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1. Bee()eHue 

4la30TPOH c aapsau.seii MarHBTHoro nons /ycTauoaxa 

"4J"/, C03,llaBaeMbiB B lla6opaTOpBB Jl,llepHbiX npo6neM 

OH.HH, sanseTCJl Muorou.eneBbiM ycxopsTeneM .llllJl npoae

,lleHBJl UIBPOKOrO xnacca «ilYH.llaMeHTallbHbiX BCClle,llOBaHBB 

B o6naCTB Jl,llepHOB «ilB3BKB, «ilB3BKB 3neMeHTapHbiX 'laCTBIJ,, 

Jl,llepHOB cneKTPOCKOUBB, a TaK*e ,llllJl npBKna,llHbiX BCCne

,llOBaHBB B IJ,ellOM ps,lle OTpacneii uayKB B TeXHBKB. 
3Ta MHoronnauoaocTb a 3Ha'IBTenbHOii Mepe o6ycnoaneua 

TeM o6CTOJlTellbCTBOM, 'ITO ycTaHOBKa "4'" B onpe,lleneHHbiB 

OTpe30K apeMeHB 6y,lleT caMbiM CBllbHOTO'IHbiM yCKOpBTeneM 

COIJ,BallBCTB'IeCKBX CTpaH. B COOTBeTCTBBB C 3TBM Ha 4la3o· 

TpOHe npe,llyCMaTpBBaeTCJl CBCTeMa KaHanoB ny'IKOB pa3· 

llB'IHbiX 'laCTBU., KOTOpaB npe,llOCTaBBT UIBpOKBe B03MO)KHOCTB 

.llflJl npoae,lleHBJI HOBbiX uccne,lloBaHBii. Ocuoauble uanpaane

HBJl 3TBX uccne,llOBaHBii o6c~.llanBCb pauee /l I. llocne.llyro

IIJ,IIe rO,llbl UO,llTBep,llBllB nepcneKTBBHOCTb npe,llflO)KeHHbiX 

uanpaaneusii uccne,lloBaHBii B ueo6xo.llBMOCTb cKopeiiwero 

ocymecTaneHBJl peKOHCTPYKIJ,BB cuuxpoiJ,BKnoTpoua OH.HH 

B CBllbHOTO'IHbiB «lla30TPOH. 
B uacToJimeii pa6oTe co,llep)KBTCJI onucause npsuiJ,Bnoa, 

nocny)KBBWBX OCHOBOB npB Bbl6ope CXeMbl TpaKTOB ny'IKOB, 

napaMeTpOB 3neMeHTOB BOHHOB OUTBKB, BHyTpeHHBX BBHeW· 

HBX MBWeHeB, ,llaffiTCJl CBe,lleHBJl 0 xapaKTepBCTBKaX npo-

eKTBpyeMbiX Uy'f.KOB 'laCTBIJ,. 
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2. OcHOBHble napaMempbJ (!a3ompoHa c aapuaijueu MaZHU111Hozo 
nOAR 

B 111a6A. J DPHBe,D.eHhl OCHOBHLie napaMeTpLI 4Ja30TpOHa. 

~
1. 
2. 
3. 
4. 

Ta6nrrua 1 
DapaMeTphl ¢a30TpOHB 

3uepf'IHI ycKopeHHbiX rrporouos 
ToK BHyrpeuuero rryqKa 
ToK Bhlseaeuuoro rryqKa 
Paaayc KouequoA op6HThl 

5. HarrpHMeHHOCTb MarHHTHoro rrong 
6. Cpeauee auaqeurre HarrpHMeuuocrrr 

MBrHHTHOrO IIOnH HB KOHeqHOM 
paarryce 

7. ilHBMeTp IIOniDCHOro HBKOHeqHHKB 
8. 3aaop MeMay crrrrpanHMH 
9. 4acrora cso6oaHhlX Kone6aurrA 

(ua o6opor) 

10. 

11. 
12. 
13. 
14. 
15. 

a) paarranbHbiX 
6) BepTHKanbHb!X 

nrrarraaou qacTOThl YCKOPHIDWero 
rrong 
AMrrnuryaa ycKopHIDWero uarrps:DKeHrr£ 
Arreprypa ayaura 
4acrora MoaynHUHH 
Momuocrb IIHTBHHH aneKrpoMarurrra 
Momuocrb s/q reueparopa 

700 MaB 
50 MKA 
25 MKA 

270 CM 
11900 3 

16276 3 
600 CM 

30 CM 

1-t 1 ,2 
0,1;0,2 

18,2-t14,4Mru 
40 -f 50 KB 
10 CM 

500-t600 ru 
1100 KBT 

200 KBT 

TaKBM o6pa3oM, B pe3ynLTaTe peKoHCTPYKUBB CHHxpo

UHKnoTpoHa B CBRLHOTOqHLIB 4Ja30TpOH ,D.OCTBrHyTLI cne,D.yro

JUHe XapaKTepBCTBKB YCKOpeHHOrO nyqKa DpOTOHOB: a/ TOK 

BHyTpeHHero nyqKa yBenBqeH c .~,3 .D.O SO MKA; 6/ 34M)eK

THBHOCTL BWBO,D.a yBenBqeHa C 10 ,D.O SO~ BnB HeCKORLKO 

BLime - cpenunj IOK BLIBe,D.eHHoro npoTOHHoro nyqKa co

cTaBBT 2S MKA; B/ coxpaHJieTCJI K034M)BUBeHT 3anonHeHBJI BO 

BpeMeHHOii. CTPYKType nyqKoB qacTBU: no MaKpoHMnynLcy 
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K034M)HUHeHT 3anonHeHHJI 6y,D.eT OKORO 0,8, a DO MHKpo

HMDYRLCY - 0,2 npH HCDORL30BaHHH C- 3neKTpO,D.a H 1,0 -

B cnyqae MarHHTHOB paCT JI)I(J(H HMDynLCOB qaCTHU. 

3. HcxooHble ycAOBUR OAR noc•poeHUR KaHaAoa ny'iKOB 
Ha tjia3o•poHe 

34M)eKTHBHOCTL HCDORL30BaHHJI 4Ja30TpOHa 6y,D.eT onpe

,D.enJITLCJI He TORLKO C~eCTBeHHWM yBenHqeHHeM HHTeH

CHBHOCTH DOTOKOB BCeX qaCTHU, HO H o6ecneqeHHeM ODTH· 

ManLHWX ycnOBHB ,D.RJI DOCTaHOBKH H npoBe,D.eHHJI 3KCnepH· 

MeHTOB Ha HBX. 3,neCL B nepByiO oqepe,D.L cne,D.yeT OTMeTHTL 

rH6KOCTL CHCTeMW o6pa30BaHBJI nyqKOB qaCTHU, yny'lllleHHe 

pa,D.HaUHOHHOB 3aJUHTLI H pacUIBpeHHe 3KCnepHMeHTanLHLIX 

nnmua.D.eii. O,D.HaKo TO o6cTOJITenLCTBO, qTo ycTaHOBKa "«<>" 
C03,D.aeTCJI Ha 6a3e cyiUeCTBYIOIUero CHHXPOJUIKROTpoHa, 

HaKna,D.WBaeT Ha B03MO>KHOCTL OC~eCTBneHHJI DOCTaBneHHOB 

uenH onpe,D.eneHHWe orpaHBqeHHJI. llpHHJIT&JI cxeMa nyqKOB 

ycTaHOBKB "«<>" HaB6onee DORHO yqBTWBaeT B03MOlKHOCTH 

BCDORL30BaHHJI cyiUeCTBYIOIUero o6opy,D.OBaHHJI B 3KCnepH· 

MeHTaRLHWX DOMeiUeHBB B paMKaX OC~eCTBRJieMoro npoeKT& 

peKOHCTPYKJUIH CBHXpOJUIKROTpOHa B uenoM. 

0CHOBHWe DOROlKeHBJI 3TOrO npoeKTa, CBJI3aHHWe C BO

npocaMB nonyqeHHJI H BCDOnL30BaHBJI nyqKOB qaCTBU, 3a· 

.KnroqaioTcJI B cne.D.YIOIUeM: 
1. BTOpBqawe ny~B qacTBU MO>KHO nonyqa TL KaK H& 

BHyTpeHHeM, TaK B Ha BWBe,D.eHHOM DyqKaX npOTOHOB. 

fipe,D.ycMaTpBBaeTCJI B03MO>KHOCTL nonyqeHBJI BTOpBqHWX 

nyqKOB TaKlKe npH yCKOpeHBB npOTOHOB Ha o6paTHOM Ha· 

npaaneHHB MarHBTHoro nonJI. 
2. BWBO,D. BCeX ny~OB ocyiUeCTBnJieTCJI B O,D.HY CTOpOHY 

qepe3 aM6pa3ypy 3aJUHTHOB CTeHW B 3KCDepHMeHTanLHWe no

MeiUeHBJI 4, 9 B 1"1 I puc. 1/. 
3. B 3an 3KcnepHMeHTanLHWX ycTaHoBoK 4 ,D.On>KHW 

BLIBO,D.HTLCJI KOnnHMHpOBaHHWe ny~H C DOTOKOM qaCTHU 

He 6onee 10 11 C€K -1 t 3TO orpaHHqeHHe D03BORJieT CHH· 

3BTL Tpe6oBaHBJI K pa,D.HaUBOHHOB 3&JUHTe ycKOpHTenJI. llpH 

npoBe,D.eHBH 3KCDepBMeHTOB DOTOKH HyiCROHOB WOlKHO yBenH

qHTL B HeCKORLKO pa3, eCJIB cyMMapHaJI ,D.nHTenLHOCTL 
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HCDOnL30BaHHR 3THX nyqxos 6y~eT cymecTBeHHO MeHLWe 

BpeMeHH pa6oTLI YCKOpHTenR. 

4. Ilornoll(eHHe BLIBe~eHHoro npoTOHHoro ny'IKa npoH3-

BO~HTCR CDeUHanLHLIMH raCHTenRMH B DOMell(eHHRX 7 HnH 9. 
B 3THx noMell(eHH.ax Ha TpaeKTopH.ax npoTOHHoro ny'IKa pal

MemaiOTCR MHWeHH ~nR reHepaUHH BTOpH'IHLIX 'laCTHU H 

pa~HOXHMH'IeCKHX o6nyqeHHB. 

5. Henocpe~CTBeHHO soKpyr ycKopHTen.a coopy)l(aiOTCR 

~ODOnHHTenLHLie 3ali(HTHLie CTeHLI, a TOJIIUHHa CymeCTBYIOmeii 

4-MeTpOBOB CTeHLI ysenH'IHBaeTCR ~0 6 MeTpOB. 

6. Bee KOnnHMaUHOHHLie OTBepCTHR KaHanos DY'IKOB, He 

HCDOnL3yeMLIX B 3KCDepHMeHTe, 3aKpLIBaiOTC.R nyTeM DpH

MeHeHHR cneuHanLHOB CHCTeMLI 3amHT. 

7. Bo scex 3KcnepHMeHTa.riLHLIX noMemeHHRX yposeHL 

tiloHa He npesLiwaeT cymecTBYJOli(Hii s HacTo.amee speMR Ha 

CHHXPOUHKnOTpOHe. 

8. B noMell(eHHH 7, s6nH3H ycKopHTen.a,ycTaHOBKa MHWe

Heii H3 )I(H~Koro so~opo~a He npe~ycMaTpHsaeTcR. HcnonL-

30BaHHe TaKHX MHWeHeB B03MO)I(HO B DOMemeHHH 4. 

9. IJosopoT nyqxos B DOMemeHHH 7 B03MO)I(eH TOnLKO B ro

PH30HTa.riLHOB nnocKoCTH. Pa3Mep aM6pa3ypLI no sepTHKanH 

B 3ali(HTHOH CTeHe He MO)I(eT 6LITL H3MeHeH H OCTaeTCR 
npe)I(HHM /60 CM/. 

10. Ilnoll(a~L 3KcnepHMeHTanLHLix 3anos ysenH'IHsaeTc.a 

DpHMepHO B TpH pa3a 3a C'leT C03~aHHR CDeUHanLHLIX 

3anOB ~nR Macc-cneKTpOMeTpH'IeCKHX /12/, Me~HK0-6HO
norH'IeCKHX /9/ pa6oT H lana /11/ c noHB)I(eHHLIM tlloHOM 

~nR DPOBe~eHHR TOHKHX 3KCDepHMeHTOB Ha MIOOHHhiX DY'IKaX. 

Ilnoll(a~L no,A perHCTPHPYIOII(YIO annapaTypy·6y~eT ysenH'IeHa 

npHMepHo s TPH pa3a. IlnaHHpyeTcR TaK)I(e pa3MemeHHe 3BM 

Cpe~HeB MOli(HOCTH MR HCDOnL30BaHHR B 3KCDepHMeHTax 
Ha nyqKax. 

4. 0CH06Hble npUHijUnbl nOCitpOeHUJI CUCJteMbl KQHQA06 ny'IK06 

tPa30IIpoHa 

IJepe'IHCneHHhle BhiWe TeXHH'IeCKHe B03M0)1(HOCTH ycTa

HOBKH "~" B Tpe6oBaHHR K Dy'IKaM 'laCTHU, 060CHOBaHHhle 

paHee B pa6oTax /1/, onpe~enana sw6op cxeMw o6pa3osa-

6 

HHR H HCDOnL30BaHHR 'laCTHU BhiCOKHX 3HeprHii Ha 4>a30Tpo

He. B ocHose ee 3ano)l(eHw cne~yiOIUHe nono)l(eHHJI: a/ HC

nonL30BaHHe KaK BayTpeHHero, TaK H BhiBe~eHHOrO DY'IKOB 

DpOTOHOB; 6/ BhiBO~ B 3KCDepHMeHTanLHhle DOMemeHHJI 

6onLworo 'IHcna nyqxos scex qacTHD;, KoTopwe MoryT o6pa-

30BhiBaTLCJI npoToHaMH c 3Hepraei 700 M3B, so seeM 

B03MO)I(HOM ~Bana30He BMnynLCOB; B/ B03MO)I(HOCTL O~o
speMeHHOrO DpOBe,AeHBJI pa60T Ba HeCKOnLKBX KaHanax 

DY'IKOB KaK BO BpeMJI 3KCDepBMeBTOB, TaK B DpB BX DO,A

rOTOBKe; r/ npHMeHeaae cacTeM T.J)4acnopTBPOBKB WB3B'Ie

cKBX ycTaBOBOK Ba Dy'IKaX 'laCTHD; /2/ • 

B03MO>KIIOCTL BCDOnL30BaBHR KaK BHyTpeBBero, TaK B 

swse~eHHoro ny'IKOB npoToaos aa ycTaBOBKe "~" JIBnJleTCJI 

BeCLMa Ba>KBhiM ycnOBBeM 3414leKTBBBOrO HCDOnL30BaBBJI 

YCKOpBTenJI. 3TO OT'IeTnBBO BH~BO H3 pJI~a cne,AyiOm&X 

c oo6pa)Keaaii. 

3414leKTHBHhlii swxo~ BTOPB'IHhiX qaCTHD;, o6pa3oBaHBhiX 

Ha BHyTpeBBei MBWeHH YCKOpBTenJI, ysenB'IHBaeTCJI B ae· 

cKonLKO pa313 • 4/ 3a cqeT MaoroKpaTaoro npoxo)K.AeBBJI 

DpOTOBBOrO DyqKa 'lepe3 TOHKYIOMHWeHL. IlpB 3TOM pa3Mephl 

DyqKa Ba BBYTpeBBei MBWeHB o6ecDe'IBBaiOT B03M0)1(HOCTL 

o6pa30BaBBJI BBTeHCBBBhiX Me 30HHhiX DY'IKOB C XOpOWBM 

3HepreTB'IeCKBM pa3peweaHeM /0,1 - 0,5 - KaHan II /. 
TaKoe Ka'leCTBO HeB03MO>KHO nony'IBTL Ha swse,AeaaoM 

DyqKe DpOTOHOB H3·3a OTBOCHTenLHO 6onLWOrO ero 3MHT· 

TaHca. C ~pyroi CTOpOHhl, HHTeHCHBHhle DY'IKB DOnO)KHTem.

HhiX Me3oHoB c 3Bepraei 6onee 100 M3B H ny'IKH Me30HOB 

c 3HeprHei MeHee 60 M3B MO>KHo nony'IBTL TonLKO aa 

BHewHeii MBWeHH /KaHan III I. O~HaKo BHTeHCBBHOCTL 3TBx 

DyqKOB 6y~eT onpe~enJITLCJI MBWeHLIO, TOnm&Ha KOTOpOB 

orpaHB'IHBaeTCJI 3KOHOMH'IeCKHMH B03MO>KIIOCTJIMH C03~aBHR 

pa,Aaauaoaaoi 3~Thl ycKopHTen.a. KpoMe Toro, npa BhiBO.Ae 

DY'IKOB BCeX 'laCTHD; B O~y CTOpOHY OT YCKOpHTenJI DpaKTH· 
• 

'leCKH HeB03MO>KHa TpaHCDOPTHpOBKa DY'IKOB BCeX 'laCTHU 

B 3KCDepHMeHTanLHhle DaBHnLOHhl DPH HCDOnL30BaHHH TOnLKO 

BHyTpeHHei HnB TOnLKO BHeWBeB MBWeHei. 
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5. BoaMOJICHocmu npoeeoeHUJI {fiuau~ecKux 3KcnepuMeHmoe 
HQ ny~KQX fPQ30111pOHQ 

Ha puc. 1 HJ06pa:>KeHa cxeMa KaHanoB nyqKoB qacTH.U 

C 3KCnepHMeHTaJILHhiMH H HJMepHTenLHhiMH naBHnLOHaMH 

ycKopHTenJI. OcHOBHoe HaJHaqeHHe Ka:>K.D:oro HJ KaHanoB 

npHBeAeHo B ma6.1l. 2. 
CxeMoii nyqKoB npe.D:yCMOTpeHa BOJMO:>KHOCTL OAHOBpe

MeHHOrO npoBe.D:eHHJI napannenLHhiX pa6oT Ha HeCKOnLKHX 

KaHanax nyqKoB. B ma6.1l. 3 npHBeAeHhl paJnHqHhle BOJMO:>K

Hhle BapHaHThl pa60T. 0HH npeAYCMaTpHBaiOT 3KCnepHMeHThl 

C nyqKaMH HOpManLHOH /H/ HnH CHH:>KeHHOH /c/ HHTeHCHB· 

HOCTH nyqKOB B paJnHqHhiX KaHanax. KaK BHAHO H3 Ta6nH,Uhl, 

B03MO:>KHa OAHOBpeMeHHa.ll pa6oTa OT ABYX AO WeCTH paJ· 

nHqHwx KaHanoB nyqKoB. MHorHe pa6oThl, CBJIJaHHhle c noA

roTOBKOii ycTaHOBOK K 3KcnepHMeHTY, MoryT npoBOAHTLC.II 

HenocpeACTBeHHO Ha KaHane 6e 3 nyqKa HnH c nyqKoM qacTH.U, 

HeJaBHCHMO OT APYrHx 3KcnepHMeHTOB. TaKaJI rH6KOCTL 

B HCllOnLJOBaHHH nyqKOB Cyi.QeCTBeHHO yBenHqHBaeT 34xtleK

THBHOCTL pa60Thl YCKOpHTen.ll. 

B ma6.1l. 4 AaHhl O:>KHAaeMhle napaMeTphl nyqKoB cllaJo
TpoHa. 

6. PacnoAoxeHue MuweHeu Ha ny~Kax ffiaaompoHa 

Ha puc. 1 noKaJaHo pacnono:>KeHne KaK BHyTpeHHHX 

/M 1 ,M 2 I, TaK H BHeWHHX MHWeHeii lllaJoTpoHa /M 3 , M 4 , 

M 5 , M 6 , MXH, M rr , )J; 2 I. MaweHL M 1 /M 2 I, paJMe

~aeMa.ll BHYTPH YCKOpHTenLHOH KaMepw Ha .uHPKYJIHpyroi.QeM 

HJIH BhiBOAHMOM nyqKe npOTOHOB, npe.D:HaJHaqeHa ,D;n.ll 06pa • 

30BaHHJI nyqKOB MeJOHOB H HeHTpOHOB. 

MHweHH M 3 H M 4 paJMei.QaiOTC.II Ha BHewHeM npo-

TOHHOM nyqKe /KaHan VII I H cny:>Ka T An.ll nonyqeHH.II nyqKoB 

MeJOHOB H HeiiTpoHOB /KaHanhl III , IV , V H VI/. Ha ny11,Ke 

KaHana VII HcnoJibJYJOTC.II TaK:>Ke H MHWeHH M 5 , M 6 , MY, 

o6nyqaeMhle An.ll nocneAYIOI.uHX pa;{HOXHMHqecKHX H cneKTpo

MeTpHqecKHX HccneAOBaHHii. MHwt:HH MXH cny:>KaT HCTOqHH

KOM HOHOB An.ll Macc-cenapaTopa/5/ KaHana VIII HnH VIII l. 
lliHpOKOyronLHhiH nyqOK MeJOHOB An.ll MeAHK0-6HonorH· 

qecKHX H iiiHJHqecKHX HCCneAOBaHHH clJopMHpyeTCJI OT MH· 
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T&O.I ... 3 .. Bapll&ftll O,UOBp8K8BROI paOO!Il Kaii&IOB nyuOB. 

Tad~xqa 2. KaB&aK nyqxoB 483orposa. 
JlapR&II! J Jr&a.m R BIIT8RCRBBOCU ~-aopMaBt.~ 

IlyqOK lbaleD ~(irs) 0cOd8BJIOCTB K8Bal8 

I ).< - 111 (K~) 30.310 Genapllp0B8HHK8 III!OHK Bap!lllpf8-
~ .. 3Q-IOO xol sBepr•• • nonapBsaQKK 
;-;- 80-350 flHOBH Bap~BpyeMOI aBepr .. 
Jl+ 8o-no 

l 
I n I IY y YI m Yl II I 

I I I 

2 B 
3 

B 
j 

c • B I 

4 c c c c R B 

n y,-
Ill Bo-350 fi1qKB Bap!~RpyeMOI aBeprRR C 

!}/+ 80.IIO ~cnepCBORBHMB CBOIC!BaMB B 
5 c c B B B 

6 c c R 
XOpO.D pa3p8118D8M 7 H R II 

Ill :JTr ~· .4 D-350 1BBBepcaK!IRBI KaBal OBOROB 8 B c B R 
9 c c c B 

rY p 688!2 Heno~apasoBaRHKI nporoRK 
p 64 ~8 UPo~oa!IRO KIB nonepeqao noaapz-

30BaBBK8 fijOTOBH 
n ~ 676~ flYqKB weno apRSOB&RXW~ aetrpo-

ROB c xopo ... paapemeRReM 

IO c c 
II 

II 

c c c 
!2 

• 
• B R 

-

_...____ __ -

-- --- -......1 

1 n Ill 60Qt50 Heno~apasoBaRRMe aelrpoBB 
n. 600.t50 ITpo~o~!IRO • nonepeqao noAapaso-

B6RRK8 R81Tp0HK 
p 68~ HenoaapasoBaRRKe nporoRM 
p 64 nonepeqao noaapasOBaBBMe nporoHR 

T&d.IRQ& 4. !B!eRcBBBocrt. nyqKOB 483orpoaa. 

IITIBCBBBOC!t. nyqKOB DpO!OBOB 

-
Yl p Bo-200 !xpOKaTBqecERI nyqOK npO!OROB 

p 680cd HennaapasoaaaRKe nporoKY 
n .n2 ro 80 ijyqKB RetrpOROB Bap~BP78MOI 

3R8priR C xOpORD pa3p8R8RB8K 

B'aiiU 1 YI m IX, II' 

0 0 

112·~ 
I 

m p 680.t2 I If,yllox BHBe~eBJUI[ nporoaoa IO IO 8 IO 
11 HORM m Uyqox ~a acc-cenape.ropa 

II' p 680.t2 Tpawcno~pOBEa nporoaoB ~ 
DRen I 

IBTIBCBBBOCTL nyqli:OB BeltpOBOB 

-IQ!t.BU IY y Yl 

II p 680.t2 Tpaacnotr•posxa nporoBOB ~o 
:71~ 

IOIR8BJI , 
50.t7 iKpoxoyro~J.RHI nyqox DHOROB 

l(lu) 676z!+ ~OO.t50 60Qt50 600.t50 676.t4 580.t6 200.tD 

/1/•ro-6 0,3 70 30 30 8,0 6,0 O,I 

X M - III(~) 30.250 TpaBcnoprRpOBEa yesoaos or &a• 
~.,_ 30.!00 Rae I B BR3lt~ROBJm ~&Oopa-
JT- 80.350 TOpDl 

ram·- 0 0 18-<>.25 P,-o.~ 0 0 0 
S (CK~) roo 20 20 20 roo 100 roo 

-----~ -------
____ _j 

_.,_ 80-IIO ,11 
-- l ~au Pn. nenepeuaa ua npo~oaJ.II&I uoupu~ nyua. 
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lfttBCDIOCU 'f.. I UJIOr&OCU OCTaJIOBOJt n Ba I r/CM
2 

B Ce& MpJIIUL!t••llllr 11110108 13 traii8Jia I ( S •80 c11
2) 

E _.u (llu) 30 35 50' 80 I65 I05 IJO I85 3Io I 

~ •IO-o 0,8 Itl 5,0 IO,O !0,7 19 136 45 34 
··;o n,... •IO 0,7 1,0 1,7 1,8 0,9 2,6 4,0 3,5 !,7 -----o~~P = .±511C Nx-~.~~<0,01 1\fo..~ .. = o, 55 

.E!..--
rrorou ,A'~t3IOB £_•30, 35 I 105 liB B 3 pa3a Mt~t --!IOTOEI MDOBOB B3 Kal&la I B 2 pasa 118~18. -

IBT81CDBOCTL UIOIOB 13 Ea88AOB I I U 

E.:il (lin) KaBal I .S • 80 CM<! Ha~a~ n 3 • 5 cc 

90 105 165 290 I05 !65 240 290 

t{;!I0-6 33 " 55 66 I6 !7 IS 19 
n.; ~ro..C .4,6 5,3 4,5 3,5 

.d% ;: .;t"' ~,W_.u •1,8 A.!}p = .;t~ 

liOTOD UIOBOB 13 Bal&l& I B 3 pasa Mea..e, qeM 13 JaRilla I. 
'---·----- ----- -· 

JHrtBCDIOCT. UIOBOB 13 JtaBala I 

E .:IT (liB) 2.3 50 80 IIO !.35 I90 240 290 340 i 

N'--·Io-6 5,0 1.3 27 40 49 74 !14 I09 861 
~~ -6 

~-;-•IO I,9 2,! 2,8 3,2 3,3 

~+•I0-6 I.3 42 92 !65 2I8 396 680 830 760 
I -6 

6.7 9,7 13,3 14,6 n,;.•IO 4,8 --A..% = £/ft ,s •IO CJI<:: -
IBTtBCIBBOCtL urqla c-.LIOCXO~ca UIOROB OT ...... Ra KaBalt 

II: r(.~5·Io8 B cu, ~1 !"2•Io8 B Ce& aa I r/c11
2 ( ~.•2•!09; 

n_.•8•I08) AU aBepru E,.. • ~7 Jbr. 
~ ~ 
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I 
1 
I 

weHH M rr , pa3Mell(eHHO:ii Ha npoToHiiOM ny'IKe KaHana IX . 
Ha MHWeHJIX ~ 2 - H3 lK1mKoro ,IJ;e:iiTepHJI - npH B3aHMO

,IJ;e:iicTBHH c npoToHaMH Ha KaHanax IV H VI o6pa3yJOTCJI 

nyqKH MOHOXpOMaTH'IeCKHX HeiiTpOHOB. 

Ha npoTOHHOM ny'IKe KaHana VI HcnonL3yeTcJI BO,IJ;JIHOH 

nornOTHTenL /:meMeHT 4/ nepeMeHHOH TOJIIIUIHLI ,IJ;nJI H3Me

HeHHJI 3HeprHH npOTOHOB B ny'IKe npH Me,IJ;HKO- 6HOnOrH'IeCKHX 

HeCJie;li;OBaHHJIX Ha npOT011H1>IX uyqKaX l:u3HeprH.HMH OT 80 
,IJ;O 200 M3B. 

YcTaHOBKa MHWeHeH Ha BLIBe,IJ;eHHLIH npOTOHHLIH ny'IOK 

yBenH'IHBaeT ero 3MHTTaHC H H3MeHJieT ,!J;pyrHe napaMeTpld 

nyqKa. B HaCTOJIIl(eii pa6oTe paccMaTpHBaeTc.H B03,1J;eiicTBHe 

nyqKOB Ha MHWeHH C u;enLIO onpe,IJ;eneHHJI Tpe6oBaHHH K HHM. 

7. MurueHu aHympu f/ja3ompoHa 

,lJ;HHaMHKa ,IJ;BIDKeHHJI 'laCTHIJ; B «ila30TpOHe onpe,IJ;enJieT 

B03MO>KHOCTL MHOrOKpaTHOrO IIpOXO)K,IJ;eHHJI IJ;HpKyJIHpYJQII(ero 

nyqKa npoTOHOB qepe3 BHyTpeHHIOIO MHWeHL. Cpe,IJ;Hee 'IHCno 

npOXO>K,IJ;eHHH, 6e 3 yqeTa Bld6LIBaHHJI npOTOHOB H3- 3a JI,Il;epHLIX 

B3aHMO,IJ;e:iicTBHii, MO>KHO ou;eHHTL H3 BLipa>KeHHJI N = 1 + 
2 .,. 

+ 1,38 vmax_ , nonyqaeMOrO H3 pe3ynLTaTOB pa60TLI/3 t 
< v2 > 

2 
3,1J;eCL < v2 > = (~5_) ~ - cpe,IJ;HeKBa,ll;paTH'IHLIH yron MHO-

p {3 xo 
roKpaTHoro pacce.HHHJI; xI x 0 - TOJIIIUIHa MHWeHH B pa,IJ;Ha-

UHOHHLIX e,IJ;HHHu;ax; PI M3B/c/ - HMnynLc npoToHoB; v 
max 

= (12- z ) . Q z 
2 RK 

- yron OTKnOHeHHJI 'laCTHU, orpaHH'IHBae-

MLIH anepTypoii ,~J;yaHTa D ; Z 0 H Q z - cpe,IJ;HJIJI aMnnHTy,IJ;a 

H qaCTOTa BepTHKanLHLIX KOne6aHHH Ha KOHe'IHOM pa,IJ;HyCe 

ycKopeHHJI R K· 

~nJI «ilalOTpoHa OH.HH KpaTHOCTL npoxo)K,IJ;eHHJI npoTOHOB 

c 3HeprHeii 700 M3B npH cpe,ll;Heii aMnJIHTY,IJ;e BepTHKanLHLIX 

KOne6aHHH 1,5 CM HaXO,IJ;HTCJl H3 Bldpa>KeHHJI:(N-1) x/x = 
0 

= 0,113. 
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HanpaMep, qepe3 MHWeHH H3 6epHJIJIHJI H Me.IUI O,IUIHaxo

aoii npOTJI>KeHHOCTH 11 CMI 'IHCJIO llpOXO~eHHB 6y,D;eT COC· 

TaBJIJITb npHMepHO 4, 9 H 1 ,2, a ,D;JIJI 5 CM • 1,8 H 1, COOT

BeTCTBeHHO. H3 3THX ,D;aHHWX H ,D;aHHWX puc. 2 cne.nyeT' 

'ITO BWXO,D; BTOpH'IHWX <faCT~ H3 nerKHX Be~eCTB 3a C'leT 

xpaTHOCTH npoxo~eHHJI pacTeT 6wcTpee, <~eM CHH>KaeTcJI 

ceqeHHe HX o6pa30BaHHJI C yMeHJ.WeHHeM aTOMHOrO HOMepa 

MHWeHH. 

I 
:rr• 

Cu -305 -305 
--- 105M36 -- -105M36(q5~ 
---30 __,... 30 (q2,Q 

Pb 

o 30 so 90 120 1so v· o 30 so go 120 15o vo 
d2 

Puc. 2. O•Hocu•e.llr.Hr.rii 6r.rxo() (--a-- . p/ A)rr±·Me30H06 
dE dO 

c 3Hepzueii 30, 105 u 3
1
05 M3B, o6paao6aHHWX npo•oHaMu 

c 3Hepzueii 730 M3B 4/ ua 6epU.II.IIu.ll, Me()u u C6UH14a 
o()uHaKo6r.rx pa3Mepo6 6 aa6ucuMoc•u o• yz.11a 61>1.11e•a 
Me30H06. 

KpaTHOCTJ. npoxo~eHHJI BHyTpeHHero nyqxa qepe3 MH

meHJ. onpe.nenJieT a Tennoaoii pe>KHM ee pa6oTw. B nerKHX 

Be~eCTBaX HOHH3aiJ,HOHHWe TIOTepH, H,D;YliJ,He B OCHOBHOM Ha 

HarpeD MHWeHH, COCTaBJIJIIOT 7HJIJI npOTOHOB C 3Hepraeii 
cP-<'2 

700 M3B oxono 2 M3B/z. -~K. • IIy<~oK 4la3oTpoHa c HH-

TeHCHBHOCTJ.IO 50 MICA BW,D;eJIHT B MHWeHH TOJiliJ,JIHOB 1 CM 
OKOJIO 290 KO.II/CeK. C y'leTOM HeynpyrHX B3aHMO,D;eBCTBHB 

3Ta BeJIH'IHHa B03paCTeT npHMepHO Ha 20~ H TIJIOTHOCTb 

TeTIJIOBOrO TIOTOKa COCTaBHT 50 Ka.II/CeK · CM 2 • B KOHCTpyK-

14 

U.HH MHmeHa npe,D;ycMaTpaaaeTcJI yaena<~eHae Tennonepe,D;aro

LQeii nnoLQa.na MHmeHH TaK, '1To6w nnoTHOCTJ. Tennoaoro no

TOKa He npeBJ.IIUaJia 30 KO.II/CeK CM 2, OTBO,D; KOTOporo OX

Jia>K,D;aiOLQeii BO,D;OB OKa3hlBaeTCJI B03MO>KHhlM. 

,lJ;JIR o6ecneqeHHR Ha,D;e>KHOB pa60Thl MHWeHH B YCJIOBHJIX 

noawmeHHoii pa.naaiJ,HH MexaHH3M ee nepeMeLQeHHJI BhlHeceH 

Ja npe.nenw aaKyyMHoii KaMepw. YcTaHoBKa MHmeua npoaJ

BO,D;HTCR nocpe.nctaoM nepeMeLQeHHH uecyll(ero mToKa napan

nenJ.HO ,D;yaHTy Ha paCCTOJIHHe 290 CM OT IJ,eHTpa KaMephl. 

Ha KOHIJ,e WTOKa HMeeTCJI TIO,D;BH>KHil.JI <faCTI>, yron HaKJIOHa 

KOTOpOB C OCbiO WTOKa H3MeHJieTCJI, H MHWeH.b pa3Mell(aeTCR 

B 3a,D;aHHOM TIOJIO>KeHHH KaK Ha IJ.HPKYJIHpyroll(eM, TaK H Ha 

BhlBO,D;HMOM ny<~Ke npoTouoa IM 1 H M 2 I. IIpa 3TOM coxpa

HeciHe B3aHMHOB reoMeTpHH nyq~a H MHWeHH ,D;OCTHraeTCJI 

3a C'leT IJ,HJlHH,D;pH'ieCI<OB cl>opMhl MHWeHH. )J,JIJI o6ecne'-leHHJI 

3cl>cl>eKTHBHOrO OXJia>K,D;eHHJI MHWeHJ. BhlllOJIH.ReTCJI B BH,ll;e 

TIOJIOrO IJ,HJIHH,D;pa H3 6epHJIJIHJI, TIJIOTHO Ha,D;eToro Ha BO,D;O

OXJia>K,D;aeMhlB Me,D;HhlB CTaKaH C pa3BHTOB TIOBepXHOCThiO. 

KpoMe Mameua M 1 , BHYTPH I<aMepw npe.nycMaTpaaaroT

CJI eLQe ,D;Ba ITp06HHKa C MHWeHRMH ,D;JIJI HaJia,D;O'IHhlX pa60T. 

0,D;HH H:i HHX 6y,D;eT HCTIOJib30BaH H ,D;JIJI 06Jiy'ieHHJI o6pa3IJ,OB. 

8. MuweHu Ha 6MeeoeHHoM ny'lKe npo11toHoe 

KaK OTMe'laJIOCb BhlWe, TOJIIIJ,HHa MHWeHeii Ha BhiBe,D;eH

HOM ITY'IKe npOTOHOB orpaHH'IHBaeTCJI KaK pa,D;HaiJ,HOHHOB 3a

lQHTOB YCKOPHTeJIJI, TaK H YCJIOBHJIMH ,D;aJibHeiim~ii TpaHcnop

THpOBI<H nyqKa .no noaymKa- racaTeJIR. IIonepe'iHhle pa3Mepw 

MHWeHH onpe,D;eJIJIIOT, HCXO,D;R H3 pa3MepoB npOTOHHOrO ITY'IKa 

B MeCTaX YCTaHOBKH MHWeHeii, a TaK>Ke Ha OCHOBaHHH Tpe-

6oBaHHB nonyqeHHJI BTOPH'-IHWX nyqJ<oB c Heo6xo,D;HMWM 3MHT

TaHCOM. ,lJ;HaMeTp ITyqKa llpOTOHOB B MeCTaX YCTaHOBKH 

MameHeii M 3, , M 4 , , M 5 He npeawmaeT 4 CM /6( qTo 

KacaeTCJI MaTepaana MHWeHeH, TO, KaK BH,li;HO H3 ,D;aHHhiX 

no OTHOCHTeJILHOMY awxo.ny I puc. 21 MeJoHoB c 3HeprHRMH 

30, 105 H 305 M3B /7/ H3 6epHJIJIHeBOB, Me,D;HOB H CBHH

IJ,OBOB MHWeHeii O,D;HOB H TOB >Ke npOTJI>KeHHOCTH, HX HHTeH

CHBHOCTb MeHJieTCJI ,D;OBOJIJ.HO cna6o. YroJI MHOrOI<paTHOro 

pacceRHHJI ,D;JIJI 60JIJ.WHX Z B03pacTaeT B COTHH pa3. II03TOMy 
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BblrO)Uiee HCliOJih30BaT& MHWeHH H3 6onee JierKHX MaTepHa

JIOB, TaKHX KaK 6epHJlJIHH, BO,IJ.a, rpad>HT, TOJIIItHHOH, COOT

BeTCTBeHHO ,He 6onee 8,2; 8,7; 5 CM/6/, 
MHweHH M 3 H M 4 , npe,D,Ha3Ha'leHHwe .D.JIJI reHepaUHH 

HHTeHCHBHbiX ny'IKOB Me 30HOB H Heii:TpOHOB, npe,IJ.liOJiaraeTCJI 

BblliOJIHHTh H3 6epHJlJIHJI, OXJirutc,IJ.aeyoro BO,IJ.OH. TenJIOBaJI 

MOmHOCTh, Bbi,IJ.eJIJilHiiRH ny'iKOM npOTOHOB B TaKoB MllllleHH, 

COCTaBHT OKOJIO 200 KaA/CeK, H OTBO,IJ. TaKOrO KOJIH'ieCTBa 

Tenna He npe,IJ.cTaBJIJleT TeXHH'ieCKHX TPYAHOCTeii. 

)J,JIJI ycTaHOBKH MHWeHeii: M 3 , M 4 , M 5 H M 6 6y.D.yT 

HCliOJih30BaThCJI COOTBeTCTBy~e npo6HHKH, 06CJIY~HBae

Mble C liOMOmLIO MaHHnyJIJlTOpa HJIH ,D,pyrHX ,IJ.HCTaHUHOHHO

ynpaBJIJieMwx ycTpoii:CTB. MHweHL MY, npe,D,Ha3Ha'leHHaJI 

,IJ.JIJI ,IJ.JIHTeJihHbiX 06Jiy'ieHHH 60JihWHX KOJIH'ieCTB MaTepHaJia, 

ycTaHaBJIHBaeTCJI Henocpe,D,CTBeHHO Ha JIOBymKe npOTOHHOrO 

nyqxa c noMom&ro cneuHan&Horo npo6HHKa. 

Bo,IJ.JlHOii nornoTHTeJih nepeMeHHoii TOJimHHW Ha npoToH

HOM nyqxe KaHana VI o6ecneqa:saeT .D.HCKpeTHoe H3MeHeHHe 

31ieprHH npoTOHOB B nyqxe c 680 ,IJ.o 80 M3B ,IJ.JIJl Me,IJ.Hxo-

6&onorH'ieCKHX H ~H3H'ieCKHX pa60T. llorJIOTHTeJih COCTOHT 

H3 Ha6opa 13 Tpy6 nepeMeHHoii .D.JIHHW, pacnonaraeywx no 

oxpy~HOCTH H 3anoJIHJleMwx BO,IJ.oii:. Ha ny'ioK ycTaHaBJIHBa

eTcJl nornoTHTeJI& 3a,IJ.aHHoii TOJimHHW nyTeM nosopoTa. 

UHPKYJIJlUHJl BO.D.W o6ecne'IHBaeT Heo6xo,IJ.HMWii: OTBOA Tenna, 

Bbi,IJ.eJIJleMoro lipoTOHBbiM liY'iKOM. 

9. 3AeMeH•ba uoHHOU on111uKu 

llOMemeHHe 7 ycTaHOBKB "«<>" o6opy,D,OBaHo cneUHaJihHOH 

Ka6HHOH C MaHHliYJIJlTOpaMH, li03BOJIJliOmHMH npOBO,IJ.HTh pe

MOHTHble pa60Tbl H TeKymee 06CJI~HBaHHe. B KOHCTPYKUHJIX 

3JieMeHTOB HOHHOii onTHKH H ,D,pyroM o6opy,D,oBaHHH 3aJia 7 

3aJIO~eHbl B03MO~OCTH 06CJI~BaHHJl HX C liOMOm&ID MaHH

nyJIJlTOpOB B yCJIOBHJlX BbiCOKOH HaBe,IJ.eHHOH aKTHBHOCTH. 

)J,JIJl liOBbiWeHHJl ,IJ.OJirOBe'IHOCTH H Ha,IJ.e~HOCTH pa60Tbl HOBO- . 

OliTH'ieCKHX CHCTeM B KOHCTP1'KUHH 06MOTOK 3JieMeHTOB 

TpaKTOB nyqKOB npe,D,yCMaTpHB8.eTCJl HCliOJIL30BaHHe H30-

JIHPYIOmHX YaTepHaJIOB noshDlleHHoii pa,D,HaUHOHHOii cToii:Ko

CTH. 

llepe'IHCJieHHWM swwe ycnoBHJlM pa6oTw o6opy,D,oBaHHJl 
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YCTaHOBKH "«<>" OTBe'laiOT KBa,IJ.pynoJI&Hble JIHH3bl 20K251i

I000, I5K50-I300, WeCTHliOJihHWii: MarHHT 20ill30-200 

H MarHHTW: Cll-024, Cll-025, Cll-027, Cll-09, Cll-034. 

C pa,IJ.HaUHOHHO-CTOBKOH H30JIJIUHeii: 6y,IJ.yT H3rOTOBJieHbl H 

KaTYWKH WHPOKoyrOJihHOii Me30HHOii: JIHH3bl - illMJI /8/ • 

3JieMeHTb1 HOHHOH OliTHKH TpaKTOB liY'IKOB YCTaHOBKH "cl»" 
cnpoeKTHposaHw B HHH::lcJIA~ _ 

lfCliOJI&3yeMwe B HaCTOJimee BpeMJI Ha CHHXPOUHKJIOTpOHe 

OHRH KBa,D,pynonLHWe JIHH3LI: MJI-29, MJI-30, MJI-3I, 

MJlllK, MarHHTLI: Cll-37M, Cll-57A, Cll-56 H MarHHTW

coneHoH,IJ.W MC-8, MC-9 - 6YAYT ycTaHOBJieHw Ha KaHanax 

~3oTpoHa B noMemeHHJIX 4, 9 H II co 3Ha'IHTeJI&Ho MeHL

WHMH YPOBHJIMH pa,IJ.HauHOHHOaKTHBHbiX H3JIY'ieHHH. 

0CHOBHWe napaMeTpLI 3JieMeHTOB KaHaJIOB ~a30TpoHa 
rrpase,IJ.eHLI B ma6A. 5 H 6. B ma6A. 7 ,IJ.aHw THITLI H rrapaMeTpLI 

BCTO'IHHKOB, KOTOpLie 6y,IJ.yT BCliOJih30BaHbl ,IJ.JIJI liHTaHBJI 

OT,IJ.eJILHbiX 3JieMeHTOB B 6JIOKOB B3 3TBX 3JieMeHTOB Ha Ka
HaJiaX liYl.fKOB ~30TpOHa. 

10. 3aKA10'1eHue 

llocne 3aBepweHBJI peKOHCTPYKUHH CHHXpOJ.(HKJIOTpOHa 

OHJIH B ~30TPOH c sapuau&eii MarHBTHoro rronJirrnaHHpyeT

cJI B03pacTaHBe BHTeHCHBHOCTH liY'IKOB OT BHyTpeHHeii: 

MBWeHH YCKOpBTeJIJI liPHMepHo B 25 pa3, a OT MHWeHeii Ha 

BWBe,IJ.eHHOM liY'IKe llpOTOHOB O~,IJ.aeTCJI YBeJIH'ieHBe HH

TeHCBBHOCTB B I00-200 pa3 liO cpaBHeHBIO C liY'IKaMH 
CBHxpouuxnorpoHa OHJIH. 

B rrpoexre rrpe,IJ.ycMaTpHsaroTcJI ITY'IKH rronJipH30BaHHwx 

HYKJIOHOB, cerrapHpOBaHHLie MIOOHHble liY'IKB pa3Hb1X HMnyn&

COB C Bap&BpyeMoii: BeJIB'iHHOB liOJIJIPB3aUBB, HHTeHCBBHWe 

liY'IKB Me,IJ.JieHHLIX MIOOHOB B liHOHOB ,IJ.JIJI OCTaHOBKB BX B 

Bell(eCTBe. 1iy,IJ.yT C~OPMHPOBaHw liY'IKH C HOBbiMH Ka'leCTBa

MB, KOTOpwx He 6wno Ha cymeCTBYfOmeM CBHXpOUHKJIOTpOHe; 

lipO,IJ.OJILHO liOJIJIPH3 OBaHHwe HYKJIOHHble liY'iKH, liY'IKB Heii:T

POHOB B liBOHOB C XOPODIHM 3HepreTB'ieCKBM pa3peweHHeM. 

bOJI&We B03MO~OCTeii liOJIBBTCJl y 3KCliepHMeHTaTOpOB ,IJ.JIJI 

BCliOJih30BaHBJI B BCCJie,IJ.oBaHHJIX 3BM B aHaJIH3aTopoB. 
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TaO••~ 5. napaKetpH aJieEtpoxarwnoB sa zauaaax nyqxoB ycraBOBKB •t• 
( cl- •apna, t - ~ua, II - aile ora, cL - yro.t noBopora, /~- pa.J;BJC xpBBB3BII) 

-THn H 3a30P Pa3118PII no.tDCil l'a!lapltBHI paa11ep 
~~1 

HOIIIIB&IIo BH8 Pacxo.~; HcroqsKJt 
3BilQ8Bllll Bo.lH Dllt&I!Jlll 

JI/IOIB 
Jml'Blltll (recJia) (ell) (/ L j_ R (( h {' 

(rpM.) (CIA) ~ CM) ( Cld) ( Cl.l) 'ta~ ~B) 

I 
I 

( CM) (cu) -
cn-024 !,4 !5 30 60 !66 IJ6 122 9,4 380 200 35 n-r02 

CTI-025 !,7 20 32 144 so 126 2!3 170 190 19,8 1000 170 60 rn-59/16-6 

cn-026 1,8 10 52 200 2)0 !81 265 38 920 180 60 nrH-500 

cn-021 1,8 15 40 268 54 250 234 183 297 55 !000 !95 60 rn-59/16-6 

cn-034 1,4 17 30 40 105 I15 75 3 5000 70 120 BHilPiliiii'IeJIIo 

cn-09 !,7 20 as 122 28 250 238 II7 202 27 II 50 170 !20 rn-59/16-6 

en-37M 1,7 10 ,111811 100 364 2:32 210 66 250 215 21 rr-IOI 

cn-561•) 1,0 15 • 60 236 200 155 "·~ 315 
220 41 n-101 

-' 180 
cn-57A•J 1,4 12 • 90 296 200 43, 600 !50 34 II-1II 

.J;JII!.II· 180 II20 210 nrH-500 

I1MJl I, 0 1'7C:V45 375 ~5 I~ 
1JC-B 0,6 ~~ 544 52 49 570 8,2 950 300 122 nrH-500 

MC-9 I 0,6 ~0/55 620 52 49 636 9,9 960 347 150 nrH-500 

MJI-31 I 1,05 20 50 124 156 8216,0 650 !45 37 rn-3oo 

--L---· 
x) 3aaop yoaer !lYra yxnameB ,1;0 10 c11 c JBenqepey BB.J;fJ:IUIB ,1;0 1,6 rec.11a 

THn 
JIHR3 

I5K5D-1300 
20K25B-100D-
20K25B-IOOQ
C'Oidl 1-200 
MJI-29 
!IJI-30A 
MJl-nK 

I 
II 

( Ta!lJIHija 6. napawerpY AHH3 Ha zaH&Jiax nyqJ:OB ycraHOBKH •t• 
a - .llHaMerp a neprypw, cl- •llpHBa, f- una, h - BYe ora) 

l'pa.uear a ,lliiBRa 
(3/CII) (eM) DOJIIICa 

l'a!lapBTBHI paa11ep (cy) f~~ 
H OIIHH&JI :LRHe FI\CXO.II' HcroqsllJt 

(cy) d h p 
3Baq8HBS B~H. DIITaRBII 

(a) 1iT Jl IIIIB· 

IJOO 15 50 48 IIO 74 1,61 IIOO 63 40 rn-59/16-6 
IOOO 20 25 128 58 56 1,35 950 70 as rn-59/16-6 
!000 20 25 92 132 50 1,51 950 70 38 rrr-59/16-6 
200 20 30 92 II2 60 1,30 950 100 40 rrr-59/16-6 

IIOO 20 20 65 58 49 0,68 !000 !04 38 rn-59/16-6 
950 20 20 96 96 48 1,4 IOOO 60 30 rn-59/16-6 

!000 !2 20 29 29 400 120 n-102 

Ta<IJIH ----~i~DH HCTOQHHJ:OB DBTaBBil a•eweHTOB K&HaJIOB yctaHOBKB ·~• 

i~r----- OIIHB&nloHY8 
nn jTan HcroqHHJ:a aaaqeaHa 
=.J__ (a) (B) 

:·I ~~P~~ren j.s5£oooiOOT~90~-t---;4-=:-:-:::::-:-:-+-~~..J~J 
'Tl'll-500 1000 500 3• l'll-59/!6--6 1065 115 
4• ll-102 695 2)0 

---- -----L----L-----l-__.!_-=-___J~_::j 

f OIIHBMI>HHe 
nn THO HCTOQBHJ:a 3RM8BHII 

(a) (B) 

5. rn-300Q-1000 667 230 
6. n-102 610 II5 
7. ll-IOI 391 230 
e. IIH-5000 383 230 
9. II-III 653 230 

I 



B 3aKmo"leHBe aBTOpW C"'BT8.10T CBOBM npBJITHWM 
,AonrOM no6naro,AapBTh MHOrBX COTPYAHBKOB na6opaTOpBB 
3a noMotn~> B pa6oTe, oco6euuo B.II.,lJ;MBTpBeBcKoro IO.H.,IJ;e
uucosa, H.n.3annaTBHa, B.r .3uuosa, IO.M.Ka3apBHosa, 
M.M.KoMO"'KOBa, n.H.nanB,Ayca, A.H.MyxBHa, B.H.Ca
Taposa, O.B.Cas"leHKO, E.H.Po3aHosa, C.H.llecuosy. 
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