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npe.1:tcTaBneaae o. Ji -Meaoaax, .KaK KBaHTax nom1 H.1:tepHbIX can, nocny7 

>Kano Ba>KHblM CTHMynoM .1:tnSI TeopeTH'l8CKOl"O H SKCnepHM8HTSnbHOl"O H3Y'l8HHll 

CBOACTB :,r -Me30HOB H xapSKTepHCTHK RX B38HMO.ll8ACTBHll C HyKnoHaMH, B 

HSCTOll!llee apeMSJ, KOl".lla eme oTcyTcTayeT o6maH TeopHH H.1:tepHbIX cun, oc

HOBHblM cnoco60M HHTepnpeTaUHH H3Y'IS8Mb1X SIBneHHA, B TOM 'IHCne H M830H'.'" 

HyKnOHHblX B3aHMO,ll eACTBHA, SIBnSleTCll HX cp8HOM8HOnorH'l8CKOe onHCSHl18, .LlaH

Hble .1:tnSI TSKOT'O OUHCSHHSI qepnalOTCSI H3 SKCnepHM8HTOB no !pOTOpO>K,ll8HHIO Me-

30HOB, B03HHKHOB8HHIO M830HOB B HyKn0llHblX COY.llSp8HHSIX 1 pacceSIHHIO M830HOB 

HyKnOHSMH H .llPYl"HX onblTOB, 

PacceHHHe M830HOB HyKnoHaMH, HapH.llY c cpoTopo>K.1:teHHeM, HBmleTcH 

npocTeAUJHM npoueccoM, Ha OCHOBe H3Y'l8HHSI KOTOpOl"O MO>KHO BblSICHHTb 38Ko-

Hbl B3aHMO.ll8ACTBHSI :if -M830HOB C HyKnOHaMH, Aaanua pacceSIHHSI, npoH3Be-

,ll8HHblA npR nOMOlllR TeopRR R30TOnR'l8CKOT'0 cnRHa R ·cpaaoeoA TeOpHH pacceS1-

HRS1,noaaonun ycTaHOBHTb PSl.ll 38KOHOM8pHOCTeA BO B3aHMO,lleAcTBHH 'Ji -Meao

HOB C HyKn0HSMH, npOSIBnSIIOlllRXCSI B WHpOKOA o6nacTH SHepl"HH M830HOB, HaH-

6onee ,ll8TanbHO B3aHMO,ll8ACTBHe :,r -Me30HOB C HyKnOHaMH H3Y'l8HO .ll0 

SH8p!"RA 300 Msa, l".ll8 o6aapy>KeH pe30HSHCHblA xapaKTep 3SBHCHMOCTH 

ceqeHHll OT sHeprHH M830H0B B C0CTOSIHHH C nonHblM yrnOBblM MOMSHTOM 

j = 312 H H30TOnH'l8CKHM cnHH0M T =3/2, npH paanH'IHblX SHepl"RllX Meao

HOB ycTaH0BneHbl cpa30Bbl8 C,llBHl"H S H p COCTOSIHHA, HaA.1:teHa 3SBHCHMOCTII 

!p830BblX C,llBHl"OB OT HMnynbca M830HOB H T,.ll. O6naCTb sHeprRA CBb!We 

300 MeB H3y'leaa M8Hee no.1:tpo6uo, TSK KaK Manble UOT0KH .ft -M830HOB, 

reaepHpyeMble Ha ycKOpHTen11x, aaTpy,llHSIIOT npoBe,ll8HH8 sKcnepHM8HTOB C 

M830HaMH .npH Bb!COKHX SHep!"HllX. B oco6eaHOCTH 3HS'IHTenbHbl8 TPY.llHOCTH, 

CBSl3aHHble C MSnbIMH noTOKSMH M830HOB, B03HHKSIOT npH BbmonaeHHH onbITOB 

no H3M8p8HHIO nonllpH38UHH HyKnOHOB OT,lla'IH B ynpyroM % -HyKnOH pac

C8llHHH, KOl",llS HanH'!He HHTSHCHBHO!"O ny'!Ka M830HOB BblCOKOA SH8pl"HH SIBnSleT

CSI 0,llHRM H3 OCHOBHblX ycnoBHA npoBe,lleHHSI nonSipH"aUHOHHblX HaMepeHHA • 

.LivccepTaUHSI U0CBSl!ll8HS H3Y'l8HHIO yrnoeoro pacnpe.1:teneHHSI ynpy!"Ol"O 

pacce!IHHSI nonO>KRTenbHblX M830HOB Ha'• npoToHax npH SHepl"RSIX 310, 360 H_ 

380 Mse H H3MepeHHIO non!!pR3SUHH npoTOHOB OT,llS'IH e :;j+ -p -pacceSIHHH 

npH SH8p!"HH 307 Msa. Onb!Tbl 0binH BblUOnHeHbl Ha CHHXpOUHKnoTpOHe naoo

paTopHH Sl.ll8pHblX npooneM Oo1>e.1:tHH8HHOl"O HHCTHTyTa Sl,ll8pHblX Hccne,llOBSIIHA 
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C noMOlllblO (pOTOSMynbcull. 

B OCHOllY LlHCCepTauuu BOUJnH uccneaoBaHHH, npoBeaeHHbte aBTOpOM 

COBMeCTHO c H.A. MHTHHblM B nepHOLl c 1956 no 1959 roa. PeaynbTaThl 
. /1-4/ 

STHX uccneaoBaHHil npeacTaBneHbl B pa6oTaX • a TaK)l(e LlOilO)l(eHbl Ha 

Me)l(ayHapOLlHhlX KOHcpepeHuHHX, no qJH3HKe 'laCTHU Bb[COKHX SHeprHil B MocKBe 

/1956r.l, )KeHeBe /1958 r.l H KueBe /1959 r.l. 

nuccepTaUHH coaep)l(HT IlHTb rnaB. 8 nepBOil rnaBe IlpHB0,(1HTCH KpaT

KHil o6aop sKcnepHMeHTanbHhIX .cBeaeHHii:, nony,1eHHhlX B sKcnepHMeHTax no 

:r -p - pacceHHHIO npH SHeprHHX LlO ~ 500 MsB,.npH'leM rnaBHoe BHHMaHHe 

yaeneHo onucaHHIO peaynbTaToB cpaaoBoro aHanuaa 57+_p -pacceHHHll. Bo 

' ~· BTOpol! rnaBe npHBeaeHbI OCHOBHbte COOTHOllleHHH cpaaoBoro aHa~H3a ✓/ - ? 
pacceHHHH. TpeTbH, '!eTBepTaH H nHTaH rnaBbl coaep)l(aT ,COOTB8TC1BeHHO, o'nu

caHHe MeTOLlHKH H3MepeHHH yrnoBblX pacnpeaeneHHH H nonHpH3aumI npOTOHOB OT

aa'IH, peaynb'l'll!,bl H3MepeHHll H o6cy)l(aeHHe nony'leHHblX peaynbT8TOB. 

I. 

v:laMepeHHe yrnOBb[X pacnpeaeneHHH BbtnOnHeHo C nOMOlllblO cpOTOSMynb-

CHI! THna •p • 400 .f' PacceHHHe Me30HOB npOHCXOLlHilO Ha Hapax BOLlOoo-

aa, BXOLlHlllero B COCTaB SMYilbCHH. KpHTepHHMH LlilH OT6opa cnyqaeB ynpyroro 

pacceHHHH Ha BOLlOpciae ciiy)l(Hmr' yrnoBaH KOppenHUHH Me)l(ay pacceHHHblM 

Me30HOM 'n npoTOHOM OTLla'IH, KOMnnaHapHOCTb H SHeprHH npoTOHa OTLl8'1H. 

ilnH onpeaenemrn nonHpHaanun H3MepHnacb neBo-npaBaH acHMMeTpHH 

npH pacceHHHH npoTOHOB OTLla'IH Ha Hllpax B qJOTOSMYilbCHH; nocneaHHH cny)l(H

na OLlHOBpeMeHHO perKCTpaTopoM '!aCTHU H aHanHaaTopoM nonHpHaauHH; npoTo

llbI OTLla'IH B03HHKanH B pe3yilbTaT8 pacceHHHH Me30HOB B )l(HLlKOM BOLlOPOLle. 

YrnOBble pacnpeaeneHHSI, HOpMH poBaHHbte no nOilHblM ce'!eHUHM LlilH 

COOTBeTCTBYIOlllHX SHeprHl!, npHBeaeHb[ B Ta5nHue 1. 

:J ,, 

) 
I 

;1 
i -~ 
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Ta6nuua 

ilucpcpepeHuHanbHbte ce'!eHHH ynpyroro paccesmuH :i" + -Me30HOB Ha BOLlOPOLle 

{r 
dG -27' 2 u.H. c/Q • 10 CM /cTepaa 

rpaa. 

310 MsB 360 MsB 390 MsB 

10-30 16, O.;tl,$ 11, 2.:tl, 7 9,5.:tl,34 
30-50 I.I, 5.:tl, 2 9, 2.:tl, 2 7, 72.;t0,91 
5tJ-70 7,0.!;0,7 5, 2.:t0, 7 4,53.:t0,65 
70-90 J, 4.!;0, 4 2, 2.:tO, 5 I, 78.;tO, 38 
90-IIO 2, 2 .:tO, L, 0,9.:tO,J O, 57.:tO, 20 

lIO-IJO 2,4 .:t0,5. I, I.:!:O,J O, 56.:tU, 2ll 
130-150 4, O.:tO, 6 1,9.:t0,5 O, 62.:!:0, JO 
150-170 5,tl.:tl, I I, 6.!;0, 6 O, 52.;tO, 33 

YrnOBbte pacnpeaeneHHH aHanuaupoBanHCb C noMOlllblO npeacTaBneHHH HX B BHLle 

paano)l(eHHH B pHLl no cTeneHHM Cos {t ; K03cpcpHuHeHTbI cooTBeTcTByromux pac
-27 2 

npeaeneHul!, Bbtpa)l(eHH!>Je B eaimuuax 10 CM /cTepaa, npeacTaBneHbl B Taonu-

ue 11. 

11. 

<l>asoBbtl! aHanH3 pacceHHHH 6bm BbtnOnHeH C nOMOlllblO rpacpH'leCKOro MeTo-

ffl/ ro1 aa H MexaHH'!ecKo1:'o cpaaoBoro aHanuaaTopa anH sHeprHl! Me30HOB 360 H 

390 MsB H Ha 6btCTpoael!cTBYIOlllel! sneKTpOHHOA C'leTHOl! MaUmHe LlilH aHeprHH 

3 IO MsB. AHanu_s npoHsBoauncH n LlBYX npeanono)l(eHHHx: ao-nepBhrx, '!TO B pac

ceHHHH npHHHMaIOT y'laCTH8 TOilbKO ,<; H p -coCTOHHHH / .SP .-aHanus"/ H, no-

BTOpbiic, '!TO y'laCTByeT TaK>Ke .u 9,) -coc-roHHHe c cpaaaMH dJ H d' I SP~ -
. & ~5 
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aHanaa/ • ¢)a30Bbl8 CLlBHr'H Bbl'IHCnllnHCb M8TOLlOM HBHM8HbWHX KBBLlPBTOB. 

B Ta6nHI{8X 111 H lY npHBOLlHTCH COOTB0TCTB0HHO !p830Bbl0 CLlBHr'H 

peweHHH ¢>epMH, nony'l0HHbl0 npH SP H ~P'iJ -aaanaaax. 

¢>830Bbl0 

Ta6nHua 111 
CLlBHr'H SP aaanHaa 

3HeprHH 

M030HOB 310 360 

Maa 

G(_ -23° 31° , 
o(_ - 80 -14° 

" 
d.., 

132° 146° 

Ia6naua IY 
¢>aaoBbl8 CLlBHr'H SP~ -aaanaaa 

3aepr1rn 

M030HOB 310 360 

MaB 

d.., -16,8° -14° 

ot.,, -20 -50 

ol. ., 12 8,6° 143° 

cf., 2,6° 10° 

d'.s -6,5° -130 

380 

-34° 

-160 

151° 

380 

-14° 

-70 

148,5° 

14° 

-170 

Bbl'!HcneHHbl0 no npeLlCTaBneHHblM B Ta6nHuax 111 H 1 y qiaaOBblM 

CLlBHraM LlH!pqiepeHUH8flbHbl0 C0'10HHSI IlOK838Hbl Ha pHC, 1, 2 H 3. J,13 9THX 

pHCYHKOB BHLlHO, '!TO 9KCnepHM0HTanbHblM TO'IK8M B OLlHHBXOBOi! cTeneHH 

YLlOBneTBOpHIOT CLlBHr'H qiaa KSK SP TaK H SP~ -aaanaaoa. 3Ta 
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HeonpeaeneHHOCTb, KaK noKaaanH naMepeHHg nongpnaauHH npoTOHOB oTaaqn, 

Bbl3BaHa ManblMH 3HaqeHHgMH cpa3 .l<;) COCTOgHnil, KOTC>pble ocooeHHO 3aM0THO 

aon)KHbl npogangTbCg npn paccegHHH M030HOB Ha'· 00flbll1H0 yrnhI, a TaK)K0 

H0ToqHO,CTblO B H3MepeHH!IX l:tHcpcpepeHunanbHbIX ceqeHHH noa 9THMH y;..naMH. 

111. 

ACHMM0Tpng npH paccegHHH npOTOHOB OTaaqJI sa gapax B q>OT09Mynb-

CHH, Ha ocHoBaHHH KOTopoll obma orrpeaeneHa rrongpnaaung, naiviepgnacb nyTeM 

npOCMOTpa BLlOflb cneaoB npOTOHOB. Bcero ObinO HaiiaeHo 545 cnyqaea pacceg

HH!I Ha yrnb1:,3° B nnOCKOCTH 9MynbCHH. B Taonnue y 1IpHB0Ll0Hbl peaynbTaTbl 

H3M0p0HHJ!, CYMMHpoBaHHbl0 no LlBYM HHTepBanaM a3HMyTaflbHblX yrnoB jJ 

OT o0 ao 60°H qeTbIPBM HHT0pBanafyl yrnoB paccegHng rrpoTOHOB (J-

T a 6 n ·n u l!c ¥_ 

3HaqeHH!I aCHMM0TpHH B paccegHHH npoTOHOB OTaaqn 

{; 

3,,5°-6° 

60 -90 

90 - 130 

13° - 21° 

AcHMMBTpng 

0,03 ±. 0,07 

0,08 .:!: 0,08 

·0,12 ±. 0,12 

0,20 t_ 0,20 

• 

171 
Bb!qHcneHHag no Ll8HHblM TaonHUbl Y H paoOTbl nom1p1Iaaung npoTOHOB 

OTaaqn, ycpeaH0HH8H no qeTblp0M yrnOBblM HHTepaanaM, HM00T aenHqHHy 

~-0,}9.:!;0.}7. 3HaK nom1pH38UHH BblopaH OTHOCHT0flbHO HarrpaaneHifg if 

onpeaenHeMoro B0KTOpHbIM npOH3B0Ll0HH0M k,, 
nynbc rrpOTOHa OTaaq!f H (; - HMnynbc :i .. 

,. k 
" 

, rae k 
p 

-HM-

-MeaoHa ao pacceHHHH. 3To-

MY 3HaqeHHIO nom1pnaaUHH H aHcpcpepeHUH8flbHOMY ceqeHH!O an>1 M030HOB C 

, 9Heprnell 307 Maa
181 

Hannyqlli!fM o6paaoM yaoaneTBopgeT cpaaoBhIH Ha6op: 

I 
~. 

r 

/~ 

ij 
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d.. =-23,2° 

3 J = 

~ = 133,2° 
33 

c{ = -8,40 
J( 

0 +3° 
2 -20 

(I --20 +20 

()3{ -30 33 

KpailHHe 3HaqeHHg cpa30BbIX CLlBHf'OB 

Hb!M 3Haqemrn P. 

3 a K n 10 q e H H e 

d' .. H d' COOTB0TCTBylOT npeaenb
" 

CoBOKYIIHOCTb aaHHb!X, BKnJOqalOIUHX peaynbTaTbl H3MepeHHg rrongpaaauHH 

IIpOTOHOB OTaaqa IIpH 9HeprHH :i" + -Me30HOB 307 Maa H peaynbTaTbl cpaao-

BOf'O aHanaaa yrrpyroro 1' "'° - p -pacce!IHHg M030HOB npn paannqHbIX 9Hepragx1 

noaaongroT ca en a Tb cneayromae BbIBOLlbI: 

1. yj CKnroqa IOTcg cpa30Bbl0 Haoopbl TH II a .f!Hra: 

l / ct>aaOBblll Haoop, COOTBeTCTBY!OIUHA SP - aHanaay. 

21 <l>a30Bble Haoopbl, COOTB0TCTBY!OIUH0 SP'tl -aHannay, B KOTOpblX 

cpa3bl ~ -cocTogHnA ci;, H d' ·HM0!0T COOTB0TCTB0HHO OTpnuaTenbHblA H 
JS 

nOfl0)KHT0flbHbI!i 3H8KH 0 

3/ <l>a30Bbl0 HaoOpbI 1 B KOTOpbIX d' 
J> 

H d' 
JS 

HM0!0T COOTB0TCTB0HHO 

IIOflO)KHTBnbHbii! H OTpHU8T0flbHblil: 3HaKH H no a6conlOTHOll aennqnHe He rrpeBbl"" 

Ula!OT 5° • 

,2. HannyqlllHM o6pa30M 9KCII0pHM,eHT8flbHbIM aaHHbIM yaoaneTBOpglOT cpaao-

Bbl0 Haoopbl THIIB <l)epMH, B KOTOpbIX cp83bl cJ;.. H cf' IIMB!OT COOTB0TCTB0H•• 
HO nono)KHTenbHbii! H OTpHUa'feflbHblll 3H~KH. ¢a30Bbl0 Haoopbi, B KOTOpbIX elf. 
If ~ HM0lOT COOTB0TCTB0HHO OTpHuaTenbHbie H nonO)KHT0flbHbl0 aHaqeHHH, 

HCKnIOqalOTCH C BbICOKOli BepogTHOCTblO, TaK KaK OHH aa!OT 3HaqeHHg rronHpH-

38UHH, ITpOTHBOnOnOMH00 IIO 3HBKy BenHq!fH01 nonyqeHHOJ! B 9KCn0pHM0HT0 0 

vlcKnroqalOTCH TaK)Ke cp830Bbl0 Haoopbl, B KOTOpbIX cpa3bl 

O~HH8KOBhl0 3HSKH• 

ct If cf' HMBIOT 
JS 

3. CaBHf'H cpaa ~ -cocTogHHA B o6naCTH 9H0pr'HH :,;+ -Me30HOB 

300 ..: 400 MaB 3HaqHT0flbHO M0Hbll10 CLlBHf'OB cpaa s H p - cocTogHMi!; 
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HX 3aBHCHMOCTb OT HMilY/lbCB M830HOB MO>KHO npencTaBHTb B BHne 

0,04° 'l' . 
4. B . 0611acTH 3HeprHil .1'.,. -Me30HOB ~ 200 M SB CllBHI' cpa3bl o(. 

0 
HCilblTblBaeT 01·cTyn11eHH8 OT /IHH8ilHOil 38BHCHMOCTH o(. =-6,4 1 ' npo-

S1BmlIOLU8ilCS1 B 6011ee ObICTpOM pocTe / oc, / C HMilYilbCOM M830Ha /pHC. 4/. 

v!3M8H8HH8 <XJ 

c('.J =-6,3° 1l 
C HMilYilbCOM M830Ha MO}KHO npencTaBHTb B BHne 

0 3 
- 0,91 'l . 

5. vl3M8H8HH8 CllBHra q>83bl ol'.Jf YllOB/18TBOpHTenbHO OilllCb1BaeTcS1 

COOTHOW8HH8M o(., =-0,83 ll_ .3 

a. 3aa'leHHe neilCTBHT8IlbHOil '18CTH BMililHTYllbl pacceSIHHSI anepen, no-

IIY'l8HHOil H3 npHM8H8HHSI yc/lOBHil npH'IHHHOCTH K M83QH-HyK/IOHHOMY paccesi

HHIO IlpH KOHCT8HT8 B38HMOll8ilCTBHSI 
.t 

/ = 0,08 B upenenax omHOOK coa-

nanaeT co 3H8'18HH8M aMil/lHTYllbl, Bbl'IHCneaHoil. qepea cpaaoBble CllBHI'll npH 

aaeprHstx no~ 400 Maa. 
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