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OnaaM na nyTefi Haa6onee aaaqaTenbHoro pacwapeHaa B03MOlK

HOCTefi ycKopaTeneft BbICOKllX 9Hepraft ll Il0BblW8HllH nponyKTllBHOC

Tll ¢aaaqeCKllX accnenoBaHafi HBnHeTCH BhIBOA ll acnonb30BaHae 

nepBaqHbIX nyqKoB. TTpa Hanaqaa llHTeHCllBHOro HapylKHOro nyqKa 

MOlKHO npaMeHHTb BHeWHlle MllWeHa, Il03Bonmoume pacwapllTb Kpyr 

9KcnepaMeHTOB C KOpOTKOlKllBYWllMll qacTllUBMll, yBenaqllTb Tenec

Hbie yrnhI BTopaqHhIX nyqKoB, nonyqaTb c. OAHOfi MllWeHll nonOlKll

TenbHhie ll OTpauaTenbHbie qaCTllUhl ll T.n. KpoMe Toro, BbIBOA 

nepBaqHoro nyqKa C BblCOKOfi a¢¢eKTllBHOCTb!O npenoxpaHHeT ycKo

pllTenb OT IlOBbIWeHHOfi aKTllBBUllll, KOTOpaa CTaHOBllTCH cepbe3HOfi 

npo6neMOfi npa 6onbWOfi llHTeHCllBHOCTll. 

TTocKOnbKY nonHoe peweHae BOilpOCOB, CBH3aHHhIX C BblBOAOM 

IlpOTOHHOI'O nyqKa ll3 CllHXpo¢a30TpOHa, npencTaBnaeT co6oft 06-

WllPHY!O ll cnOlKHY!O npo6neMy, Ha nepBOM 9Tane 6hina IlOCTaBneHa 

aanaqa ocymecTBneHaH 6hICTporo Bhrnona nyqKa c acnonb30BaHaeM 

nonyuenoro peaoaaHca panaanbHhIX 6eTaTpOHHhIX Kone6aHaft aa Bpe-

-4 
MR nopanKa 10 CeK npa a¢¢eKTllBHOCTll 70-80%. TTpa 9TOM npen-

nonaranocb npoBeneaae llHlKeHepHhIX pa6oT Ha ycKopaTene c Mll.

HaManbHhIMll 3aTpaTLMll cpeACTB a BpeMeHa, Heo6xonaMoro nna 

MOHTalKa o6opynoBaHllH BhIBOAHOfi CllCTeMhl. EbICTpblft BbIBOA npo

TOHHOf'O nyqKa ll3 CllHXpo¢a3oTpOHa 6hin ocymeCTBneH B 1967 r. 

HacToawaa naccepTauaa nocBameaa BonpocaM paapa6oTKll 

MeTona, coanaaa10 annapaTyphI a ocywecTBneHaIO 6hICTporo peao

HaHcHoro BbIBOAa npOTOHHoro nyqKa ll3 CllHXpo¢aaoTpoHa OHHH. 
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Il11ccepT8U1HI Han11CaHa Ha OCHOBe pa6oT, BbinOnHeHHblX B 

na6opaTop1111 BbICOK11x anepr11ii a nep11on c 1963 no 1969 rr. 113 

. . /3-58-1012-1517/ 
'l11cna ny6n11Kau1111 no ·TeMaT11Ke Bbrnona • ' ' a 

/5 8 14 15/ 
OCHOBY ee nono)KeHbl pa60Tbl • • , • 

IlnccepT8Ul!SI COCTOl!T 113 'leTblpeX rnaa. 

B nepaoii rnaae npoaeneno paccM0Tpem1e II cpaa1rn1111e pa3n11'l

HbIX MeTOJlOB BblBOJla nepBll'IHOI'O ny'IKa 113 npOTOHHblX C!!HXpOTpo

HOB. CToKa3aHO, 'ITO Ha116onee nepcneKTIIBHblMII II ynnaepcanbHblMII 

srnnmoTCSI cnoco6br, 11cnonb3y10m11e nn11 3a6poca u11pKyn11py10m11x 

'laCTl!U B 3830p BbIBOJlHOI'O ycTpoiiCTBa pe3oHaHCbl 6eTaTpOHHblX 

Kone6a1111ii. CTp11 npoeKTl!p0B8HIIII BbIBOJlHOH Cl!CTeMbl Ha cnxpocpa3o

TpoHe 6bm BhI6paH pe30HaHCHbIH MeTOJl, rnaBHble npenMyIUeCTBa 

KOToporo COCTQSIT, B cneny101UeM: 

1) BbICOKaSI acp<peKTIIBHOCTb, 3H8'll!TenbHO npeBbllll8IOIU8SI 3cp

cpeKTl!BHOCTb MeTona Ml!llleHb-M8f'Hl!T; 

2) np11 Bb!BO)le nn11 acex '18CTl!U coxpaHSieTCSI JlOCTaTO'll!O 

y3Kl!H anepreT11qecKnii cneKTP ycKopeHHoro ny'l!{a (nm1 crrnxpocpa-

' [' , I' -4) 30TpOHa L\ ' I •, ~ 10 ' 'ITO l!MeeT 6onblllOe 3H8'Jel!l!e KaK Jl/lS! 

<pl!311'JeCKIIX 3Kcnep!!MeHTOB, TaK II [1/ISI o6ner'leHl!SI TpaHcnopTupoa

Kl! BbIBOJll!MOf'O ny'IK8; 
-5 

3) lllllPOKl!H nnana30H nn11Te/lbl!OCTeti BbIBOna OT --10 no 
-1 -10 CeK. IlnnTenbHOCTb MO)KeT ll3l\1eHSITbCSI B 3llBIICIIMOCTl! OT 

cpaKTOpOB, onpenenSIIOIIlllX pe301!8HCHh!e yc/lOBl!SI; 

4) Y3Kl!ii yrnoaoll p_a36poc 'll!CTIIU, i1onana10IIJl!X B BblBO)lHOe 

ycTpollCTBO. 

Bo BTOpoii rnaae paCCMOTpeHbl OCHOBHble oco6eHHOCTI! nony

uenoro pe30Ha11ca pan11an&HbIX 6eTaTpoHHbIX Kone6ann11, aoa6y~<nae

Moro B CIIHXpocpa30TpOHe c uenb!O 3a6poca ycKopeHHOf'O ny'IKa B 

BbIBOJlHOll Mllf'Hl!T ( 11n11 cenTyM-M8f'Hl!T). CTpencTaBneHa o6ll!aSI Kap

Tl!Ha, II/I/IIOCTpnpy10IIJaSI noBe)lel!ne '18CTl!U np11 .nonyuenoM pe30HaH

ce. 
• /1 2/ 

113 pe1I1eH1111, ncnom,3y10mnx MeTOll ycpenHeHnSI, cnenyeT ' , 

'ITO Jl/111 '18CTOTbl pan11anhHblX 6eTaTpOHHbIX Kone6a1111ii 1' X = l /2, 

4 

• 

A 

r 

cpenHee 3Ha'leH11e n = 0,79. HeB03MyllleHHSSI (pa60'laSI) Be/lll'll!Ha 

noKS3aTenSI nonSI Ha UeHTpanbHOii op6nTe Cl!HXpocpa30TpOHS COCTaa-

nSieT n = 0,67, 1103TOMY no6aBO'IHOe 3HS'leH11e n • Heo6xon11Moe 

Jl/lSI ocymecTBneH11SI pe3011sHc111,1x ycnoa11ii, c y'leTOM nepaoii rap

MOHIIKII B03MyIUeHIISI Jl0/l)Kll0 BBOJll!ThCSI BABS cocen1111x KBanpaHTa 

ycKc;->11TenSI nyTeM yaen11'leH11SI noKa3aTenSI non11 Ha 8 n =0,22-0,243 •
4

: 

Ha OCH0B8HIIII 'll!C/leHHbIX pacqe:roa, nponenaHHbIX HS 3BM, B 

rpynne Bhrnons ny'IKOB 61,1n11 nony'leHbI xapaKTep11cT11K11 noaeneHl!SI 

npoTOHOB B npouecce pa3BIITIISI pe30HaHCOB 11 3a6poca B OTK/IOHIIIO

lllllll MSI'HIIT 
151

• CTp11 pac'leTaX 11cnO/lb30B8/IIICb pea/lbHhie xspsK-

/6/ 
TepllCTUKII II CTpyKTypa M8I'Hl!THOI'O' nonSI CIIHXpocpa30TpOHa , a 

/7/ 
TaK)Ke 11cxonHoe pacnpeneneH11e 'laCT11u no SMnn11TynaM II cpa-

3aM psn11snbHblX 6eTaTpOHHblX Kone6sH11il. l13MeHeHlle nonSI B B03-

MyIIJeHHb!X KBSJlpSHTaX np11 BKnIO'leHIIII IIMnynbca TOKa B nonIOCHbie 

o6MOTKII 3S)lSBSnOCb B COOTBeTCTBl!II C pOCTOM 8n 38 BpeMSI 

OK0/10 300 MKCeK ( 450 o6opOTOB UI!pKyn11~y10mero ny'IKa). 

Psc'leThl noKS3Sn11, 'ITO Ha116onee np11eMneMblMII Jl/111 nanh

HeilIIJell Tps11cnopT11pOBKII, HBnHIOTCH xapaKTep11CTIIKII ny'IKS, nona

ns10mero ,a 3S3op cenTyM-MarH11Ts, pacnono)KeHHoro a KoHue B03-

MymeHIISI Ha pacCTOSIHIIII 20 CM OT ueHTpanbHOil op611Tbl ycKop11Te

nSI np11 Benn'l11He t-.n = 0,22. 

Lln11 Bh16opa HanpaBneH1111 ny'IKa nocne ero BhIXona 113 ycKo

p11Ten11 61,m11 npllHl!Tbl BO BHIIMaH11e· 'cneny10m11e <pSKTOpbI: 

s) Tpe60BaH11e K OilTll'leCKIIM xapaKTep11CTIIK8M ny'IKa; 

6) Hanuq11e TexHonor11qeCKoro 06opynoaaH11SI, pa3MemeHHoro 

B np11Mon11HeilHblX -npoMe)KyTKSX II B6nn31! H11x; 

B) o6nmpHblil KOMnneKC <p~311'1eCKIIX 11ccnenoaaH11il, npOBOfll!MblX 

Ha BTOPll'IHbIX ny'IKax· CUHXpo<pa30TpoHa. 
. . ~ /5/ 

3To orrpenen11no Tpsccy ny'IKa II cxeMy BhIBOJla , IT03BO-

n11Bwy10 MaKCIIMS/lbHO IICITOnh30B8Tb 3KC1IepllMeHTS/lhHOe o6opyno

B8Hlle Ha ycKop11Tene. 

O6MOTKII·, C IIOMOlllbIO KOTOpbIX o6ecne'll!B8IOTCSI pe30HaHCHbie 

ycnoa1111, B 3TOM cny'lae non)KHhI pacrronsra Th CST B I II II 

KBanpaHTaX CIIHXpoqia3oTpOHa, a cerrTyM-M8f'HIIT ( M-1) JlOn)KeH 
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6b!Tb IIOMe!UeH s o6naCTli MaKCl!MailbHOI'O OTKilOHeHHH '!aCTliU OT 

ueHTpanbHOll op6iiTbl yCKOpiiTenH, T.e. Mell<llY II Ii III KBall-

paHTaMlio TTocne OTKilOH0Hl!H B MaI'Hl!Te M-1 IIY'IOK, rrpoiillH Ill 

KBa/lpaHT, BhlXO/ll!T 1{3 yCKOPHTenH Ii 110118/laeT BO BTOpoii OTKilO

HHJOIUHii MSI'HHT M-2, 38 KOTOpblM pacrronaraeTCH KaHan TpaHcnop

TlipOBKli IIY'!KS K 1{3Mepl!TeilbHOll IIIlOIUS/lKe. 

Ha OCHOBe aHailH3a pac'!eTHblX xapaKTepliCTHK IIY'!Ka Ii rrpell

sapl!TenbHblX 9KCnepHMeHTallbHblX l!CCilellOBaHHii B TPeTbeii rnase 

ccpopMynHpOBaHbl Tpe6oBaHl!H K :,ineMeHTaM CiiCTeMbl BblBO/la Ii Bbl

nonHeH paC'!eT a1111apaTypb1, BXOllHIUeii B 9TY Cl!CTeMy. 

TTpellilOlKeHO npl!MeHHTb OTKilOHHJOIUl!e MaI'HliTbl C rpa/lli0HT

HOii cpOKYCl!pOBKOii Ii T0M CaMblM 3Ha'll!TeilbHO COKpaTHTb sec Ii 

ra6apl!Tbl l!X KOHCTpyKUl!ii. Pa3pa60T8HHaH MeTO/ll!Ka pac'leTa, .Y'II!• 

Tb!BSJO!UaH B ypasHeHHHX llBl!lKeHl!H 'laCTHU HemrneiiHble '!Il0Hbl BTO

poro nopH/lKa, 1103B0Ill!na rrpl! 6onbilll!X 3Ha'leHHHX rpa/ll!eHTa 1!3-

6elKaTb HelKenaTeilbHOI'O Bill!HHliH H0Ill!HeiiHOCTeii rryTeM HanolKeHl!H 

" /8/ 
orrpe/leneHHblX ycnoBl!li Ha 38KOH ii3MeHeHl!H MaI'Hl!THOI'O· IIOilH 

B pe3ynbTaTe npoBe/leHHblX paC'!eTOB 6binO HaiilleHO, '!TO Bill!HHHe 

Heill!HeiiHblX qneHOB BTOpOI'O IIOPHllKa B T8Kl!X MSI'Hl!Tax npeHe6pe

lKl!MO Mano llpl! ycnOBl!li ii3M0H0Hl!H aepTiiKSilbHOii KOMIIOH0HThl Mar-

HHTHOI'O IIOIIH 8 
z 

no 3aKoHy: 

B =B {l-np/H +n p2/2R2 
), 

z O O O O O 
( 1 ) 

I'lle 8 O - BepTHK8IlbH8H KOMIIOHeHTa IIOIIH H8 pallHyce paBHOBec

HOii op6iiTbl HO llpli z = 0 ' p - OTKIIOHeHHe OT paBHOBec

R aB 
Hoii op61!Tbl B pa/lHanbHOii nnocKOCTII, n =- -IL(--:..) IR-R o B aR - o 

/g/ 0 z=O 

4>opMa IIOIIJOCOB cenTyM-M8I'HliT8 ' o6ecne'll!B8JOIU8H Bbl-

nonHeHne B 3a3ope 38KOHa ( 1 ) • Bbl'll!CneHa B npe/lllOilOlKeHIIII 9KBI!-

IIOTeHUl!SllbHOCTII IIOBepXHOCTI! IIOIIJOCOB ( µ r >> 1) • TTony'leHHaH 

38Bl!CIIMOCTb BepTIIK8IlbHOI'O pa3Mepa 3a3opa 0 

KOOplll!Ha Tb! HM00T Bl!A! 

6 

OT panl!anbHOii 

,. 

A 
' 

2 2 
8 =00 /0-n0 p/R 0 +n0 p /2R 0 (2) 

(31l0Cb o O .:- pa3Mep 3a3opa np11 p= 0). 

803MOlKHOCTb ii3MeHeHIIH no B npouecce KoppeKUIIH Ii HacT-

poiiKI! npellyCMOTpeHa C IIOMO!UbJO neHTO'!HblX rrpOBOAHIIKOB . C TOKOM, 

nponolKeHHblX Ha non10cax M8I'HHTa. TT ony'leHHblii 38KOH 1!3MeHeHIIH 

I'p8/llieHTHOI'O TOKa I g 

' 
38Bl!CliMOCTbJO: 

, , Io 
= -11n --

B p8/lliallbHOM HarrpasneHHII onpe/l0IlH0TCH 

p(l-p/2R
0

) 

g o H 
0 

2 2 
l-n

0
p/H

0 
+n

0
p/2R 0 

(3) 

rne /1 n
0 

- 381l8HHOe ii3MeHeH11e IIOKa3aTenH 1101151 38 C'leT TOKa 

B IIOilJOCHblX o6MOTKax, I O - TOK B036ylK/leHHH B OCHOBHOii o6MOT-

Ke. 

C IIOMO!UbJO npellilOlKeHHOll MeTO/ll!KI{ pac'leTOB, xapaKTepH-

3YJOlllliX nose1leH11e rryqKa Ha BbIXO/le 113 ycKop11TenH, onpeneneHbI 

llOIIYCKII Ha none Ii Ha cpopMy IIOIIJOCOB M8I'HliTa. Kp11Tep1ieM nonyc

TliMblX 1!3MeHeHHll OIITHMSllbHblX pac'!eTHblX napaMeTpOB 8 O , n O 

Ii n I [ n 
1 

2 

~( 
Bo 

2 
a B 

-·--.:) 
a R 2 

I 
R=Ro 
z = 0 

CIIYlKIIIlO IIOBelleHHe '18CTl!U 

Ha BXO/le B KaHan. TpaHcrropT11pOBK11, npornellWHX cenTyM-MarHl!T Ii 

KBSApaHT yCKOpl!T011H. 0TKilOHeHHe OCI! IIY'!Ka !{Ill! ero pacrn11peHHe 

B I'Op1!30HT811bHOll nnoCKOCTI! B KOHUe KB81lP8HTa Ha 1,5-2 CM (np11 

IIOIIHOM pa3Mepe B 9TOM MeCTe 20 CM Ii Hllpe ny'!Ka 16 CM) C'III-

TanoCb llOllyCTl!MbJM. 

' C IIOMO!Ub!O rrony'!eHHOii 38BIICl!MOCTII M0lK/lY MSI'HIITHblM no~ 

neM Ii 1!3MeHeHHHMII napaMeTpOB /18 0 /1 n O Ii /1 n I II OK a-

38HO, '!TO B cenTyM-MSI'Hl!Te YllOBll0TBOpllTenbHblM HBIIHeTCH none, 

IIO/l/l0pllrnBaeMoe B npe/lenax :!; (0,21-0,3)% OT OIITIIMSllbHOI'O. 

Onpe/leneHHbJe aHanOI'II'!HblM 06pa30;1,1 llOIIYCKli Ha pa3Mep 3a-

3opa 11p11 IJ3I'OTOBil0Hllll MaI'HIJTa 6b!Ill{ 38/lSHbl B npe/lenax :!;0,05MM. 
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n O TOH )Ke MeTOJ::U!Ke BblilOnHeH paC'!eT MarHl!Ta M-2, KOTO

pblll rro TeXHonorl!'leCKl!M coo6pa)KeH11gM l!3r'OTOBneH l!3 ABYX CeK

Ul!ll rro 1,5 M Ka)KAag, MarHl!T npeAHa3Ha'leH Ang OTKnOHeH11g nyqKa 
0 ~ 

Ha 5 • Ben11'!11Ha noKa3aTeng nong B HeM cocTaBngeT 0 0 =-140, 

HOMl!HanbHOe 3Ha'!eHl!e B O = 1,02 Tn, AOllYCTl!MOe OTKnoHeHl!e 

Mar'Hl!THOr'O nong cocTaBngeT !0,3%, TaK11e pacqeTbl Morm1 6b!Tb 

AOCTOBepHblMI! TOnbKO npl! Hanl!'ll!I! AOCTaTO'!HO TO'IHO l!3Me-

peHHOr'O MarHl!THOr'O rrong YCKOPl!TenH, BKn10qag ero He-

pa6oqy10 oonaCTb II nong paccegH11g, rrepeceKaeMbie BhIBeAeHHhIM 

rry'IKOM, C sToli uenbIO obina paapa6oTaHa anrrapaTypa II npoBeAe

HhI l!3MepeH11g Mar'Hl!THoro nong Cl!HXpocpa3oTpOHa llpl! l!HAYKUl!I! 

/10/ 
1,23 Tn c TO'IHOCTb!O He Xy)Ke :!:0,3% , 

I3 qeTBepToli rnaBe AaHO Olll!CaHl!e pa3paoOT8HHOll arrnapaTy-

phi, l!3nO)KeHa MeTOAl!Ka HaCTpOil:KI! Cl!CTeMbl I! 11p11BeAeHbl SKCne

pl!MeHTanhHbJe peaynhTaTbl rrpl! BbIBOAe ny'!Ka 3a npeAenhI KaMepbI 

yCKOpl!Teng, 

n11TaH11e npOBOAHl!KOB B030Y)KAeHl!g pe30HaHca ocymeCTBngeTcg 

paapgAKOll oaTapeli KOHAeHCaTopoB, AMnn11TyAHOe 3Ha'leHl!e TOKa 

Ang MaKCl!ManhHOll 8Hepr1111 BbIBeAeHHOro rry'!Ka COCTaBngeT 400 a 

IIPI! Hanpg)KeHl!I! "'4 KB, nn11TenhHOCTb HapaCT8Hl!g l!MrrynbCa TO-

Ka - 300 MKCeK, KoHCTpyKTl!BHO nonIOCHhle rrpOBOAHl!KI! 11peACTaB

ng10T coooli MeAHYIO m11Hy c rronepe'!HhIM paaMepoM 5 x25 MM
2

, 

ycTaHOBneHHYIO Ha CTeaTl!TOBblX l!3ongTopax Ha paCCTOgHl!I! :!:100MM 

oT ueHTpanhHOro paA11yca ycKop11Teng, 

C Jg/ 1 C " errTyM-Mar'Hl!T IIOK.a3aH Ha pl!C, , epAe'IHl!K ero /:\nl!HOI! 

62 CM coopaH l!3 mTaMilOBaHHOll TpaHCcpOpMa Top HOH CTa/11! Ton-

ml!HOH 0,35 MM,.C 11aon11py10ml!M IIOKpblTl!eM, p a3Mep aaaopa -

44 x 120 MM 
2

, CKneliKa nl!CTOB B. onoKaX BbIIlOnHeHa KneeM E<t>-4 

110 CTaHAapTHOll TeXHOnOr'l!I!, nng Me)KonO.'!HblX COeAl!HeHl!ll llpl!Me

HeH 8IlOKCl!AHbill KOMllayHA, 

HaliAeHa KOHcp11rypau11g cerrTyMa, U03Bong10mag lip!! Hanl!'ll!I! 

l!30nHUl!I! Me)KAY o6MOTKOH I! cepAe'IHl!KOM ooecne'll!Tb: a)' OAHOpOA

HOCTb paooqero nong B aaaope, 6) AOCTaTo'IHO Manoe pacceHHHoe 

none rrepeA cenTyMoM, B) scpcpeKTl!BHblll OTBOA Tenna OT TOKOHecy

meli '!a CTI! cerrTyMa, r) MeXaH11'!eCKYIO npo'IHOCTb np11 yAapHbIX 

HarpyaKax, 
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neHTO'!Hble rrpOBOAHIIKII I'pan11eHTHOll o6MOTKII 3aq>OpMOB8Hbl 

B SIIOKCIIAHOM KOMIIBYHAe C AOIIO/IHl!Te/lbHOll 1130/ISIUl!efi 113 CTeK/10-

TKBHII, cl>opMa KOMrrayHAllpOBaHHOI'O 3/leMeHTa o6MOTKII COOTBeT-
.,;. 

CTByeT KOH.q>11I'ypau1111 rromocoB cepne'IHl!Ka. 

KopOTKOe BpeMSI BbIBOAa 1103BO/llleT IICIIO/lb30BaTb A/ISi IIl!Ta

HIISI o6MOTOK BOa6y)KAeHIISI cerrTyM-MBI'Hl!Ta cxeMy c eMKOCTHblM 

HaKOIIl!Te/leM, ilnli're/lbHOCTb IIMIIY/lbCa TOKa - 3 MCeK, aMII/IIITY

na - 36 Ka, Paapa6oTaHa cxeMa llp!!BSl3KI! OTK/IOHSIIOIUeI'o 110/ISI 

cerrTyM-MaI'Hl!Ta K IIMIIY/lbCY BbIBOAIIMbIX rrpOTOHOB, 3To l!CKmo

'IaeT B/ll!SIHl!e HeCTa611/lbHOCTI! BMII/IIITYAbl pa3pS!llHOI'O T.oKa II na

eT B03MO,KHOCTb OTK/IOHS!Tb. rry'IOK Ha aanaH.Hblll YI'0/1 C TO'IHOCTblQ 

-2 + 10 Mpan. TTpenyCMOTpeHO BKmoqeH11e TpaKTa yrrpaB/leHl!SI Bb!BO-

- /11/ 
AOM B 06my10 C!!CTeMy rrpo!'paMMl!pOBaHIISI C!!HXpoqia30TpOHa , 

HaMepeHl!SI MaI'Hl!THbIX rronefi cerrTyM-MaI'Hl!Ta IIOKaaan11, 'ITO 

11p11 Bb!6paHHOll qiopMe 110/l!OCOB II KOHqJIII'ypau1111 cerrTyMa l!MeeT 

MeCTO COOTBeTCTBl!e 110/ly'IeHHOI'O 110/ISI aanaHHOMY 3aKOHy (1), 

OTKno11e1111e OT KoTopoI'o cocTaB/ISieT He 6onee ~0,15%, Ha p11c, 2 

IIOKa3aHa aaBl!CIIMOCTb sqiq>eKTl!B!IOl'O 3Ha'!eHl!SI 8 z /BO OT pa-

/:{lla/lbHOi! KOOP/ll!HaTbl 11p11 BO = 1 T/1, HaMepeH.IISI BbllIO/IHe!lbl C 

IIOMOIUb!O KaTyweK, /l/ll!Ha KOTOpbIX rrpeBbIIlla/la A/IIIHY MaI'Hl!Ta. 

AHa/IOI'll'IHblll peaynbTaT rrony'IeH ll/ISI I'pan11eHTHOI'O 110/ISI, 

KaK II B rrpe/lhIAyweM cny'Iae, pacrrpenene1111e rrong B aaaope rron

'Ill!ISieTc SI aaKOHy, 6n113KOMY K /ll!HefiHoMy. 

ilnSI rrepeMeIUeHirn MaI'H11Ta M-1 B pa6oqee 11ono,KeH11e 11p11-

MeHeH I'll/lPBB/lll'!eCK!!ll MexaHl!3M C BepT11Ka/lbHblM B03BpaTHO-IIOCTy-
,. 

rraTe/lbHblM ABll,KeHl!eM, BpeMSI rrepeMeweHIISI MaI'Hl!Ta, l!MeIOilleI'O 

/12/ 
Bee "' 300 KI', coc'I'aBnSieT 0,8 ceK 

8Kcrrep11MeHTbI 110 orrpenene111110 paaMepoB rry'!Ka, rrony'IIIBWeI'o• 

pe30HaHCHYIO pacKa'IKY, rrpo113BO/lll/ll!Cb C IIOMOIUblO qJOTOII/leHOK, 

BBO/ll!MblX BHYTPb KaMepbl CIIHXpOq>a30Tpoaa nocpeACTBOM II/lyH,Kep-

/13/ · 
HbIX MexaHll3MOB , .Ung 1!3MepeHl!SI pacrrpeneneHIISI l!HTeHCIIB-

HOCTI! IIY'!Ka, nonana10weI'o B aaaop MaI'Hl!Ta, IICIIO/lb30Ba/laCb 

SlllepHaSI qJOT09MY/lbCl!SI. 
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P11c.2, Pacnpenene1111e sqiqieKTIIBHOI'O rrong B aaaope cerrTyM-MaI'HII

Ta, 
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CpaBH0HIIe o6nY'IeHldi, npbaeaeHHhlX npll pa3nl!'IHhlX ycnOBl!HX, 

noKa3ano, '!TO 6m-I3KIIM K Ha116onee Bhll"'OAHOMy C TO'IKII 3p0HIIH 

3a6poca '!aCTIIU-HBnHeTCH cny'!all pacnonoJKeH11H Kpag ¢0TonneHK11 

Ha paCCTOHHIIII OT U0HTpanbHOH op61!Thl B npeaenax 20 t-22 CM np11 

B03MYIU0HIIII D. n C 0,22. 3MIIT8HC ny'!Ka B STOM cny'!ae AOCTaTO'I

HO Man, a pOCT aMnimTYAhl Kone6aHIIS! npeBhlW80T 10 CM. 3To co

OTBeTCTByeT TaKlKe OilTl!ManbHhlM ycnOBIISIM, nony'leHHhlM np11 pac

'leTax. f11cTol"'paMMa paa11anhHOl"'o pacnpeaeneHIIH qacT11u Ha SIAep

Holl ¢0TOSMYnbc1111 anSI yKa3aHHol"'o cnyqag np11aeaeHa Ha p11c, 3. 
J,"/. 

ID 
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P11c,3, r11cTOl"'paMMa pacnpeaeneHl!H IIHT0HCIIBHOCTII ny'!Ka B 

paa11anbHOM HanpaaneHIIII, PacCTOHH110 OTC'll!ThlB80TCH OT 

KpaSI ¢oT0:3MynhCIIII, 

3Kcnep11MeHThl noKa3an11, 'ITO aonyCTl!MOe CM0IU0H1!0 UllpKy

n11pyIDIU01"'0 ny'!Ka B paa11anbHOM HanpaaneHl!II np11 BKnID'!0HIIII pe-

30H8HCHOH CIICT0Mhl COCTaBnSieT + 1 CM OT UeHTpanbHOH op61!Thl 

ycKop11TenSI, 

CxeMa pacnonOlK0HIIS! annapaTyphl BO Bp0MS! H8CTpOHKII Cl!CT0Mhl 

/14, 15/ 
II nony'!eHIIH BhlB0A0HHOl"'O ny'!Ka AaHa Ha p11c, 4, nnyHlKep-

Hbie M0X8H113Mhl Ml!WeHell TTM-1 II nM-2 noMeIUeHhl B OKHax Mal"'

Hl!Ta ycKop11TenSI N924 11 N926, M11weHb ang 113MepeHl!SI ny'!Ka, no

ny'!IIBWel"'ci OTKnOH0Hll0 B M-1, ycTaHOBneHa B OKHe N933 nepen 

BhlXOAOM '18CTIIU 113 KaMephl ycKop11Teng, Cu11HT11nnHUIIOHHhle :3Kpa

Hhl II nepenaIDIUll0 TeneBll3110HHhle KaMephl nnH Ha6nIDA0HIIS! 38 nyq

KOM pa3M0IU0HbI: TK-1 B CMOTpOBOM OKHe npSIMOn11HeilHOl"'O npoMe

lKYTKa B8KYYMHOH K8M0phl, HallpOTIIB cenTyM-M81"'HIIT8j TK-2 - B 
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OKHe Ng 34, Ha BbIXone IIY'!Ka 113 KaMepb1; TK-3 - B KOHUe III 

KBanpaHTa rrocne Bbixona rry'!Ka 11a KaMepbl ycKop11Tensi • .llnsi rrepe

na'l11 11306pa)l{eH11si Ha rrynbT 3ana yrrpaaneH11si 11crronb3yeTcsi MHoro-,_ 

KaHanbHasi ycTaHoBKa ITTY-102. 

Ha: p11c. 5 IIOKac>.'.'Ha q>OTOrpa<p11S1 IIY'IKa IIpll BbIXone 113 KaMe

pbl, rrony'leHHaSI Ha q>OTOIIneHKe, o6ny'leHHOH C IIOMOIUblO MllllleH11, 
! , 

pacrronmirnHHOH B OKHe N9 33 rrpa OIITIIManbHOM IIOKa3aTene rronsi B 

cerrTyM-MarH11Te 

l 
n o =-70. KaK II O)l{11nanocb, norronH11TenbHbIH '. {' 3<p<peKT c)l{aTl!SI IIY'IKa IIO pan11ycy nano yMeHbllla101ueecsi BO 

( . 
apeMe-; 

HI! rrone ;a cerrTyM-MarHIITe. ITony'leHHblH rrp11 3TOM pa3Mep IIY'!Ka i 
: · 2 l 

COCTaBnsieT ~ 2,5 x3 CM , ,'ITO Haxon11TCSI B xopomeM COOTBeTCTB11111' 
! , 2 I 

c peaymiTaTaMII pac'!eTOB (2,4x2,5 CM ). t: 

• LJ \, 

P11c.5. ¢>0Torpa¢11si rrpOTOHHOro IIY'!Ka Ha a311MyTe OKHa N933 rrp11 

rroKa3aTene rronsi B cerrTyM-MarH11Te n 
O 

=-70. 

14 

if 
·1' 
! ! 

3¢<peKTIIBHOCTb naHHOH CIICTeMbl BbIBOna orrpenensieTCSI, rnaB

HbIM o6pa30M, 3<p<peKTIIBHOCTblO cerrTyM-MarH11Ta, TaK KaK IIOTep11 

Ha OCTanbHOH Tpacce rry'!Ka He S!BnSIIOTCSI Hel!36e)l{l!blMII, II BbI6opoM 

COOTBeTCTBYIOIUIIX anepTyp MoryT 6b!Tb CBeneHbl no necymecTBeHHblX 

Benll'IIIH, ITo3TOMY Ilpll HaCTpotiKe CIICTeMbl OCHOBH0e BHIIMaHl!e 

ynensinocb yMellb1Ue111110 rroTepb B cerrTyM-MarH11Te. 

ITp11 113MepeHIISIX S<p<peKTIIBHOCTII rrpoXO)l{neHl!SI rry'!Ka qepe3 

cerrTyM-Mar1111T 6hm 11c,rronb30BaH 3<p<peKT sM11cc1111 nenbTa-sneKTpo

HOB. 3TOT crroco6 MOHIITOp11poBaHIISI o6nanaeT n1111eHHOH 3aBIICII

MOCTblO OT 'IIICna rrepBll'IHbIX '!aCTIIU II xopometi BOCilp0113BOnllMOCTblO 

/16/ 
pe3ynbT8TOB • 3¢<peKTIIBHOCTb, orrpenensieMaSI KaK OTHOllleH11e 

lll!TeHCIIBHOCTII BbIBeneHHoro IIY'!Ka K IIHTeHCIIBHOCTII u11pKyn11py10-

mero, cocTaB11na 84% rrp11 ci6meti rrorpemHOCTII 11aMepeH11ti, He rrpe

Bbima10meti :IO%. 3TOT pe3ynbTaT Haxon11TCSI B xopomeM COOTBeT

CTBIIII co 3Ha'lel111eM 3<p<peKTIIBHOCTII, KOTopy10 MO)l{HO 0)1{HnaTb Ha 

OCHOBaHIIII pacrrpeAeneHIISI, rrony'!el!HOro Ilpll 06ny'!ell11II smepHOH 

q>OT03MynbCIIII BO BpeMSI rrpeABap11Tenbl!blX SKCIIep11MeHTOB (p11c.3), 

IT 0Tep11 '!aCTIIU Ha cerrTyMe, l!MeIOIUeM Tonm11Hy B cpeAHeti qaCTII 

4 MM, non)l{l!bl COCTaBnS!Tb OKOno 10%. Eme HeCKOnbKO rrpoueHTOB 

'!aCTIIU MO)l{eT TepS!TbCSI Ha BepT11KanbHbIX Kpasix 3a3opa MaPHIITa, 

BbIBOA rry'!Ka Ilp0113BeAel! B n11arra30He 311epr11ti OT 'J ,5 AO 

10 fsB, 

3KCIIep11Mel!TanbHbie pe3ynbTaTbl 11, B qacTHOCTII, BbICOKaSI 

3<p<peKTIIBIIOCTb, rronyqe1111asi rrp11 6blCT!)OM BblBOAe, AaIOT' OCl!OBaH11e 

AnSI paCCMOTpel!IISI B03MO)l{HOCTII IICIIOnb30Bal!IISI pe30HaHca 6eTa

TpOHHblX KOne6aHIIH B CBeTe rrepcrreKTIIB AanbHetimero pa3Bl!TIISI 

pa6oT IIO Bb!BOAY IIy'!Ka 113 CIIHXpO<pa30TpOHa 11,rrpe)l{Ae BCero, C03-

naHIISI CIICTeMbl C nn11TenbHOCTblO BbIBOAa AO HeCKOnbKIIX necSITblX 

CeKyHAbl, 

BbICOKYIO 3ipipeKTIIBHOCTb MO)l{eT AaTb IICIIOnb30BaHl!e B c11c

TeMe nBYX BffYTpeHHIIX MarHIITOB, 'ITO II03BOnSieT yMeHblllliTb yron 

OTKnOHeHHSI B rrepBOM MarH11Te, a cneAOBaTenbHO, KOnll'IeCTBO rro

TepSIHHblX qaCTlill IIO cpaBHeHIIIO C OAHOMarHHTHbIM Bap11aHTOM. 
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/17/ 
B pa6oTe llOKa3aHO, 'ITO AllH ABYXMaI'HIITHOI'O Bap11aHTa 

MenneHHOI'O BblBOAa war HapacTaHl!H aMlllll!TYA, KaK II B cnyqae 

61,JCTpOI'O BbIBOAa,nocTaTO'IHO Belll!K II rrpeBbJWaeT 12-14 CM"3a 

ABa o6opoTa B 3aBl!Cl!MOCTII OT Belll!'ll!Hbl II pacrronO,KeHl!H B03My

weHIIH, a TaK,Ke CTerreHI! rronaBneHl!H Hen11HeHHOCTefi B KOMllOHeH

TaX pa60'1el'O llOllH yCKOpl!TenH. YrnoBOH pa36poc TpaeKTOpl!H Ha 

KOOPAIIHBTe rrepBOI'O cerrTyM-MaI'Hl!TB lle,Kl!T rrp11 3TOM B rrpene

nax 1-2 Mpan, 'ITO, COI'llaCHO llp01!3BeneHHblM oueHKaM, AOll,KHO 

naTb scpcpeKTIIBHOCTb BblBOAa He MeHee· 90%. TTp11 TBKOH scpcpeKTIIB

HOCTII 3H8'1l!TellbHO yrrpomaeTCH peweHl!e rrpo6neMbl 611onOI'l1'10CKOH 

3aIUl!Tbl KOprryca Cl!HXpocpa30TpoHa•nocne BB0A0Hl!H B CTpon HOBO

I'O IIH,KeKTOpa. B 3TOM cny'lae 6yneT ·norrycTl!MO YB01ll!'ll!BaTb IIH

T0HCIIBHOCTb ycKopeHHOI'O rry'IK8 Ha llOpHAOK, rrp11MeHl!B AllH yMeHb

weHl!H pan11au110HHOI'O 1!31ly'leHl!H 38 rrpenenaMI! 3AaHl!H YCKOpl!T01lH 

cpaBHIIT01lbHO nel'KYIO 3ani11Ty • 

0CHOBHbie pe3yllbT8Tbl pa6oT, Ha OCHOBe KOTOpbIX Halll!CaHa 

n11ccepTaUIIH, COCTOHT B cnenyromeM: 

1. TTpoBeJ:ieHo cpaBHeH11e pa31ll!'IHhIX crroco6oB BhIBona rrepB11'1-

Hh1X lly'IKOB, ll03BOlll!BW0e Bh16pa Tb nnH Cl!HXpocpa3oTpoHa rronyue

llblli pe3oHaHC pan11anbHbIX 6eTaTpOHHbIX Kone6aHl!H, BHall1!3 CBOHCTB 

KOTOpbIX noKa3an, 'ITO 3TOMY pe30H8HCY cnenyeT OTAaTb rrpenrro'l-

-4 
TeH11e AllH rrony'leHl!H BbIB0A0HHOI'O rry'IKa C nn11TellbHOCTblO "'10 ceK. 

2. Ha OCHOBaHl!II pac'leTOB, ·xapaKTep113yJOWIIX ABl!)K0Hll0 rrpo

TOHOB llpll pe30HaHCHbIX ycno~l!HX B Cl!HXpocpa3oTpOHe, ccpopMyni

poBaHhl Tpe_6oBaHl!H K sneMeHTaM Cl!CT0Mbl, cnenaH BhI6op HarrpaB

neHIIH BorneneHHOI'O rry'IKa II orrpeneneHa cxeMa pacrrono,KeH11H 060-

pynoBaHl!H c11cTeM1,1, rro3BoniiBwag ocymecTBl!Tb B~iB;n 6e3 rrpoBe.:. 

neHl!H Ha ycK-~p11i-ene 6onbWIIX IIHN<eHepHblX pa6oT II Kalll!T8llbHblX 

3aTpaT. 

3. TTpo113BeneH pac'leT arrrrapaTyp1,1 c11cTeM1,1. B rrp11MeHeHH1,1x 

MaI'Hl!TaX C I'pan11eHTHOH cpoKyc11pOBKOH HafineHhl rrpocTpaHCTBeH

HbJfi 3aKOH 1!3M0H0HIISI rroriH, COOTB0TCTBYJOIUa~ eMy cpopMa llOlllO-
., ' . 

COB II 3aBl!CIIMOCTb KOppeKTIIPYIOIU0I'O rpan11eHTHOI'O TOKa OT rro-

rrepe'IHOH KOopn11H8TbI, ll03BOllHIOIUl!e ycrpaHl!Tb BllllHHlle Hemrnen-

16 

HOCTeH BTOpOI'O rropHnKa Ha xapaKTepl!CTIIKII ny'IKa, npoxonHIUeI'O 

. 'lepe3 TaK11e sneMeHThI. 

4. TTpenno,KeHa MeTOAl!Ka pac'leTa II cnenaHa oueHKa norrycKOB 

Ha B01ll!'ll!Hbl rr·apaMeTpOB Mal'Hl!TOB, rrpl!M0HS!eMblX B Cl!CTeMe BbI

Bona. 

5. Pa3pa6oTaHa II BBeneHa B newcrBne arrnaparypa c11cTeM1,1. 

TTony'leHHbie rrp11 113MepeH11Hx xapaKTepncrnK11 arrrrapaTyp1,1 ynos

neTBOpll!OT pac'leTHbIM Tpe6oBaHl!SIM • 

6. 3KCll0pl!M0HT81lbHO 11ccnenoBaHO ll0B0A0Hl!0 llpOTOHOB rrp11 

ycnoB11six B036y)KneHnH B c11Hxpocpa3oTpoHe nonyuenoro pe3oHaHca, 

. 113MepeHbl xapaKTepl!CTl!KI! llY'IKa, rrony'll!BJileI'O pe30HaHCHYIO pac

Ka'IKY, B1,monHeHa uananKa c11cTeMhI II ocywecTBneH BhIBOA rrepBl!'I

HOI'O rry'IKB 113 yCKOpl!Teng C 3Hepl'1!0li 10 fsB. 

7. n ony'leHa scpcpeKTl!BHOCTb BblBOAB "' 80%. 3TOT peaynbTaT 

l!Bllll0TCII peKOpAHbIM nnsi yCKOpl!Tenen co cna6on cpoKyc11pOBKOH, 
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