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• 
H3Y'l8BB8 BpGM8BB0I! CTp:yxTypbl ny'llta 1Clt0PHT8nB npeACTaBnHeT HBTepec co MB0rHX 

TO'lelt 3peBHSI.· C 0AHOI! CT0p0Bbl, 3BallH8 ee noMora8T H0BBTb oco6eBBOCTH yc1topHT8M H 

Bb16paTb IIyTB yny'IIJI8BlUI ero pa6oTb_l. C Apyrol! CTOpoBbl, H3Y'l8BH8 aTOI! CTp:yxTypbl n03-

BOM8T 6onee CTporo oneBHBaTI,, B03MOlKR0CTH nocTaB0BltH ¢H3H'l8CltHX 91tcnepHM8BT0B. Ha­

PHAY C STHM, Tpe6oBaHHH It napaMeTpaM perHCTpHpy10mel! annapaTypbl TB.IOK8 B 3Ba'IHTenb­

BOI! CTeneBH o6ycnonn:eBbl xapaltTePOM Bp8M8BB0I! CTpy1tTypbl ny'llt0B qacTnn. 

H3B8CTBO, 'ITO CBBxponultnOTpoB pa6oTaeT nHltllll'IH0. BpeMeaBaH CTp:yxTypa BblB8AeH­

BLIX By'lltOB HM08T J1BOl!ny10 nepH0JlB'IH0CTb, CBSl3aHByJO, Bo-nepBb!X, C qacTOTOl! B0BT0p8BHH 

nuxnon yaop8BHH - "'MaipocTp:yxTypy' , •• BO-BTopb!X, c qacToTOll ycKopmomero aanpmKe­

llHH - "'MllltpOCTp:yxTypy... Ha puc. 1 B B8CbMA CX8MAT'.Hqec1toll ¢opMe npeACTaBneao BpeMeH­

aoe pacnpe11eneBHe qacTHJt B nyqxe. 

B H8CTOHI1!8ll pa6oTe OBHCb!BalOTCH cnoco6bl H3Y'l811HH MUpo- H MHKpOCTpyKTYP H 06-

cylKJlaJOTCll pe3yn&TaTU H3MepellHll. 

1. MaxpocTpy1tTypa 

11acToTa cne110BaBHH nu1tnon yc1tope1111a curutponn1tn0Tpoaa OH.RH B o6wqab!X ycnoBHHX 

120 1/cex. BpeMH yc1topeBHH COCTaBi:Ig8T 4,0 MCelt. ITpo11omKHT8Ilb.lIOCTb JKe BblBOAa 'laCTHil 

H3 yc1topuTenH_B 3Ha'IHTen&aol! cTene!lH onpe11ensieTcH cnoco6oM ero ocymecTnneHHSI. 

BpeMeBHall MaKpOCTp:yxTypa H3y'lanacb 8AHHblM AilH Bcex ny'IKOB M8TOAOM. _BnoK-cxe­

Ma annapaTypbI npe/lCTanneHa Ha puc. 2. 11acTHllbl ny111ta perucTpHponanHcb Tenec1tonoM H3 

Tpex cnHBTHililSIBHOBHblX C'l8T'IHltOB, BKnJ0'l8HHblX Ba C0BnaAeHHH. )KecTK8H BpeM8.IIHaH npH­

BH3lta K BHKny yc1top8BHH ocymecTBneaa C IlOM0illblO 'laCT0THoro AHCKpHMHBaTopa. HacTpoll-

1toll ero ltOHTypa MOJKHO 6b!Il0 perynupOBaTb M0M8BT llpHBSl3KH. O6bI'IBO OH Bb16upanca B6nu-

3H y'laCTlta C aau6on&mel! CK0PCllCTblO U3M8H8BHSI qacTOTbl 110 BpeMeau. ITpu ItaJKjl0M BHKne 

yc1topeHHll Ha BblX0J18 AHCKPHMUBaTOpa nonyqanHCb HMnyn&Cbl C AilHT8nhH0CTblO 30 MKCeK, 

1t0Topb1e 11epe3 11enuTen& 'ISCT0TbI cne110BaHHH 3anyc1tanu reaepaTop nnnoo6paaHoro aanpa­

JKeaua. Curnan co cxeMbl connaileHull nocTynan Ha BX0A npeMen.11oro cene1tropa. Ha Apy-
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roll era BXOn nonaBalIOZ~ IIIllI006pa3H08 HanpHJK8HHe. Ilpa npaxone HMnyro,ca co CX8Mbl COB­

nanennl! BpeMeaaoa ceneKTop B1>1pa6aT1,1BM ca:raan c aMnna17noa,. nponopnaonam,noa Mrno­

BORROMY ypOBRIO lIBlI00.6pa3HOro R8IlpHJK0BB51, ocymecTMH.11 T8M CaMhlM BpeM9-aMnnHTynnoe 

npeo6pa30B8HHe. CneKTP BblXOnRl>IX HMrrym.coB ceneKTOpa aanHCblBAlIC.11 Ra 256;..KaHa)IbHOM 

/1/ 
aMfilIHTynnoM ananaaaTope • BpeMeRHol1 MacmTa6 aaanaaaTopa onpenemmc.11 .BP0MeHeM 

napaCTaHH.11 nanoo6paanoro nanpHlKeRHH. B pnne cnyqaeB 6blno noneano aanHCblBaTb ne OAR~, 

a HeCKOilbKO fiOCII0AOBaTellbHblX llHKIIOB pa60Tbl yCKOpHT8JLq. nnn ocymeCTM8HHH TaKOrO pe­

JKB!"a cnylKHlI A0nBT0/IJ, qaCTOTbl CIIO,!lOB8HBH BMIIYIIbCOB C qaCTOTHoro ABCKPBMBHaTopa. 

Ha pac. 3 npencTaBneno aaMepelliloe pacnpeAenenne BHTeHCBBHoCTB n:y'Dta Bhl11eneHH1>1X 

npOTOHOB. Manoe .BpeMH BblBOAB npoTOHOB - Bcero 160 MKC0K - onpenenn~ ~~06e.1rnoc­

TSlMH BblBOABo 

BTopaqJlbl8 qacTBllbl, KBK npaBBIIO, nonyqalOTCB 118 BHYTP8HH811 MBW0BH CBHXPOllBKIIO­

TpOHa. <!>opMa KpBB08 pacnpeAelleHBB BRTe.HCBBHOCTB BblB8A8HHOro ny'Dta onpeAeMeTCSI, B 

OCHOBHOM, CKOpOCTblO H8fillblB8HBH cryCTK8 ycirnpeHHblX np0TOHOB Ha MBmeHb ll Cll0KTpOM 

8Mn/lBTYA p8AB81ll>Hb1X KOne6aHBl1. 3TB ¢aKTOPbl 06~.IICHHK>T 6ollbmy10 npoAOruKlIT811J,HOCTb 

Bb1BOA8 BTOpBqHblX qacTBll. , 

Ha pnc~ 4 npeACT8BII0HO B3MepeHH00 pacnpeA81I0HBO BHT0HCBBHOCTB BblB8A0BHOro nyq-

Ka ,,. -Me30HOB. CpeAHee BpeMB BhlBOAa 620 MKCeK. Haqa/lJ,Hblll' IlBK BHTOHCBBHOCTll CBSl-
/2/ 

38H C 9/l0KTpOCT8TBqecKol! ¢oKycBpOBKOl! B nenTpe MaWBHbl • 

Bo MHorHX OfiblT8X lK0/leTellhHO KBK MOlKHO 60llbW8 YB81IB'll1Tb npOAOIIlKBT0/lblIOCTb Bbl­

BOAS qaCTB!l B3 ycKopBT81IB. 3TO 11eo6XOABMO, C OAHOl! CTOpOHhl, AM yMeHbW0HRH i38rpy3KB 

annapaTypbl (yMeHbWeHBe noTepb 38 cqeT M8pT.BOro BpeMeHR) B, C Apyrol! CTOpOHhl, ARB 

CHBlKeHRB nnoTHOCTB ¢oBOBOrO B3nyqeHBH. Ha nameM ycKopBT0/le B 1865 r. 6bl1I ocymeCTBII8H 

/3/ 
opBrBH81Ihllbll1 cnoco6 M81U1eHHOro Bb!BOA8 ny'Dta • CyTb ero aa1rn10qaeTC.11 B TOM, qTO Ha 

KOH0qHhlX op6l'!TaX ycKOpBT01I!I Boa6yJKABIOTC51 Bb1HYJKA811Hbl8 AOilOIUIIIT81IhHbl8 P8AB811J,Hhl8 KO• 

ne6aHBH crycTKa npoTOHOB C IlOMOWblO nepeM8HHOro BO Bp0M8HH MarltHTHoro nolIB. 3TOT 

.cnoco6 Il03BOIIBII YB8!IB'll1Tb IlpOAORlKHT0!IbllOCTb BbIBOAB M830HOB AO 2500 MKC0K, qTo BHAHO 

H9 pBC. 5. nocTBrHyTBH CKB8)KHOCTb COCTaBIIHOT 25% npB COXpaHeHBB 70% BHT0HCHBHOCTB 

nyqKa~ 

2. MnKpoCTpyKTypa 

B KOH!l8 fiBKRa ycKopeHHH pa6oqaH qacTOTa YCK~pHT01IH MeAII8HHO M0HH0TCSI OT 14,2 

AO 14,0 Mrn. CpeAHBll nepBOA MBKpOCTpyKTYPbl nyqxa ... 71 aceK. 

0AHBM Ba npOCTblX cnoco6oB H3M0peHHH pacnpeAelleHBH BHT8HCHBHOCTH B MHKpoBM­

nynbc8 HBIIB8TCB HCfi01Ib30B8HB8 06blqBblX cxeM COBllaAeHD11.c xopomBM paap0meaneM. Ha 
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BXOAbl CX8M nOA810TCH cBrHBllhl OT ¢oToyMHOlKBT8Rel! CllHHTBIIIIHfiBOHHOro T8/l8CKOha H qep83 

nHHBIO 38A8pJKXB nepeM8HH08 AIIBHbl 38BOAHTCSI )'3KB8 BMilY/lbChl, c¢opMBpoBaHHbl8 B3 CBHy­

COBABRbHOro BblCOKOqaCTQTHOro aanpSl)K8HBSI ycKOPBT8M. Ilpa IlpaKTBqecKOM BCfiOIIb30B8HBH 

STOro MeTOAa BCTPOqa!OTCSI cepb83Hhl8 TpyAHOCTBI' CBB38Hllhl8 C ¢opMDpOB8HB8M KOpOTKBX 

BMnYIIbCOB B3 ~DHyCOBAhl nepeM8HHOl1 qacTOTbl. 

nllll Il8pBOH8qa/lJ,HhlX ll3M8p8HBl1 Mbl Bb16panll Apyrol! nyTh - ¢oTorpa¢BqecKBI\.. Ha 

pac. 6 npeACTaBneaa 6noK.-CX8Ma OllbITa. fpy68SI CBHXPOHB3annn annapaTypbi C ycKopBT81I0M 

no-npe)!(ReMy ocymecTMH!IBCb qaCTOTHhlM ABCKpBMHHaTopoM. qaCTOTa CII8AOB8HBH BMnyllbCOB 

• 
C AHCKpBMBHaTOpa yM8Hbmanacb A8nHT0lI8M qacTOTbl B 15 paa. Kos¢¢BllH0HT A8!I8HBH onpe-

nenH!ICH 6blCTpOA88CTBH8M ¢oroannapaTa. 0AHOBB6paTop CABBra Bb16Hpan DHT0p8cyximnl! HBC 

yqaCTO)t Ilp0Il8CC8 BblllOAa qacTBI!, a OAROBB6paTOp ml'!pHHbl '.BOpOT' 3aAaB8/l npOTH)K0JIHOCTb 

DCCR8AY8MOro yqaCTKa. HMilynhC nocnenH0ro OAHOBB6paTopa IlOA8B8!ICH Ha OABH Ba BXOAOB 

CX8Mbl COBfi8A8HBA, Ha AB8 npyrnx nocTynann l!:Mn:yRbCbl OT ¢oTOYMHDlKBT8!I08 56 AVP ' CTO­

S!IIIBX B BCCR8AyGMOM ny'Dte. qacTBil. CnrHan C Bb1XOA8 CXOMbl COBnaA8HBl1 aanycKa/l p83B0pT-

/4/ 
Ky nHTRnyqeaoro ocnnnnorpa¢a • 3ToT )!(8 nMnynhc ynpaBnM pa6oT08 ¢oToannapaTa. 

Ha OAHy napy nnacTRH B8J)TBK8llbHOro OTKIIOH8BBH Tpy6KB ocnnnnorpa¢a llOAaBSIIOCb 

BblCOKOqacTOTH00 nanpB)K8HBe OT yCKOPBTemI. Ha BTOPYK> H TpeTblO napbl nnaCTHH nocTyna­

lll'l BMIIYnhCbl OT ¢oTOYMHOlKBT0/l811 qep0a mHpOKOilOlIOCHbl0 YCBIIHTORB Tnna Y3-5 ( YP-4) • 

q8TB8pTblfi B nHTbl8 ny'lll He HCil0llb30BanHcb. fopH30HT8RhHaH paaBepTKa ncex nyqefi npoH3-

BOABll8Cb OT oAHOro reaeparopa. CKopocTb paaBepTKD N 10 11ceKlcM. 

IloCKOnhKY qacToTa aanycKa He npeawmana 6b1cTpoAeficTBH11 ¢oToannapaTa, a mapHHa 

HMnynhca 'BopoT' 6blll8: M8Hbme M0pTBoro BpeMeHB paaBepTKH 0CllBII!IOrpa¢a, TO B8 Ha6-

IIIOA8nocb HaRO)K8HB8 KaAPOB Apyr 118 Apyra npH IIK>6b!X aarpyaKax cqQTqBKOB. 

0AHa na ¢ororpa¢na npnBeA011a Ha pnc. 7. Bo apeMn np0ABapBT8nhHoro npocMoTpa 

oT6paCblB8nBCb BC8 K8Apbl, rA8 6blll0 aaperBcTpHpOBBHO 6onee oirnoro BMnyllbca Ha III060M 

nyqe. Ha OCTaBWHXCH KaApax B3Mepnnocb paCCTOHHB0 OT TOqKB A nepeceq0HHB BOCXOAH-

me!! B8TBH CBHyCOHAbl co BTOpblM nyqoM AO TO=B B nepeceqeann KacaT0/lbH08 .K ¢poHTy 

BMnynbca ¢QToyMBO)KHT011H C npOA0/l)K0HH0M 9TOro )!(8 nyqa. IlepBOA CiIHYCOHAbl ( OTpeaoK 

nyqa AC) H3Mep11ncs qepea KBJKAble 100 KBApoa. OTaomeaH0 oTpeaKoB AB H AC AaBano 

OTHOCBT8/lhHy10 ¢aay MOM0BTa npHXOAa qaCTHfibl. A6con10TB8H ¢aaa Be onpeaennnacb. Toq­

HOCTb naMepeHHA ( BKIIIOqag npoCMOTp) COCTaBIIS!Jl8 :. 0,8 BceK. Bcero 6blll0 o6pa60T8HO 

10000 ¢QTorpa¢aa. · 

HaM8p0HBSI MHKpocTpyKTypbl npoBOAH!IBCb Ha nyqKax npoTOHOB, MIOOBOB H nnoBOB. 

HccneAOB8/l8Cb T8K)K8 CTPYKTypa nyqKoB qacTBll Ha Bb!XOA0 /1- -M830HHoro TpaKTa 
/5/ 

Bee Ollb!Tbl npoBOADIIBCb Ha nonaoil HHT8BCHBHOCTH BHyTp8HH8ro nyqKa ycKOpl!TelIH B Haqa­

ne H KoHil8 nponecca BbIBOAa ( cooTB0TCTB0HBO Toqxn A H B Ha pBc. 4). PeaynhTaTbl 

113M0p8HHl1 np8ACT8BII8Hbl Ha pHc. 8-12. Ha coo6pa)K0HHA HarnHAHOCTB rHCTorpaMMa; COOT­

B0TCTByroman OAHoMy nepBOAY, noBTepeHa Ha cneAy10meM nepBoA ... 

5 



O6pamaeT Ha ceoR BRl!MaRBe 8CBMMeTplIH uonyqeHHbIX BpeMeHHbIX pacnpenene~aft AruI 

ny,rxoB BTOpBqHblX qacTHD, 3TOT a<p<peKT O0'bHCHH8TCR MHoroxpaTHbIM 'npoxonmeHRCM J:,.f'0TOH0B 

BHyTpeHHero crycTKa ql3p83 MHW8Hb, HMeromaHCH H8M0.0:0XPOM8THqROCTb nyqxon He MO)K8T 

cymecTneaao ncKa3HTb q,opMy sTHX pacnpeneneRl!l!, HHTepecno, qro cpenn?.R wnp1ma pacnpe­

neneRl!H B naqane Bb!Bona 3aMeTno 6onbrue, qeM B xonne, OHa yM8HbWBGTC!>I c 16,5 no 

12,5 nceK, 

Ha pnc, 13 npencTaMeHo BpeMeHnoe pacnpeneneRJie 1InTenc1IBnocTn B MHKpolIMiryn&ce 

Bb!B8Delrnoro uyqKa npoTOH0B, XoTH tjlopMa KpHB0ll II 0TnlI'l'.88TC!l OT q,op,Abl noi:106Hol! lKe 

xp!IBOll nna BTopn'l'.nbIX 11:acTnn , HO cpeDH!lH nnlITenbH0CTb MKKP0IIMIIYDbC8 no--npe)KHeMy 

cocTaMHeT 15 HceK, Pacnpenenenne MO)KHO xopomo annpoxcnM11poBaTb rayccoBcKol! Kpnnol! 

co cpenHeKnanpaTH'l'.HblM pa36pocoM 

BblBODa, DpBKTHqecKH COBDaAaroT; 

0 = 5,5 HC8K, KpHBble, CH!lTbI8 B aa11:ane II B KOHI18 

B OTD8DbHbIX ODbITSX n3y11:anacb MHKp0cTpyKTypa paCTHayTOro Dy'l'.Ka BT0PH'l'.Hb!X 'l'.8CTHI(, 

H300p8lK8HHbl8 Ha pnc. 5 DBS DHKa pacnpeneneHHH HHT8HCHBH0CTH B MaxpoHMDynbce OTBe11:a­

lOT DBYM pa3Hb!M M8X8HH3MaM BblBOAa, TTepawl! yaKnl! DHK COOTB8TCTByeT H8ttnbIB8HHIO cryc'l'­

xa ycKopeHHbIX DpOTOHOB Ha BHyTp8HHIOIO MHW8Hb npn HSDH'l'.HH BbICOK0'l'.aC'l'OTHOro HanpHlKe­

HHH HS nyaHTe ycKopnTenH, 3aTeM HaDp!llK8Rlle CHIIM88TCH H nonaeTcH HMDYDbC TOKa B cue­

unanbHbl8 KaTyWKH CHCT8Mbl paCTSl:l!CKB Dy'l'.Ka, B'l'Opol!, IllHpOKIIil1 • DHK COO'l'B8TCTByeT HaDnbI­

BaHIIIO crycTKa npOTOHOB 3a C'l'.8T Co3nannoro KaTymKaMH B03Mymennsi MarHHTnoro nong yc-
/3/ 

KopnTena, nonpoonoe onncanne ueTona nano B paooTe • 

Korna BbICOKO'l'.aCTOTnoe H8DpHlK8HB8 Ha nyaHTe 0TKDIO'l'.a8TCH, cryCT0K np0TOHOB BHYT­

pn M8IllHnbl O'l'.8Hb 0b!CTpO pacnnbIBaeTCH DO 83HMyTy 38 C'l'.8T pa30poca no CKOp0CTHM, II 

,,MIIKpOCTpyKTypa BbIBenennoro ny'l:KB HC'l'.8388T, 

3To 0b!DO npoaepeno a OllblTax co cxeMoll COBnaneiina na ny'l'.Ke MIOOnoB c /L -Me-

30nnoro TpaK'l'a, C DDMOmbro CIICTeMbI cnnxponn38DBB caaqana BbIDenancH TODbKO na11:an&nb!ll 

DIIK, nm, BbinenenHoro y11:aCTKa oupenemmacb O0biqllSH KpHBaH 38/:18plKannbIX COBD8A8HIIll 

(KpnBaSl A na pnc. 14). Ha KpbmbHX KplIBOll acno npoHBnR8TCSI nep1IOAII'l'.8CK8!l CTpyKTypa, 

Ona ooycnonnena cny11:al!HbIMH connaneanBMH 11:acTnn n3 paaabIX MHKponMnyn&coB, TTpn aHa-· 

nornqgb!X H3MepeHHSIX na IllBpOKOM DHKe, CB!l38HHOM C MarRl!THbIM BbIBODOM uyqxa, nepao­

DH'l'.8CK8H c'l'pyKTypa ae aaonronaeTcSI (xpnBaH B Ha pnc. 14). Ilponan na KpHBbIX Henoc­

pencTneano uocne ocaoaHoro nnKa connaneHnll ooycnonnen MepTBbIM apeMeneM axonnblx 

uenel! CX8MbI coananeHnll. OTcfrCTBH8 MHKpOCTpyKTypbl B paCTHHYTOM ny'l'.K8 HBDH8TCH 0Onb­

WHM nocTonncTBOM ocymecTanenaoll cxeMbI pacT!llKKH, 

AnTopbi C'IHTaroi cnonM upnHTHblM nonroM noonaronapnT& B,H. ·naHnnona, E.H. Po3aHo­

na H H,B. Euqean'l'.a 3a o6cylKDeHHe nony11:eHHbIX pe3yn&TBTOB, a H,P, IOWK8BHq 3a oon&myro 

paooTy no npocMoTpy ¢ororpa¢nl!, 
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Pnc. 1 • CxeMaTH'leCKoe H30opa)l(eJIHe BP8Mem1oll CTpyKTyphI ny'IXA 'IBC:Tllll, BhIBeA8JIHoro 
H3 CHBXPOllHKnoTpona. 

Om 
lJCK0pume.1111 

I /le.numeno · VacmomHblU ~~---- , 11acmom01 

autKPUMUH0""5 n'n'' I 

~L_ 

om i; :1 CxeMa 
1/JaY J ►---- co8na8eHuii 

CeHepamop 
\-----~nunoo5pa1Hoto 

HDIIJ!_!!_J!ceHuJI 

----------=1 

BpmeHHoii 1-----~ ce.ne,rmop 
11/,.,nnumydHt,tJ 

1-------< aHa11uJamop. 

__ .-,. 
- :l.___L.._i 

Pnc. 2. BnoK-cxeMa annapaTyp1,1 .11m1 naMepe!Insr MaKpocTpyKTYPhI ny'!KoB. IloKaaaahI 
amop1,1 aanpsr)l(elIHli B OTAem,HhIX TO'IKBX CHCTeMbI. 

J{ 

500 

N 
S00 

L..--,-,......0,:-,---,---,~----,--

0 a2 0,4 0,6MCeK 
t 

Pnc. s. MBKpOCTpyKTypa BbIBeAeHHOrO npoTOHlIOro ny'!Ka. 

0 I 2MCeK 

t 

Pnc. 4. MaKpOCTpyKTypa BoJBe;teaaoro ny'!Ka BTOpH'llibIX '18CTHU (MIOOlibl C HMnynbCOM 

160 MaB/c). 
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PHc. 5. Ma1tpoCTpy.itTy-pa ny,ma MKX)HOB, BbIB8AeHHbIX 113 ycxopHTemr C DOMODI&IO CHCTeMhl 

Menneaaoro BhlB0.lla ( •paCTB)Kl[a" ny-q1ta). 

~ 
~ a 
lo ., 
~ 

.,,,__. 
't1u.ClfpUlfUHt1mop 

11.eAUme.m, 
vacmom., 

¢omoannapam 

0dHD6u6pamop 
cd8uca 

oaH06u5pamap 

-~'/t;t,,,'! 

om </Jn-, 
-Y-om 1/13!1-2 
-=.=---

Pac. 6. Eno1t-CX8M8 annapaTyp&1 .o.na nay•teHHS[ MHKpOCTpyxTypbl Bbl&elleHHblX rry111ton. 
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Pac. 7. 
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Pac. a. Ma.:poCTpyit-rypa ny11xa ltR0B0B aa BhlX0ll8 p. -M830HHOro Tpax.Ta. 
ffaq:ano n~necca Bblaona. 
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Puc. 9. MmrpocTpyxTypa ny'!Ka UHOHOB Ha BhIXO)le 
Konen nponecca Bbrnona. 
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I' -M830HHOX'O TpaKTa. 

Puc. 10. MuxpocTpyxTypa DY'!Ka MIOOHOB Ha BblXO)le .,,. -M830BHOI'O TpaKTa. 
Ha11ano nponecca BbIBona. 
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P•c- ti. MO:pocTp)'J[T7pa llraA M-)[OB Ba Bl,IXO.ll8 /l -830.llHoro TpllETll. 

Ko•all 11p01Xacca BWIOlla. 
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PHc. 12. MH1tpocTpyKTypa cuemauaoro Ily'IK8 BTOpB:1:i.HblX 118.CTBII (naoabl, MIOOHY B snes:-
TpoBLI) • CepenHaa nponecca Bbl&oll.a. · 
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Pnc. 13. MnKpOCTPYKTypa CMewaaaoro ny'l'.Ka BTOPII'l'.HblX '1'.SCTIIIl (nlIOHbl, MIOOHbl n 
aneKTpOHb1). Cepennaa nponecca BblDO/la, 
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