoi ll.Zl8PHOit HBMarH~qeHHOCTH 

(ll01.lllPH38nHll) llOB8pH8TCll H8 180°, 8C1.IH CKOPOCTI, npoXOE,Zl8HHll 

cl Ho (HJIH l. J tJJ ) y,ZlOB.7I8TBOpll8T YC1.IOBHll '· 
dt 1 cit 

1 J. dll.. y fl - << H..,.... -:r-- << tJ J ) TJ. J. ,, f 

npH STOM H~ .ztonxao 6uTii, no-BHJlHMOMY, 60.n1,me HeKoToporo 

"1.1oxa.n1,aoro" nonll- HL. • 

(ID) 

B sxcnepHM8HT8 npHM8Hll1.IOCI, qaCTOTH08 npoXOE,Zl8HH8 H H8-

61.ID,Zl81.IOCI, O.Z(HO H80ZH,Zl8HH08 llB1.18HH8. IlpH H8ROTOpllX OllTHM81.II,HllX 

cxopoCT.14 npoxollC,lleHHll H aaripllE8HHOCTH HL noJIOEHT8BiiH8ll nonH-
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. p1,1_san1,rn npaKTH'leCKJ,f llOJIHOCT:blO peBepcHpOB8JI8C:b B OTPHU8Te111>HyKl. 

PeBepcHpOB8HHe OTPHU8TeJI:bHOH nonapH88UHH ( ~30%) B llOJIOlltH

T8Jl:bHYIO npH Tex xe ycJIOBHHX npOHCXOAHJIO'co 3Ha'IHT8Jl:bHOll noTepell 

H888BHCHMO OT H8llp8BJ18HHH npOXOXA8HHH. IlOT8PIO nonapH88UHH 

MOXHO 6HJIO yM8H:bmHT:b,TOJ11,KO 8H8'1RT8JI:bHO yBeJIH'IHB H8llPH~8HHOCT:b 

H£ H CKopocT1> npoxoxAeHHH. IlpH'IHHa aToro HBJieHHH ocTanac1, 

H8BHHCH8HHOti. 

B 88KJ110'18HHH npHBe~eHH OCHOBHH8 pesym.T8TH BHilOJIHeHHOrO 

H8 IlOJIHpH80B8HHOH YHW8HH 8KCnepHM8HT8 no HSMepeHHIO napaMeTpa 

A8llOJIHpHS8n1rn ZJ B ynpyroM f -p pacceHHHH npH SHeprHH npoTO

HOB 660 MaB/S/. 

CX8M8 OilliT8 llOK888H8.H8 pHC. 7. CWOKYCHpOB8HHliH ny'IOK 

npOTOHOB C HHT8HCHBHOCT:bKl . .,,,107 npoTOHOB/CeK. Il8A8Jl H8 nonapH-

80B8HHYKl MHW8H:b. AKTH ynpyroro p--p pacceHHHH Bli~8JIHJIHC:b 

ABYMH T8JI8CKOll8MH cnHHTHJIJIHUHOHHHX C'l8T'IHKOB, BKJ110'18HHHX H8 

COBll8~8HHH H perHCTPHPOB8BmHX pacceHHHli8 npOTOHli H npoTOHli OT-

A8qH. 

CnHHOB08 COCTOHHH8 pacceHHHOrO ny'IKa npoTOHOB 8H8JIH8HPO

B8JIOC:b BO BTOPOM pacceHHHH BHYTPH HCKpOBOH K8118Pli, KOTOP8H 

sanyCK8Jl8C:b HMilYJI:bCOM OT CX8Ml,I COBil8A8HHti. TpeKH qaCTHU WOTO

rpa~HpOB8JIHC1, H8 35-MM KHHOllJ18HKY• lisMepeHHH npOH3BOAHJIHC:b 

no~ ~BYMH yrnaMH pacceHHHH 90° H 130° (c.n.M.). Ilonyqe-

HH 8H8'18HHH 

XJ (90°) = 0,54t.cl,I0 

;o cno0 ) = o, nto,n . 
TaKHM o6paaoM, KpHCT8JIJili LM N c Ne/ 14~ 0KasanHc1> Bec1,ua xo-
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I - CKRJ:pOIUDt.lOTPO■, 

2 - ¢o11:7c■p7m.,.e -.arur&11e 1ac&,lu, 

3 - ll&rHKTBlle .IH3110 

4 - 0TU0HJ:m ... 11&rau, 

5, 7- &0UK11&rop11, 

6,lJ- IIORl?Op11, 

8 --11&rnr D0Upll30H■B0I Dp0T0H0I ........ 

9 - noup13oaaaeaa oporonu n■en, 

10 - 3aura, 

11,14- c1111Rrx.u1111ao1111e cunau co1mueau, 
12 - ,j)unp, 

1:,.. &B&.U3&T0p 1 

16 - KCJtpOJU Jt&11epa, 

17 - C'lenu &BUCDlll&,lllU, 

::'-

PHC. 7 • CxeMa OilllTa no )t]IOIHOMy ynpyro11y p-p 
pacceHHHD Ha noxHpH30BaHHOA npOTOHHOA MHmeRH ( 660 M3B). 
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pOWHM Be~eCTBOM, B KOTOPOM cpaBHHT6nDH0 nerKO 'AOCTHranBCD H 

noMepxHBanacD nonHpHBBUHH ,.._, 70% npH ·1 = 1°K H H = 20 Ka. 

E'AHHCTBeHHNI He'AOCTBTOK LMN - 11anoe CO'AepxaHHe BO'AOPO'AB -

3% OT B6C8 OCT8nDHllX H'Aep. 

OcHOBHOI MaTepHan 'AHCcepTBUHH ony6nHKOBBH B pa6oTaxl1,2• 
3,4,5/ . 
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