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BaeneHH-e 

11ayqeuee caollcTa aaaeMolleAcTBHll HyKJI_OHOB c ayKJioHaMH Tpe6yeT ocymecTB""'. 

neHHll 6~nblllOrO KOnH'10CTBa paanH'IHblX 8KcnepHM0HTOB, _Ba:>i<HhlM HCTO'IHHKOM CBe

.[10HHA 06 8TOM B38HMOll0ACTBHH llBn!IIOTCll 3KCnepHM0HTbl no ynpyroMy pacce11HHIO, 

B 1957 r. nyaHKOB, Pb!HllHH e CMOPOllHHCKHA ccj,opMynepoaanH noHHTHe non-

/1/ 
HOro onh[Ta , OKaaaawee CHnbHoe BnHllHHe Ha nocnellYIOlllH0 8Tanbl HccnellOBaHHll 

HyKnoH-HyKnOHHOJl npooneMbl, 11MH ObinH npoauanH3Hp0B8Hbl B03MO:>i<Hb10 OfihlThl no 

pacce11HHIO HyKnOHOB HyKnOHaMH H BblllCHeHo, K8KH0 H3 3THX OnhlTOB llBnlllOTCll He-

38BHCHMblMH H H000XOllHMblMH llnll BOCCT8HOBn0HHll M8TPHIIbl paccellHHll, B npelle

nax nporpaMMbl nonHoro onb!Ta llnll ynpyroro paccellHHll npoTOHOB nporoHaMH oco-

6oe M0CTO 38HHMaeT onpe.[leneuee KOacj,cj,HnHeHTOB M8TpHIIbl paccellHHll llnll yrna 

90° C,ll,M,, T8K K8K H3B0CTHbl0 CBOJlCTB8 CHMM0TpHH 3THX K03tptpHIIH0HT0B n03B0-

n,lllOT CHH3HTb 'IHCno HCKOMblX napaMeTpOB C ll0BllTH (llml npOH3BOnbHoro yrna) 

.[10 n11TH H T0M caMblM yMeHbWHTb 'IHcno H000XOllHMfdX 3KcnepHM0HT.OB, 0llH8KO 

uenHHeltHOCTb ypaBH0HHA, CBH3b1B8IOlllHX K03cj,cj,uueeHTbl M8TpHIIbl pacce11HHll C 8Kc

nepHM0HTanbHO ua6n10.[laeMblMH aenuquaaMe, npuaollHT K TOMY, 'ITO l1m1 11onyqeHRH 
·" 0 • • 

OllH03H8'1HOrO Haoopa 3THX K03cj,cj,HIIH0HTOB llnH yrna 90 C,11,M, nHTb 3KCnepHMeH-

TOB He .[18IOT llOCT8TO'IHOJl HHcj,opM8IIHH, no STOii IIpH'IHHe B paoOTe/
2/ OblnO no

nyqeao l1B8 peweHHll llnll K08tptpHIIH0HTOB M8TpHIIbl pacce,rnHH, HalllleHHhlX Ha oc

HOBe 8HMH38 .0,8HHbIX wecTH HeaaBIICHMhlX ::iKcnepRMeHTOB. 

HeooxOllHMOCTb ocymecTBneHHll HOBblX 8KcnepHM0HTOB llnll OllH03H8'1HOrO 

BOCCT8HOBn0HHH Koacj,cj,HUH0HTOB M8TpHIIbl paccestHHSI no6yl1Hna aBTOpa llHCcepTa

IIHH COBM0CTHO C ronoBHHblM, 3ynbKapH00BblM, KuceneBblM, Mel1B0ll0M, neca

p0Bb1M H CeMaWKO BblnOnHHTb npH aueprHH OKOno 600 Maa HaMepeHHSI Koacj,cj,e1111-

0HTOB cnHHOBOA KOppenstuHH npe paccellHHH nonstpH30B8HHhlX npoTOHOB IIPOTOHaMi
31 

/4/ 
H ocyllleCTBHTb 8KCnepHM0HT no H3MepeHHIO napaMeTpa TpOAHoro paccellHHSI R 
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Jlm, BblnOJIHeHHst 3THX 3KCnepHMeHTOB 6bln Hcnonb30BaH MeTO.tl HCKpOBbIX Ka

Mep, ynpaansteMbIX CllHHTHilnstllHOHHblMH C'1eT'1HKaMH. TaKoA MeTO.tl H3MepeHH'1 K03cp

q>Hi(HeHTOB cnllHOBOA KOppenll!lHH o6na.llaeT 6onbWHMH npeaMylUeCTBaMH no cpasHe

~HHIO C M8T~.ll0M H3MepeHHH ~ocpe.acTBOM TOllbKO CU.HHTHnnHUHOHHbIX Te"necKOilOB. 

11cKp0Bbl8 KaMepbl HMelOT xopomee npocTpaHCTBeHHOe paapeweHHe H Il03BOJIIIIOT 

HCll0Ilb30BaTb_ .llnst perHCTpanHH qacTH!l, paccellHHbIX Ha aHanH3HpyIOIUHX MHWeHstX, 

Il0'1TH BCIO o6nacTb yrnOB paccestHHst, nnst KOTOPbIX aHanH3HPYIOIUast cnoco6HoCTb 

0Til!f'1Ha OT Hynst. K .tlOCTOllHCTBaM H3MepeHHll CnHHOBOA KOppenHilHH M8TO.ll0M HCK

POBblX KaMep Heo6XO.llHMO OTH8CTH TSK>Ke BbICOKyIO 3cpq>8KTHBHOCTb peracTpanHH 

none3HblX COOblTHA IlpH HanH'1HH CHilbHOro cpoHa H3nyqeHH'1, 

JlaccepTanHst COCTOHT H3 4 rnas H 3aKill0'1eHH'1. 8 nepBOA rnaae ]lalOTCst on

pe]leileHHst H3MepsteMbIX KOMilOH8HT T8H30p0B_ cnHHOBOA KOppenst11HH H napaMeTpa 

R a TSK>Ke npHBO.ll'1TC'1 penstTHBHCTCKHe Bblpa>K8HH'1, CB'13bIBalOIUHe 3TH aenH-

'1HHbl C K03_cpcpH11HeHTSMH MaTpH!lbl pacceilHH!I, 

BTopast rnaaa IlOCBstlUeHa M8TO.llHKe H3MepeHHA H CO.ll8P>KHT, B '1aCTHOCTH, 

peayn&TaTbl H3Y'18HHst xapaKTepHCTHK ucnonb30BSHHblX B 3KcnepHMeHTe HCKpOBblX 

KaMep. 

B TpeT&eA rnaae onacaHa o6pa60TKS 3KCnepHM8HTSnbHbIX ]laHHblX no H3Me

peHHIO K03cpq>HllH8HTOB cnHHOBOA KOppenstUHH C qkD , C DD , C kp H napaMeTpa. 

TpoAHoro pacceltHH'1 R 

8 '18TBepToA rnaae no nonyqeHHblM 3KcnepHM8HTanbHbIM ]laHHb!M BblnonHe

HO npstMOe BOCCTaHoBneHHe MaTpHUbl pacceHHHst H HaA.ll8Hbl cpa30Bble C.llBHrH. 

8 38K1UOqeHHH H3llOlKAHbl OCHOBHbie BbIBO.ll.bI, BbIT0K8IOlllHe H3 .aHccepTallHH. 

. : /3-9/ 
N,aTepuanbI, nono>KeHHble B OCHOBy .llHccepTaUHH, ony6nHKOBaHbl B pa60T8.X 

H JlOKna.llblBanHCb Ha XII Me>K.llyHapo]lHOA KOHcpepeH!lHH ·no cpH3HKe BblCOKHX 
/5/ 

3Heprnl! • 

MaTpHua paccestHHst, OilHCblBaIOIUalt a CHMnTOTHKY B3aHMOJl8ACTBHl1 .llByx HyK

IlOHOB .H Y.llOBileTBOpstlOIUast Tpe6osaHHl1M HHsapHaHTHOCTH OTHOCHT8IlbHO apameHHA, 

npOCTpaHCTBeHHbIX OTpa>KeHHA, o6pameHHll BpeMeHH a aapst.llOBOA CHMMeTpHH, MO

>K8T 6b1Tb npe.llcTaaneHa a cne.lly10meM BB.Ile: 
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I I .. .. .. .. [( .... ) ( .... l M= 2 (a+bl+(a-b)(o1 n)(o 2 nl+ e o)n + o 2 n.l + (l.1) 

+(c +dl(o, Kl<o2Kl + (c-d)(o,P)(o2Pl). 

.. ·➔ .. o, H 02 -onepaTopbl CilHHa .llBYX CTanKHaa10m·axcst HyKnOHOB; K 

e.aHHHt{Hble aeKTOphl 1 HanpaaneHHble no P' - P . P' + P H P x P' ( .. 
p 

~anbHbill H KOH8'1Hblll HMnynbCbl paccestHHOro HyKnoHa B c.n.M.); a 

p 

H 

H .. , 
.. 
D 

p -Ha-

b • C 

d , e -cKanstpHble cpyHKllHH, aaaHClllUHe OT 3HeprHH CTanKHBalOIUHXCll qaCTHll 

H yrna pacceHHHll. 

Jlnll pacCellHHll !'POTOHOB npoToHaMH K03cpqmnHeHTbl a , b , C , d , e 

HMeIOT cne]l)'IOIUHe CBOACTBa CHMMeTpHH: 

a ( fT - 0) = - a ( 0 ) • b ( ,r - 0) = - c 
0

( 0) , c ( fT - 0 ) = - b ( 0) • 

( 1.2) 

d(,r-O)=d(Ol e(,r-0) .,e(O) 

KoacpcpH!lH8HTbl cnHHOBOll KOppem,nHH H napaMeTp R , H3MepeHHIO KOTOpbIX 

nocBlllU8Ha .llHCcepTaUHll, cne.llyIOIUHM o6paaoM Bblpa>KalOTCll qepea K03cpq>HUHeHTbl 

/1/ 
MaTpH!lbl paccellHHll -

ICDD=+[lal
2
-lhl

2
-lcl

2
+1dl

2 
+lel

2 l 

IC =-Im de* kp 

IC k =-cos.i... Rebe* + sin_i!__ Im(ab* + cd*) 
q D 2 2 

IC =- cos ..fL Im (ac* ·_ bd*) - sin ..fL Reec* 
qnp 2 · 2 

( 1.3) 

IR =cos_Jt__Re(ab*+cd*) + sin.JL Jmbe* 
2 2 

I -.llHipcpepeHI1HanbHoe ceqeHHe p -p -pacceHHHH; aeKrop ij onpe]leneH KaK 

• 

q=[pxit] 
I[ p X: I I 
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npHBneKSll C00TH0WeHHll ( 1.2), M0:>KH0 YCTSH0BHTb CBll3b Me:>KJly Cqkn H C qnp 
• 0 

cnpaeeJtn11ey10 Jlnll p - p -paccel!HHll Ha yron 90 c.u,M.: · 

o ·o 
C <ikn (90 ) = - C qnp ( 90 ) . (1,5) 

<t>opMynhI ( 1.3) HepenllTHBHCTCKHe. np11 3HeprHH 600 Mas Heo6xoJlHMO Y,leCTb 

penl!THBHCTCKHe acpcpeKThI, TSK KSK 0HH Jl8IOT owyTHMbIJI BKnaJl. l1CTO'IHHKOM penll

THBHCTCKHX nonpaB0K cny:>KHT penl!THBHCTCKHJI nosop0T CilHHa '18CTHII H penl!TH

BHCTCK0e C0KpameHHe yrna paaneTa 'ISCTHII nocne CT0nKH0BeHHll. Y'leT penl!TH-

BHCTCKHX nonpasoK Jlnll K0Mil0HeHT nonl!pH381IH0HHblX TeH30p0B 

npHB0JlHT K cneJlyIO!lleMy peayn&TSTy: 

C qkn H C 

I c qkn a-Rebe* cos ( oc.u.M:-0 na6. l + Im ah* sin ( 0C,II,M:' 0 na6. l + 

qnp 

+ Imcd*sln0na6. 
( 1.6) 

IC qnp a - R eec* cos ( 0~.n.M;-8' na6 .) - Im ac• sin ( 8~.Jl.M-;'0' na6.) + 

+ Ln bd* sin 0' na6 • • 

0 H 
c.u.M. 0 na

6
• - _yrnhl BhlneTa paccel!HHoro npoToHa s cHcTeMe ueHTpa 

Mace II s na6opaTopHOJI CHCTeMe; O' H 
c.u.M. O'na6• - TO :>Ke Jlnll npoToHa 

0TJlS'IH, 

B 3T0JI :>Ke rnase nony'leHo cneJlyIO!llee Bbipa:>KeHHe Jln>I yrnosoll aas11cH-

M0CTH K0ppenHp0BSHH0ro paccel!HHll JlBYX HyKn0H0B HS aHanH3HpyIOIUKX MHWeHllx: 

d 2 a 

dO1 d{l 2 

a I I I 2 I 1 + PO [ IT I ( 0 I ) COS '? I + IT 2 ( 0 2) COS '? 2 ] + . . 

(1.7) 

+Crrn IT1(0 1 hr2 (0 2 )coscp 1 ~oscp 2 +CkplTI (0 1 )1T 2 (0 2 )slncp 1 sincp 2 

- C •kn P 'IT 1 ( 0 1 ) IT 2 ( 0 2 ) sin cp I cos ¢, 2 - C • n P P '11 1 ( 0 1 ) rr 2 ( 0 2 ) cos¢, 1 sin¢ 2-+ 

+ R 1P',i 1(0 1)sin¢ 1 + R2 P'IT2 <0 2lsin¢
2

! 

l1HJleKCbI 1 H 2 C00TBeTCTBYIOT paccel!HHoMy HyKn0Hy H HyKnoHy 0TJl8'1K·; 

I t , I 2 -Jln<pcpepeHuKan&Hbie ceqeHKll paccel!HKll HenonllpH30B8HHblX HyKnoH0B Ha 

aHanH3KpyIOIUKX MHWeHHX; IT t (0,). 712 (02 ) - aHannaHpyIOIUHe cnoco6HOCTH MHWeHeJI-

aHanHaaTopos; po - nonllpK38UKll, B03HHK810lll8ll npH CT0nKH0BeHHH_ JlBYX nepso-
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H8'18nbHo HenonllpH30B8HHbIX HyKn0H0B; P' - nonapH38UHll naJlaIOwero ny'IKa; 

o, , <p I .o. , ct>.- nonl!pHbie H 83HMyTanbHble yrnbl paccel!HHll Ha MHWeHl!X - aHa-

Jlll38TOpax. R 1 H R 2 - napaMeTpbl Tpol!Horo paccel!HHll /Wll paccellHHoro 

HyKnona H HYKnoaa 0TUS'IH, 

II 

reoMeTpHll 3KCilepHMeHT8 U0 H3~epeHHIO K03(p(pKUHeHTOB CilHHOBOJI K0ppen~-

UHH H napaMeTpa R H3o6pa:>KeHa Ha pHc. 1. ny'IOK np0T0H0B, BbIBeJleHHbil! H3 

KSMepbI CHHXp0UKKn0Tp0Ha Ol1fll1, C ll0M0IUblO MarHHTHbIX H8C8Jl0K (2) 0TKn0Hlln

Cll BBepx. Ha 2°. nocne cpoxycHpOBKH 'KBSJlpynonbHbIMH MarHHTHbIMH nHH3BMH (3) 
' 0 

np0T0HbI npoX0JlHnH qepea MSrHHT (4), 0TKn0HlllOIUHll HX HS ·8 BHH3, H nona]lanH 
2 

Ha rpacpKTOBbIJI pacceHBSTenb (5) T0nWHH0JI 23 r/cM • npoTOHbI, paccellHHbie Ha 

6° BBepx 0TH0CHTenbH0 HanpasneHHll HX JlBH:>KeHHll nepeJl pacceHBSTeneM (5),. 

np0X0Jlll qepea cpoKyCHpyIOIURe MSrHHTHble nHH3bI ( 7). 0'IHIUSIOIUHJI MarHHT (8) H 

CHCTeMy KonnHMSTOp0B, cpopMHposanHCb s ny'I0K c sHeprHeJI 605 Mae H eeKT0p0M 

nonepeqHoJI nonllpHaanHH,. ne:>KSIUHM B nnocK0CTH HccneJtyeMoro p - p -paccellHHll, 

BenH'IHHa nonllpK38UHR ny'IK8 C0CTSBnllna P'= 0,34;!:0,02. 

nonllpH30B8HHhIA ny'I0K npOTOHOB pacceHeancll Ha nonHSTHneHoeoA MH!UeHH 

(9) T0nlUHH0JI 1,84 r/cM
2

• AKTbI ynpyroro paccel!HHll perHCTpHposanHCb CUHHTHn

nl!UH0HHbIMH C'le.T'IHKSMH (13), (14), (16), (17), BKnIO'leHHbIMH s·cxeMy C0BllSJle
-8 

HHJI C paapewaIO[llHM speMeHeM 2.10 CeK. Ka:>KJlbill H3 onpeJlenllIOIUHX C'leT'IH-
' -3 

K0B ( 14) H ( 17) Bbl]lenl!n TeneCHbIA yron senH'IHH0JI 2,5.10 CTep. 

npH H3MepeHHH KOS(p(pHUHeHTOB CllHHoeoll K0ppenl!UHH ll0Jl yrnoM 90°c.u,M. 

H napaMeTpa TpoJIHoro paccellHHll R ll0Jl yrnaMH 90° H 72° c.u.M. B KS'IeCTBe 

aHanH3HpyIOIUHX MHWeHeJI Hcnonb30BSnHCb anIOMHHHeBble sneKTP0JlbI HCKp0BbIX Ka-
. 2 

Mep c cyMMSpH0JI T0nWKH0JI 31 r/cM • 

Bo speMll H3MepeHHJI. napaMeTpa R noJl yrnoM 108° c.u.M. aHanHa cnH-

H0BhIX C0CT0llHHJI, B03HHKBIOIUHX nocne HCcneJlyeMoro paccel!HHll np0H3B0JlHnCll C 

IlOMOlllblO yrnep0JlH0JI MHWeHH, RMesweJI T0nlUHHy 9,5 r/cM
2

• 

0 
PaccellHHe np0T0~0B aHanH38T0p8MH HS yrnbl, ·6on&WHe 7 • perHCTpHpoea-

n0Cb CllRHTRnnllUH0HHbIMH C'leT'IHKaMH (15) H (18), BKnIO'leHHbIMR s cxeMy SHTH

coena]leHHJI 0TH0CHTen&H0 C'leT'IHK0B (13), (14), (16), (17). TaKHM o6pa'aoM, 

cxeMhI C0BllB]leHHJI H 8HTHC0Bll8JleHHJI BbIJlenHnH cnyqaH Tp0JIHoro paccel!HHll npo-

7 



TOHOB. 3THMII cxeMaM11 ocymeCTBn>IIIC!I 3arrycK BblCOKOBOIIbTHoro reHepaTopa, 1111-

T;Blllero .IICKpOBbie KaMepbl ( 11) , II qJOToarrrrapaTOB ( 10), per11cTp11poBaB!llllX Tpe

KII IIpOTOHOB B IICKpOBb!X KaMepax. 

HoHll3au110HHoll KaMepoa (6) KOHTpon11poaanacb IIHTeHCIIBHOCTb. Herron11p1130-

aa1111oro nyqKa, a C nOMO!llbIO KaMepbl ( 12) ocymecTBJl!IIIC!I KOHTpOIIb IIHTeHCIIBHOCTII 

nons1pH30BaHHOI'O IIY'!Ka, COCT8BJJ!IB!llell 2.106 
npoTOHOBlcM

2
ceK • 

H3MepeHH!I C yrnepo.aHoll MllllleHbIO, noMe!lleHHDii Ha MeCTD nonH8THneHOBDI'O 

pacceHBaTen11 (9), noxa3am1, '!TD cj:,oHDBbill axna.a xaa311ynpyroro pacce1111H11 npoTo

Hoa Ha yrnepo.o,e IIonH3THneHoaoa MHWeHH He npeBhirnan Tpex npoueHTOB OT <tHicna 

cnyqaea 11ccne.ayeMoro pacce11111111 npoTOHoa npoToHaMH. 

.Un11 H3Mepe111111 K03cpcpllUIIeHTDB cn1111oaoll xoppen11u1111 no.a yrnoM 90° c.u.M •. 

H napaMeTpa R no.a yrnDM 90° II 72° c.u.M. Hcnonb30Ban11cb HCKpOBble K8Meph1, 

aneKTPO.U.bl KOTOpbIX caenaHbI R3 anIOMHHHeBbIX rrnacTHH TOnllIHHOA 8 MM H nno-
·. 2 

lllB.Ub!O 23x23 CM • 3asop Me)K,ay ,meKTpo.aaMH COCTaBJJ!IJJ 10 MM. CTBHKH K8Mep 

6binH H3rOTOBneHbI H3 nonocoK CTeKna TOnlUHHOA 6 MM. 

nplf H3MepeHH!IX rrapaMeTpa R no.a yrnoM 108° c.u.M. np11M0H!IIIaCb lfCK-

poBB!I KaMepa C TOl!KHMII anexTpo.aaM11. Ka)K,Ublll 3JJ€KTpo.a CDCTOSIJJ lf3 cj:,onbrH 

TOII!llHHol! 7 MHKpoH, IIp!!KJJee11Hol! no xpa11M K CT0KII!!Hl!OMY Kapxacy. PaccTOSIHHe 

1-
/ 
( 
I 
\ 

Hcnonb3oBaHHH KaMep B sxcnepRMeHTax. Ha ycxopHTene npHM8H!IIIHCb O'IH!llaIOmHe 

non!! B81IH'IHHOII 10-:-20 B, TaK KBK B 3TDM pe)KHMe .UDCTBTD'IHO Manoe apeM11 na

MHTH KBMBphl CO'l0T80TC!I C BhlCOKOII scj:,q,eKTRBHOCTb!O perHcTpBUHH qacTHU. 

III 

TTpR npOCMOTpe qJOTOnneHKH oT611paIIHCb co6b!TR!I, KOTOpblM He conyTCTBY!OT 

nDCTOPDHHHe Tp0KH Ha Ka.ape. 06pa6aTb1B81IHCb TOIIbKO T0 TpeKH, KOTOphle COCTO!l

nH He MeHee qeM H3 Tpex HCKP K8K .a.a pacceHHHH, TBK H nocne pacces:rHHR aa aaa-

IIH38TOpe. H3MepHIIHCb aepTHKaIIbHble ( 0 B 

yrnoa pacceHHRH B · HHTepaane 4 ° .;.30°. 

H ropH30HTMbHb10 ( 0 [') npoeKUHR 

nonHpHblA H a311MyT81Ibllblll yrnhl pacceSIHH!I Bhl'IHCIIHllRCb no cj:,opMynaM 

lg 21) a lg 2 0
8 

+ lg 2 0 [' 

sin ¢, - lg OB / lg 0 
(3.1) 

Me)K,ay 3II0K_Tpo.aaMH CDCTaBJJ'1JJD 10 MM. , cos ef, C lg of' I lg O • 

.Un11 HanonHeHHSI KaMep HCilOIIb30B8118Cb CM0Cb 113 99,6% H00H8 II 0,4% apro-

Ha IIpll .UBBII01!HH 760 Top. TT pH orrpe,z:;.-,,.eHHR KOMIIOH0HT KOppeIIHUHOHHblX TeH30pOB HCnOIIb3DBBIIHCb IIH!llb 

npe)K.ae 'leM Hcnonb30B8Tb K8M8Pbl .Oil!! 113Mepe111111 Ha nyqxe. ycxop11Ten11, 

6h!IIO npo113ae.ae110 113yqe111,e IIX xapaxTepllCTIIK npr, perHCTpBUIIH KOCMH'l8CKIIX 

qaCTIIU. npu rronyqeHHII 8THX xapaKT8j'.,IICTHK KaMepbl yrrpaBII!IIIHCb anexTpDHHOII 

CX8MDl! 3anycKa, COCTO!IB!llej! 113 CIICT8Mbl C'l8T'IHKDB rearepa MC-8, BKIIIO'leH

HhIX B cxeMy coananeHHJt, ycHnHTens:f, nHHH8 3a)lep>KKH H BblCOKOBOnbTHoro TH-

-7 
paTpOHHOI'D re11epaTopa C RC -uenbIO ( RC = 1,1 · 10 cex) • .UnHT81IbHOCTb 

-8 
cj:,pOHTa IIMIIynbCa renepaTopa COCTaBJJ!IIIa ~ 4.10 cex. AMIIJJHTy.aa HMIIynbCa -

OKOIIO 10 KB. 

Ha pHc. 2 rrp11ae.ae11a 38BHCHMOCTb acj:,cj:,eKTHBHOCTH per11cTpau11H 'laCTIIU 

K8MepoA OT BpeMeHH 38.ll9P)KKH BbICOKOBOnbTHOro HMnynhCa IlpH pa3nlfl1HhIX ae

nHqHHS:X QqHJ.UBJOLUero nons:r, no.a.aeaeMoro Ha sneKTPDLlhI KBMepbI. via KpHBbIX acp

cj:)eKTHBHOCTH BH.0.J:IO, ttTO C pOCTOM aenH•qHHbl QqHWBIOlUero nonfl apeMSI IlBMHTH Ka

Mepbl yMel!blllaeTC!I H .an11 l!OII!I 30 BICM .UDCT11raeT 5 MKrex. B .UMbHel!llleM IIpH 

8 

"':-._~,-~"' 

T0 TPBKH, KOT0pb10 COOTB0TCTBOBMH O.UHOBpeMeHHOMY pacceHHHIO npoTOHOB Ha 06011x 

aaan11aaropax Ha YI'llbl 9° ~ 0 ~ 27°. non11oe 'IRCIIO TaKHX cnyqaeB COCTBBHIIO 

N = 6970. 

,Ung HaXO)K,ll0HHH K03qJ<pHUH0HTOB CITHHDBOII KDppeIIHUHR 6b!II IICilOIIb30BaH 

MBTO,ll MBKCHMYMB npaa.aono.ao6HH. HcnoIIb3YSI cj:,opMyny (1.7) .Oil!! KOppen11poaa11-

11oro pacce!IHHSI .aayx HYKIIOHOB Ha aHMH3Hpyromux MHlll0HllX, q,yHKIIH~ npaa.aorro

.ao611'SI MO>KHO aanHC8Tb B cne.ayIOlll0M BH,ae: 
N 

L• II I l+P0 [ir
1 

(0
11

lcosef,
11

+ ir 2 .(0
21

lcosef,
21 

J + 

(3.2) 

+C
00

,r1 (0 11 )ir 2 (0 21 lcosef, 11 cosef, 21 +Ckp,rl (0 11 )11 2 ( 0 21 lsinef,11 sinef, 21 

-Cqknp',r 1 (0
11

)ir 2 (0 21 )sin<;/, 11 cosef,21 - C qnp P'11 1 (0 11 ),r 2 (0 21 lcosef,11 sin,fo 21 

+ R1 P'111 (0
11

)sinef,
11 

+ R
2

P'11
2

(0
2

/sinef,
21 

i1Hll0KC B STOA ~opMyne oauaqaeT HOM0p KOppenHUHOHHOI'O co6b1TH!I. 

9 



11cxpOBbl0 J<aMepbl, HCDOJlb30BaHHhl0 JlJISI auanu3a CDHHOBbIX COCTO!IHHA pac

C0!lBHOrO nporoua H. npoToHa OTJla'IH 6blJiil HJl8HTH'IHhl M0>K.r:IY co6oa. C Y'l0TOM 

Toro, 'ITO 3HeprHH 060HX DpOTOHOB DOCJI0 p -p-paCC0SIHHSI DO,ll yrJIOM 90°c.U.M, 

O,llHHaKOBhl, npH 06pa60T1<e pe3yJI&TaTOB npeJlllOJiaranocb, 'ITO 

"1 (0) •lf2 (0) ",,. (0). 

Yrnonasi 3asacHMOCTb auanu3apy10mea. cnoco6HocTH 6hlna Haa.r:xeHa nyTeM 

xana6pOBKH O,ll!IOA H3 xaMep Ha nyq1<e llOJIS!pH30BaHHhlX DpOTOHOB C 3Hepraea 

300 .Man H llOJISlpH3a11aea P • 0,34 .:!: 0,02. 3Ha'leHH!I aHaJIH3Hpy10mea cnoco6-

HOCTH fl'(O) 6hlJIH Bhl'IHCJI0Hhl ua 3Jl0KTpOHHOA BbI'IHCJIHT0JibHOA MawuHe C HC

llOJlb30BaHH0M qiyHl<IIHH npan.r:xono.r:xo6HH: 

L 
1 

• Il [ 1 + P ,,. ( 0 
1 

) sin cf, 
1 

] • : 
I 

(3.3) 

/v\eTO.r:IOM HllllM0HbWHX J<Ba.r:xpaTOB llOJIY'l0HHhl0 3Ha'leHH!I rutaJIH3HpyIOlll0ft 

cnoco6HOCTH annpOl<CHMHpOBaJIHCb DOJIHHOMOM '10TB0pTOA CT0ll0HH no O H B 

TaxoM BH,ll0 HCllOJib30Banucb B q,opMyJie (3.2) npu H8XO>K,ll0HHH K03<p<pHIIH0HTOB 

CllHHOBOA 1toppeJIHIIHH, Ha puc. 3 npe.r:xcTaBJI0Hhl 3JtCll0pHM0HTaJibHbl0 3HaqeHH!I 

,,. ( 0) BMec,·e c annpoKCHMHpy10mea 1<pnsoa •. 

8hl'IHCJI0HH!I C q,yHKQHeA npas.r:xono.r:xo6H!I (3.2). noKa3aJIH, 'ITO MaKCHMYM q,yHK-

IIHH L ,llOCTHraeTCSI npn cne.r:xyIOlllHX 3H8'10HH!IX K03<p!pHQH0HTOB cnHHOBOA KOppe-

nsntHH: 

Cnn (90° )• 0,55±0,18 ;: C kp{900 )m 0,19±0,17; C okn(90°)- 0,86 ± 0,37. 

TTp11 pac'leTe 6hlJIO ncnOJib30B8HO nony'leHHOe B nepsoa rnase yCJIOBH0 C qkn ( 90~) .. 

•- Cqnp (90°), Bh1TeKal01ll00 H3 CBOl!CTB lt03<p!pHIIH0HTOB aMnJIHTY.!lbl p8CC0!1HH!I ( 1.1). 

3HS'l0HHe napaMeTpa Po B (3.2) TaK>Ke OTblCKHBaJIOCb H 6b1JIO Haft.!l0HO paBHhlM 

. 0,01 ;t.0,01 • .ManocTb P0 yKa3blaaeT Ha He3HS'IHTeJibHOCTb cncTeMaTH'lecxux 

owu6oK, CB!l38HHbIX C IOCTHpOBKOA annapaTyphl. 

11HCTpyMeHTaJibHb10 OWH6KH .!lJl!I K03<p!pHIIH0HTOB cnHHOBOA Koppen!IUHH onpe-

/l0Jl!IJIHCb nyTeM HCD0Jlb30B8HHSI B cj,yHKIIHH L HeKoppenuposaHHblX co6blTHA, no-

nyqaeMhlX nyTeM KOM6HHHpOB8HH!I KS>K.r:IOro. -ro cnyqaH pacceHHH!I npoToHa 

B O.!lHOA KaMepe C I + 1, 1 + 2 u T • .r:x. CJIY'ISSIMH pacce!IHH!I npo,TOHOB a .r:xpy-

roa KBMepe. 11HcTpyMeHT8JlbHb10 OWH6KH OKa3aJIHCb pBBHblMH: 

10 

! 
' 
I -
I 
I 

!:,. cnn 0,00 ;t 0,03; !:,. Ckp = 0,00 ± 0,03;, !:,. C qkn • -0,03 ± 0,06 . 

.MaJIOCTb HHCTPYM0HTaJibHhlX OWH60K CBH,ll0T0JlbCTByeT O H8.!l0>KHOCTH nonyqeHHblX 

3Ha'l0HHft K03<p<pHQH0HTOB CilHHOBOft KOppeJI!IUHH. 

.llnH Bhl'IHCJI0HH!I 3Ha'leHHA napaMeTpa TpollHoro pacce!IHH!I 6blna ucnoJib30Ba

Ha cne.r:xy10maH ipyHKIIH!I npasJ:tono.!lo6nH: 

N 

L • V [ 1 + F0 17(0 1 ) cos cp 1 + RP '17( 01 ) sin cf, 1 ] • (3.4) 

TTpu o6pa60TKe pe3yJibTaTOB Bb16upanecb criyqae, HMe10wue O I ·, 3aKJI10'10HHhle 

B HHTepsane 9° $ o,~24°. 

.llJIH Bbl'IHCJieHH!I R (90°) B q,opMyne (3.4) ucnOJib30BaJiaCb 8H8JIH3Hpy10ma!I 

cnoco6HOCTb ,r(O), npHBeJ::(eHHSSI Ha pHc. 3. 3Ha'leHH0 napaMeTpa Po (90°) TaK>Ke 

OThlCKHBaJIOCb H 6b1JIO H8ll.!l0HO paBHbIM 0,01 ~ ),02. Ortpe.!leJieHHe R (72°) )I 

R ( 108°) np0113BO.!lHJl0Cb ;.aK>Ke no q,op~yne ( 3.4)' HO Ha 3TOT paa !pHKCHposan

C!I napaMeTp Po , a 3Ha'l0HH!I aHaJIH3Hpy10wel! cnoco6HOCTH OTblCKHBaJIHCb HSp!I

JlY c R. 

B pe3yJibTSTe Bhl'IHcJieHHA no qiopMyne (3,4) nony'leHbl cne.!ly10mue aHaqe

HHSI napaMeTpa TpoAHoro pacceHHnsi: 

MK 

R(72°)= 0,70 + 0,19 R (90°) = 0,46 + 0,09 1 R (l08o) = 0,20 + 0,08 . 

IV 

Me)KJJ.Y napaMeTp6M cnn H CHHrneTHbIM Os H TpHnJieTHhlM O T BKJiallB-

B .r:xmJ:>q,epeH11HanbHOe C0'10HH0 p - p -pacce!IHH!I cywecTByeT COOTHOllleHHe 

C 
(900) .. oT(90o)-o.(90o) 

o T ( 90 0) + 17 • ( 900 ) 
(4.1) 

Onpe.nenHM OTHOCHTenbHbie BKn8.0bI TpHnneTHOro H CHHrneTHoro pacceHHHH 

CJI0.!lYIOWHM o6paaoM: 
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l')T = UT 

aT + a a 
I'). 

a. 

UT + 0' 8 (4.2) 

vlcxoi:u, H3 cpopMynhI (4.1 >, senH'lHHbl l')T H I') • .nnH yrna 90° C,11,M, MO)KHO 

38 IlHCSTb B BH.Qe 

l')T ( 90°) =_!.._[ I + C (9o 0 i]: I') (90°) = I - l')T(90°) . 2 nn a (4.3) 

Oo.ncTasmrn B cpopMyny qucneHHoe aHa'leHHe senH'lHHbl C
00 

nony'leHHoe e 

Hawnx aKcnepuMeHTax, Haxo.nnM, 'ITO l'JT(90°,605 M:>e)=0,78:!:0,09 n 

1')
9
(90°,605 Mae)=0,22:!:0,09. TaKHM o6paaoM, e p-p -pacceHHHH no.n yrnoM 

90°c.u.M, J:lOMHHnpyeT eaaHMo.nellcTene e TpHnneTHOM COCTOHHHH. 

Ope.ncTaenHeT HHTepec npocne.nHTb H3MeHeHne COOTHOWeHlfH eKna.noe TpHn

neTHOI'O H CHHrneTHOI'O pacceHHlfH e aaeHClfMOCTH OT 3HeprHH, Ha puc. 4 npe.ncTae

neHa 3HepreTH'leCK8H aaeHCHMOCTb eenH'lHHbI I') T (90°). 3HaqeHHH 3TOll eenlf'lHHhI 

nony'leHbl C noMOWbIO nepeoll cpopMynhI (4.3) Ha OCHOeaHHH 3KcnepHMeHTanbHblX .naa

HhIX no cnn (90°), nonyqeHHbIX B HaCTOHWell pa6oTe He pa6oTax .npyrux aeTopoB, 

via en.na 3HepreTH'leCKOll aaeHCHMOCTH eenH'lHHbI l'J T MO)KHO 38KillO'lHTb, 'ITO e 

p - p -pacceHHHH no.n yrnoM 90° c.11.M, npH aHeprHHX, ME!HbWHX 50 Mae, npeo6-

na.naeT cnHrneTHOe eaaHMo.nellcTeue, a e HHTepeane 50 - 70 Mae pacce11aue 

npoHCXOJ:lHT e OCHOeHOM e TpunneTHOM COCTOHHHlf. 

nepexo.z:ur K eonpocy O npRMOM BOCCT8HOBneHHH M8TPKllhl pacceBHHH, OTM0THM, 

'ITO aTa npo6neMa COCTOHT e OTbICK8HHH CKBilHpHbIX cpyHKllHll, onpe.nenHIOWHX M8T

puuy pacceHHHH H onHCbIB8IOWHX aKcnepuMeHTanbHble .naHHble no ynpyroMy p - p -

pacceHHHIO npu <pHKCHp_oeaHHbIX 3H8'leHHHX aHeprHH H yrna pacceHHHH. Jln11 npoua

aonbHoro yrna paccesrHH.sI aalJ.aqa CBOllHTCH K onpeneneuu10, ·c TOtIHOCTblO .no 06-

well cpaabl, nHTH KOMnneKCHhIX BMnnHTy.n, HeilHIOWHXCH cpyHKllHHMH yrna pacce11-

HHH H aHeprHH, B o6weM cnyqae .nm, cpHKCHposaHHoro yrna H aHepruu _Heo6xo.nu

MO onpe.nenHTb 9 eewecrneHHhIX napaMeTpOB. Jln,i pacceHHHH npoTOHoe npoToHa-

MH no.n yrnoM 90° C,U,M, y'leT COOTHOWeHHll (1,2) ll03BOnHeT yMeHbWHTb qncno 

HCKOMhIX napaMeTpOe .no nHTH. HenuHeilHOCTb ebipa)KeHnll,. ceH3blearownx na6nro.na

eMble ee.nH'lHHbI C KOacpcpnuneHTBMH MBTPHUhI pacceHHHH, npueo.nHT. K TOMY, 'ITO .nnH 

0JJ:H03~Horo BOCCT8HOBneHHH MBTpHllbl p - p -pacceHHHH no.n yrnoM 90°c.11,M. 

Heo6xo.nHMO eblnonHHTb 7 3KCnepuMeHTOe, 

12 

I '~ 
1/ 

I 
'.1 

l I 

I 
; 

( 

BbinonHeHHble e H8CTOHWell pa6oTe H3MepeHHH napaMeTpoe C qkn(90°), 

C (90°), C (90°) H R (90°) noaeonnnH npouaeecTH 0J:lH03H8'lHOe eoccTa-Kp . nu 

HOeneHue MBTPIIUhI p - p -pacceHHHH npi, aHeprni, OKOilO 610 Mae. Opu 3TOM 6bIIlH 

i,cnonb3qeaHbI TBK)Ke J:laHHble pa6oT .npyrnx BBTopoe
12

• lO/ no H3MepeHHIO napaMeT

poe A , • D n .nncpcpepen11HanbHoro ce'leHHH. 

'-lncneHHble 3HB'leHIIH Koacpcpn1111eHTOe MBTpHUhI pacceHHIIH OThICKHBBilllCb Ha 

aneKTpOHHOll ebI'lHCilHTenbHoll MaWHHe MeTOJ:lOM H8HMeHbWHX Kea.npaToe, BhI'lHC-

neHHH npouaee.neHbI C y'leTOM pBBeHcTe a (90°) =O, .b(90°) =- C (90°), ebITe-

KBIOlllHX H3 COOTHOWeHHll (1.2). Haa.neHHOe e.nHHCTBeHHOe peweHHe npuee.neao e 

Ta6n, 1. B aToll )Ke TB6nHue .nnH cpaeHeHHH npueo.nHTCH peweHHH pa60Thl
121

, OT

HeceHHble aeTopaMH K aHeprHH 660 Mae. 

Ta6nuua 

3Ha'leHHH Mo.nyneA -B 10-
13

cM H cpaa Koacpcpm1ueHTOB M8Tp11llbl pacceHHHH ( 1.1) 

Mo.nynu H cpaabl 
PeweHHe Pa6oT/2/(660 Mas) 

KoacpcpHuHeHTOB 
HBCTOHlllell 

MaTpHUhI pacce,i-
pa60ThI Pewenue a Pewenue 6 

HHH 
(610 Mae) 

I b I 0,24 :!: 0,04 0,11 :!: 0,06 0,11 :!: 0,06 

<pb 133° ,j- 14° 85° :!: 30° 95° :!: 30° 

I d I O,ll;t_Q,08 0,07 :!: 0,05 0,07 :!: 0,05 

<pd -500.:!:.710 -72° :!: 40° -108° :!:. 40° 

I e I 0,63 :!: 0,03 0,62 :!: 0,04 0,62 :!: 0,04 

Cpaenenue naA.neHHOI'O e HBCTOHlllell pa6oTe peweHHH c peweHHHMH pa60-

Tbl121 o6Hapy>KHBBeT, 'ITO B npe.nenax paccMaTpHBBeMoro anepreTH'leCKOI'O HH-

Tepeana napaMeTp I b( HMeeT Ten.neauuro K YMeHbWeHHIO npu eoapacTaHHH 

3HeprHH, 

Bonbwa,i senuquaa [ e( , nony'leHHaH e peaynbTaTe eoccTaHoeneau11 MaTpu

llbl pacceHHHH, no.nTeep>K.naeT ebleo.n pa6oT
12

•
111

, 'ITO e paccMaTpueaeMoll 06-

nacTH 3Heprull cnHH - op6HTanbHaH BMnnHTy.na e (8) .noMHHHpyeT, 
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Hap11.ay C npSIMblM BOCCT8HOBll8Hll_8M MSTpHnbl pacce11HHSI 6bln BblnonHeH TSJ<

>Ke !p830Bblft 8H8llH3 a1<cnepHM8HTMbHblX .aaHHblX no p - p -pacce11HHIO npH aHep

l'HH 600 Mas. 

<t>aaosble C.OBHl'H OTblCKIIBBllBCb M8TO.OOM H8HM8HbWBX KBB,Op8TOB, BbinB 

onpe.aeneHbI cpaaosble C,OBlll'H BOnH .ao f max~ 5. Ynpyroe B3BIIMO,OeftcTBH8· s coc

TOSIHHRX C 6onee Sb!COKHMH op6HTMbHblMB MOM8HT8MB Y'lllThISBllOCb s O.OHOM830H

HOM np116nH>KeH11ii. B cooTseTCTBHH c peaoHaHcHoft Mo.aenblO MaH.aenbWTaMa npe.a

nonaranocb, qTQ pO>K.08HHe nBOHOS ·npOBCXO.OIIT S orpaHBqeHHOM qBcne COCTOSIHllft, 

s CSSl311 C qeM nHWb cpa3bl 8 ( 8
Po.1,2> ,8( 1

D2) H, 8 ( 8
F2,a> nonaranHCb KOMnneKc-

HbIMH. J\,\eaoH006pa3osBHHe S COCTORHHSIX 
8
Po,1,2 H 

3
F 2,3 yqHTblSBllOCb ycpe.aHeH-

HblMH KOa!p!pHUHeHTBMH nornomeHIIR. 

B pe3ynbTSTe 150 nOHCKOS co cnyqaftHhlx HaqanbHhlx 3HaqeH11ft 6blno HaA.ae-

HO, qTQ .aaa HBH6onee .OOCTOBepHblX peweHIIR IIM8IOT .x:a41,38 B x;
1
•52,42 

np11 X 2a 42, PeweHHR I II II npHse.aeHbl s Ta6n, 2. B roa >Ke Ta6nttue 3a-

nHcaHo peweHHe, nonyqeHHoe B pa6oTe
1121 

npH npoae.aeHHH cpaaosoro aHanH3B 

p - p-paccellHHSI npH aHeprHH 660 ·Mas. JlnR y.ao6CTS8 cpasHeHHSI C HBWHMH pe

aynbTBTBMH KOscpcpHUH8HThl. nornomeHHR, npHse.aeHHbie B pa6oTe
1121, ycpe.aHeHbl 

no nonHoMy yrnosoMy MOMCHTY• 

vf3 TB6ll11Ubl BK.OHO, '!TO 3HBKH OCHOBHhIX cpa30SblX C.OBlll'OS 8 ( 1s0) , 8 ( 3Po> , 

8( 
3

P11 , 8(
8
P2l H 8(

1
D2) cosna.aaIOT _co 3H8K8MII aHanorHqHbIX !p830Bb1X C.OSlll'OB, 

nonyqeHHbIX np11 660 Mas. 

Jln11 peweHll!I sonpoca O HBXO>K.08HIIH e.allHCTBeHHOl'O peweHH!I, on11ch!BBIO

mero 3KCnep11MeHTBllbHble .aaHHble no p - p - pacce!IHHIO np11 3Hepl'HII OKOno 

600 ·Mss cne.ayeT npe.anpHH!!Tb .aononHIIT8llbHhle 3KCnepHM8HTbl. PHCYHKII 4 H 5 

xap8KTep113YIOT onHCBHHe SKcnep11MeHT8llbHblX .aaHHhIX nepBb!M H STOpbIM Ha6o-, 

paMH cpa3, PaccMOTpeH11e yrnosoa 3BSIICBMOCTII sxcnepHMeHTMbHblX senuqHH, 

npe.aCKB3bISBeMbIX nepBblM II BTOpbIM Ha6opaMH !pB30BhIX c.as11ros, noK83blSBeT, 

'ITO .an!! nony'leHll!I HCTIIHHOl'O peweHll!I npH aHepl'HH 600 Mss >KenaTellbHO npo-

H3S8CTII H3MepeHll!I napaMeTpOB R 11n11 C .[Ill!! yrnos 50°-10° c.u.M. K 
KP 

BH.OY peweHll!I 'IYBCTBIITeneH T8K>Ke xoacpcp11ulleljT cnHHosoa KOppen!IUIIH. C qkn 

14 

Ta6nH11a 2 

<t>aaosble C.llBBl'H B rpa.aycax II KoacpcpHnBeHTbl nornomeHBR 

ct>aaoshle Peweaae I Pew11aae II Peweaae
1121 

C,llBBl'B B 000: Msn 600 Mss pa60Tbl 

KOacpcpBIIB8HTbl x1
2 • 41,38 x 1~ • 52,42 660 Mas 

nornomeHHll --
•5o -31,3:!:.3,9 -39,5:!;.3,3 -28,5 ± 9,6 

aPo -53,3:!:.I0,6 -16,7 ± 3,6 -33,5 ± 14,0 

3pl -44,3:!;_3,5 -29,0.:!;.2,9 -28,5 ± 4,6 

ap2 15,0:!:.2,0 33,9 ± 1,6 26,l ± 4,3 

1D2 10,2:!:.2,6 5,0 .± 2,0 4,8. ± 4,2 

'2 -:-3,1 ± 1,8 7,4:!:.1,3 -3,7 ± 2,8 

a F2 -6,0 ± 1,7 -7,6.:t),3 ;..2,1 ± 1,8 

a Fa 0,2:!:.1,8 1,5:!:.1,6 -1,2 ± 5,9 

a F' 3,5 ± 0,6 -1,1:!:.1,0 4,8 ± 1,0 
1 / 
_G, 3,1.:!;.1,2 1,7.±.1,1 4,9 ± 1,9 

,, -3,5.:t.l,1 0,7:!:.1,2 -5,l ± 1,2 

aH' -0, l:!:.0,7 -1,2 ± 0,5 -0,2 ± 1,2 

'HG -2,0 ±· 1,0 -4,1:!:.1,0 -2,4 ± 1,3 

aH & 0,9 ± 0,2 -1,0;!:.0,5 0,8 ± 0,8 

r (
3

P 0,1,2 ) 0,86 ± 0,02 0,86 ± 0,03 0,95 ± 0,20 

r ( 102) 0,76:!:.0,02 0,.77 ± 0,02 .0,65 ± 0,04. 

r ( aF 2,a) 0,97 ± 0,01 0,97 ± 0,01 0,78 ± 0,06 

x2 I 3c2 0,98 1,24 1,17 

13_ bl B O l!-bl_ 

CcpopMynBpyeM OCHOBHble pe3ynbT8Thl .a11ccepT8UHH. 

1. Bnepsble 113Mepeaa KOMnOH8HT8 KOppenSIUHOHHOl'O TCH3opa TpeTb81'0 p8Hl'8 

C qkn _.an11 ·ynpyroro paccellHHSI npOTOHOB npoTOHBMII. 

2. BhlnonHeHbl H3MepeHH!I Koacpcp11u11eHTOB cnHHosoa xoppen!IUHH C (90°) H 
0 • 0 0 Kp 0 

C •• (90 ) H napaMeTpa TpoftHOl'O pacce!IHH!I R (72 ), R (90 ) H R (1<;>8 ) 

.an11 p - p -pacce11H1111 np11 aHeprHH 605 Mas. 
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3. OcywecTeneao 0.!lH03HH'IH0e npHM0e B0CCTHH0eneHHe MHTpHIU,I ynpyroro 

~ - ·P -pacces!HHH 00.!l yrnoM 90° c.u.M. npu aaeprHH 610. Mas. EOnbW~H aenH

'IHHa I e\ , nonyqeHHHH a peaynbTHTe eoccTaHoaneHHH MHTpHilbl pacceaHHH, i::aH

.!leTenbCTeyeT 0 TOM, 'ITO npH .!lHHH0A aaeprHH CilHH - op6HT8nbHaH 8MnnHTY.!l8 

e(0) .!l0MHHHpyeT. 

4. 8hinonHeH ¢aaoeh!A 8H8!:H3 aKcnepHMeH.THnbHblX .!l8HHblX no pacceHHHIO 

nporonoa npoToHaMH npu aaepruH oKono 600 Mas. nonyqeao .!lBH aa6opa ¢aao

BhIX C.O.BHroa. OilHChIBaIOIUHX 3KCllepHMeHTBnbHbl0 ,llB.HHhie. 

5. TTpocne>KeHa aaepreTH'IeCKHH 38BHCHM0CTb TpHnneTH0ro BKn8.!l8 B .!lH<p

¢epeHnHanbHoe ceqeaHe p -·p-pacce>1HHH no.!l yrnoM 90° c.u.M. OTMe'IeHo, 'ITO 

npH aaeprHHX, MeHbWHX 50 Mae, npeo6na.!laeT CHHrneTH0e p - p -aaaHM0.!leACTBHe, 

a B HHTepaane 50 7 700 Mae pacce>1Hne npoHCX0.!lHT B 0CH0eH0M B TpHnneTH0M 

COCTOHHHH. 

6. nonyqem,1 penaTHBHCTCKHe eb1pa>KeHHSI .!lnH K0MU0HeHT K0ppenHUH0HH0ro 

TeH30pa TpeTbero paara C qkn H c ••• e TepMHHHX Koact,ci,mIHeHTOB MHTPHUbl 

.. pacceHHHS'I. Bb1Be.!leHa Heo6xO.!lHMHH npH noc:TpOeHHH. <t,yHKUHH np8B.!lOilO.!l06RH 

¢opMyna .!lnH .!lH<t,¢epeauuanbHoro ceqeausi KoppenupoaaHHoro paccesiHHH aa aaa

nuaupy10wux MHWeHHX .!leyx npoT0H0B, 0.!lHH H3 K0T0pblX nonsipH30BHH nepe.!l 

p - p -aaaHM0.!leACTBH8M. 
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PHc. 1. CxeMa 3KCIT0PHM0HT8 no H3MepeHHIO K03cj,cj,HUH0HTOB CITHHOBOil KOppenllUHH' 

H napaMeTpa R.1-oKHO ycKOpHT01lll; 2-MarHHTHble H8C8,!J.KH; 3,7-MarHHTHble > 
IIHH3bli 4,8-0TKIIOHlllOlllH0 MarHHThl; 5-yrnepO,!lHSH MHW0Hb; 6-MOHHTOp 

Hen'on11pH30BSHHor_o nY'<Ka; 9-non11aTHneHona II MHWeH&; lO-cj,01vanmipaT; 

11-HcKpOBSll KSMepa; 12-MOHHTOp non11pH30B8HHOro ny'IKa; -13,14,16,17 -

C'l0T'lllkH comra:ne1ran; 15,18 -c'l0T'IIIKII 8HTHCOBIT8,!l0HHI. 

OG 

PKc. 2. 3aBHCHMOCTb acj,cj,eKTHBHOCTII IICKpOBOA K8M0phl OT apeMeHH 38,!l0p)KKII 

11MnynbCa II aenH'IHHhl o•mwarow~ro non11. 
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