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HacTOHliiaH pa6oTa ITOCBHliieHa onpeneneHHID KHHeMaTH'!eCKRX n a pa M eT

pOB qaCTRU, Ha6 n iDnaeMbiX B ny3blphKOBO"If KaMepe. npoCTpaHCTBeHHaH KapTH

Ha C06biTHH B KaMepe, HaiTOnH eHHOH pa6oqefi )KJiJlKOCThiD, <f>oTorpa<jmpyeTCH 

CTepeocPOTOannapaTOM, a 3aTeM BOCITpOR3BOllRTCH C ITOMOlllhiD CTepeopenpoeK

TOpa Ha 3KpaHe B B03llyxe. ti enh pa60Tbl - yqe CTb CRCTeMaTR'!eCKRe O•JJR 6KR 

B onpeneneHRR yrn OB R RMnynhCOB qaCTRU, KOTOpbie B03HRKaiDT I13 - 3a ycan

KR <t>oTonneHKR, npenoMneRRH nyqe fi a a rpaHRue pa6oqe"lf )KRJlKOCTH, KOHR'!ec

Koro penpoeuRpOBBHRH CITRpanR Ha rrnoCKOCTh, nepneHllHKynHpHyiD M8r'HHTHO 

My ITOniO, a Ta K)Ke 3a C'leT TOpMO)KeHHH '!aCTRU B pa6o'!eM BemeCTBe KaMe -

pblo np·R Bb!BOlle 4JopMyn npenrronaranOCh, 'ITO <f>oTorpa<f>RpOBaHRe R npoeuH

pDBBHHe OpOR3BOllRTCH OllHRM R TeM )Ke cPOTOannapaTOM, a TaK)Ke 'ITO RCITOnb-

3YIDTCSI 06beKTRBbl 0 XOpOliiO RCnpaBneHHbie HB llRCTOpCRID. 

KpoMe Toro, C'IHTanoch, 'ITO <t>oToannapaT R Ka Mepa ycTaHoBne Hbi TaK, 

'ITO OITTR'leCKRe OCR 06beKTHBOB napannenhHbl MarHHTHOMy ITOniD R nepneH-

llHKynHpHbl ITOBepXHOCTR CMOTpOBOI'O CTeKna KaMepbl. 

PacqeTbi npoBOllRnRCh B npR6nR)KeHHR Man biX yrnoB, T.e. npen rronaranocb , 

'ITO <f>oToannapaT ynaneH OT KaMepbl llOCTaTO'IHO naneKO, TBK 'ITO CRHYChl R 

TBHreHCbl yrnOB MO)KHO 38MeHSITb CaMHMR yrnaMH. 

B npouecce pa6oTbi Hcnon&aosanac& cnenyiDuiasr CHCTeMa KOOPllHHaT 

( pHc. I): a) ITHOCKOCTb XOY cosnaaaeT c rpaaHueA pa3nena cMoTposoe 

CTeKnO - pa60 118H )KHJlKOCTb ( r'OpH30HT81lbH8SI ITilOCKOCTb); 6) OCb OZ 

aanpasneaa Brny6& KaMepbi; B) naqano KOOPllHHaT pacnono)KeHo B cepellHHe 

oTpeaKa, ne)Kamero B nnocKOCTH XOY H coeAifHHIDlJlero onTRqe cKHe o cR o6oeK

THsos; r) ocb OX nepneanHKynsrpHa 3TOMY oTpe3KY H aanpasneHRe ee o6pa

ayeT yron < + c HanpasneHHeM nepBH'IHoro ny'!Ka; a) ocb OY o6pa3yeT 
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C OCSIMH OX H oz rrpaByJO cHcTeMy, T.e. HarrpaBneHa oT neBoro o6'beK-

THBa K rrpaBoMy, ecnH nepBHqHbtfi rryqoK HanpaBneH oT orrepaTopa. 

0ITHWeM H3MepeHHSI H8 penpoeKTOpe, K KOTOpbiM npHBS138Hbl H8WH <!Jop

Mynbi. 3anaBaSI HanpaBneHHe oTcql!!Ta yrnoB, 6yneM HMeTb B BHny, qTo one

paTop CMOTpHT H8 9KpaH CO CTOpOHbl OTpHU8TenbHbiX 3HaqeHHfi z • 

1. Z, 0 -BbiCOT8 H306pa)l(eHHSI KpeCTOB, H8HeCeHHbiX HB CMOTpOBOe CTeKnO 

HB rpaHHUe CTeKnO - BOilOPOil, B CHCTeMe perrpoeKTOpa. 

2. z '1 - rny6HH8 fiOrpy)l(eHHSI TOqKH B38HMOJlefiCTBHSI B pa6oqy10 )I(HJlKOCTb. 

3. 11~ - yron ME:)I(JlY HaqanbHbiM TpeKOM H ropH30HT8nbHOfi nnOCKOCTb!O OTCqH

TbiBaeTCSI OT ropH30HT8nbHOfi nnOCKOCTH BBepx, T.e. ITOnO)I(HTeneH, KOr.D.a 

qacTHUa neTHT K <jJoToarrrrapaTy. 

4. f3 - yron Me)I(Jly ocbJO 

H8 ropH30HTanbHYJO nnOCKOCTb; 

ox H rrpoeKuHefi rrepBoHaqanbaoro TpeKa 

f3 OTCqHTbiBaeTCSI OT OCH OX no qacoBofi 

cTpenKe. 

5. ¢' - yron Me)I(JlY ITnOCKOCTbJO pacceSIHHSI H nnOCKOCTbJO, KOTOp8S1 COJlep)I(HT 

nepBOHaqanbHbiH TpeK H nHHHSI nepeceqeHHSI KOTOpofi C ropH30HTanbHOH rrnoc

KOCTb!O rreprreHilHKynHpHa aanpaBneHHJO rrepBHqHofi qacTHUhl. 

6. 0' - yron pacceSIHHSI. 

7. a' - yron Me)I(Jly oTpHUaTenbHbiM aarrpaBneHHeM ocH OZ H HMITynbCOM 

BTOpHqHOH qaCTHUbl ( 0.5- a '.$ 180). 

8. R' - cpe.D.HHM KOCOyronbHb!H p81lHYC BTOpHqHofi qacTHUbi, H3MepeHHbifi 

wa6nOHOM B ropH30HT8nbHOfi ITnOCKOCTH, rrpOXOilSIWefi qepe3 TOqKy B38HMO-

JleMCTBHSio 

9. £' -.D.nHHB TpeKa B K8Mepe. 

10. r' - PBCCTOSIHHe OT TOqKH B38HMOJleHCTBHSI llO OCH KaMePhl. 

11. <II - 83HMyTanbHbiH yron ToqKH B38HMOJleHCTBHSI, OTCqHTbiBaeMbiH OT 

nonO)I(HTenbHOro HanpaBneHHSI OCH OY no qacoBofi cTpenKe . . 
B ee rrepeqHcneHHhle BenHqHHhl OTMeqeHhl WTpHXOM B 3H8K TOrO, qTO 

H3MepeHHhle 3HaqeHHSI OTnHqHhl OT HCTHHHhlX. 
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I 
I 

]. ITonp8BK8 yrnoB H paaHyCOB H8 ycaaKy 

¢oTonneHKH H penpoeKuH~ B B03ayxe 

Ha pHc . 2 npencTaBneH xon nyqefi qepe3 o6'beKTHB. Toq~ 

IU8SICSI B BOilOpolle C KOOpllHH8T8MH X , Y , Z • Jl8eT H306p8)f{ 

H npaBOM K81lp8X C KOOpllHH8T8MH X I y I H X~ y ~ COOTBeTC'J 

KOOilHH8T CHCTeM ( x
1 

Y I ) H (X 
2 

y :1 ) ne)I(BT B TOqK8X rrepec I 

qeCKHX ocefi 06'beKTHBOB C nnOCKOCTblO nneHKH. 

BBeneM cnellyiDwHe o6o3aaqeHHSI: 

I I 

I~ 

v 
Ho 

HI 

d 

z I 

R' 

R:~ 

r I 

'2 

K. I 

":~ 

rrepe.D.HHfi <jJoKyC o6'beKTHB8 1 

381lHHM <jJoKyC o6'beKTHB8 1 

p8CCTOSIHHe OT 38JlHero <jJoKyca llO rrneHKH, 

paCCTOSIHHe OT nepe.D.Hero <jJoKyCa llO CTeKna KaMe 

p8CCTOSIHHe OT CTeKna llO TOqKH rrepeceqeHHSI UeH, 

rryqKa C OfiTHqeCKOfi OCblO, 

TonwHHa cTeKna, 

rny6HH8 TQqKH A, 

pacCTOSIHHe OT A llO OCH neBOrO 06'beKTHB8, 

paCCTOSIHHe OT A llO OCH npanoro 06'beKTHB8 1 

p8CCTOSIHHe OT H306p8)1(eHHSI TQqKH A H8 neBOM HE 

neBOro o6'beKTHBB, 

To )l(e nnH rrpaBOro <jJoToanrrapaTa, 

yron Me)l(llY rrpeKuHefi neBOro nyqa aa rrnocKOCTb 

yron Me)l(lly npoeKuHeA npaBOro nyqa HB nnoCKOCTb 

OCbJO OY, 

2B - 6a3a cTepeo<jJoToannapaTa • 

npH c<jJopMynHpoBBHHbiX BO BBelleHHH npelliTOnOJKeHHiiX !1. 

HMeeT MeCTO COOTHOWeHHe 

L 
R·r--0

-f • 

rAe 
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:eHa oT neaoro o6'beK-

orrepaTopa. 

I1pHBS138Hbl H8lllH !jlop-

leTb B BHLiy, 'ITO OIIe

!18'IeHHH z • 

f8 CMOTpOBOe CTeKnO 

·opa. 

B pa6o'Iyl0 ~HLlKOCTb. 

!IO H IInOCKOCTblO OTC'IH-

~pBOH8'18nbHOrO TpeKa 

OCR OX IIO '18COBO!i 

rh lO , KOTOpa S! COLiep~HT 

ro pH 3 0HTa nbHOli nnoc-

H:U b i. 

H HMIIynhC OM 

18CTHU b i, H 3 MepeHHbiH 

·CH KaM e Pblo 

il 0 OT C 'IHTbiB8 e M b ltf OT 

c T p enKe. 

:OM B 3H 8 K TOrO, 'ITO 

J. nonp8BKB yrnOB H pBQHYCOB HB yCBQKY 

¢oronneHKH H penpoeKuHro B Bo3ayxe 

H a p Hc. 2 npeLicTaaneH XOLI nyqeli qepea o6'beKTHB. To"!Ka A, H8XOL1SI-

lll8SICSI B BOLIOpoLie C KOOpllHH8T8MH X, Y ,z uaeT Hao6pa~eHHe Ha neBoM 

H npaBOM K8Llp8X C K00pl1HH8T8MH X I Y I H x:ly:l COOTBeTCTBeHHO. Haqana 

KOO L1HH8 T C HCTeM ( x
1 

y I ) H ( x 
2 

y :1 ) ne~aT B TO'IK8X nepec e<reHHSI OIITH

'IeCKHX oceli 06'beKTHBOB C IInOCKOCTblO nneHKH. 

BaeLieM cneLiyiDmHe o6oaHa'IeHHSI: 

f 1 nepeLIHHH !jloKyc 06'beKTHB8 0 

f 2 

v 

38LIHHH !jloKyC 06'beKTHBa, 

paCCTOSIHHe OT 3 8LIHero !jloKyca LIO nneHKH, 

H 0 paCCTOSIHHe OT nepeLIHero !jloKyca LIO CTeKna K8Mepb1 0 

HI 

d 

z I 

r 1 

paCCTOSIHHe OT CTeKna LlO TO'IKH nepeCe'IeHHSI UeHTpanbHOrO nyqa 

TonmHHa cTeKna, 

rny6HH8 TO'IKH A , 

paCCTOSIHHe OT A LIO OCH neaoro 06'beKTHB8, 

paCCTOSIHHe OT A LlO OCH npaooro 06'beKTHB8, 

paCCTOSIHHe OT H306p8)1(eHHSI TO'IKH A H8 neBOM HeraTHBe LlO OCH 

neaoro o6'beKTHBa, 

r :1 TO ~e LinR rrpaaoro !jloToanrrapaTa, 

1C I yron Me~LIY npeKUHeli neaoro nyqa Ha nnOCKOCTb XOY H OCblO OY; 

yron Me)I(Liy npoeKuHeli rrpaaoro nyqa Ha rrnocKOCTh XOY H 

OCblO OY, 

28 - 6aaa cTepeo!jloToanrrapaTa. 

flpH cljlopMynapoaaHHblX eo eeeueHHH rrpeurrono)l(eHHSix Me)l(,ny r 

HMeeT MeCTO COOTHOWeHHe 

H R 

Lo 
R •r-

1
--, 

(I) 

rlle 
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D 1 

L0 - H 1 + 
d 
D 

+ _z_l_ 
D 

f -
f 1 f~ + V(H 1 -H0 ) 

f ~ 

noKaaaTenb npenoMneHHR eTeKna, 

D - ITOK838Te1Ib npenoMneHHR pa6oqeA lKHJlKOeTH. 

( 2) 

noene yeaJlKH nneHKH see ee TO"'KH, Boo6me roBOpR, eJlBHra JOT e H. EyJleM 

e"'HT8Tb, 'ITO npoaonbHaR oeb nneHKH esoero nono•eHHR ae MeHHeT. Toraa 

sceraa H8A!leTeR OllH8 T8K8R TO'IK8, KOTOpaH DpH npoeuHpOB8HHH 6yaeT pae

IT01IOll<eHa OTHOeHTenbHO oeeA o6~eKTHBOB TO'IHO T8K ll<e, K8K H ITpH e~eMKe. 

HaaoBeM 8TY TO'IKY UeHTpOM yeaJlKH H nyeTb OH8 yaaneHa OT OeH KaMepbl 

H8 paeeTORHHe f 0 • 

npu npoeuupoBBHHH nnoeKoeTH, eoaepll<amue ueHTpanbHbte ny'IH, uaymue 

OT nesoro H npasoro o6~eKTHBOB, H OITTH'!eeKy!O Oeb eOOTBeTeTByJOmero o6~eK-

THBa, nepeeeKyTeR ITO BepTH~81IbHOA 1IHHHH, KOOpllHH8Tbl KOTOpoA 

HaAaeM H3 yenOBHR: 

x ; • ( 8 + y ; ) tg 1C ; • ( 8 - y ; ) tg 1C; 

X~ 
, 

1-1 r 1 

npH 9TOM neBbiA H npaBbiA ueHTpanbHbie 1IY'IH nepeeeKyTeR B TO'!Ke 

e KOOpllHH8T8MH X 1' , y ; , z; 
TaKHM o6paaoM, TO'!Ka, HMesmaR B soao poa e KoopllHHBT b i x 1 , y 1 , z 1 , npu 

p e npoeuHpOB8HHH 6yaeT HMeTb KOOpllHH8Tbl 

X (1-f ) 
X ,. 

D 

y!1-E)- ( ~ 
y = f 

D 

z 

z d L -+E (H
1 

+ -H1+ -=..o.. 
n n 1 f 

D 

6 

, , , 
x, 'y 1 ' z 1 : 

eo 

D =1- d1+ ~ 
f 

(3 ) 

HanoMHHM 3Jlecb, 'ITO L 0 H onpeJleneaw ~opMyn 

8<jxpHUHeHT ycaJlKH , a lliTpHX B03ne 6yKBbl 03Ha"!aeT, 'ITO C 

BenH'lHHa OTHOCHTCH K MOMeHTY ITpOeUHpOBaHHH . 

J-1ccneJlOBaHHe CHCTeMbl ( 3) ITOKa3biBaeT, 'ITO npHMbie nH 

CTBe X y z nepeXOJlHT B DpOCTpaHCTBe X 'y Z B DpHMbie 

aaKnoaoM. U HnHHJlpbi , ocb KOTOPJ:?IX npoxoJlHT qepea ueaTp yc 

3YIOTCH B KOHYCW , 06WaH BeplliHHa KOTOpWX ne*HT Ha ~ 

z' = - ( - 1- + H 1 + _ d- ) , a ropH30HTa1IbHbie nnoeKocTH npeo6J 
( D 1 

HO C ueHTpOM ITOA06HH H8 OeH ye8JlKH H K08~~HUHeHTOM ITOAC 

OT z. 

C ITOMOW b !O ypa BHe HHfi (3 ) MOlKHO onpeaen HTb Bee ITOIT p 

e y eaAKO A nne HKH H npeno M n eHHe M n y q efi H8 r paHHUe A B Y X < 

aeneHHH KO~HUHeHT8 yeaAKH ( Ha perrpoeKT ope H3MepH~ 

TOB z ~, Toraa 

f z 
0 

U+H 1 + _!! 
D 

HzQ'+H 1 +.-!. 
D 

Tenepb H8fiAeM HeTHHHYIO rny6HHY TO'IKH B3.''1HMOAefieTBHH: 

f z 
, 

- d f + H 1 
.! 

) ( z I 
, cl 

+ -- +H,+--l 
1 D 1 D I 

z -I 

f + ( ( z 
, 

+ H + ~ 
I D I 

H HerrpaBHM paaHyebi: 

R.-R'· 

L 
1 - ( (1 + -r> 

- ( 
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HarroMHHM 3Jlecb, 'ITO L 0 H onpeJleneHhl ~opMynaMH (2), l -Ko-

a<!xt>HUHeHT yC8JlKH 0 a WTpHX B03ne 6yKBbl 03H8"!8eT, 'ITO COOTBeTCTBY!Olll8SI 

senH"'HH8 OTHOCHTCSI K MOMeHTY rrpoeUHpOB8HHSI. 

J1ccneJlOB8HHe CHCTeMbl ( 3) IIOK83biB8eT, 'ITO IIpSIMbie nHHHH B IIpOCTpaH-

CTBe x y Z nepeXOllSIT B IIpOCTp8HCTBe X 'y Z B IIpSIMbie nHHHH C npyrHM 

HBKnOHOM. liHnHHllphl , OCb KOTOp~X IIpOXOJlHT "!epe3 ueHTp yC8llKH , rrpeo6pa-

3YIOTCSI B KOHyCbl 0 06lll8SI BepWHH8 KOTOpb!X ne>KHT H8 T Oti >Ke OCH npH 

z' =- ( _ f _ + H 1 + _ d_ ), a ropH30HTanhHbie rrnocKOCTH npeo6pa3yJOTCSI rrono6-
l n 1 

HO C ueHTpOM IIO)l06HSI H8 OCH ycanKH H K03~~HUHeHTOM IIOJl06HSI 0 38BHCSiliiHM 

OT z. 

C IIOMOliihiO ypaBHeHHti ( 3) MOlKHO orrpeJlenH T b BCe IIOIIp 8BKH 0 CBSI38HHbie 

c ycanKotl: rrneHKH H rrpenoMneHHeM ny"!etl: Ha rpaHHUe nsyx cpeJl . iln R orrpe -

neneHHSI KOa$¢HUHeHT8 yca)lKH ( H8 perrpoeKT Ope H3MepSI IOT B biCOTy Kpec-

TOB z ~ , TOr)la 

f z ( 4 ) 
0 

( 

Terrepb H8 tl:JleM HCTHH HYIO r ny6HHY TO"'K H B33HMOJletiC TBHSI: 

f z ' - d f + H I 
d 

) ( z I ' HI _d_) + + + 
z n I n I 

( 5) 

f + ( ( z ' +H 
d 

I + 
n I 

H HCIIp 8BHM p8JlHYC bi : 

R .- R ' • ( 6) 

- ( 
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CLienaeM HeCKOnhKO 38Me"<J8HHti OTHOCHTenbHO IIOIIp8BOK B r H <I> , • 

EcnH 6bi ueHTp YC8LlKH IIOIIan H8 OCb OZ, TO IIOIIp8BK8 LinH r' LlBBa-

naCb 6bi 4>opMynoti ( 6), a yron ct> He MeHHncsr 6bi . To )l{e caMoe Mbi HMenH 

6bi, ecnH 6bi MornH HatiTH Ha 9KpaHe perrpoeKTopa H3o6pa)l{eHHe TO'IKH rrepece-

"<JeHHSI OCH oz C ropH30HTanbHOA IInOCKOCTb~ TO'IKH B33HMOLleACTBHS!o 0LIHaKO 

H8 C8MOM Liene C IIOMOillb~ KpeCTOB Mbl HaXOLlHM H306pa)l{eHHe TO'IKH nepece-

qeHHSI OCH QZ c rrnocKOCTh~ z = 0 , a 3aTeM rrpoeKTHpyeM ero Ha rrnoc -

KOCTb TO'IKH B3aHMOLleHCTBHSio TaKHM o6pa30M 0 H8 peiipOeKTOpe Mbl H3MepHeM 

H ct> He OTHOCHTenbHO TO"<JKH x'(x,.O,z=z 1), y'(y~O,z,.z 1 ) 

a OTHOCHTenbHO TO'IKH C KOOpLlHHaTaMH X ' ( y c 0 , z = 0 • y , ( y= 0. z 

B cBH3H c 9THM B03HHKa~T cneLiy~UIHe rrorrpaBKH B 

~ 
r sin cl> 

ctg cl> ' = ctg cl> + 

, 
r H cl>, 

r'2=(~)2 
0 

2 e 2e22J r. - 2 f 
0
K r cos cl> + £ 

0 
K 

K ~[!(l-£)-£(H 
n 

d 
+--

1 n 
1 

) ] - 1 

O). 

( 7) 

llnsr oueHKH 3THX rrorrpaBoK 3aMeTHM, 'ITO ecnH rrneHKa B perrpoeKTope 

CLlBHHeTCSI OTHOCHTenbHO CHMMeTpH'lHOro IIOnO)I{eHHSI Ha 0Tpe30K ~ f, TO pac -

CTOSIHHe LlO ueHTp8 yC8LlKH f
0 

6yLieT p8BHO ~. , TorLia IIpOH3BeLieHHe 
( 

£fn a <PopMyne (7) cneuyeT 3aMeHHTb Ha ~f. EcnH ~f Mano ( .. 1 MM), 

TO IIOIIp8BK8MH, 38BHCSIUIHMH OT ~ f J MO)I{HO IIpeHe6pe'lb. KaK 6yLieT IIOK8-

38HO LlBnee , cny'lBHHbie OWH6KH B onpeLieneHHH LlpyrHX yrnOB, B03HHK8~

UIHe OT TOrO , 'ITO paCCTOSIHHe OT TO'IKH B38HMOLleACTBHSI LlO OCH YC8LlKH He

H3BeCTHO , T8K)I{e 6y!lyT TeM MeHbWe , "<JeM MeHbWe ~ f , f1o3TOMY IIpH YCT8-

HOBKe IIneHKH B penpoeKTOp cneLiyeT HMeTb B BHLly , 'ITO cepeLIHH8 KYCKa 

IIneHKH, 38Kn~'leHHOrO Me)I{LlY neBbiM H IIp8BbiM K8Llp8MH, Ll0n)I{H8 IIOIIaCTb H8 

och OZ . TorLia yron <I>'= <I>. a rrorrpaaKa LinH r' LiaeTcH 4JopMynoti ( 6). 

f1onpaBKy B rny6HHHbiH yron a Bbl'lHCnHM C Y'l~TOM TOro , 'ITO H3 - 38 

yCaLlKH IIneHKH BepTHKanbHbie .JIHHHH IIpeBpaiUa~TCSI ·B H8KnOHHbie, a H8 

perrpoeKTope yron a ' H3MepS!eTCSI Mi:!)I{LlY TpeKoM H BepTHKanb~ B rrpocTpaH -

8 

CTBe penpoeKTOpa . Ha pHC . 3 IIOK838H0 0 K8K npeo6pa3yeTCH M 

yronhHHK c aepwHHOA B TO"<JK e B38HMOLleAcTBHH. KoopLIHH8Thl 1 

X ] = X z 1 = z ; 

KOOpLlHHaTbl TO'IKH B: X --2 
+!L tg a ~ z z 

2 
= z- ~ z 

3uecb x - paCCTOHHHe LlO OCH yCaLlKH , /L - CHHYC y rna , OIIp 

opHeHTauH~ nnocKOCTH TpeyronbHHKa. T orua tg a ' = X '
2 

-X 

z ,1- z 

nS!H CIOLla C IIOMOWb~ ( 3) COOTBeTCTBY~UIHe 3Ha"<JeHHSI , nocne I 

nony'IHM: 

tg a' n 0 t g a + !L f 
X 

-~-

06bi'IHO BenH'lHHa X HaM He H3BeCTHa, OLlHaKO cpeLIHee 3H8 

aero qneHa no yrny !L paBHO Hyn~; cnyqaAHaSI )l{e OWH6Ka 

)l{eHHSI 9THM "<JneHOM T8K)I{e Mana, BCneLICTBHe He3H8'lHTenbHO 

TOMy , OIIyCKaSI IIOCneLlHHH 'lneH, HMeeM , BMeCTO (8) , 

t g a 
tg a' 

nO 

Yron cp ne * HT B nnocKOCTH, rrepneHLIHKynS!pHoR rrepB 

f109TOMY , ecnH orpaHH'lHTbCH c nyqaSIMH , KOrLla nepBH'lHbiA TpE 

pH30HT8nbHOH IInOC KOCTH, TO IIOIIpaBK a B yron cp 6yLieT BBOL 

Myne , aHanorH'lHOH (9): 

t g cp = n D tg cp ' 

9 



CTBe penpoeKTOpa . Ha pHC . 3 TIOK838HO, K8K npeo6pa3yeTCH ManeHbKHH Tpe

yronbHHK c aepwHHow B TO'!Ke B38HMo.aewcTBHH . Koop.aHH8Tbi TO'-IKH A : 

X l = X 

KOOpllHH8Tbi TO'-IKH B : +f.L tg a ~ z z =z-t1z 
2 

3necb x -pa ccTOHHHe no o c H ycanKH, f.L - CHHyc yrna, onpenenHIOwero 
, , 

opHeHTBUHIO nnocKoCTH TpeyronbHHKa. Torna tg a ' = X ? -X I • DOllCT8B-

z ,1 - z ,2 

nHH CIOll8 C TIOMOWbiO ( 3) COOTBeTCTBYIOWHe 3H8'-JeHHH, nocne npeo6pa30B8HHli 

nony'IHM: 

tg a' n D tg a + f.L f 
X 

-~-

(8) 

06bi'IHO BenH'IHHa X HaM He H3BecTHa , o.aHaKo cpe.aHee 3HaqeHMe nocne.a-

Hero '!neHa no yrny f.L p8BHO Hynro; Cny'!8HH8H ~e OWM6Ka OT npeHe6pe-

~eHMSl 3THM qneHOM T8K)I{e Mana, BCne.aCTBHe He3H8'!MTenbHOCTM f x • D03-

TOMy, onyCK8H nocne.UHHii '!neH, MMeeM, BMeCTO (8), 

t g a 
tg a' 

nD 

( 9) 

Yron ¢ ne~MT B nnoCKOCTM, nepneH.UMKynstpHoii nepBH'IHOMY TpeKy. 

Do3TOMy, ecnH orpaHH'IHTbCH cnyqaHMM , Korna nepBH'-IHbiii TpeK ne~MT a ro

pH30HTanbHOii nnOCKOCTM, TO nonpaBKa B yron cp 6yneT BBOllMTbCSl DO ~Op 

Myne, aHanorH'!HOii ( 9): 

t g ¢ = n D tg ¢ ' ( 10) 

9 



nonpaBKy B yron paCCe HHIHI (} MOlKHO nony'IHTb, npHHHMaSI BO BHHMa-

HHe, 'ITO yrnbi a 
0

, a , 8 H ¢ CBSI3aHbi cnenyJOwelt Qx>pMYnolt: 

(II) 
cos a sin a 

0 
cos 8 + cos a 

0 
sin 8 sin ¢ . 

EcnH H3BecTHbi nonpaBKif nnSI 3 yrnos, TO nonpaBKY anSI 4 yrna MO)!(HO no

ny'IHTb c noMOUibJO <jlopMynbi (II). 

OrpaHH'IHBaSICb cnyqaeM a 0 =0, HMeeM 

tg (} - n D tg (} ' ~ 
sin¢ 

(12) 

2. ITonpaBKa, CBH3aHHaH c KocoyronbHbiM penpoeuHpoBBHHeM 

H TOP/I:IO)KeHHeM "'l8CTHUbl B BOJ!Opoae 

nonpaBKa Ha KOCOyronbHOe penpoeuHpOBBHife npOBOLIIfnBCb OLlHOBpe

MeHHO C Y'I~TOM TOpMOlKeHifSI 'laCTifUbl Cpenolt CnOC060M, npennolKeHHblM B/ 1/ • 

Heo6XOLllfMOe LinSI ocyUieCTBneHHSI STOlt nporpaMMbl COOTHOilleH!fe MelKLIY HM

nynbCOM qacTHUbi H ee npo6ero M B aonopone 6panocb H3 Ta6nHul2/ • .ilnSI 

YLI06CTBa Bbl'llfCneHifH Ta 6nlf'IHOe COOTHOilleH!fe 6 binO a npOKCifMifpOBBHO 8H8nlf

TH'Ie CKOlt <j>yHKUHeii. B HHTe psa ne 0 .$ ___e__ <;;. 3 anpoKCHMa UHSI npoao.nHnacb 
m 

no <jlopMyne: 

1 b -P--b 1 L~ 
b( 

+ b 3 L + 
b

5
L 

+ 
b 7 L 

( 14) 
yL~+b 6 (L~+b8 ) 

npH n nOTHOCTH BOLIOpOLia p = 0,057 r/ CM3 rr a p a Me Tp bl b I HMeJOT c neny-

IOUIHe 3 Haqe HHSI : b 1 = 1,024394; b 2 = 0,2749836; b 8 = - 0,07183454; 

10 

l 

I 

b, = 0,3398591; b5 = - 0,1142913; b 6 = 0,3963756; 

b 8 = 3,171563. MaKCHManbHoe pacxOlKLieHHe Me)!(ny pac'I~TI 

HbiMif 3Ha'le HifSIMif He npeBbiill ano 0,5%. 

3. Pe3ynbTBTbi 

Pa6oqaSI nporpaMMa 6bma HanHcaHa Ha SI3biKe "Anro 
"AKI1 MHHCK-22"' H npHcnoco6neHa anSI aHanH3a peaKUHlt: 

+ -rr p~rrrrn 

, - 0 
p~rrrrp 

"p ~" y p 

npH KlfHeTH'IeCKOlt 3HeprHH HaneTaJOUIHX fT -Me30HOB 0 paBH< 

6biTifSI perlfCTpHpOBanlfCb 25-caHTifMeTpOBOlt BOLIOpOLIHOlt ny3bq 

fl5In 0115!11/3,4/. ilnSI oueHKif pe3ynbTaTOB neltCTBifSI nporpaM 

o6C'IHTaHO '" 160 C06biTHlt THna (a), "' 300 C06biTHlt peaKUil! 

T8KlKe HeCKOnbKO ThlCSI'I ynpyrHx co6biTHii. 

ilnSI ynpyrHx co6hlTifii nporpaMMa Hcnonb3yeTCSI He non 

B TOlt CBOelt '1 8 CTH, rne OHa BHOCHT B yrnbi nonpaBKH, CBSic 

KOlt nneHKH H penpoeuHpOE8HHeM B B03Liyxe. 3TH ITOITpaBKl 

cywe CTBeHH b!Mif B BenH'IHHe 

6.8 .. (} - £((} ) 
18 3KCn. 12 3KCIT. 

- <j>yHKUHSI CBSI31f yrnoB paCCeSIHHSI LinSI yrrpyrolt peaKUI 

Ulfelt TOMY cnylKifT pHCYHOK 4, Ha KOTOpOM npeLICTaBneHO pac 

pyrHx c o6biTHlt no senH'IHHe 6.8 c yqeToM ( 46) If 6e3 yqeTa 

YMeHbllleHHe LIHcnepcHH 6.8 B 2 pa3a secbMa cywecTBeHHO, 1 

3T8 Benlf'llfHa cny)!(HT OLIHHM lf3 KpHTepHeB BhlLieneHHSI Heyrr j 

n p H 0 6C'Ie Te C06biTiflt peaKUiflf ( a ) B Ka qeCTBe KpHTe pH~ 

cMa TpHBanoc b p a crrpen eneHHe cnyqa ea no neltTpOHHOlt M a ce 

I I 



b 4 = 0,3398591; ba = - 0 , 11429 13; b 6 = 0 ,3963756; b 7 = 0 , 3991329; 

b 
8 

= 3 , 171563. MaKCHManhHoe pacxo>KaeHHe Me>Kay pac'leTHbiMH H Ta6nH'I 

HbiMH 3Ha'leHHSIMH He npeBbiillano 0,5%. 

3. Pe3ynbT8Tbi 

Pa6o'laSI nporpaMMa 6bma HanHcaHa Ha SI3biKe "Anron' , a TaK>Ke Ha 

"AKYI MHHCK-22" H npHcnoco6neHa anSI aHanH3a peaKUHl!: : 

(a) 

(6) 

(B) 

npH KHHeTH'IeCKOl!: 9HeprHH HaneTaiDIDHX II' - Me3oHoB, paBHol!: 340 M9s. Co -

6b!THSI perHCTpHpOBanHCb 25-caHTHMeTpOBOtf BOaopoaHol1: ny3blpbKOBOif KaMepol!: 

fl5IT1 OYI R Yf/3,4/. ilnSI oueHKH pe3ynhTa ToB aetfcTBHSI nporpaMMbi no Hel1: 6bino 

06C'IHTaHo .. 160 C06biTHtf THna (a), .. 300 C06biTHtf peaKUHA (6) H (a) , a 

ynpyrHx co6bi THA. 

ilnSI ynpyr11x co6 biTHl!: nporpaMMa Hcnonh3yeTCSI He nonHOCTbiD, a nHIIIb 

B TOtf CBOeif '18CTH, rae ORa BHOCHT B yrnbi nonpaBKH, CBSI3aHHbie C ycaa

KO it nne HKH H penpoeuHpOE8HHeM B B03ayxe. 3TH 11011paBKH OKa3biBaiOTCSI 

c ymecTBeHHhl MH B BenH'IHHe 

/),. (} ~ (} - f ( 0 12 ) 
18 3KCI1 . 3KCI1 . 

- ~YHKUHSI CBSI3H yrnoB pacceSIHHSI anSI ynpyrotf peaKUHH ). YfnniDCTpa

UHetf TOMY cny>KHT pHCyHOK 4 , Ha KOTOpOM npeacTaBneHO pacnpeaeneHHe yn

py rHX c o6 biTHtf no s e nH'IHHe !)..(} c y 'leToM ( 46) 11 6e 3 y'l eTa ( 4a) norrpa BoK . 

YMeHbUi eHHe aHcrre pCHH /)..(} B 2 pa3a Be CbMa CyUieCTBeHHO, BBHay TOro, 'ITO 

3T8 BenH'IHHa c ny>KHT OaHHM H3 KpHTe pHeB Bhlae neHHSI HeyrrpyrHX C06hlTHl!: . 

f1 p11 0 6C 'Ie Te C06biTH l!: peaKUHH ( a ) B KB'IeCTBe KpHTe pHSI TO'IHOCTH paC

CMa TpHBanOCb p a crrpeaeneHHe cny'laea no Hel!:TpOHHoA Macce. Ha pHc. 56 
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npeaCTBBnBHO pacnpeaenBHHB C06hlTH ~ , o6cqHTBHHhlX no onHCBHHOA BhlWB npor

paMMB. Lln51 CpBBHBHHSI p51UOM npHBBUBHB aHanorH qHBSI rHCTOrpaMMa TBX :>KB 

C06biTH~ , o6cqHTaHH biX no CTBpOH nporpa MMB, rne OTCyTCTBOBanH nonpBBKH 

HB TOpMO ~BHHB H BOLlOpOLl , a KOCOyronbHOB pe npOBUHpOBaHHB H ycanKa nneH 

KH yqH T hlBanHCb MBHBB TOqHO. ilH CnepC HSI B HB~TpOHHO~ Macce , onpenenB HHa SI 

Ha OCHOBa HHH rHCTOrpaMMbl 56, OKa3biBa BTC51 paBHOA ( 13 M s s) 
2

, TOrLla K8K 

nHc nepcH R pacnpeneneHHSI 5a cocTa BnHeT (22 M s s)2. LlnR co6hlTH~ peaKuHA 

(6) H (B) 6hlnO TIOCTpOBHO pac npenene HHB no KBanpaTy HBLlOCTa~me~ MaCChl 

(pHC . 6). KaK BHLlHO H3 pHCYHK8 , HCnOnb 30BaHH851 nporpaMMa n03BOn51BT LlO -

CT8TOqHo XOpO t"O p83L1Bn51Tb peaKUHH ( 6 ) H (B). 

H aC T051Wa51 pa6oTa CTH My nH pOBan aCb CT peMnB HH BM ynyqWHTb T OqHOCTb 

(a) , (6) , 
orrpeneneHHSI KHHBM8THqBCKHX n apaMBTpOB n pH H3yqBHHH peaKUH~ 

( s) • 

npHBBLlB HH biB Bb!WB pe3ynbT8 Tbl noKa3biB8~T, qTO npenna raeM851 nporpaM 

M8 o6cqAT8 C06hlTH ~ nana 38MBTHOB nOBhl WB HHB TOqHO CTH . 

E hlna paccMoTpeH a H npyraH B03 MO :>K HOCTb y nyqm e HHSI KaqecTBa sKcne

pHMBHTanbHbiX Ll8HHbiX - H3MBpBHHB C06biTH~ Ha nonyaBTOMaT8X. 

'1acTb CTaTHCTHKH 6bin8 o6pa6oTaH8 Ha n Y OC H o6cqHTaHa no nporpaMMB 

1-4 ( B ll OvHI YI) . 0Ka3anocb, qTO s nonasnH ~meM 6 onbWHHCTBe c nyqaes nepe 

xon Ha MBTOLlHKY H3M BpB HH51 Ha nonyaBTOM8TB HB L18BT TIOBbiWBHHSI TOqHOCTH 

Lln51 Ha UJ ero 3 KcnepHMBHT8 ( CM . npHnOlKBHHB) • 

AsTOpbi c q;!Ta~T cBO HM npiiHTHbiM nonroM no6 narona pHTb B. YI . Mopo3a, 

n . n.H eMB HOBa , r . H . TeHT~KOBY 3a none3HhlB o6cy:>KL1BHH51 , H .A . TionTaBCKY~ 
3a noMomb , oKa3aHHY~ npH oTnan Ke onHcaHHO~ nporpaMMbi , H O .B.EnaroHpa 

soBy 3a noMOWb npH SKCnnyaT a UHH nporpaMMbl 1-4 . 

Tax , 

peHa 

npHJIO)KeHHe 

'1 T06bl Bb!51BHTb B03MOlKHOCTH MBTOLlHKH o 6 p a6 0TKH TpBKOB Ha nonyaBTOMa 

qaCTb C06hlTH~ H nepBHqHhlX TpBKOB (6e3 B3BHMOL1B~CTBH51) 6hlna H3MB 

Ha TI YOCe H o6cqHTaHa no nporpaMMB 1-4 ( Bll O YI H YI ). 

PacnpeneneHHB nepsHqHbiX qacTHU no wMnynb cy npaKTHqecKH cosnanano 

C aHanorHqHbiM pacnpenenBHHBM , TIOC T pOBHHbiM Ha OCHOBB pen p OBKTOpHbl X 

H3MBpBHHH . CpeLlHBB 3HaqeHHB HMnynbCa P OKa3anOCb paBHblM (454 ±._2 , 5 ) M3BfC , 

12 

a LlHCTIBpCHSI a ~ = ( 27±._2) 
2 

M s B/c2. CooTBeTCTBy~mHe BenH 

Hb!B ITO perrpoeKTOpHbiM H3MBpBHH51M, HMB~T 3HaqeHH51: p 

u 2 =(26 M s s/c)2. 

TIOCKOnbKY pacnpBLlBnCHHSI CTp OHnH Cb Lln51 OLlHHX H TBX 

COBnaneHHB LlHCnepCH~ rOBOpHT 0 paBBHCTBB OWH60K B OTipBLl 

ca "' 450 Mss/c Ha nonyaBTOMaTe H Ha penpoeKTope, a cosn 

BBnHqHH TI03BOnHnO y6BLlHTbC51 B TOM , qTO HCTIOnb30BaHHa51 

nporpaMMa HB naeT CHCTBMaTHqBCKO~ OWH6KH. 

Llanee 6hlnO npOBBLlBHO CpaBHBHHB H3MBpHTBnbHhlX OWH6 

( 220 -+ 620) M s s/ c npH H3MepeHHH TpBKOB pa3nHqHol1 nnHH 1 

MaTe H penpoeKTope. Ha nonyaBTOMa T e owH6Ka orrpenenRnaci 

KpaTHOrO H3MBpBHH51 OLlHOrO H TOro :>KB TpeKa , a Ha penpo 

ycpBLlHSinHCb Lln51 rpynnhl TpBKOB npH6nH3 HTBnbHO OLlHHaKOBoro 

3ynbTBTbi npHBBLlBHbi B Ta6nHue I . 

OueHKH owH6oK B yrnax pacce RHHSI noKa3anH, qTo nony. 

KaeT 6onee TOqHOB H3MBpBHHB yrnOB. A HMBHHO : OWH6Ka B 01 

paCCBSIHHSI Ha nonyaBTOMaTe COCTBBnSIBT td- 1 5
1

, TOrLla K 

TOPB 8 TOT yron H3MBP51BTC51 C TOqHOCTb~ "' 50' • 

TIOCKOnbKY LlHCTIBpCHSI B HBLlOCTa~WBM MaCCB 51Bn 

KpHTBpHBM TOqHOCTH , TO BCTBCTBBHHO 6hlnO Cpa BHHTb pacnpBLll 

panbHOA MaC CB C06hlTHM, H3MepeHHhlX Ha penpOBKTOpe H HB 

TaKoe cpaBHBHHe 6bino npoBeneHo Lln51 100 co6biT HM pe a KUli 

H oKa3anoch , qTo LlHCnepcHH o6oHx pacnpeneneHH~ coBnana< 

flHreparypa 

1. B . B . K poTOB, c.r.llJepMaH. nT3 Ne 3, 3 1 ( 1966) . 

2. Studies in Penetration of Charg ed Particles in Matter. 

1_ 964. 

3 . T • .ll. E noXHHUeBB, B . r.rpe6HHHHK, r.JIH6MB H, B.A . )f(yKOB, JI. JI. n 

r . u. CenHBBHOB, IOBHb )f(yH - 1/JBH. npe 11pHHT OJ1HJ1, P - 2255, .ilyt 

4 . T • .ll. EnoxHHUeBB H ap. npeiTpHHT Ol1H J1, P-2320, .lly6HB 1965. 

PyKonHcb nocTynHna a H3naTenbcK~ 

19 a npeng 1968 rona . 
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a LlHc nepcHSI a~ = ( 27±_2) 
2 

M 3B i c 2• C ooTBe TCTBY!OlUHe BenH"'HHbi , n o n y"'eH

Hbie no pen poex TopHbiM H3MepeHHSIM , HMe!OT 3Ha "-! eHHSI : p = 454 M 3Bic H 

a 2 = ( 26 M 3Bic ) 2. 

n ocKO nhKy pacnpeLlenCHHSI CTpOHnHCb LlnSI OLl HHX H TeX ~e Tpe KOB 1 TO 

COBilaLleHHe LlHCilepCHH rOBOpHT 0 paBeHCTBe OWH60K B onpeLleneHHH HMnyn h

ca "' 450 MaB l e Ha nonyaBTOMaTe H Ha penpoeKTope , a coBna!leHHe cpeLlHHX 

BenH"'HH Il03BOnH n O y6eLlHTb CSI B TOM 1 "'TO HCITOn h 30BaHHaSI reoMeTpH"'eCKBSI 

nporpaMMa He LlaeT CHC TeMaTH"-!eCKOH OlUH6KH . 

ilanee 6hlno npoBeLleHo cpaBHeHHe H3Me pHTenhHhlx o wH6ox B HMnynhcax 

( 220 + 620 ) M 3 Bl c npH H3MepeHHH TpexoB paanH"'HOtl LlnHHbi Ha rronya BTo 

MaTe H perrpoexTope. Ha nonyaBTOMaTe owH6xa onpenenSinacb nyTe M MHoro 

xpaTHo ro H3MepeHHSI OL!Horo H Toro ~e Tpexa , a Ha perrpoexTope owH6KH 

ycpe LlHSinHCh LlnSI rpyniTbi TpexoB npH6nH 3 HTenhHO OLlHHaxoaoro HMnynhca . Pe 

aynhTaTbi npHBeLleHbi B Ta6nHue I. 

OueHKH owH6ox B yrnax pacceSIHHSI noxaaanH , "'TO rronyaBTOMaT Llorryc 

xaeT 6onee TO"-!Hoe H3MepeHHe yrnoa. A HMeHHo : owH6xa B onpe!leneHHH yrna 

pacCeSIHHSI Ha non yaBTOMaTe COC T8BnSieT ld- 1 5
1 

1 TOrLla KBK Ha penpoeK

TOPe 3TOT yron H3MepSieTCSI C TO"'HOCTb!O "' 50 ' • 

nocxo n hxy LlHcrrepcHSI B HeLloCTa!Ometl Macce SIBnSieTcSI x opornHM 

KpHTepHeM TO"'HOCTH 1 TO ecTeCTBeHHO 6hlnO c paBHHTb pa cnpeLl e neHHSI ITO HeHT

panbHOtl MBCCe C06b!THH 1 H3MepeHHblX Ha penpoeKTOpe H Ha nonyaBTOM8 T e . 

Taxoe cpaBHeHHe 6bino npoBeLleHo LlnSI 100 co6biTHI1: pe a xuHH rr- p _., -, + n 

H oxaaanocb , "'TO LlHCrrepcHH o6oHx pacnpe!le n eHHtl coBnaLla!OT . 

fl nTepaTypa 

1. B.B. K p oTOB, c . r . WepMaH. nT3 M 3, 3 1 ( 1966). 

2. S tudies in Penetration of Charg ed Partic l es i n Matter. Washing ton, 

1 964. 

3 . T .Jl . EnoXHHUeBB , B. r . rpe6HHHIIK, r . JJH6MBH, B . A . )f(yKOB, JJ. JJ.HeMeHOB, 

r . u . C enHBBHOB, lOBHb )f(yn - ¢an. npe11pHHT 011H I1, P - 2255, Jly6HB 1965. 

4 . T.Jl . EnOXIIHUeBB If ap. n pe11pHHT 011HI1, P - 2320, Jly6HB 1965. 

PyKonMCb noc Tynuna B uanaTenbCKMA oTaen 

19 a npeng 1968 rona. 
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TAEJI¥1UA I 

~-

-p lMa:B/c] L ( CM) .17-5Lus:s/c] 

nonyaBTOMaT 

220 II I2 

220 6 40 

340 - 450 I 14 - I9 12 I 

425 I 9 40,5 

601 ! I? I 19 J / I 0 
I 

.. "'------ I ~ 

I I I I I penpoeKTop . i 
I . . 

z I 
210 - 220 I 8 - 15 9 ,, 

PHc . I. CHcTeM a KOOPLIHHaT penpoeKTopa . 

210 - 220 I 3 - 8 I8 

380 - 480 I 
I 

I4 - 18 14 

380 - 480 I 9 - IO I? 
·I I3 - I5 I? .. 620 - 690 I 

I 

620 - 690 ' 6 - 12 51 

I 11 15 



z 
Puc. I. CucTeMa KoopnuHaT penpoeKTOpa. 
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20 

N 

40 

30 

20 

10 

900 

a) JJ e = -1,35 

C5AB = 2,32 

6 

PHc, 4 • PacrrpeneneaHe yrrpyrHx co6biTHil no aemPIHHe 1).8: a) 6 ea 

yq~Ta rrorrpaaoK , 6) c yq~TOM rrorrpaaoK . 

a) 

91,0 980 900 91,0 

PH c. 5. PacrrpeneneHHe co6biTHil " - P .. " - rr + n I!O He)lOCTBJOUJell 

MBCCe; rHCTorpaMMbl a npOKCHMHPO!l8Hbl KpiiBb!Mll f aycca. 

.1 e = + o,sJ 
6L1e = 1,64 

LlE9 ° 



N 

48 

40 

32 

16 

8 

-32 -24 

PH c . 6. P acnpeae.1em-te co6biTHit , - p .... " - rr 0 p n rr - P ... rr - P y 
no xaanpa Ty uenocTaK)ll.leA MaCChi. Cnnol!..! Hbie KpHBbie - H"opMa nb

H b ie pacnpeneneHIHI .. 

M?xtO-J 
[1138 2/c 4] 


