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H.A.HBaHeHKo 

AKCEIITAHCbl UHKJIOTPOHA Y-400 

IIPH PAEOTE B PE)KHME BHEillHEH HH)KEKUHH 

C HCIIOITb3OBAHHEM · ECR-HCTOqHHKA 



lllaoxpoHHblA 48TblpexMeTpOBblA IJ,11KJ10TPOH Y-400 003B0JlH8T YCKOpHTb 110Hbl 

c MaCCOBblMl1 411CJlaMl1 7~238 AO 3Hepr11A 20 - 1 MaB/HYKilOH 

COOTB8TCTB8HHO. 8 HaCTOHlll.88 BpeMH Ha IJ,11KJ10TpoHe B8AYTCH pa60Tbl no 

MOHTa)l(y 11 HallaAKe Cl1CT8Mbl BH8WHeA 11H)l(8KU,1111 C 11COOJlb30BaH11eM ECR

-11CT04Hl1Ka. CMeHa Cl1CT8Mbl 11H)l(8KIJ,1111 Tpe6yeT nOAP06Horo aHaJ1113a 

npou,eccoB aaxBaTa B ycKopeH11e 11H)l(8KTl1PY8MblX 110HOB 11 B03MO)l(HblX 

113M8H8Hl1A reoMeTp1111 u,eHTpallbHOA 06JlaCTl1 IJ,11KJ10TPOHa. TaKoA aHaJ1113 

npoBeAeH Ha OCHOBe pac4eTa AB11)1(8Hl1H 110HOB B u,eHTpe U,11KJ10TpOHa np11 

nOMOW,11 nporpaMMbl CENTR. nporpaMMa 11CnOJlb3Y8T 411CJ18HHOe 

l1HTerp11poBaH11e ypaBH8Hl1A AB11)1(8Hl1H 110HOB B nepeMeHHOM 3Jl8KTpl148CKOM 

11 MarHl1THOM OOJlHX M8TOAOM PyHre - Kyna 4-ro nopHAKa [1]. 3Jl8KTpl148CKOe 

noJle nolly48HO Ha OCHOBaHl111 aHaJ111Tl148CKOro np116J111)1(8Hl1H C 

11COOJlb30BaHl18M cpopMyJl [2] : 

1 . AJlH yCKOPHIOW,eA Cl1CT8Mbl 11CT04Hl1K - nyimep, onpeA8JlH8MOA KaK 

OJlOCKOCTb - W,8Jlb, 

EY = ~J....exp[-os(L) 2

]co~nm(t-t0)], 
2v05~ Ay Ay 

rAe Ay = b.2H + 0.8W, 

2. AJlH YCKOPHIOW,eA Cl1CT8Mbl AYaHT - aHT11AYaHT, onpeA8JlH8MOA KaK W,8Jlb -

- W,8Jlb, 

EY = ~J....exp[-os(L) 2

]co~nm(t-t0)], 
v05~ Ay Ay 

rAe Ay = 0.2H + 0.4W, 

H - anepTYpa AYaHTOB, W - w11p11Ha ycKopH10111,eA 111,eJ111. 

H11)1(8 npl1B8A8Hbl 11CXOAHbl8 AaHHble, 0011CblBalOW,118 reoMeTpl1IO 

u,eHTpallbHOA 06J1aCT11 U,11KJlOTPOHa, npl1HHTYIO np11 pac4eTax : 

Bb1corn 111,eJ111 nyJ1J1epa: HDP = 24 MM 

PaCCTOHHl18 11CT04Hl1K - nyJ1J1ep: GP = 15 MM 

AnepTYpa AYaHToB: HDD = 24 MM 

YcKopH10111,11e npoMe,icYTKl1: GD = 25 MM 

YpaBH8Hl18, 0011CblBalOW,ee u,eHTpaJlbHYIO Jll1Hl1IO yCKOPHIOW,11X npoMe~KOB 

AJlH nepeoro 11 OCTaJlbHblX o6opoTOB: 

Y = ± 0.022 ± 2.41 X 

CpeAHee nOJ10)1(8Hl1e u,eHTpa W,8Jll1 OJ10CKOCTl1 11CT04Hl1Ka, cpopM11py10w,eA 

nepBb1A ycKopHIOW.11A npoMe~oK: RZR = 48 MM 

CpeAHee noJ10)l(eH11e u,eHTpa 111,eJ111 nyJ1J1epa: RPL = 51 MM 

YroJl . nOJ10)1(8Hl1H U,eHTpa W,8Jll1 0JlOCKOCTl1 11CT04Hl1Ka OTHOCl1T8JlbHO OCl1 

c11MMeTp1111 AYaHTOB: FZRS = 47° 
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MarHt-1THoe none 

KapTbl MarHl-1THblX none'1, 1-1cnonb3yeMble np1,1 pacYeTax nporpaMMOH CENTR, 

6b1n1,1 nonyYeHbl nYTeM MaTeMaTl-1YeCKOH o6pa60TKl-1 AaHHblX l-13MepeHl-1H 3a 

l-110nb-asrycT 1978 roAa. B pacnopSDKeHl-11,1 1-1Me10TCS'I AaHHble 1-13MepeHl-1H 

MarHl-1THblX none'1 Alls:! ycKopeHl-1s:I Yacrnu c OTHOWeHl-1eM A/2 = 10 1,1 4.3. TOKl-1 

OCHOBHOH o6MOTKl-1 MarHma 2450 1,1 1660 A COOTBeTCTBeHHO [3 , 4). 
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P1-1c. 1 . CpeAHee MarH1-1THOe none 1,1 cpnanep Alls:! ycKopeH1-1s:1 Yacrnu c 

OTHOWeHl-1eM A/2=4.3 
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P1-1c. 2. nepsas:i 1,1 BTOpas:i rapMOHl-1Kl,1 MarHl-1THOro nons:i Ul-1KJlOTPOHa Alls:! 
ycKopeHl-1s:I YaCTIIIU c OTHOWeHl-1eM A/2=4.3 
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P1-1c. 3. CpeAHee Marn1-1rnoe none 1,1 cpnanep AJJs:1 ycKopeH1-1s:1 'laCTl-1U c 

OTHOWeHl-1eM A/2=10 
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P1-1c. 4. nepsas:i 1,1 BTOpas:i rapMOHl-1Kl,1 MarHl-1THOro nons:i Ul-1KJlOTpoHa Alls:! 
ycKopeHl-1Sl Yacrnu c OTHOWeHl-1eM A/2=4.3 
KapTbl. MarHl-1THblX none'1 Alls:! YaCTl-1U C npOMe)KYTOYH.blMl-1 OTHOWeHl-1s:IMl-1 A/2 > 

nonyYeHbl 1,13 l-1MelOW,l-1XCs:I AaHHblX MeTOAOM n1-1HeHHOH l-1HTepnons:1u1,11,1, 

3 



AKcenTaHCbl IJ,L,1KJ10TpoHa np1,1 1,1cnOJ1b3088HL-1L,1 

ECR-1-1cTo~H1-1Ka 

AKcemaHCbl U,11KJ10TPOHa paCC'-ll1TaHbl AflR Yacrnu, c OTH0WeHl1eM A/Z = 5.5; 

7; 8; 10. PacYeT npoBOA1t1J1CR AflR nepsbIx nsirn o6oporns np11 pas6poce no 

3Heprn11 ~/E He 6011ee 10% K K0HU,y nRTOro o6oporn. KoHeYHble PaA11YCbl 

nsirnro o6opoTa AflR Yacrnu, c A/Z OT 5.5 AO 10 11e)l(aT a A1t1anaa0He OT 190 

AO 250 MM. HaYaJlbHble YCJ10B11R sepT11KallbHOrO AB11)1(eHl1R np11 pacYeTe 

PaAl1aJlbHblX aKcemaHCOB Zo =2 MM 11 z~ =3 rpaAyca. Paa6poc u,eHTPOB 

op611T Ha nRTOM o6opoTe OT u,eHTpa U,11KJlOTPOHa He 6011ee 10 MM. 

.,H =~=:::: I :- --- : --?/,:--

., -- : ~:__ + - ,. 
~~ -~ ---r - I 

[2) -4--~: ___ : _____ , _____ : _____ , __ 
Cl I I I I 

ta / I ! t I 

<] ' I - --, 

~ 10 -10 --~ ----:- ----:-~ ~ -_/ 
-~-o-~~ 
----1>' - - - _,_ - -1- - - -: -

... .. .. "' 
RZR (CM) 

SI 54 

lll~l~-"-~=3)>, , / 
-0-tq=JY I ~ )/ 

~~---- ----~----: ___ ~_: ___ _ 

JI 10 ... -
u 
:,. 

" ~ 5..,. -

',i 0 

-5• -.. 

/ ' ' ' / ' 
l I I/ J 

- - :- - - - - :- - - ✓-:- - - - -: ·- - -~ 
t / J ........ 

I I/ ~ 
__ L ___ ,,1_ ____ 1 __ / __ 1 ____ _ 

I I 1/ I/' 
I / I ....... I I I 

I/ I / I I I 

~ !-; ✓-:"- - - -:- - - - ~- -:- -

/I l /: I 

.. .. "' 
RZR(cM) 

I I 

SI 54 

Pi.1c. 5. P3Ai.1ailbHblH aKcemattc Pi.1c. 6. Pa,Ai.1ailbHblH aKcenTaHc 

Ll,i.1KJI0TP0Ha AflR YaCTi.1Ll,bl C 0TH0WeHi.1eM Ll,i.1KJ10TpoHa AflR 4aCTi.1Ll,bl C 0TH0WeHi.1eM 
A/2=5,5. ,t:v,R dcp=20° A, =13701t A/2=10. ,lvlR dcp=20° A, =10001t 

(MM*Mpa,A), AflR dcp=30° 

(MM*Mpa,A) 

A, =9191t 
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Pi.1c. 7. Pa,Ai.1ailbHblH aKcemaHC 
~1,1KJ10Tp0Ha AflR 4aCTi.1Ll,bl C 0TH0WeHi.1eM 
A/2=7. O611acTb aaxeaTa B ycKopetti.1e 
AflR ~cp=20° A, =12001t (MM*Mpa,A), AflR 

~cp=30° A,= 6807t (MM*Mpa,A) 

(MM*Mpa,A), AflR ~cp=30° A, =3957t 

(MM*Mpa,A) 
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Pi.1c. 8. Pa,Ai.1ailbHblH aKcenTaHc 
Ll,i.1KJ10Tp0Ha AflR 4aCTi.1Ll,bl C 0TH0WeHl/leM 
A/2=8. O611aCTb 3axBaTa B ycKopeHi.1e 
AflR dcp=20° A, =11357t (MM*Mpa,A), AflR 

dcp=30° A, =7001t (MM*MP3A) 
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Ha rpacp11Kax Yepes RZR o603HaYaeTCR pacCTORHl1e OT u,eHTpa U,11KJlOTPOHa AO 

U,eHTpa w,e1111 n110CKOCTl1 11CTOYHl1Ka; ~ - yro11 Me)l(Ay nepneHA11KYllRPOM K 

PaAl1YC-BeKTopy u,eHTpa w,e1111 n110CKOCTl1 11CTOYHl1Ka 11 BeKTOPOM CKOPOCTl1 

YaCTl1U,bl, BblJleTalOW,e£1 113 11CTOYHl1Ka. PacYeT sepTl1KallbHOro aKcemaHca 

npoBeAeH np11 3HaYeHl1RX RZR=48 CM 11 ~=10°AflR scex paccMaTp11BaeMblX 

A/Z. 
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Ll,i.1KJ10Tp0Ha AflR 4aCTi.1Ll,bl C 0TH0WeHi.1eM 
A/2=5,5 npi.1 Ha'laJlbH0M Ai.1ana30He q>a3 
~¢ 0 =30°. A z = 11001t ( MM*Mpa,A) 
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Pi.1c. 11. BeprnKailbHblH aKcemaHC 
LJ,i.1KJJ0TP0Ha AflR 4aCTi.1Ll,bl C 0TH0WeHi.1eM 
A/Z = 7 npi.1 Ha'lailbH0M Ai.1ana30He q>a3 
d¢0 =30°. A,=9507t (MM*MP3A) 
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PIiie. 10. BepTIIIKailbHblH aKcemaHC 
Ll,i.1KJ10TP0Ha AflR 4aCTi.1Ll,bl C 0TH0WeHi.1eM 
A/Z = 10 npi., Ha'lailbH0M Ai.1ana30He q>a3 
d¢o=20°. A,=10601t (MM*Mpa,A) 
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Pi.1c. 12. BeprnKailbHblH aKcemaHC 
Ll,i.1KJI0TP0Ha AflR 4aCTi.1Ll,bl C 0TH0WeHi.1eM 
A/2=8 npi.1 Ha'lanbH0M Ai.1anaaoHe cpaa 
6¢0=30°. A,=9307t (MM*Mpa,A) 



H1,1)Ke np"1BeAeHbl rpacjmK"1 C C0BMeW,eHHblM"1 P8A"1aJlbHblM"1 aKcemaHCaM"1 

AJUI scex paccMaTp"1BaeMblX OTH0WeH"1i1 A/Z. 
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P111c. 13. Pa,o,111anbHble aKcenTaHCbl 
1.1,IIIKJlOTpOHa AJ151 'laCTIIILI, C OTHOWeHllleM 
A/2=5.5; 7; 8; 10 np111 Alllana3oHe 
Ha'lanbHblX cpa3 Acp=20°. O6W,a51 
(3aWTPIIIXOBaHHa51) 0611aCTb 3axBaTa B 
ycKopeHllle A, =6601t (MM*Mpa,o,) 
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P111c. 14. Pa,o,111anbHble aKcenTaHCbl 
1.1,IIIKJlOTPOHa AJ151 'laCTIIILI, C OTHOWeHllleM 
A/2=5.5; 7; 8; 10 np111 Alllana3oHe 
Ha'lanbHblX cpa3 Acp=30°. O6w,a51 
(3aWTPIIIXOBaHHa51) o6naCTb 3axBaTa B 
ycKopeH111e A, =2101t (MM*Mpa,o,) 

B Ta6J1"1L1,e 1 np"1BeAeHbl xapaKTep"1CTIIIK"1 YCJ10B"1i1 ycKopeH"151 'lacrn1.1, C 

Bb16paHHblM"1 OTH0WeH"151M"1 A / z np1,1 pa6oTe B pe)K"1Me BHeWHei1 "1H)KeKLl,"1"1 

C "1Cn0Jlb30BaH"1eM ECR-illcTO'IH"1Ka, a TaK)Ke peayJJbTaTbl pac'leT0B 

P8A"1aJlbHblX "1 seprnKaJJbHblX aKcemaHC0B. 

Ta611m,i_a 1 

A/2 10 8 7 5.5 

HanpmI<eH111e 14 17.4 19.4 25 
IIIH)KeKLJ,111111 (KB) 

AMnm,ITYAa B4- 80 85 85 85 
-Hanp5l)KeHlll51 (KB) 

CpeAH~e none 2.117 2.095 2.071 2.014 
B 1.1,eHTPe ( T) 

TOK 06MOTKIII 2450 2390 2270 2000 
MarHIIITa (A) 

Pa,o,111anbHblH 
aKcenTaHc A, 13707t 11351t 12007t 10001t 

(MM*Mpa,D,) AJ151 
Mo=20o 

Pa,o,111anbHblH 
aKcenTaHc A, 3957t 7007t 6801t 9191t 

(MM*Mpa,o,) AJ151 
A¢o=30o 

BeprnKanbHblH 
aKcenTaHc A. 10601t 9307t 9501t 11007t 

(MM*MPa,D,) 

6 

3aKJ1t0'-leH111e 

C'!vtTa51 P8A"1aJlbHblM aKcenTaHC0M YCK0P"1TeJ151 06111,yro 0611aCTb aaxsarn B 

ycKopeHvte AJ151 4aCrnLI, C AvtanaaoH0M OTH0WeH"151 A/Z OT 5.5 AO 10 

(3aWTp"1XOBaHHble 0611acrn Ha pvic. 13 "1 14) ' no11y4aeM BeJ1"1'1"1Hbl A, =6601t 

(MM*MP8A) np1,1 AvtanaaoHe Ha'laJlbHblX cpaa Acp=20° "1 A, =2101t (MM*MP8A) 

np1,1 A"1ana30He Ha4aJJbHblX cpaa Acp=30°. napa1111eJ1bH0 BeAYTC51 pac4eTbl 

J1"1H"1"1 TpaHcnoprnp0BKVI ny4Ka OT ECR:VICTO'IHVIKa' AO 1.1,eHTpa 1.1,VIKJl0Tp0Ha "1 

era BblB0A B MeAvtaHHYIO nll0CK0CTb npvi noM0W,"1 cnvipaJlbH0ro VIHcplleKTopa. 

no11Y4eHHble BeJ1"1'1111Hbl paAvtaJlbHblX "1 seprnKaJlbHblX aKcemaHCOB 

Ll,VIKJl0TpoHa Y-400 onpeAe1151IOT Tpe6osaHvtR K napaMeTpaM vtH)KeKTvtpyeMoro 
nY4Ka. 
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