HU3BECTHUY
TOMCKGIO OPAEHA OKTSBPbCKOH PEBOJIIOIINH
H OPJEHA TPYIOBOTO KPACHOTO 3HAMEHH
[MOJIMTEXHUYECKOTO HHCTHUTYTA HM. C. M. KUPOBA
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BETATPOHbI HUH 33U NJid NPOMbBIIJIEHHOM
JEGEKTOCKOIIMH U MEJAMLHHDBI

B. ¥. TOPBYHOB, T. A, KYHHLDbIH, O. B. COKOJIOB

B nacrosulee BpeMs HOHH3HPYIOIIHE H3JYUEHHS HAWLIHM IHUPOKOE TpPH-
MeHeHHe B Hepa3pylalollHX MeToAaX KOHTPOJsS pas3fuuHbIX MaTepHaJioB
U usnenui. Koutpoab usgenaunii 60gab1oH TOMMHUHE! TPeOYET NPHMEHEHHS HO-
HH3HPYIOLIEr0 H3JyueHUs C 3Heprueil B JecaTku Mss. [IpumeHenue H30TOI-
HbIX UCTOYHHKOB y-H3JIy4eHHsI H DEHTIeHOBCKHX annapaTtoB B JaHHOM cayuae
CTAaHOBHUTCS 3aTPYAHHTENbHBIM H3-3a GOJBLIOTO BPeMeH! 3KCMO3HIUH M MJ0-
X0H BBISIBJASEMOCTH.

HMcTounnkaMu BbICOKO3HEPTeTHUCCKOTO TOPMO3HOTO H3JAYUellus SBJA-
IOTCS YCKOPHTEJIH 3JeKTPOHOB (MHKPOTPOHBI, CHHXPOTPOHBI, JHHEHHBIE YC-
KOpHTeJ/H, 6eTaTPOHEBI, YCKOPHTeJH npsiMoro AeHcrsus). HauGosaee mupo-
KOe pacrnpocTpaHeHHe B DaJHAaLHOHHOM KOHTPOJe INPH HOJbLIOH TOJLIHHE
KOHTPOJHpYeMBIX 006pasuoB noayunad ©OeraTpoHbel. J[0CTATOYHO yKaszaTb,
YTO TOJILKO B HameH CTpaHe HACYHTEIBAIOTCH JeCSATKH OeTaTPOHOB Ha pas-
JUUHble 2HEPTHH, KOTOPHE B TeUeHHe IJAUTEALHOrO NMepHoaa 3KCIYATHPYIOT-
CA Ha NpelNPHATHAX KaK HCTOYHHKH. U3JYUEHHS TMPH PAAHAUHOHHOM KOHT-
poJie TOJICTOCTEHHBIX H3IEJAUN H3 pa3JHUHBIX MATEPHAJNOB.

Pacrnpocrpanennocte 6eTaTpOHOB OOBSCHAETCH HaJHUHEM CJeyIONIHX
KauyecTs:

I. Bricokast 3Heprus TOPMO3HOrO H3JyueHHs. B03MOKHOCTH MNMJAaBHO
peryJupoBKH 3HEPrHH, YTO NO3BOJsSET IIPOM3BOAHTb KOHTPOJb MaTepHaJjoB
Pa3auYHOH NJOTHOCTH B IIHPOKOM AHANAa30HE TOJIUHH.

2. OTHOCHTeNbHASl NIPOCTOTA KOHCTPYKUHH H 3KCILIyaTauiu GeTaTpoHa
10 CPaBHEHHIO C TAKHMH YCKOPHTEASAMH, KaK MHKPOTPOH, JHHEHHBIH YCKO-
puTeJib, CHHXPOTPOH.

3. Mauble pasmepsl (DOKYCHOTO MSITHA, YTO MO3BOJSET IMOJyUaTh BHICO-
KYI0 UYBCTBHUTEJNBHOCTb K BLIAABJISIEMBIM JAedeKTam.

4. B0O3MOXKHOCTb MOJYYEHHUST HOCTATOUHOH [0 BeJHYHHe MOLIIOCTH J0-
3bl H3JyUeHHS.

5. HapexHocTh paGoThI.

B  HHWH saexkrponHo#t wuHTpockonuu npu TIIM paspaBarwoiBalorcs
M H3rOTABJAHBAIOTCH OCTATPOHBI Ha CpelHHE 3IHEPTrHH U HHTEHCHBIOCTH,
fipeJHa3HauelHbie B OCHOBHOM AJf JAe(EKTOCKOIHH MATEPHAJOB H H3Je-
aui. IloMHMo 3TOro, 6eTaTpoOHBI NPHMEHSIOTCS sl raMMa-Tepand#, aKTH-
BallHOHHOIO aHaJ/Hu3a, OHOJOTHYECKHX M (PH3HYECKHX 3KCIepHMeHTOB. C Io-
Molblo GetaTpoHoBs, paspaborannpx B HHWM 3H, Bo3MoKeH BBICOKONPOH3-
BOAHMTEJbHEIH KOHTPOJb MATepHaNoB H H3fenanit romauuuoil o 500 mm (1o

@
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CTaJH), KOHTPOJb HEOAHODOAHHX H MHOTOKOMIOHEHTHHLIX MaTepHasoB (TH-
na GeroHa u xKesaezo0eToHa)— L0 TOJMMH Topsaka 4—4,5 7/m%. YcraHos-
KH pa3pabaThiBalOTCsl KaK B CTAllHOHApPHOM BapHaHTe, TAK U HA MeXaHH3-
Me TepeMelleHHs], TO03BOJSIOLIEM NPOH3BOAHThL IlepeMenieHHe GeraTpoHa
B INpejiesiax JnabopaTOpHH, LeXa 'HJH CTPOHTeJbHOH mJomaaku. Paspaba-
THIBAlOTCA H TpaHcmoprabesabHble BapHaHThl. B 3ToM cayuae Geratpon Mo-
KeT TPAHCIOPTHPOBATLCA C MOMOINLI0 ABTOMAIUKHBL, 3J€KTpOKapa HJH APY-
roro TPaHCNOPTHOrO CpelCTBA.

Ilpn paspaboTke GeTaTpOHOB MHOTO BHHUMAHHS ObIIO VAEJEHO HCCJeLo-
BaHHIO NpOIlecCa HHXKEKIHUH 3JIeKTPOHOB B 0eTaTpPoH. 3aXBaT 3JEKTPOHOB
B YCKOpeHHe pacCMaTPHBaJCAd KaK IPOLeCC KOAJEKTHBHOIO B3aNMOAeHCT-
Bisi. MccnenoBanns no U3yueHHI0 MeXaHH3Ma 3aXBaTa 3JI€KTPOHOB B YCKO-
peHue BeLyTCH KaK B TEOPETHUECKOM, TaK U B SKCIEPHMEHTAJbHOM NJaHe.
[Tonydennsie pesynbTathl NO3BONSIOT NEPEATH K NPAKTHUECKOMY YBeauye-
HHIO0 3 (PeKTHBHOCTH 3aXBaTa 3JEKTPOHOB B yCKOpeHHe,
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Puc. 1. 3aBucumocTs Beca KOHZeHcaTOp- Puc. 2. 3aBHCHMOCTD BECa JIEKT-
Hoi Garapen Gg OT sHepruu A pomaruauta Gsy 0T 3HeprHuH A

Boabmias paGora npoBesena no ycoBeplIeHCTBOBAHHUIO 3JIeKTPOMATHHT&
Gerarpona. PaspaGoTaHbl 3/1eKTpOMarHuThi CUMMETPHYHOH MHOTOCTOEYHOM
KOHCTPYKIHH, 00/1aJal0llHe YJIYUIleHHbIMH, MO CPABHEHUIO C LII-06pasHbI-
MU, MarHUTHEIMH, MEXaHUYECKHMH H BECOBBLIMI XapaKTePHCTHKAMH. [1oBbI-
IIeHIe MeXaHHYeCKOH MKECTKOCTH 3JeKTPOMArHHTA MOBBICHAO CTAGHIbHOCTD
MAariiTHBIX XapaKTEPUCTHK H YMEHBLIMJIO YPOBEHb aKYCTHUECKOrO IyMa
3JIEKTPOMArHHTAa.

IIpu pacuere snekrpomaruuton O€TaTPOHOB HEOOGXOMHMO CTPEMHTBHCA K
TOMY, 4TOObI NIPH BBICOKOH HaJeXKHOCTH PAGOTH B 3a1aHHOM peKuMe Mac-
Ca SJICKTPOMATHHTA M €ro CTOHMOCTh OBIH MHHHMaububl. JJIs NpoBesenus
pacyeToB GETATPOHOB € ONTHMAJbHLIMH napamerpamu 3 HUHM 3 paspato-
TaHa METOLMKA pacdera M COCTaB/eHa NPOrpaMMa JJIs pacueTos Ha
ID1IBM M-20. Pacyer CBOIUTCA K ONPEHEeJNEHHIO 3aBHCHMOCTEH OCHOBHBIX
NapaMeTpor GeTaTpOHOB OT KOHEYHO! 3Hepruu YCKOPEHHBIX 3/J1eKTPOHOB IpH
3a/@HHOH MOIIHOCTH [O3Bl TOPMO3HOTO H3JydeHHs!. '

Ha puc. 1 n 2 npuBenensl rpadukuy, HJUTIOCTPHPYIOLHE 3aBHCHMOCTD
Beca sslekTpomarinra GeratpoHa G, H Beca KoHjeHCATOpHOH GaTapen G
OT MaKCHMAaJIbHOH 3HEPIHH W MOUIHOCTH NO3bl Y-H3JAYYEHHA NPH 33TaHHBIX
NOCTOSHHBIX 3HAYEHHSAX HANPSXKEHUS MHMKEKUHH H HHAYKLUH B LeHTPanbHOHR
YacTH 3JeKTpoMarnuTa. XapaKTepHOH 4epToil I'paHKOB SBJSETCH HAJTHUHE
MHHUMYMOB Ha 6oJiee MJTM MeHee IIABHBIX KPHUBHIX, YTO [O3BOJISIET BEIGpaTh
TaKHe mapaMeTphl, MPH KOTOPHIX GeTaTpoH GYAeT ONTHMAJBHBIM MO TON MK
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HHOI XapaKTepHUCTHKe (BeC YCTAHOBKH B LIeJIOM HJH OTAEJbHBIX ee Y3JOB,
peakTHBHAsi MOILHOCTb KOHJAEHCATOPHOH 6aTapei, MOLIHOCTb JAO3bl Ha €Iu-
HHIly Beca, Pacxol 3JeKTPO3HepPruu H [pP.)} HJAH TPyMe XapaKTepHCTHK.

Ha ocuose paspaGoTaHHOR MeTOXUKH paccduTaH M H3TOTOBJeH GeraT-
pou B-18, oryinuaromuiicsi BLICOKHMH YAEJbHBIMY NOKa3aTeTsiMHU.

TexHiyeckue XapakTepHUCTHKH ueThipex o0pasnoB OeTaTpoHOB, paspa-
6aTbiBaeMbix H H3roToBasieMbix B HUUM DU B Hacrosimee BpeMs, npuseae-
Hel B Taba. 1.

Tatauma 1

N . B-18 B-25/10 b-30 B-35/8

1 | MakcuManbnast sHepris yc-
, KODEHHBIX 3JeKTPOHOB,
Mas 18,5 25 30 35
2 | MomHOCTDb A03BI TOPMO3HOTO
H3AY4eHUSI HA PACCTOAHHUH
1 M OT MMIUGHH, pad|Mun 15 40 170 250
3 |CrabunbHOCTH MOLIHOCTH NO-
3bl NPH H3MEHeHHH MUTAO-)

Hlero HamnpsxeHus Ha

—+10% —He xywe, % 1,5 1,5 1,5 1.5
4 | MomHKoCTh nuTaHHa (CeTh

220 8 50 2y), xem 35 10 40 30
5 |PeaxkTnBHas MOWHOCTHL KOH-

JeHcaTOpHO# Gatapeu, keap| 120 800 1800 1820 -
6 |[abapuThl ajeKTpoMmaruura,

MM 500600 112001200 [1200<1700 [1510x1370

x 950 x 1200 * 1500 - %1010

7 |Bec saeKTpoMarHuTa, K2 500 2500 5000 4500
8 |Pamuyc pasHOBecHOH op6u-

Thl, €M 10,8 18,5 24,5 245
9 | BbicoTa MexnoamCHOro 3a-

30pa Ha panuyce r,, cM 4,0 6.2 8,5 8,9

Beratpous B-25/10, B-30 u B-35/8 BHeipeHsl B NPOU3BOINCTBO, B YACT-
HocTH, ofMH u3 Geratponos B-25/10 B Teuenne pama JeT yCUeUHO 3KCIya-
THpyercsa na BapHay/ibckoMm KoTenbHoM 3asofe. B nacrosmee spems HHH
AU wusrorosaser aaa BK3 sropoi Gerarpon b-25/10. Berarponn b-30
BHeJpEeHbl Ha psAje NpelNpuUITHH, Oe-
trarpon B-35/8 Brenpen na Maxopcexom
zasoge HuM. JXKpanosa, eume JABa

Takux . GeraTpoHa H3TrOTOBJIEHbI
ansa Ypaaxummama (r. CBepaJsioOBCK)
u  3aBofa uM. OpaxoHuKHAZE

(r. Monxoanck). Beratpon b-30 umeer
anekrpomMaruut II-o6pasHoiét KoHCT-
pykunn. Ob6muil BuI GetatpoHa NpH-
BeleH Ha puc. 2a. DBerarpons B-30
npHUMeHsIOTCE B Ja60paTOpPHBIX HC-
CJAeN0BAaHUAX, B Ae(heKTOCKOIHH H Me-
auuuHe. Jns nepemeuiesuss OeraTpo-
Ha B mpepenax jabopaTOpHH HJH Le-
xa paspaboTal MeXaHH3M NepeMellie-
uusi GeraTpoHa. B Hacrosulee Bpems

Puc. 2a. O6muit BupA, GeraTpoHa bB-30
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Geratpon b-30 moxKeT ObiTh YKOMIJIEKTOBAH OTHASIHHON BAaKyyMHOH KaMe-
poi. Ha 6ase 6eratpoHa b-30 paspaGoran BapHaHT ABYXJy4eBOro GeTaTpo-
Ha, Jalollero Ha OZHOH BAKyyMHOH KaMmepe 2 napaJjJjiejbHBIX HJIH CXOAf-
WHXCA NydKa y-H3JIy4eHHsi. DTO 1103BOJAET NMPOCBEUHBATL OAHOBPEMEHHO 2
y4acTKa KOHTPOJHPYEMOTO OObEKTa HJAH [0JAyd4aTb CTEPEOCHHMKH He(PeKT-

Puc. 3. OCwmui Bug Geratpona B-25/10

HBIX YUaCTKOB.

PaspaGotka Geratpona b-25/10
Obl1a TIpeANpHHATA C I1eJblo C03/1a-
HHSA  YCTAHOBKH, oOTBeuawlleil Tpedo-
BaHUSAM, NpPELbABJAEMBIM K COBpe-
MellHbpIM ~ OeTaTpoHaM AasT  JedeKTo-
CKONMH H MeRulHHbl. Ha sTom Gerar-
pone Obl1 onpobOBaH pAX NPHHLMIIH-
AJbHO HOBBIX TeXHHYeCKHX pelleHHT,
nameNlux = JajbHefllllee pa3BUTHE B
fo/ee MO3AHUX KOHCTPYKUHMAX Gerart-
ponoe b-35/8 u b-18.

Ha puc. 3 npusenen o6iuit sux
G6eratpona b-25/10. berarpon umeer
CHMMETDHUHBIH JAeCATHCTOCUHBIH Mar-
HHTOTIPOBOA. JloCTOHMHCTBAMM TaKoH
KOHCTPYKIHU 3JEKTPOMAarHiTa siBJjif-
H0TC yMeHblUeHHe TabapHTOB M Beca
no cpasneiiuto ¢ l-o6pasHoi, GoJsee
paBHOMepHada cTaTHuecKast # (asoBas
43MMYTaJbHasl - CTPYKTYpa MArHUTHO-
FO 10Ji, BO3MOXKHOCTb HCIOJb30Ba-
HHSE CTOEK 3JE€KTPOMArHHTa B KauecT-
BE 3/IEMEHTOB 3allUTHl OT PaCCEHHO-
0 H3JyyeHHda. MexaHHUYecKast »KecCT-
KOCTb KOHCTDYKIUHH JIOBBIIIAETCH 34

cueT cOHOPKH TMOJOBHH MATHHTONPOBOAA H3 UEJLHOUITAMNOBAHHLIX NJACTHH,
KOTOpBIe COBMPalOTCA B NaKeThl, CTATHBAIOTCA INNUIbKAMHU U KPENATCS K CHIY-
MHHOBBIM n/iutaMm. Ha puc. 4 npusesen o6iuuit Bua coOpaHHOH NOJOBHHEL
Marsutonposofa. Has cOopKH CTOeK M 3JeKTpoMaruura paspalboTaHbl cre-
LHaJapHble Ipecc-GopMbl. Brarogaps npuMmeHeHuio npecc-GpopM, pasMepsl H

Puc. 4. Marauronposon Geratpona bB-25/10 B mnpo-
necce cObopku
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KOS(P(ULUHENT 3aMoJHEeHHs CTajJbi0 OTAE/bHLIX CTOEK 3JEKTPOMArHHTA HMEIOT
MHHHMaJbHBIH pas6poc. HocTHruyThl Xopouias NOBTOPSIEMOCTb MarHHTHBIX
XapaKTepHCTHK OTAeJbHbIX CTOEK, BbICOKAsT TOYHOCTb COOPKH MAarHHTONPO-
pofa. B pesynprare mosnyueHa ynoOBJeTBOpHTe/IbHASl ecTecTBeHHast (asomast
CTPYKTypa MarHHTHOTO IOJIf, NOYTH He HYIKAA0W[ascsi B KOPPEKTHPOBKE,
Ha pwuc. 5 mpuBefenHa asuMyranbliag ($a3oBas CTPYKTypa MATHHTHOTO, IOJS
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Puc. 5. AsumyranwHas ¢aszoBas CTpykTypa OeratpoHa b-25/10

6etarpona bB-25/10. Crpykrypa uMeeT ABHO BbipaxeHHYO 10-10 rapMOHHKY,
BKJaj Haubojiee ONACHBIX HU3ILHX TapMOHHMK He3HayuTeseH. AbGcosioTHas
BesHunHa (a30BOH HEOJHOPOAHOCTH HEBEaHKA,

OxJyaxkjeHne 3JEKTPOMArHHTA OCYIIEeCTBJSIETCS OCEBBIM BEHTHJSITO-
pom CBM-4M, ycraHoB/ieHHBIM Ha BepxHell nuute. CHCTeMa BO3LYyXONpOBO-
0B Ha nuHtax obecneunBaer o06AYB
HAMAarHYYMBAIOLUIUX KaTylleK U Baky-
YMHOH KaMmephl.

beraTpoH yKOMIJeKTOBaH oTMna-
SIHHOH BaKyyMHOH KaMepoH THMma
BbYK-25, paspaGotranHoii Jlenunrpan-
ckum OKDB  «Csernana». Ilpumene-
HHe OTNAaAHHOH BAaKyyMHOI KaMepbl
3HAYHTEAbHO  yOpollaeT 3KCIJyaTta-
¥ OeTaTpoHa M TOBBLIIIAET €ro Ha-
NeKHOCTb.

beratpon B-35/8 ¢ makcuma.b-
HOH 3Hepruel YCKOPEeHHBIX 3JeKTpOo-
HOB 35 M58 H MOUIHOCTLIO IO3bI raM-
Ma-u3nyuenus 250 pad/mun 1 m
npeiHa3HayeH B OCHOBHOM AJS NPO-
MblJIeHHOH  Aedekrockonuu. C  1o-
MOUIbI0 3TOTO GeTaTpoHa MOIKHO Mpo-
BCAUTb KOHTPOJIL KadyeCTBa CTaJb- Pue. 6. O6uuit Bug GetatpHa bB-35/8
HBIX H3JeJHul TogawHHOA A0 600 Mmm,

a H3JleJHH M3 MaTepHaJoB Mauaoil mirorHoctu (1,8—2,5 2/cm®) — ronuwuHoil
A0 2000 mx. Bec n raGapHTH YCTAHOBKM YMEHbIIEHBI [0 CPABHEHHIO ¢ Npe-
ABIAYLed MOAenbr0 — GeTaTpoHoM B-30 3a cuer syumiero MCloOAb30BAHHS
AKTHBHBIX MAaTepHasOB (CTaJd H MEAH 3JeKTPOMATHHTA) W PsAla KOHCTPYK-
THBHBIX ycoBepuiencTsoBanuii. Ha puc. 6 npusesen o6wuil Bujg Geratpona
b-35/8 B obaunoske. KoMIIaKTHOCTH YCTAHOBKH JOCTHTHYTA 34 CUET CHM-
MeTPHYHOH KOHCTPYKUHH MardHHTONPOBOLA M PAalMOHAJbHOTO Pa3MeleHUs
HMIyJIbCHBIX CXeM H CHCTeMbl oxJaxaenus. Haa Geratpona paspaboTana
oTrasnHas Bakyymuas kamepa BYK-35 (puc. 7). Cpox cayx6wl Katoma uH-
KEKTOPa B HMCNBITAHHBIX ob6pasuax kaMep okoJio 5000 wacos. PaGouee Han-
psxeHHe HHXKeKUuM — 70 k6. PexomenayeMblil AHANA30H TOJIUMH NpPH pa-
avorpacdun 10 450 mu no craau uwam 2,5 7/m2 aas GeToHa H Keae306eToHa.
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beratpon b-18,5 npenHasnauex nss npoBefeHHS AeheKTOCKONHH Ipo-
MBIIIJIEHHBIX H3AEJHH, CBAPHBIX COCAMHEHHH, CTPOHUTE/bHBIX Y3JIOB M KOHCT-
PYKUHH METOAOM NpPOCBEYHMBAHHS B JIa6OPAaTOPHBIX, LEXOBLIX YCJAOBHAX HJIH
Ha cTpouTesbHON mJoniazike. UToObl yIOBJAETBOPHUThL 3THM YCJOBHAM, YCTa-
HOBKA JHoJxKHa OblTe TpaHcnoprabeapHol. [lpuMeHeHHe npu pacuere
H KOHCTPYHpOBaHHH OeTaTpOoHA ONHCAHHOI Bhblle METOJHKH pacyeTa IO
ONITUMAJIbHBIM XaPaKTepHCTHKAaM M03BOJHJO MNOJAYYHTb JOCTATOYNO BBICO-

Puc. 7. OTnasHHas BakyymHas kamepa BYK-35

KHe yaeabHble NOKa3aTeJH OeTaTpoHa IIPH Bece OTAEJbHBIX O0JI0OKOB, He
npepuimamwuiem 0,5 7. [ToaHbli Bec ycTaHOBKH He npesbimaer 1,2 7. berar-
POH CKOHCTPYHPOBAH C y4YeTOM BO3MOXKHOCTH €ro TPaHCIOPTHPOBKH. Bec
H raGapuThl YCTAHOBKH IIO3BOJISIIOT Pa3MeCTHTb ee B Ky30B€ aBTOMOOH/IS
WM npHuensHom aBTodyprone. PaspabaTbiBaeTcd NPOEKT HePeIBHKHOH Ae-
PEeKTOCKONHYeCKOH JabopaTopHH, B KOMILIEKT KOTOPOH BXOZHT GeTatpoH
b-18. B 6eratpoHe MOXKeT HCIOJb30BATbCS KaK OTIasHHAasi BaKyyMHasi Ka-
mepa, TakK u ¢apdopoBasi BakyyMmMHass KaMepa C THTaHOBBHIM HacocoM,
3JIeKTPOMArHUT OeTaTpoHa pasMellleH B JHTOM CHJIYMHHOBOM KOpIyce,
B 5TOM K€ KOpIyCe pasMellaloTcsd HMIYJbCHBIH TPaHCHOPMATOP HHIKEKLHH
H BEHTHJSITOPLI CHCTEMBbl OXJaxKleHHs. Pexomenjyemplfl AManasoH TOJIIKMH
npyu paguorpadun no 300 mm no cranu uau 2,5 r/M* 11a GetoHa.

B macrosmee Bpemsa B HMHM 3 npomosxarorcs paboTsl 1o ycosep-
IIeHCTBOBAHHUIO HMeEIOLINXCsi OeTaTpoOHOB H No pa3paboTKe HOBBIX KOHCT-
PYKIHA.



