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B pa6ote ODKCHBamtca fil~KH uesouuoro xauana czuxponuxno

rpoua rum, noxyqeuuue or MD:eueR, pacno.1ozeuuwx Ra BHBe,Jteuuou: 

ws ycxopHre~a nyqxe nporouoE. CpaaueHHe axcnepKMeHtan»HHX 

,1tauuwx c teoperuqecxmm pact~:eraJOI noxasHBaer xopomee corxacwe 

u:ez,tty Hmot. 3TH ,It8HRHe fi03BC,JUDlT Onpe,It8J1B!L OZJII.l68KH8 HRT8B• 

CHBHOCTH U:830HRYX nyqKOB CllaHOTOqHOrO ;asoTpOH6 (yCT8HOBRB 

•t•)o 



SKcnepBuea!H 6HJIH noc!al~JieHH .n;m pemeaaa aecKOJI&KMX aa]:taq: 

I) uo,n;e.nHpo:sasBe ycno:s.wl nonyqeaBH aa ycTaao:sKe "~" rutosma 

nyqKOB qepea M8SOHHHit l\SH81I ~;Jlfl: 1Urtm8BB t paCIIOJlOE6HBOit HS BH

B8,1J;6HHOM npOTOHHOM nyq~e; 2) 0~6Hl\8 COCTSBS nyqKOB U880HOB, 

nonyqeHH~ HS BH6IDH6it YBm8HH; 3) o6paaOB8HH8 nyqKOB O!pHUST6JI&

HUX DHOHOB MSJIHX SHeprHA (~50 MSB) B O!HOCHT61I»HO 60XDmHX SH6~ 

rBii nonouTenHHX nBOHOB ( --. !60 Ms:s), xoropble ae noJiyqaiO!rCa 

HS CBHXPOUBKJIOTpOH6 C BHYTP6EH8l MHmeHB. 

MeSOHHbi6 nyqKB yCTSHOBim "<ll" o6paayiOTCT1 C BHYTP6HH8it H 

BH6mHe~ UHB6H6~. Ha BHYTP6HH6it IIHID6HH nonyqaiOTCTl nyqKK qepea 
~----

Y680HHh11 KaHan (qHcTua .umoHiiHe nyqxm (30 ~ ~ ~ 300 Ms:s), 

nyqKH OTPHU8T6XDHHX DBOHOB B iHpOKOY BH!6pBSJI6 SHeprBH (80 ~ 

£ ~ 350 Ma:s)., nyqKB llOJIODT6JI:&HblX DHOHOB C aHeprHe~ 80 MaB) t 
:JT 

a raxze nmoHHble nyqKH c xopom~M paapemeHBeu qepes cooe,1J;HBit Ka

Han. Ha BH6IDH61 MHm6HB llOJiyqSOTCTl IIBOHHH6 nyqKH 060HX SHSKOB 

B .n;Hanaaose aaeprHA 40-350 Mas. Kpuue roro ua BHemueit ummeHH 

o6paayeTcs nHOHHHA nyqox c SH3prHem 50 MaB c mHpoKoyroJI:&uott 

OII!HKOH ,1J;1Ifl OHKOJIOrHqecKHX U6Uel H H6K!Oph1X ~BSHqeCKHX 8KOD6pB-

M6H!OB. 

06paSOBSHH6 M680HHWC DYllK.DB HS BHYTP6HH6A IU!W6HH BY66T 

oqeBB,1J;Hil6 llp6HMytr(6CTBS ,1J;Jlff DO.Jiyq6HHH 60JI:&WHX BBT6HCHBHOOT6it: 
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a) HCIIOJI])80:B8HH8 IIOJIHO!t HH~6H1 ~H:BHOC!rll BHyTp6HH6rO nyqKa; 6) 6om 

maa SWI)}8KTHBHOCT]) MHm&HH H8-8i UHOrOltpSTHOCTH npOXOIQ.t6HHH; 

B) TOHKSH YHm6H]) H OTOYTCT:BH6 norJIOJlt6HHH U880HOB H npOTOHO:B :B 

He it; r) OTp860T8HHbl6 CIIOC06bt :paCTH&KH nyqKa. MarHiti!HOe none t 

H606x0.1U{M06 .D;1lH II6PBOH8ti8JI»HO C'O uarHHTHOrO 318988 npH IIOJiyq6HHH 

lliiCTbtX MIOOBHUX IIJ"IKOB, T8IOJt6 y'Jli.e HM86TCH B STOM cnyqae. QqeBB.D;

HHM H6.D;OC!8TKOM BCIIOXDSOB8HHH BHyTp6HH6it MHm6HH H:B1lH6TCH H6B08-

MOSHOCTb nonyqeHHH OTPHil8!6JI:&:ibiX IIHOHOB USJIIiX SH6prH£! ( rv 60 

MsB) t KO!OpYe He .amryT BH~!H l!S IIOIDI YCKOpBT61lH H IIOJIOJJCH!r6 JIDHl:OC 

nmoao,B c aaeprmel ~ IOO Ma:a, cet~eaue pox.n;eama KOTOPbiX no.n yr

nauH oRono !80° K aanpa:aneHHIO npoToaaoro nyt~Ka :aec»ua aeaaat~m-

tenao. 

BCJI6.D;CTBH6 STOrO OIITHMSJI&HbtM B8pH8HTOM CX6Mbt 06paSOB8HHH 

nyqKOB HB1lH6TQH o6pasO:B8HH6 14'38 OHHHX nytiKOB H8 BHYTP6HH6lt PI 

BHemHHx M:ameaax. llonyqeaable s~onep:aueHTan»able pesynDTSTbl aaanu

SHPYIOTCH 0 U8JI])D OU&HKH BOSM)JJtHHX HH!6HCHBHOCT&it (11 COOT8B8) 

nyt~KOB yo! aHOBKH tt~fl • 

B COOTB6TCTBHH CO CK888HW1U Bblme, 6b1JIH nonyqeHbt nyqKH OT

PBU8!6JI»HbiX B IIOJIOJJCB!6XDH&X MDOHOB C HMIIYJIDC8MH ~ = !35 1 !60, 
-I . 

200, 260 MaB.c ( E Sf = 55, ?3, !04, !56 Ma:a). 

reoueTpBH pacnonoxea& u:!meaeit aa npoTOHHOM nyqKe H ronoB

aaa JIBaaa Kaaana noKaaaaa aa )Hc.I. JlJisr noJiylleHBa aToit reoMeTpHH 
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JHHI3bl MJI 29 ~ I 11 H! 2 (Buect.re c zeneaHbiYB a!Cpauau:a) CSNJIH y,ltane

Hbl. Jhtusa IUl 30 H! 3 BK~qanacJ, K8K 8CRIIM6'.rpH1UIHI KBB,ltpynolfb/!/ 

(ropHSOH!8Jil)HI:il6 OC5MO'.rlCH BKniOqEIH!i K8It B KB8~pynOJibHOi! JIHH86 1 a 

BOJ:ITHK8Jll)Hbl6 K8K B OTKJIOHHIO~eJI 118rHl'IT6). !h'o BKniOli6HH8 UOSBOJIH

JIO B O,ltHOM SJI6148BT6 HM6!l) ~OHYCHpOBKY H UOBOpOT qac!HI.\e TaKO~ 

UOBOPOT B paSHOit CT6fi6Hrl H60C5J:O;ltHII ,ltJlfi p88HblX UOJIOJB:6Hidt IIHW6HH 1 

paaJIHqHhlX aaeprH~ H 3H8KOB ue~:OHOB, UOCK01fbKY MIIJWSHB H8XO,ltBJIHCl) 

B pacceHHHOII M8rHPITHOM none yC:KOpH!SJIH OKOnO 2 15 Ka/2/, 

TpaeKTOPHH J1±-ueaouon C5NJIH pacqmt.raHbl c nouo~IO nporpau

Ubl 1 H8UHC8HHOti Ha <POPI'PAHE C ~rCU01fb80B8BliJ6U ypaBH6HHI ,ltBBE6HHH 

/ 2/ li8CTHU B 8KCH81fbHO-CHIIU6TpHqHOII uarHB!HOM none. l'p8HHliHN6 
+ 

t.rpaeKt.ropBH ueaoao:s, na,ltaD~x t:a nepByiO BHHSY .ltJIH ~~~ueaouoB o 

HMnyJil)COM !60 MaB c-1 noKaaam: ua pitJc.2 B 3. B Tae5JIBue I .lt8Hhl 

yrJib1 BbiJ18T8 M630BOB BS IIHW8HH ,ltJIH paSHbiX HUUYXDCOB H UOJIOE6HHA 

IIHWSHB T8X nyqKOB, HHT6HCBBHOCTB KOTOpbiX C5b1JIH H8BC50Jll)WHMHe 

4. AeTeKTBpoBaEHe uesouoB 

reouet.rpHH pacnOJIOE6HHH CDHBTHJIJIHUHOHHRX CliSTqBKOB ,ltJIH on

p6~6JI6HBH BHTSHCHBHOCTH B COCT8B8 nyqKOB H8 Bb1XO,lt6 BS U680HHOrO 

KaHana noxaaaaa aa puc.4. CqeTqHKH coBna,lteHB~ I, 2, 3 

(!00 X !00 X 10 uu3) H cqeTqBR 8HTBCOBU8,lt6HHI (200x200xl0 MU8) 

pacnonaranHOl) H8 paCCTOHHHB 32 CU 38 ~OKYCHpyiO~U ,lty6JISTOM 

{M~ 30 ~ 30 H 32A) H8 Bb1XO,lt6 MSSOHHOrO KaHana. MeTO,lt onpe,lteneHHH 

COCT8B8 nyqKOB H3 M830HHOrO K8B8JI8 OUHC8H pauee/3/. 
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5. MmmemL 

Bu6op MMD16HH ].\Jffi nonyqeHJUI IIMOHOB H8 BliB6].\6HHOM nppTOHHOM 

nyqKe onpe;zte.naeTCH PHJ.\OM q>aKTopoB. Heoc>:xo].\muo j"IHTUBaTJ>: a) ce

qeHHe o6paaOB8HHH IIHOHOB ].\Jm :J8].\8HHO~ H:X SHeprmm B yr11a BH1l8Ta; 

6) nornoll\eHme npo!OHOB i! uaaoaoB B ummeau; B) paauepH ummeaH; 

r) .H8M8H6HH8 SHeprHM U680HOB Jl npOTOHOB npH HX npOX0~6HHH 13 

MHDI8HH H YM8Hl>W6HH8 aa cqeT S!~OrO M680HHOI'O BHEO;zta; J.\) paccea

HMe npOTOHOB B UHW6HM H B08MOltHOCT:b ].\8HbH6~ma~ TpaacnopTMPO:SKH 

IlpOTOHHOI'O Ilj"IKS • llOCJI6].\H66 0(lCTOfiT6JI:bCTBO fiB11H6TCH B6C:DU8 BSJit

HbiM ].\Jm nyqKOB YCT8HOBKH "<b", IIOCKOJibKY Ha-aa CY11t6CTBYIOIIUIX yc

JIOBH~ (HanpaBJI6HH6 npOTOHHblX ll H6MfpOHHblX_IIytiKOB, aaaqHT6JIDHblit 

wou B6JIHaH noBymKH npo!ouaoro nyqKa m T.n.) MeaoaHHe uumeHH 

H61lb8fl paCfi01lOEHT:D Ha BHX0].\8 IlpO!OHHOrO nyqKa OKOJIO 110:SymKHe 

0~6HHM B08MOEHH6 T01llltHHH MHW6HH C yti6TOM H606XO;ltBJIOCTH 

,11;am,aettmel !paucnopTHPOBKH npoTOHHoro nyqKa. Ha paccTOHHHfl uea

ll.Y ;zt:ByYfl nepBIUlH 7J.Y6JI6T8.MH !51~50, y.MeH:&mBT:b KOTOpoe He npe].\CTSB• 

JIH6TCH B08MOEHhlll, IIOJiyqaeTCfl ll8H.M6H:&mee paCCTOHHH6 OK01l0 3,5 U 

).tO TOqKJ4 t Ky).la MOEHO cq,oKycHpOB8'1':& nyqoK. 0!010,11;8 CJI67J.Y6T, qTo 

MSKCHM81lbBO B08MOJ:Hblit yroJI 88J:BaTa B l1JIOCKOCTJII ~.U - I ,22°, a 

B IIJIOCKOCTB .U(JJ- 0,6!0• ]lJifl OH6HOK HCIIOJIDayeM cpeJ,\HHI M6EJ.\Y 

aTBMH :semtquaauH yron 0,91°. HoJiaraa pacxo,zutuocT:& npoToauoro 
0 

nyqKa 0,5 ( qfo H6CKOJibKO M6HJ,me paCXO;ltHMOCTH, CYJit6CTBYIOntel B 

HSCTOHll\66 Bp6Mfl), IIOJij"186M MSHCHMS1l:&HO 7J.OIIYCTHMblit yiV1I:.. ,1t1Lfl 
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MHOrOKPSTHOrO pacceHHHH npOTOHOB B IIHW6HH paBHbiM 0,77°. EcJDI 

npe~nOX03HT:D, ~TO B S!OM yrne H606XO~HMO COXpSHMT:D 95% HHTeH-
~ 

-~ 
CHBHOCTH npOTOHOB, TO TOnmHHS UHW6HH ~OnEHa 6biT:D M6H:DW6 II r.CU 

rpa~HTS (3,5 r.cu-2 ue~H). 
MCXO~ HS CK888HHOrO, ~ml SKCnepHN6HTOB 6binB Bbi6paua UH

meH:D :ws nonwaTHJieHa romiUtao~ ::o· Cll (oKono IO r.cu-2) ~uaueTpou 
8 CM. Buecre C STHY, llTOObi OUUHHT:D SKCnepHM6H!SJIDHO BJIHHHH6 

WSKTOPOB a, 6, B, r, KOr.zta H6!~ orpaaaqeaHM HS TOJmtMHY YHmeHH, 

CX6~YIOlllHX H8 ;zt, HCfiOJID80BSJllfCh TBKJite YHW6HH 113 Me~ TOJIIlUtHOM 

!,5 CM, IQ CN H H8 fiOJllfSTiifJieHa TOJIIItmiO~ 2 CU. 

6. Tiapauerphi n;rqKa npoTOHOB 

<l>opua ITYliK8 BS .MHW6HI! cyqeCTB6HHO SSBHOMT OT ITOJIOlt6HHH 

Haca~oK, pacnonozeHHblX aa :suxo:z.e npoTOHHOro ny~Ka HS Kauephi 

ycKoplitTem. llpm paa:se~eHHhiX aaca~Kax 95% HHTeHcHBHOCTH nyqKa 

B ropHaoaranao~ nJIOCKOCTH HMEieT npoTfllleauocr:& IS CM. B aKcne

pH:ueare aaca~KB 6bllllif c:se,14eHbl ~~aKHM o6paama, qro6.bl ny-qoK :snHCIII

:sanca B paaueprx MHmeam. Ha pme.S noKaaaHll KOHTypu ny~Ka npo!o-

HOB HS MHW6HJII. 

Pacnpe;zte1leHH6 fi110THOCT.Iif npOTOHOB B ropH30HTSX:DHO~ H BepTJII

KSJI:DHOia fiJIOOBOCTHX HS B.blXO~e HSCS;ltOK (RpHBSH !) H ~epea !82 CM 

:s~on:o nyqKa (Kpit:saa 2) noKaaaHbl aa pmo.6. Pacnpe~exeame nonyqe

ao M6TO~OM HSB6~6HH01t SK!BBHOC:TM C paapemeHB6M :t2,5 MM, npOli1H-
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rerpHpoBaaaoe :s ;ztpyroit nnooKoc:Tm no ;ztJutae IO cu. Ha pHoyuKa 

BH;ltHO, qTO paOXO;ltHMOCT:& nyqKa (BSM6H6HH6 mHpHBH 6!'0 Ha nony

BHOOT6 paonpe;zt6JI6HH.fl HHT6HCHBHOCTH) OKOJIO 0,5°. 

B SKOnepHY8H!8X a6COJIIO!HHH HHT6HCHBHOCT:& npO!OHHOI'O flyt!K8 

000!8BnHJI8 OKOJIO 6.!0!! C8K-I, KanH6pOBK8 HOHH88n:HOHHHX Kauep, 

H118llBUfXOfl B6JIHaH yOKOpH!6Jifl, CibiJI8 C:ztenaaa B.H.KouapOBbiU K8JIO

PH118TpBqecKHM cnoco6ou. 

? • HauepeHJJH BH!6HOJlBHOCTH I COCT8B8 
IIY!IKOB M830HOB 

llpoue:ztypa BauepeHHl 6sxa cna:ztym~el. lJIH Bb16paHaoro uunyJIDca 

(aanp. !60 llaB.C-!) 11680BH~ li:SHSJI H8C!p8HB8JICH H8 COOTB6!CTBYIO

~~~ pa&HM (Hanp. ~ I/4/) flHTCWHH JIHHS H OTKJIOHHIOBUIX M8I'HHTOB. 

ropH80HT8X:&Hbl8 H B8pTBK8XbHbl6 06MO!KH BXO;ltHOl JIHH3bl MA 30 ~ 3 

nHTaJIHo:& paa;lteJIDHO OT :ztByx reaeparopoB. C nouo~n TOKOB B o6-

MOTKax nO;lt6Hp8JIHC:& Ofi!HM8JI:&HH6 yCJIOBHH ~OKyCHpOBKH H OTKJIOH6HBH 

B S!Oit JIHH36 ;ltJIH ~HKCHpOB8HHOIO fiOJI0&6HHH IIHW8HB Ha npOTOBHOU 

nyq:a:e. 

HHT6HCBBHOCT:& B nyqKe 11630HOB H3M8p8JI8C:& no oqeTy COBfi8;lt8-

HHl B cqefqHKSX (12). HHT6I'pa~:&HSH npo6a&H8H KpHBSH CHHM8JI8C:& 

npH HSU8H6HHH TO~Hbl ~HJI:&Tpa ue~y cqeTqHK8MH 2 H 3 no cqeTy 

00Bfia;lt8HHI (I 2 3), a KpHB8H OCT8HOBOK- no cqeTy 8HTHCOBfi8;lt6-

HHl (I 2 3 4). ma B!HX KPHBbiX oneBHB86TCfi OOCTSB nyqKa/3/. 
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PeayXDTST~ mauepaBHa HHT~HCHBHOCTH AI nyqKoB nonoEHTeXD

HNX H OTPHU8T6XDHHX qacTHU ~JIH p83HMX HYUYXDCOB H paBnHllENX UH

meaal npHBa~aHH B Ta6nmue 2. B cBoau cocraBa nyqKH co~apEST JT, 

_/" , e • ilOCKOXDKY H8. BXO~e B. K8H8Jl M8I'HH!HOI'O 8H8JIH88 He 

npOBO~HTCH, TO canapHpOBSHH~X J&mOHHHX nyqKOB (c UHOBHO~ npHU6C:&D 

M6H:&ma 10-2) B STOtt I'60M6TpMH t} BHamHeti MMill6HH nonyqJII!:& HGB08-

MO&HO. 

Ha puc.? UOK888HN npo6eamla KpHBH6 H KPBBH6 OCTaHOBOK ~Jlff 

nyllKOB C HYllyJI:&COY 160 MaB.C-I, BepxHHH KPHBaH COOTB6TCTBY6T 

canapHpOB8HHOMy nyqKy O!PII1U8Te;I:&HHX MmOHOB, flOJIYll6HHOYY C BHyT

peHH6tt YHill6HH yCKOpHT6JIH (pellt. N! I/L~/) • HHJICHH6 KpHBHe COOTB6!CT

BYIOT nyqKaY OTPHU8!6JIDHhiX H no;IOlKJ/1!6Jl:&HHX 116 80HOB, o6paaOB8HHiiX: I 

Ha BHemHeit .UHW6HJ4 TOJIIIUIIH0£1 IO l'. CM-2 • Mia KpHBHX CJie~yeT O!HOme

HH6 KOYUOH6H! B nyqKe flOJIOlltB!6J[J,ftHX M680HOB jl.yt:e: 1:1:0,04 1 

a B nyqKe OTPHU8T6JI:&HHX .MeSOHOll I 16 :I :I • 9TH COOTHOmeHHH HCUOJID

SOB8JIHC:& H ~Jlfi nyqKoB C HAmyJIDc:o.M I35 MaB. C -I. JlJIH nyqKOB C J/l.Mfl 

nyJI:&COM 200 B 260 MaB.C-l ~OJIH nHOHOB B nyllKe fiOJI8I'8JI8CD 0,67 B 

COOTB6TCTBHH C B3M6p6HHHMH ~JIH BHYTP6HHeit UHill6HH. 

SaueTHM, liTO npmuec:& aneK~pOHOB B nyqKax OTPHUaTeJlDHHX ue

aoaoB C HMUYJI:&C8MH I60 MaB.C-I Ha nopH~OK npeBOCXO~HT COOTB6T

CTBYIDmYIO npBM6Cb B nyllKaX, o6p6SOB8HHHX HS BHYTP6HHeit MBmeHB. 
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Jda T86JIHUhl 2 B,H;zJ;HO, qTO IIOTOKH IIOJIOlpn~eJI:bHbiX U680HOB OT 

BH6WH61 UHW6HH IO r.ou-2 HSY6HHIOTOH OT 70.!08 ;D;O !70.!08 oeK-I, 

a IIOTOKH OTpH~8i'6Jl:bHhlX qaoTH~ •• OT 4!.!08 
;D;O 55.!08 

06K-I • Jds

uepeHHhlit BhlXO.zt Jl't.uesoao:a us noDsTHneao:aol ummeaH IO r.ou-
2 

:S 5 paa 60JD)ID6 BbiXO;zta HS MHID6HI[ 2 r.ou-2 ;ll;Jlfi H.MJlYJIDCa 160 Ma:a.c-~ , 
-t. 

JlJIH TOI'O lite MMIIyJr&oa :BWC'?;ll; J1 :.~e SO HOB HS Me ;D;HO~ MHmeHH 87 I'. OM 

OK88 SJICH JIHUI::& B I ,3 paaa 6oJI&mE: BbiXO;IJ;a HS IIOJIH'oTHJI6HOBOI MHID6HH 

IO r.cu-2• 

r;n;e cl;;;-~o;s2 ( t.p) t;) tJY) - ;u;ug~epea~am,aoe oeqeaHe oc>paaOl~a
HHH uea~Ho:a c aaeprHei1 /:..~ npctTOHauH o aae prHet! !:=~ no;u; yrnou 

IJY R npoToaaouy nyqKy :a a;u;pax 1utmeru.q /~ - quono H;nep :a uume

HH Ha I oAf i ~:J ·I< - HHT6HOHBEOOT:b rrpOTOHO:S B BhtBe;D;6HHOM nyqKe 

( X -K0:3qJqJH~6HT BbiBO;zta) i 6 ~- H L\ Q - aaepreTwqeooit HHTep-
;,, 

B8JI H T6Jl60Hh1~ yroJI, aana:eaeUNP. OHOT6MOit qJOKYOHpOBRHi 12 - ;u;om p 

npOTOHOB B Cepe;n;HH6 MHmeHH OT ~HCJia na;n;aiD~Xi ~1 - ;ztOJIH 11680· 
•. f:.. 

HOBJ BbiiD6;ll;IDHX HS IIHIDeHH i e ;t - ;LtOJia: IIHOHOB, KOTOp8H He paona-

Jl80:b ;u;o Bhlxo;n;a ms ueaoaaoro KaEana; L = 18,7 u ;n;nHHa nyTH, 

a /7.(~)- paorra;u;aaH ;ztJIHHa ll (ou) = 5,59. Pr, (Ma:a.o-I). 
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Bemrcuum ceqeaH~ 6panmc:o J!S pa6ort/5/. O~aaxo aeT noJIHoro 

aa6opa H606XO~HWX :B6JIHllHB H HEI~OCT81011Uf6 8H8ll6BHH llOJiy't8JIHC:& 

aKCTp8llOJIHIUJei. TOllHOCT:& a6COJIUTIWX 8Ha'tt6HHI/S/ TaKEa H6 B8JIHKa. 

SaalleHHa aaepreTHllecxoro HHTapnana A~~ onpe).teJIHIOTCH aaanmsH

PYIOII\HYH c:solcT:sauH llteCTKo-(>oKyompylOlltero uaramrta MJI-3I H mcnoJI:&

so:sanmc:o axcnepwueaTan»aae :semrllHHY/4/, nonyqeaase paaee. 

BNllHCJ16HH6 T6J16CHNX yrJIOB .a Q ).tJIH npOTHllt6HHOI'O HCTOllHH-

K8 H peaJI»BiiX 014CT6U q>oKyCHPOBl\8 npe~CTaBJlfi6! H8B6C!HN6 Tprnaoc-

TH. llJIH oueaKH A Q mcnonSI)Banac:o cne.n;yrom;aa cxeua pacqerta. 

8JIJmllCb1 88XB8Ta/6/ B l]}aSOBNX n.IIOCKOCTHX K8H8Jl8 ].(1Ifl peJB:HMOB pa6o-

. Tbl H JIHHS t HCfiOJI:&SyeYNX B 8KCfi~JpHU6HT6 t nepeHOCHJIHC:D aa BXO)l B 

nep:syJO JIHHSy, HCfiOJI:&SYH MS!PIIUJ nepeaoca 

aneueaTa, BKJIJOqaiOm;ero ;ztHnonao~~ H K:sa;ztpynonaoe uar'HB!BNe no a 

(8CHYU6TpHqmd~ Kl38).tpynon) • llo JIYll6HHbl6 SJIJIHUCN np06KTHpOB8JIHC:& 

H8 ropHSOBT8JI:&HYIO H B6pTHK8Jil)Hh16 llJIOCKOCTH H JIIS .aUHT8HC8 nyqKa 

)lnfl TOll6llHOI'O HCTOllHBK8 Bb16Hp8DMC:& yrnN, y~eplltBB86MN6 KaHaJIOYe 

3aueTmu, ll!O q,aso:sNe axDncH/Gl 6ecKoaettao ~mmaoro Kaaaxa xopo

mo OllBC'fiB810! KOaeqayiO CBC!6Yy DHHS, KSK S!O CJ16:zlY6T HS OU6HOK 

npu mcnonso:saamm ueTo.n;a aKuenraacHhiX noJIBroao:s (cu.aanp./71). 
Bsq:wcneaaNe TSKHM o6pasou saaqaaua L:. S2 aeCKOlll>KO uea:ome 

(oRono 0,7) saaqeaHI Tenecaoro yrna, :sapesaeuoro nep:sol JIHasoB. 

Ocna6neHJie npoToaaoro nyqxa B IIHJBeaH tz ae oqeBIJ :seJIHKO :ztm 
p 

UBW6HH !0 rjcu-2 (0 192 B Cepe,n;aae UHW6HH). 0~H8KO, ,D;nH TOJIOTOI 
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UHW6HH 87 r/cu2 OC3Ia6»eHH6 C~6CTB6HHO (0,66 B 06p6~HH6 MHW6H~). 
Kpo.ue TOrO, 8011H B TOHKO~ MHW6HH npOTOHbl T6pHil! OK03IO 6 Ep=25 MaJ 

H ceqeaHe o6paaOB8HHH npH 3TOM npaKTHqecKH H6 H3M6HH6TC~, TO B 

T03ICTOM MHm6HH Ep := 160 MaB H CP6lB66 po TO~HH6 MHW6H~ ceqe

BHe yuea»maeTcH noqTu :s~:soe (ceqeame po~eHHfl ueaoaoB no~ yrnou 

oRono 20° npm E 31 = 156 ·MaB lJJH ·EP = 600 Ma:s/8/ B I ,5 pasa 

ueHbme caqeHHa/5/ ~xa 660 Ma:s). 

llorno~6BH6 M6SOHOB B HODOJJ»ayeMHX MHm6HflX He OnHmKOM BeXH

KO ( C)~.~ 0,8) H 88BHOHT OT ny!H npOX0~6HHfl M6SOHOB B YHW6HH. 
"' 

C~eoTBeHHHM HBnHIDTOH nonepeqHHe paaueps nyqKa npoToao:s, a cne

lOBaTen»ao H ummeam. SaaqmTen»H~e nonepeqHHe paaueps ummeaH npm

BO~flT K H8M6H6HHJ) aaeprHH U680HOB H pacceHHHm npH HX npOX0~6HIH 

B MHM6HH. Hanpmuep, lXI TOXCTOI Ue~HO~ YHmeHH U630HH C aHeprmeA 

73 MaB Ha llOB6PXHOCTH YHmeHH B ee ~eHTpe HM6IDT aaepram 155 Ma:s. 

nasa no~ 90° HS U6H!pa 3TO~ UHW6HH H6 uoryT BHXO~HTb U630HH C 

SHeprueA M6HbW6 !20 MaB, a H3 fl03IH3TH316HOBOA MHW6HH - M630HB C 

aHeprueA M6HbW6 30 MaB. BTO B83H06 ~na DOBYqeHHH nyqKOB no~ 

60nbWHUH yrnaYH 06CTOHT63I»CTBO fiOCKOXbKY C pOCTOM aBeprHH DHOHOB 

HX yrnOB06 pacnpe~6316HH6 CT8HOBHTCH 6onee H8np8B316HHUM Bnepe~. 

Hanpmuep ~xa 5I + c aaeprue~ 70 MaB ceqeaue no~ 90° ueHbme, 

qau no~ 0° B 2 paaa, a ~XH aaeprHH 125 MaB - B 4,5 paaa. 
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IO. CpaBueuae aauapeHHHl auaqeHHI c 
BHqHCJI6HHHijl, 

Ha T86nH~ 2 BB~H0 1 qTO HEY6p6HHH6 aaaqeHHH HHT6HCHBHOCT61 

~OBOJIDHO XOpOmO COBD8){810'l C Bbl'qHCll6HH:WIJr'I - ~llfl .Ji + -14630HOB OHH 

» cpe~ueu B I,2 uea»me, ~ ~na ~ -- BO C!OJI])KO :ate 6om,me • Ha 

CK838HHOrO BHme 06 H3B6CTHHX SEaqeHHHX ceqeHH~, pacqeTSX ~S2 t 

a T8KZ6 npHHHUSH BO BHHM8HH6 TCqHOCT:b a6COXD!HOrO H OTHOCHT6liD

BOrO UOHHTOpHpOB8HHH 1 MOEHO 6b1JJO OD~8!J:.'JJ xy;ztmero cornaCHH. One

HHU HS H3M6p6HHHX aaaqeuH~ HHT6HCHBHOCT6a nyqKOB OTpH1{8!6liDHblX 

DHOHOB B6JIHqHHY HHT6HCHBHOCTH 1 KOTOPYD MOZHO OZHJ{8T:b C BByTpeB

H61 YHW6HH HS KaHana. HHT6HCHBEOC!:b BblB6;lt6HHOrO npO!OHHOrO nyqKa 

B SKCD6PHM6HT6 COCT8BnHJia OKOJIC 5% HHT6HCBBHOCTH BHyTpeuuero, 

~S2 C BHYTP6HH61 H BHemael UiW6H61 npHM6pHO O~H8KOBbl. Kpa~ 

HOC!JJ npoxo~eHHH YHW6HH nyqKCY BHYTPH JCKOpHT6liH 3KCD6PHU6H

T8Jl])H0 0Dp6,1t6JIHT:b CliOEHO. 0:ztH8110 1 H3 pacqeTOB ].tiiJI yCKOpHT6JIH 

UEPH•a 191 cne;ztyeT, qro sTa Benmqaaa OKoJio 2,5 - ;~.tliH MHmeHH 

HS Be TO~HOI 4 cu. HcnOliD3YH S!y Benwqauy ~liH aamero ycKOpHT6-

nH1 OEHA86M B3 Ta6n.2 BblXO;I.t YJ-~M630HOB C HUDynDCOU 260 YsB.O-I 

HS BftY!p6HH61 UHW6HB I 18.I06 ceK-I. S!O COOTB6TCTBY6T SKCD6pHM6H• 

Tal!DHOI BeliHquae I,4.I06 ceK-I / 4/. 

BaY6THU, llTO BCDAY peqJ, mJJ.a 0 DHOHIDiX DytlK8 C BH6mHel IIHme

HH. ~nH DOnyll6HIH qHCTNX M630HEblX nyqKOB ayzeH 6~6 AODOJIHHT6nD

HJ:dt 118rHHTBHI 8H8liH8 Ha BXOA6 E K8H8ll ( /-1 e c::- !5 KS.M) • 3To 

8H81lHT6liDHO OTO;ltBHH6T BXOJ{HyD ~HH3y 1 yY6HIIWHT T6ll6CHHI yroJI H 
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HH!6HCHBHOC!D MDOBOBe Hanpuuep, KaHan MDOHHHX OC!aHOBOK/IO/ B 

Ioc-Anauoce ~na Buamael ue~aol uumeHH 32 r.cu-2 ~acT B 3 paaa 

M6HhW6 YDOHOB, qey Ha TY E6 HH!6HCHBHOC!h npOTOHOB B M630HHOM 

KaHane uamero ycKopurenH c BHy!peaae~ uumeuu (c yqerou paaau~u 

B OUTHK6 STHX KaHaXOB). 

II. Ilomeaue fiyt.lKOB sr+-11630HOB c saeprHel 
160 MaB H .!ii :.ueaoaoB c aaeprmeii 55 ·MaB 
. OT BH6WH6~ MHW6HH Ha CBHXPOU!KXO!pOH6 

~na nyqKa orpu~arenhBHX uaaoaoB c auapruel 55 Ma:a us BHem

ua~ UHW6HH qepes 11630HHHI KSHS~ B COOTB6!CTBYID~X YCXOBHHX MSK

CHManDHO MOZHO OEH~STh HHT6HOHBHOCTH !05 C6K-I (YHW6KD 30 r.ou-~ 
HHT6HOHBHOCT:& npO!OHOB 1012 C6I<-l II H6CKOJIDKO y~6lUI'IHB .6 .Q 

aatBa!a), HO 6ea paOTHEKH H CO 8Ha'IHT6XhHO~ npHM6BhiD SX6KTPOHOB. 

S!O B H6CKOJIDKO pas M6Hhme, '16M MOEHO nony'IHTh OT BHY!P6HH61 

uumeau/4/ cnerKa aaropuoauB ~HnbTpou ueaoHH c aaepruei 89 MaB. 

B !6X ae YOXOBHHX ~HH UOJIOIHT6JIDHNX M630HOB 0 SHeprueA 

55 MaB or BHemaei uumeuu no~urca r.a.ro5 ceK-I, 'ITO yze cpaB

HHMo C HHT6HOHBHOCThD OT BHyTpeeue~ MHW6HH. ~HH 5T+-M630HOB C 

suepruel !56 MaB MOEHO OZH~aTh S,6.I05 06K-I (c BHYTP6HH6t.i MH

meau ny'IKB TaKot.i aaeprPIH nonyqmrh uenaa). Ta:tmu o6paaou, ecnu 

~JIH wusuqecox uocne~oBaauii TSIOlt nyqoK noTpe6yeTca, ero nonyqe

HHe T6XHH'I6CKH BOSMOEHO. 
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!2. HaTaacm»aocTH ua~oaHHX nyqKo» 
CiXDHO!Oqaoro WaaO!pOH8 

B pauKax ~aHHO~ pa60!N fiOX93HO HanOMHHTb EaHHqHHN HHT6HCHE

HOCT6~ U630HHHX nyqKoE, OXH~aeu~a nocna paKOHCTPYKUBH. 8TH BHT6H 

CHEHOCTH ~nfi nyqKOE qepea M630HH~I KaHan npHB6~6HH B Ta6n.3, 8 . . 

~nH nyqKOE OT EH6mHal MHm6HH ~aHY E Ta6nHU6 4.(TOK npOTOHOE E 

yCKOPHT6H6 50 pa, BHE6~6HO 25 ~a, »H6mHHH MHm6Hb B3 rpa~HTa 

IO r.cu-2 ). nna nyqKO» M630HHOro KaHana HCnOnDBOEanHCD aKcnapH

U6HT8XbHH6 SHaqaaHa/4/, nonyqeaaaa Ha CHHXPOUHKHO!pOH6. llyq~ 
c »Hemael MHmeamo6pasoBHBanHchB raouaTpHH KaHana ~ 3 aa cxeue 

nyqKoB omnDHOToqaoro ~asoTpoaa. maTaHCH»HOCTb nmoaoB c BHyTpea

Hal MHm6HH qepas KaHan ~ 2 » HMllYnDCHOM BHT6pBane 0,02 npHuepHO 

B 3 pasa M6HbW6 BH!6HCHEHOCTB DHOHOB 0 aaaprHal !60 MaB B Y630H

HOM KaHane. 

Cne~yeT o6paTBTh BHHMaHHa sa npO!HBOpeqHEOCTb Tpe6oBaHH~ 

K ~nHH6 KaHana npH nonyqeHBH canapmpOEaHHHX YIDOHHHX nyqKOE (KaHaJ 

~OX£6H 6H!h, no BOSMOEHOCTH, ~lHHH66 9 q!o6a B H6M 6on»me pacna

HOCb nHOHOB) H fiHOHHHX nyqKOE (B03MOEHO KOpOTKHI KaHan). 5TO yq

!6HO B C%gue nyqKOB YCT8HOBKH 11 ~ 11 
- KaHan N! 3 ~nfi BH6mH81 MBma

HH B 2 paaa Kopoqe uesoaaoro KaHana npH »S»o~e nyqKo» B aan aKc

nepmueHTaXDHUX ycTaHOBOK. K qe~y STO npHBO~T MOEHO EH.6Tbt aa

npHYep, ~Xff nyqKa C aHapruel 73 MaB: H8 BHXO~a U6SOHHOrO KaHana 

OC!a6TCH 0,!25 OT qHcna 8aXEaqeHHNX » KaHan, a Ha BYXO~e KaHana 

N! 3 - 0,354. naze npH TaKOY 8HcqHT8HDHOM COKpa~6HHH pacna~HOrO 

nyTH, HaT6HCHBHOCTh fiBOHOB OT 1HYTP6HH61 MBW6HH OKa3HBa6TCH 
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6om,me. Cnep;yeT TalOKe HMeT:& BBH;~y 6oJIDmHe npHwecm B nyqKax c 

BH8WH8H YHW8HH. 

HHTeHCHBHOCT:& llHOHHOrO nyqKa IIIHpOKOyrOJI:&HO~ OTITHKH (nyqoK 

;ztnfl OHKOJIOrHqecKHX ~eJieH H ~H3H~8CKHX HCCJI8;zJ;OB8HHa) C SHeprHea 

50-70 MaB OU&HeHa/II/ ;D;JIH BYB8;D;3HHOrO npOTOHHOrO nyqKa C TOKOM 

IO 'a H3 .uep;uott MH':118HH 5 X 5 X 5 "cu3 11r,= 2.Io8 ceK-I ;D;Jlfl sr-
M830HOB H 109 ceK-I ;D;JIH Sf+-M630HOB. 

lJIH Cp8BH8HHH B T86JI.5 npHB8;zt8HH HHT8HCHBHOCTH M830HHHX 

nyqRoB yc!aHOBKH 11~" H ycKOpHTeJIH UEPH'a nocne ero peKOHCTpyK

~HH/I2/. Ha STOM ycKOpHTeJie, TaK :ate K8K H Ha yCTSHOBK8 "~", 
qacT:& nyqKOB o6paayeTCH OT BHy!peHHett MHIII8HH (OC068HHO MDOHHHe), 

a qacT:& OT BH811IH8H. ~3 Ta6JI.BH~HO, qTO HHT8HCHBHOCTH M830HHMX 

nyqKOB YCTSHOBKH llq)rt, OC068HHO IUOOHHN8, 3HaqHT8JI:&HO BbiW8. 

B aaKJIIOlleHHm c;nenaeu HeKO~'opue BbiBO;zthl. 

I. Mop;e mipoBaaHe ;nJIH ycTai<OBKH "~" ycJIOBHH nonyqeHHH nHOH

HhlX nyqKOB C BH8WHett YHIII8HH llO);TBep;nHJIO SKCll8pHM8HTSJI:&HO 0~8HKH 

O:atH;zt88MbiX HHT8HCHBHOCT8H. 

CpaBH8HH8 O:atH;naeMbiX HHT8HC!HBHOCTett M830HHhlX .nyqKOB YCT8HOB

KJti "~" lit ycKOPHTeJifi UEPH'a nocJ£e ero peKOHCTPYKUHH no:Kaaano, 

qTo HHT8HCHBHOCTH nyqKoB, OCOCkHHO MIOOHHbiX, CHJI:&HOTOqHoro ~830-

TpOHa cy~eCTB8HHO Bbllll8e 
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2. MauepeaHa coara:aa nyqKo:a noKaaaJio aaaqH!rem,ayiO (0,28) 

npHM6Cl) SJI6KTpOHOl3 13 nyqKaX OT]>l!I~ST6Jil)HbiX M680HO:B .MSJIIiX SH6pi'Htl 

( ,._ 70 MsB), o6paaoBaHHbtX Ha :anamae:tt MHmeHH. 

3 • ].l.IDl nyqKOB OTpH~aTe XbHllDC llHOHOB MSJibiX sHe pr.H~ (""'-'" 50 MsB) 

OT :BHemHett MHm6HH B Cynt6CTBYIOIIU!X ycJIOBHfiX TIOJiyq6Hbl .M6H»mH6 HH-

T6HCHBHOCTH, qey OT B~peaael MHmeHH npH HCUOJil)SOBaHHH WHJIJ)T

poB ~Jlfi TOpUOE6HHfl. 

B Oynt6CTBYIOIB,HX YOJIOBHfiX 0~' BH6mHaL1: MHill6HH .MOJJtl:O noJiyqHT» 

nyqoK noJioltmTeJI»HHX nHOHOB c s:t:eprHel -..ISO MsB HHf6HCM:BHOCTl)lO 

"'--3.I05 06K-I. 
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TaCSJIHJ.ta I 

BeJIH'IHBY mmyJI:&COB e_ , au,:tpral E_ , yrxos BWieta :uesouoB 
~~ ~I 

VV BS ~eHtpa KHm8BH no OtHOmeRBD K npOTOHHOKy nyqxy, aBeprBI E 
KesoaoB B ~em:pe IIHII8BH Hs noJiaa~rueua f' 80 101 ,JtJIBROI IOO o. 

--
--

t.Y 

E 

-
119B 

ll3B/C 

rpaJt. 

113B 

fiOJIOXBT8Jl:&HHe M830K 

55 73 I04 I 

!35 !60 200 21 

55,! 53,! 51,5 4 

69 86 II8 II 

---------------------------

!i O!pBQate~:&RJate K830HH 

56 55 73 !56 73 

50 !35 !60 260 !60 

9;3 35,7 25,2 26,8 25,2 

55 73 88 !67 rss•) 

•) 3aaqene E JtJIS M8)tBOI Maueo m 80, t • IOO IDle 

TaCSJIH~a 2. 

H3K8p8BHH8 B8JIJI'IHBH HBT8HCHBBOCT81 nyqKOB N , HB%8BCHBHOCTH 

RROHOB ~ , pacqBTaBHHe 3H8'18BB.fl BB%8HCHBHOCTel RHOHOB n;;; H3 

ROJ1B3TH48ROBOI Kllm8BB TOJl.BHOI !0 r/c:u2 

fiOJIOXB%8JI:&HHe nHOBB 

-
E.r. bB 55 73 104 i !56 731) 732) 
-
N•I03cex-1 

(H3Mep.) 68 107 172 134 ' 56 27 --
tl, • I03ce~:•1 

!ii (HSMep.) 33,3 53,5 II5 66 28 13,2 

n •103cex .. 1 
I ' I s; (pa.cq.) 42 80 IIO !07 38,5 II7,9 I I -- --

---:-~--- -- .. -
,·· "'· ,·. i ., ~ ·, -J .), . '.• . . 

( ~6H'&1;~•u i ~ -· \~· 
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OTpH~aTe~aH&e IIHOHH 

E,- laB 55 73 !56 731) 733) 
I.) I -

AI•I03cex·1em3Kep.) 4I,O 53,0 55,0 53,0 70 

~·I03cex•1{H3Mep.) !8,3 23,6 37,0 23,6 3!,2 -
n~·I03 cex•1(pacq.) 
"' 

14,5 18,! 43,0 17,5 30,8 - --
I) Me~Haa MHm8HL TO~·HHOI [5 MM 

2) llO~H3THXeHOBaR KKm8HL TOB~HOI 20 KU 

3) ltABaa KKmeHL TO~-HHOI [OQ MY 

Ta6~xua 3 

HlteHCHBBOCTH nyq£OB K830HHOrO R~Bana CKILHO!Oqaoro ¢63otpoua 
(!OK IlpOTOHOB 50.//1) 

- O!pHuare~LHR8 J.mORH .uv ... --....1.:&; • 

OOHH 

~ /' MaB 30 36 5) 76 !65 36 

pp laB.c•I 86 96 II; !50 250 96 

·1- A_% 1/J - p 7 6,3 6,3 4,8 4,8 6,3 

IV cex.·I 0,6.!06 I,I•I06 3,2•I06 4,8•IcP 5•I06 0,5•IcP 
/1 

I 
0rpH~ate~LHW8 IIHOBH no~oz•r. 

IDIORH 
~-

I [E$ II3B 89 III I~ 50 288 89 

pr; MaB.c•I I82 208 ~56 400 182 
f 

± ':$~ 3,3 3,8 I 4,5 4,0 3,3 
V. •I I,9•I07 2,5•I07 3,5•Io7 I 3,5•1071 3.5•I06 
r~ cex. .:II I I I --
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'faC:S.amna 4 

HHT8HCKBHOCTK DHOBBHX nyqxOB CHXLBOTOqHoro ~30Tp0Ba OT 

BHeDIB81 KD8RH H3 rpaqmta 10 r.CK .. 2 (HHT8BCHBHOCT:& BHB8,ll8HBHX npO• 

TOBOB 25 )"II ) • 
. ilOJIOZHT8JI:&H118 DHOHH 

E laB 55 73 104 156 288 -~£laB. II II II,5 16 30 -· ~-
8•107 8,3•Io7 4,I•108 IV ceJt•I 4,5•I07 6,5•I07 

r. 

E laB 55 73 256 288 -
11£ laB II II 16 30 -
!Vj, cett.-1 I,5•I07 I,5•I07 2,6•107 3,4•I07 

-
IlyqOK UpOXOyrOJILBOll OUTHD: 

E .Ji •50 laB, HHteucHBHOCTL Btme;~eHHHX nporoBOB IO -~A, KHmeR:& 

113 118JtH 5x5x5 CM3,• 12~- •2• I08 celt•! ~~+ •I09cex•l 
~~ ' "' 

TaC:SJIHllfl. 5 

MeSOBBSe nyqKB CHJILHOTOqsoro ~30TpOBa H nyqKH ycttOpHTeJIS 

UEPH,a noc.ae pexoucrpyx~H 

--4 UEPH lliili 

E MaB ..1 E MaB f /V ce:t .. 1 E MaB A.£M3B /V' cett-1 

- __:_~ 4=t2 I 2 6 7 8 -MeaouHJ:dl I r07 3,4•I07 lt8.Ha.l I fii - I27 I I7,5 III 17,5 

~~~ 56 II 5tiO) 76 I II 4,8•Io6 
I • ·~ I I • 5 .T-----~~~~~-~----'-1_I __ ~I-5_I_o __ ~I--3_6~I __ I_I __ ~I ___ s __ Io __ ~l 
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UEPH rum 
I 2 3 4 5 6 7 8 

BRemBSUl Ji - I04 28 9•I06 73 28 3,8•107 
~es~» .Yt - 280 47 2•I07 I 56 28 5,2•I07 

.y, - 288 47 5,4•107 

~+-.Yt 104 28 5•107 I04 28 2•108 

y;-+ 284 47 . 2•!08 ISO 47 8 6,4•10 

£_, .. 1)6 L3E__. /'1.7B /'\/, ( e ~< ·.f c~ H:Js 4f=:l'f:JB ,IV; c e1< -.f 
Jl .I; ~ .j, .. h 

,y; --



Pl1Co I. rem18TlHIJ1 oc>pa::JOilflltH.H flJ"liJ\OU ffil 1lllClilHOi1 HlTlUCJIH. 

,. 



p 

P11.c. 2. Tpaernnnvm oTrllU/lTC~JIJ.n~rx m onoD c womyJihCOM 160 J.1~Jn·c-I 
H8 B:XO,RC B l1C30FHUi{ IU1I £1Ji. 

10 C/"'1 



p 

I I 
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PMc. 3. TpamcTOPI1I1 no,rrm:mTeJihiUJX: mwnon c MMHYJII>COM' I60 M3n·c-I 
Hfl BXO.If,.E! B M830fliliJL;~ F.aHaJI. 
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