
! 

1

1_i8_ ~. 
r;_, ... -g.j,. . 

'3-J 

. c .K.Ec~H, n .n .3HHOBbeB, K .11.,\:\ hJ:1HifKOB, B-. n .CapaHU0H 

558 

I~CC.nEi:IOBAHYJE nEPBOrO· 3TAIIA 
YfH>KEKUHYf ,B .CYJHXPOQ:>A30TPO~i. 

. . . . 

HA 10 E3B 



C.K .EcHH, n.n ,3HHOBbeB, K .n .M bl3HHKOB, B.n .CapaaueB 

VICCJIEDOBAH VIE nEPBOrO 3T AnA 
VIH.lKEK UVIVI B.;; CVIH XP0ct>A30TPOH 

HA 10 .E3B 

Oh.e.nHHemiuil m1cnn ~­
l!,l!CpllL!X !lCCJlt:tWl:;am:'i 

5M~JI!rk:)TEKA 

558 



BBeneHHe 

VlHJKeKuHH. qacTHU B cnHxpocpa3oTpOH npoH3BonHTCSI B nBa aTana. Haqano. 
(_ 

nepBOI'O 9T8II8 HHJK8KUHII COBIIanaeT C MOM8HTOM 1 KOI'.LJ:8 MI'HOB8HH8SI paBHOB8CH8Sl 

Op6HT8 _H8XO.LJ:IITCSI B6JlH3II IIHJK8KTopa. no Mepe pOCT8 _M8I'HHTHOI'O IIOJlSI pann:yc 

MI'HOB8HHOH op6IIThl YM8HbW88TCSI 1 II qacTIIUhl CBopaqn:BaK>TCSI K U8'iTpy BaKyyMHOH 

K8Mepbl• noJlO)K8HII8 MI'HOB8HHOii op6IIThl OTHOCIIT8JlbHO HH:>K8KTOpa II H8Ilp8BJ18HII8 

BbiXona 'i8CTIIU II3 IIH)K8KTOpa OIIp8.LJ:8JlSIK>T 8MIIJ1IITY ny. panHBJlbHbiX KOJie6aHHH 

'i8CTIIU, BIIyCK88MhiX B .LJ:8HHbiH MOM8HT B KaMepy. nocne TOI'0 1 KaK MI'HOB8HH8fi 

op6n:Ta comraneT co cpenHeft op6rnoft, ~,l1ycK qacTIIU B KaMepy npeKpamaeTcH, 

BKJIK>'i88TCSI ycKOpSIK>Ul88 IIOJI8 H H8'IHH88TCSI BTOpOH 9T8II IIHJK8KUIIH. K aqecTBO 

H8CTpOHKII nepBOI'O 9T~IIa IIHJK8KUHH OIIpeneJISI8T 9cpcp8KTHBHOCTb 3BXBBTB BO BTOpoft 

1 
9TBII • VJ3 BC8X qacTHUt BIIYill8HHhlX B K8Mepy 1 Mbl 6yneM C'IHTBTb 38XB8'IC?HHbTMH 

B nepBblll 9T8II IIH.Ii{8KUIIH TP. H3 HHX 1 KOTOpbre H8 IICIIhiT8lOT coynapeHHH C Hil)KeK-

TOpOM H CT8HKBMH BBKyyMHOH KBM8phl. 3cpcpeKTIIBHOCTb 3BXBBTB HQ 9TOM 9TBII8 Mo-

.li{8T ObiTb onpeneJ18HB 1 KBK OTHOW8HH8 'IHCJI-8 qacTHU 1 CB8pHyBllliiXCSI IIpH Bb!KJIIO-

qeuHoM ycKopSIIOilleM HanpSIJKeHHH K BHyTpeHneMy KpaiO pa6oqeft o6nacTII, K 'IHCJIY qacTHU, 

BIIYill8HHhiX 38 Bp8MSI HH )l{8KUHH. LJ.n SI Toro qTo6bi qacTHUhl He coy napSIJIHCb C un-

)K8KTOpOM H CT8HKBMH BBKyyMHOH K8M8pbl 1 H8KJ1B.LJ:hlB8!0TCSI JK8CTKH8 Tpe6o-

2 
BBHH5I liB yrOJI BJI8TB 1 yrJIOBOH pacTBOp H pa3M8pbl HH)K8KTHpyeMoro IIy'IK8 • no-

M HMO 9TOI'O 9cpcp8KTHBHOCTb 38XBaTa B Te'lenrre nepsoro 9Tana HHX<eKurrrr, npH 

3B.LJ:BHHOH CKOpOCTH C)K8TIISI op6IIThi, 38BHCHT OT pa3M8pOB l!H)K8KTOp8 1 ero pacno­

JIOJK8HHSI OTHOCHT8JibHO cpenueft op611:Thl H CT8HOK K8M8pbi, ::mepreTH'l8CKOI'O pa3-

6por.a HHJK8KTHpyeMoro IIY'lKB, HCKBJK8HIIH MarHHTHOI'O IIOJlSI B MOM8HT HH:>K8KUHII 

B· HBCT05Illl8H CTBTb8 C006LUa!OTCSI pe3yJibTBThi 1 IIOJiyqenHbi8 IIpii H8JI8.LJ:K8 

rrepBoro aTana IIH:>I{8KUIHI B CHHXpocpa3oTpoH OI--IHI-1. 3TH pa6oTbi MO:>I{HO ycnoBHO 

rronpa3neJIHTb Ha nBt! qacTir. Bo-rrepBhrx, rron 6op Ha 'laJibHhiX ycnoBirft HH JKeKUIIII, 

o6eCII8'iiiBBIOUlHX 38XBBT B TeqeHII8 IIepEiOI'O 9T8II8 H, Bo-BTOpbiX , IIOJiyqeHII8 OIITH­

MBJlbHhlX YCJlOBHll, o6eCII8'IIIB8IOilliiX MBKCIIMBJibllbiH 3BXB8T 'l8CTliU B peJKIIM ycKope-

HHSI. 0IIHC8HH8 liCCJ18.LJ:OB8HliH IIHJKeKUliOHHbiX SIBJ18HIIH naeTCSI B TOll IIOCJI8.LJ:OB8T8Jih-

HOCTH 1 B KOTOpOI OHII B8JlliCb IIpH 38IIYCK8 CHHXpOcp830TpOHa. 
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1. noLJJ5op H8'l81IhHbiX YC1IOB!di: B MOMBHT HHX<BKUHH Dy'IK8 

Jln SJ npe,llB8pHT81IhHOI'O no.a6opa YC1IOBHH BDYCK8 'l8CTHU \18I'HHT CHHXpOcpa3o-

TpOH8 DHT81ICSJ OT CTa OH1IhHOI'O HCTO'lHHKa nOCTOSJHHOJ:'O TOK8 0 3Ha'l8HH8 MarHMT 

HOJ:'O ll01ISJ H H8DpSIX<8HliB H8 nOBOpOTHbiX ll1I8CTfl:Hc!lX llO.ll0Hp81IMCb T8KHM 00p830M 1 

'lTOObi 38CT8BHTh Dy'IOK COBBpWHTh O.llliH o6opoT DO OKpy)J<HOCTH, p8.llliYC KOTopofi 

C0Bll8.ll81I Obi C p8.UHYCOM, H8 KOTOpOM paCnOJlO)KBH HHX<eKTOp, LlJHI H801IIOLJ8Hllfl 

38 TpaeKTOpHSIMH 'l8CTHU B KaMepy CHHXp0~830TpOH8 BBOL{l!llHCb 9Kp8Hbl 1 DOKpb!Tbie 

COCT8BOM Zn .S(II~). nonOX<BHlie SKpaHa OTHOCHT81Ibli0 UBHTpa K8Mepb! TO'IHO oT­

C'IHTbiB81IOCh C IIOMOI..UblO T8118M8TpH'IBCKHX .Ll8T'IHKOB, 3Kp8H IIepeM8fll81ICSI B Ha­

npaSR8HHH ~a.nHyca ycKopHTSllSJ .llO nepece'!BHHSJ c IIY'IKOM npoTOHOB. non .aeifcTBHeM 

_ npOTO.ijO& · CB8TOCOCT8B ¢nyopeCllHpOB81l, CBBTOB.b!B HMDYllbCbi BH3Y81IbHO H801ITO.ll8.;.:, 
. . . ~ 

1IHCb B CMOTpOBhi8 OKH8 1 paCD01IOlliBHHbi8 Ha B8KYYMHOH K8Mepe. l.J:TOObi npocne.nUTb 

TpaeKTOpHIO TOllbKO nepBoro· o6opoTa 'Ia~THU, saKyyMHa.R KaMepa ycKOpHTenrr 6btna 
' ,, . ' .· •' . .. ' . 

nepeKpbiTa 38C1IOHKOH 1 . pacn01IOlli8HHOM B KOHUB 'IBTBepTOJ:'O KB8.Up8HT8, (lo.n6op 

3H8'l8HHSJ IIOCTOSIHHOI'O M8I'HHTHOI'O D01ISI H HanpSI*BHHSJ Ha DOBOpOTHbiX nnaCTHH8X 

npOH3BO.llH1ICSI .llO TBX nop, nOK8 B Tpex TO'IK8X IIBpBOJ:'O KB8.llp8HT8 II01IOX<BHHB 

SI,llpa ny'IK8 DO pa.auycy COBII81IO C pa.nH8J1bHbiM IIOllOlliBHHBM llOBOpOT~hlX D1I8CTHH, 

nocne aTor6 B KOHUB 'l8TB8pTOI'O KBa.npaHT8 ObiJ1 38cpHKCHpOB8H nepBbii o5opOT 

'l8CTHU B CHHxpo¢a3o_Tpoae. 

npH nOCTOSIHHOM II0118 B M8I'HHT8 IlpOB8pSI1I8Cb T8Klli8 npaBHJibHOCTb IOCTHpOBKM 

MH)l{BKllHOHHOM OIITMKH no B8pTHK81IHo ·JlJISI STOI'O llOJIOlliBHHB ny'IK8 no B8pTIIK81Ili 

H801ITO.ll8JIOCb H8 8Kp8HB 1 noMetUBHHOM B KOHl!~ nepBOI"O KB8.Llp8HT8, HeTO'lHOCTH IOCTI!pOBKH 
\ 

no B8pTHK81IH KOMil8HCI!pOB81IHCb IlYTBM DO.Ll8'IH H8Dp5!X<BH1tH H8 OTKllOHSIIOtUMH KOH-
. . 3 

.llBHC8TOp 1 pacn01IOX<8HHblll B KOp06Ke BBO.ll8t IIepe,n DOBOpOTHbiMH T11I8CTHH8MH • 

fi.llpO ny'IK8 OblllO BbiBB.llBHO B UBHTp I'80MBTpH'l8CKOH cpenueii nnoCKOCTH MBI"HHTa. 

3 
u 3 a C'l8T TOHKOH pei'ynHpOBKH rrapaMeTpOB IlOBOpOTHOI"O MarHHTB pa3Mep ITY'IKB 

B KOHUB nepBOI'O KB8.llp8HT8 Y.ll8J10Cb yMBHbWHTb .llO 60 MM no BepTHK81Ili II 400MM 

no ropM30HTann:. 

B nanbneiiweM no~oop aaqanbHhiX ycnoBHii npon3sonHncSI .anSI qacTau c ¢uK~ 

CHpOBBHHblM. 3H8'l9HHBM SHepi'IIH B H_apaCT810tU9M M8I'HHTHOM none, I1pH HOpM8J1bHOM 

B030Ylli.ll9HHH CHHXpo¢aaoTpOHa. LlmiTBJlbHOCTb HMITYllbCB npOTOHOB, HH )i(8KTHpyeM biX 

B K8Mepy 1 COCT8B1ISI1J8· 300 MKCeiC, ll09TOMY 'obi1IO HBOOXO.llHMO llO.ll06paTb MOM8HT 
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JPl'-lllJlll BHYCKI:.I "1'1CTl1ll B KaMe[)y TOIOIM o6pa.30M 1 'll'OOJ.J \1rl!oBeHHll>I paDl!OJJr!C!Ill>l 

op6HTll B MOMeHT H8"lll1Ill HH ;,t-;:eKUHH HaXO.CH11IllCb B6.'!H3H Hll ii(8KTOpa. 11aCTilllhl, 1111-

;heKTIIpye!\1 bte B K8:1.1Bpy II03Ji'B 9T0f'O MOMB HT8 1 no;Jy'IaT BQ3MO HOCTb 11pOH1'H 

MUMO IIOBOpOTHbJX rrnaCTHH 1 H CBBpHyTbC51 ITO CIIHpamJHOH TpaeKTOp!1H K· U8HTpy 

KaMepbi. CxeMa orrbiTa no onpeneneHHIO TpaeKTopuu rrepnoro o6qpoTa "!BCTIIU, any­

CKBBMb!X B MOMBHT Hll'llll18 HH)K8KUHII1 nOK838Hll HB pRe. 1. 1.JT06bi npOCJ1BUHTb TpaeK­

TOp!1IO T01IbKO nepBOf'O o6opoTa, BaKyyMH8H KaMepa B KOHUB 'IBTBBpTOf'O KBBUpBHT8 

•I 

~- 2 
tJ"":W.'~tr"""" ~ -....... I 

:-:-.. . I ·.· ... ~· '-.: ~ --- __ _:_[ -- ·--··-"-- --- --+ 
" I I ......... 

-....t.~ .·· . I 
·-~---~Q) 

,/ ,/ .. / / / / / i 

"""'""'t:'ka11 
C'"C'"II¥17 

Puc. 1. PacnonomeHRe H3MepuTBJibHbiX ycTpoiicTB npR . onpeneneHuu TpaeKTopHi'l 

nepBOf'O OOOpOTa 'IBCTHU, BnyCKBBMbiX B HB'IBJibHblll MOMBHT RH)i(BKUIHI. 

ObUia nepeKpbiTa 38CJIORKOH. n epeu 38CJIOHICOii ObiJia noMemena yaKaH BepTHKBJibHBH 

MHWBHb /N2 !3/, llOKJ>biTaH nopOWKOM BOJibcppaMaTa K81lbUHH. M HWBHb ObJlla o6pa-

4 
L.. BHll B CTOpony OnTH'IBCKOH CllCTBM bl , _ K OTopaH COOllpan a CBBT 11 IOMllHBC!(BHlUHI, 

BOaHHKB :OLU Hfi npH OOMOBpUllpOBKB BOJibcppaMaTa KBJibUHH npOTOHBMII, H8 cpOTOKaTOD 

91lBKTpOHHOf'O YMHO)Kl!'TBJIH ¢8Y-19. PaaMep MHWBHII no BBpTUK8:IIJ paBHHllCH 250 MM, 

no pauuycy-30 MM. MIIweHb Morna nepeMema.Tb(~St n Hanpaanennu pann:yca. Ee 
.· - •. I 

nOP.O>KeHliB OTHOCHTBJibHO UBHTpai:IbHOH opol!Tbi TO'IHO OTC'IHTbiBBJIOCbo 
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1-laC'.I'liUbl OLI.HOH H -<J-ofl )!( e 8H8pf'HU, Bb!Jl eTa lOU( 1'18 U3 li:I }!(GKTOpa B pa3JI fi"IH biG 

~10M8HTbl tlpGMCiiii, 6y t:{yT p BHf'tl.TbCH !3 pl:lCTyi.L\ GM Mi:li'HWt'HOM none no pa3jJHlJHbiM 

TpaeKTOpHHM. 4T00hl CBGCTII K MIIHHMYMY pa36poc no 8HApf'H.HM y HH}!(CKT!IpyeMbiX 

'JBCTIIU, Ha Bb!XOLI.G nOBOpOTHOf'O Maf'HUTa, a TaK(KC M~:>!<.ay C8Kl!IHlMII IIOBOpOTHbiX 

nnacTn:H 6biJIH rrocTaBJieH.E.I r;pn:soHTaJibHbie .arrac}1par~!l.I wuprruoi! 1 MM, Bbrpe3aB­

wue ueHTpa1IhHyio <racTb rryqKa. Ha6mo.aa.H Ha aKpaae ocuurrno:rpacfJa cnrHarr c cpoTo­

Y!I.JHO:>!<n:TeJI.H npH rrepeMemean:u MIILUGHH N2 8 no pa.r.l.n:ycy, MO}!<Ho onpeaenHTb B Koa­

ue nepBOI"O OOOpOTa MGCTOIIOJIQ}!(GHHG '18CTIIU, BXO.[lHlUHX B KaMepy B MOMCHT Ha'laJia 

IIH:>!<GKUHH /pHC,}, ITOJIO.>.KGHHG }/, f-Iaqn:HaH IIH)i{CKUHIO B p83liH'IHhiG MOMGI!Tbl BpeMe­

lHI, MO~KHO fiOL(06paTb 3H8'IGHUe nOJIH, rrpH KOTOpOM KOHeU TpaeKTOpHH nepBOI"O o6opo­

Ta 'IBCTHU, BbiXOL\HlllHX B. MOMCHT H8'!81l8 HH~K8KUHH• 6yaeT COBMGIUCH no panuycy 

c rmmeKTOpoM /pac.l, nono%eHHe 21. B aToM c.rryqae. CHrnan c cpoToyMHomn:TenH, 

HllnpaBJIGHHOf'O Ha MHWCHb N9 8, 6y.z:teT COBnO,ll8Th BO BpeMGHH C MOMGHTOM H<1'!8Jl8 

HH>KGKUI1Ho Ha pHC, 2 npuBe,lleHa O,llHa 113. TaKHX OCUHlll!OI"paMMo lfTOOLI npocne,llHTh 

TpaeKTOpH:ro nepBOf'O 06opoTa H8 LI.PYf'HX 83HMYTBX CHHXpOcpa30TpOH~, CO CTOpOHhl 

HapyX<Horo paan:yca B BaKyyMHyro KaMepy BBo.n:rrnuc:., 3ac.rromm. Paananbaoe nono>Ke-

HHG 

Pn:c, 2. Bepxunii nyq: nMuynhc ToKa rrpoToHoB, HH>I<eKTupyeMhiX B ·cuHxpocpaso­

Tpon. 

Hu~r<an:H: ny<r: uMnynhc c cpoToyMuomrrTenH, nanpasrre!Inoro ua MMrueHh 

Ng 8 OT 'IaCTH!l, BnycKaeMhiX B MOMGHT H8'!8Jla UH}!(eKrtiiH. 
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1<;;:p!~/!8H ll3 3aCJIOHOK HOp8M81UB!f8.Cb B HarrpaBii8HHli pBL!Hyca. flonom._hHe, npH 

KOTOpOM Kpafi 38CliOHKH nepeC8K8li TpaeKTOpHID qacTH~ 1 OTMeqaJIOCb no HCq83HOBe­

HHIO CHrHBliB C cpOTOyMHO)KHT8liSio flOBTOpSISI H3M8p8HHSI HB p83JIHqHb!X 83HMyTaX, 

Mo.;(HO orrpenenHTb TpaeKTOpHID rrepeoro o6opoTa qacTIIU B MoMeHT Haqana HHmeK­

UHH. Ha pHc. 3 noKasaHhi TpaeKTOpiiH, 'onpeneneHHhie TaKHM crroco6oM. KpueaH 11 

COOTB8TCTByeT CJlyqaiD, rcorna MOM8HT ·Haqana JIH)K8KUHH qacTHU no QOOpBH C own6-

KOH 150 MKC8K 1 KpHBBSI COOTB8TCTByeT IIpBBIIJlbHOMy non6opy MOM8HTa· BKJ1IDqeHHH 1 

Ho yKa3hiBaeT Ha owu6Ky B yrne aneTa 1 0', B cnyqae 111 HaqaJibHhl8 yCJIOBHSI B 

~I OM eHT Ha qana HH :lli:8KUHH nona 6paH hi rrpa BHJlbHO. 

~I 

-· ~ . 

~--'---------~ --
PEe. 3. TpaeKTOpHH. nepeoro ooopoTa qacTHU, BnycKaeM b!X B MOMOHT 

Haqana HH)K8KUHlle 

Ecn11 npll 9TUX yc.TIOBIHIX OTKpb!Tb 38C.110HKy, paCUO.TlO)l<:PHHyJO B KOHU8 lY KBa_-,-

fl.3HT8, TO 'l8CTHUhl 1 BXOLlHUU1B B KaMepy II03LlH88 1 nponeTHT M!IMO IIOBOpOTHblX 

il.JlilCTfiH H CBOp!!yTCH K BHyTpeuHeMy ·Kpa!O pa6o•Ieii OOJJ8CTU. l]JIH periiCTpflrtHil 
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TaKrrx 'IacTrru y BHyTpennero KpaH pa6o'leif o6nacTH 6brna pacnono>l<eua MHruenh 

/pnc.4 I, npeL( CTaann muw• co6oii nnacT H>ixy pB3M epoM 250 M M no au coTe n 200 ' 

-.,------------~~~-~-~~--;-_~~-Q _________ __ 
- ...,_:wc~.,.....,:',D 

C',o e g,~-.~RR ' opOurna 

8 ~ y ~ p eHHRR f---c_,.,..,_.,_'""'_k_a ________________ _ 

Prrc. 4. Pacnonomenrre H3MeprrTenhnoro ycTpoifcTBa ~nH na6niD~enrrs HMrrynhca 

OT 'IBCTHu, caepnyarurrxcs K BHyTpenneMy KpaiD pa6oqeif o6nacTn. 

B HanpaBnenrm pa~nyca, ITOKpbiTas BOJibcppaMaTOM K8JlhUHH. nnacTHHKa ObiJia ?6pa­

l.Uena B CTopony cfJOTOJMHO}KHTens, • P~f'HCTpn:poBaBruero CB8TOBOH CI!f'Han, KOTOpbiH 

eoanrrKan rrpn BaanM..;~eifcTan:n: 'IacTnu c Mnu,enhro. Ha pnc. 5 /nnmanii nyq/ rroKa-

3ana ocurmnorpaMMa cnraana c BIIyTpenneif Mnruenn. Ha aepxaeM nyqe rroKaaaa 

Pnc. 5. Bepxnnif Jiyq: nMrrynhc TaKa 'IacTnu, nnmeKTHpyeMbrx B cnnxpocpaaoTpoa. 

Hnmnnif nvq: nMrrynhc OT 'IacTnu, caepnyarurrxcH K BHyTpeaneMy KpaiD 

- pa6oqeJ1 o6nacTn. CKopocTh paaaepTKn: 4,5 eM I MeeK. 
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IIMilyJibC TOKa, IIH:;>KeKTIIpyeMOf'O B KaMepy, BeJI!I'IIIHa II cpOpMa IIMllyJibCa C BHyTpen­

Heii MIIWeHII naeT IIHcpopMaUHIO, ll03BOJIH!OIUYIO cyniiTb 0 npaBIIJlbHOCTII HacTpOHKII 

pe:;>t<IIMa IIH)K8KUIIII, 3anHIIll cppOHT 8TOPO IIMITYJlbCa . COOTB8TCTByeT 'laCTIIUaM, 

BbiWenWIIM II3 IIHrKeKTOpa B TOT MOMeHT BpeM8HII, KOrna II~ Mf'HOB8HHaH. op61ITa 

naxoniinacb a6JIII3II HH :;>t<eKTopa. AMnJIIITY na cao 6onn biX pan ian bH biX Kone6anuii 

y 8TIIX tlaCTHU 6y.neT MIIHIIM8JlbHOll·, .QJIH llOJiy'leHHH OllTIIMaJibHOf'O 3aXBaTa B pemiiM 

YCKOp8HIIH KpaiiHe BamHO IIM8Tb MaKCIIM8JlbHOe 'IHCJIO TaKIIX 'laCTIIU, il09TOMy 60Jib­

woe BHHMaHUe 6biJIO yneneHO ycTpaH8HHIO cpaKTOpOB, np.HBOnHIUIIX K YB8J1II'l8HIIIO aM­

llJIHTynbi KOJie6aHIIll 'laCTHU B paniiaJibHOM II BepTHKaJibHOM narrpaBJI8HHII II Bbl3biBaiO­

IUIIX ITOT8p!O 'laCTHU npH HX CBopa'IHBaHHH~<"?T HH)K8KTOpa K U8HTpy KaMepbi, 

'2, OnpenenenHe u KOMnencaUHH a3HMyTaJibHOll acUMMeTpUH 

Maf'HUTHOf'O llOJIH 

IiaiTH'IHe a3HMyTaJlbHOll HeonHoponHOCTH Maf'HHTHOf'O ITOJIH ITpHBonuT K HCKame­

HU!O Mf'HOB8HHOll paBH_OB8CHOll op6HTbi, 3TO 03'Ha'laeT, 'ITO 'laCTb pa6oqeii o6JiaCTH 

M8f'HHT~ He MO)KeT 6biTb llOJ183HO ~Cil0Jlb30Baqa nJIH 3aXBaTa Ha nepBOM 8Tarre 

HH)K8KUHH H npu naJibHeiiweM ycKopeHI1H ny'IKa, 0oaTOMY nJIH yBeJIH'IeHHH 11HTeH­

CIIBHOCTII 'laCTIIU, YCKOpeHHbiX no KOH8'IHOH 8HeprHH 1 0'18Hb Ba:tKHO CKOMI18HCHpOBaTb 

a3HMyTaJibHYIO neonnoponnocTb MarHHTHoro nonH. Eonbwae ucKa:>KeHHH MarHHTHoro 

ITOJIH onpeneJIHJlUCb ITO TpaeKTOpHHM nepBOPO o6opoTa '18CTHU, CHHTbiM OllHCaHHbiM 

Bbrwe cnoco6oM. Ha puc. 6 noKa3ana onna H3 TaKnx TpaeKTOpHi'r, CpaBHeHHe ee 

C TpaeKTOpiieii, CHHTOll npii OTCyTCTBHU a3HMyT8JibHOH aCIIMMeTpHII /pHC, 3 KpH-

B8H ·111 I noKa3biBaeT, 'ITO IICKamenHe MarHIITHoro nonH Bo IT KBanpanTe Bbi3biBaeT -- . - ·-

IICKpHBJ18HH8 TpaeKTOpUH '18CTHU, Mf'H0~8HH8H op6HT8 KOTOpbiX HaXOnHTCH B6JIII3H 

unmeKTopa. B peayJibTaTe aTH 'lacTHUbi B KOHU~ nepeoro o6opoTa TepHIOTCH Ha nn­

meKTope UJIU Hapy:;>t<HOH CTeHKe BaKyyMHOii KaMepbi, TaKOf'O pona HCKameHUH Mar­

HHTHOPO llOJlH B03HUK8~U B .nepBbill nepuon 3anycKa CHHXpocpa30TpOHa H3-3a o6pa-

30B8HHH 38MKHYTbiX KOHTypoB B MarHIITOllpOBOne OCHOBHOPO MaPHUTa, Yny'IW8HH8 

KOHCTpyKUIIII KpenJieHHH o6MOTKII M8f'HUTa, II30J1HUIIII. KO)KyXOB 06MOTKH 1 II30ITHUIIII 

BaKyyMHbiX BBOnOB KOMI18HCHpy!OIUHX o6MOTOK H T,ll, ll03BOJIHJ10 3Ha'IIIT8JlbHO COKpa-

TUTb a31IMYT8JlbHYIO H80nHoponHOCTb Maf'HliTHOf'O ilOJIH, 
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Puc. 6. TpaeKTOpiHI nepaoro o6opoTa 'laCTHU, anycKaeMbiX B KaMepy B MOMeHT 

H8'18.T18 IIH)t..:eKUUH, npH H8.Tlii'!Hl1 60.TlbWOH 83HMYT8.TlbHOll HeOL(HOpO,aHo­

CTH M8T'HHTHOT'O ITO.T1H 0 

"30JibWYIO HeCT86H.TJbHOCTb H IlOTepiO '18CTU:U IIpH IIHMeKUHH Bb!3biBaeT 83HMy­

Ta.TlbH8H Heo.aHopoaHOCTb IIO.TlH, II3MeHHIOlllaH caoti xapar~Tep ao apeMeHH, TaKyiO He­

o.aHopo.aHOCTh co3J;taaanii .rryni:.caurm c qacToTofi 150 ru B BbmpHM.TieHHOM ToKe, rru-
.. ··::.: _, .. ,·.·: - . ,.·· . ·., •' . ,.. . ' 

TaiOmeM o6MOTKY MarHaTa. Ha.11a~riie eMKOCTHbiX yTeqeK o6MoTKH Ka:m:.aoro KBa.a-

paHTa Ha 3eMJIIO IlpHBe.TlO K TOMy, 'ITO 8Mil.TlHTy.aa H ¢a38 8THX IIy.TlbC8UU:H B p83.Tlii'I­

HblX KBa;::{paHTax 6bi.TII1: pa3.Tll1'1HbiMH, Ha puc. ·7 rrpiiBe.aeHbi ocuumwrpaMMbr rrpoH3Bo.a-

Hon MarHHTHOI"'O IlO.TlH IlO BpeMeHH B rrepBOM II BTOpOM KBa.apaHTax. Ha BepxHeM 

nyqe OT:\1e'!eH MOMeHT H8'18.Tl8 HH:m:eKUHH, AMII.TlHTy.aa IIYJThC8UHll C '18CTOTOH 150 T'U 

- p 
Bo ll KBa.apaHTe 3Ha'IHTe.TlbHO _ 6onhwe, '!eM B rrepBoM, H a 'piic. 8 xopowo BHaeH 

C.::lBliT' ITO ¢a3e B MOMeHT H8'18.T18 HHMeKUHH IlY.TlbC8UUll IlO.TlH BO BTOpOM H '!eTBepTOM 

KB8 lp8HT8X, ~T06hl CHH3HT~ ypoBeHh.Ili.TlhC8Ulill C '18CTOTOH 150 rti 1Ha BhlXOL(e BhlllpH-

MIJTe.TIH, IlHT8IOlllero o6MOTKy M8T'HIIT8, 6b!.Tl ITOCT8B.TleH AOilOJIHHTe.TlbHb!H RC -¢II.TlbTp, 

napa.TlJie.TlbHO 06MOTK8M BTOpOT'O H lJeTBepTOT'O KBa,apaHT8 Qbi.Tlll IlOCT8BJieHbl eMKOCTH, 

rro Clo6paHH bre T8KHM o6pa30M, 'IT06hl ypaBHHTb IIY.Tlbb8UHII B p83JIH'IHhlX KBa.apaHTaX 

II CBeCTH K MIIHIIMYMY CL(BIII"' ¢a3, noMHMO 8TOT'0 1 B CXeMe I10AMIIT'8 HT'HHTpOHOB 6br.TJH 

rrpOH3Be.aeHbi H3MeHeHIIH, II03BOJIHBWIIe Kax<AbiH pa6o'!l!fi uu:Kn Ha'IHHaTb c BKJIIO'IeHHH 

orrpe.aeneHHOT'O HT'HHTpOHa, 'iTO IIpHBeJIO K CTa6HJill38UHH ¢a3bl IIYJibC8UHH Bb!IlpHMJieH-

HOI"'O TOK8 B MOMeHT H8'18.Tl8 HHM8KUHH, Bee 8TH MeponpHHTHH Il03BOJIH.TlH IIO.TlY'IHTb 

CTa6I1.TlbHbii1 peX<HM HH::>KeKUHH II IlpHCTyiiHTb K era CHCTeMaTH'!eCKOMy HCCJie,aOB8'{HJO, 

I 
1 
l 
I 
I 
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Puc. 7a. npo1I3BO.D.H85I Ma!"HIITHOI"O TIOJ15I B pa60'I8ll o6nacTH 1 KBa.n.paHTa. 

Puc. 76. npoU3BO.B,HaH MarHHTHOI"O IlOJIH B pa6orrer! o6naCTII 11 KBa.n.paHTa. 

Ha BepXH8M JIY'I8 OTMeqeH MOM8HT Haqana IIHlli.eKUIIH, 
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Pn:c. 8. npoH3BOL{H8H MarHHTHoro nonH B pa6oqeii: o6nacTH BTOporo 
· KBa~paHTa IBepXHHii: ny~/ H qeTBepToro KBaapaHTa IHHlliHHii: 

iJ.yq/. PaaBepTKa aanycKaeTcH B MOMeHT Ha"l:ana HHllieKun:n: • 
.Dnn:TeJibHOCTb paaBepTKH - 8,5 MeeK. 

Onpe.l:tene.Hue Man.brx aan:MyTaJibHbiX HCKamemrii: MarHHTHoro nOJIH npon:aBoan:­

nocb nyTeM ~3MepeHHH KOH~Hr~p8UHH paBHOBeCHOH op6HThl. 3TH OnhlThl UpOBOAH­

JIHCb B AHH8MH"l:eCKOM MarHHTHOM n9ne npH BhlKJIID"l:eHHOM BhlCOKO"i8CTOTHOM HanpH­

llieHHH. CxeMa onhiTa noKa3aHa- Ha pn:c. 9. Mn:weHb N~ 7 pacnonaranacb y. BHyTpeH­

Hero Kpast pa6oqeii: o6nacTH. 0Ha npeacTaBnHna co6oii: nnacTHHKY paaMepoM 2EDMM 

no BbiCOTe H 200 MM no paan:ycy, noKpbiTYID BOJib~paMaTOM K8JibUH.st. noBepXHOCTb 

.13llt-
Pn177t.NICkt:t.J' &Ut:'",.,a 

".rri .,{/! .1'1~ ~I( ~5 ~~ 

/ 

IJN$1.1-mt>p ~-1/lftflp 

------------ ---------

."3NUn7D 6' HWRR 
ry :f ~~•H<a 

?/~:'77 /7 77 7 ;> /) 77 '?'/ ~ j//)?//7//', 77 

.Pn:c. 9. CxeMa pacnonomeHHH H3MeprrTeJibHhiX ycTpoticTB anH onpeaeneHIHr 
83HMYT8.TibHbiX HCKallieHHH MrHOBeHHOll p1BHOBeCHOJI op6n:Tbi. 
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MIUuemr HaXO.llliJ18Cb B ITOJle ·apeHHSI OITTH'leCKOH CliCTeMbl, KOTopaSI C06IipaJta Ha 

<j:loToKaTo.n: YMHO)!{HTeJtSI cBeT, B03HHKaroruiiii ITo.n: .n:eii:cTBHeM qacTHU, caepHyBwiix­

CH K BHyTpeHHeMy Kparo pa6oqeii: 06JlaCTli. ECJlli CO CTOpOHbl Hapy)!{HOH CTeHKli 

ITOcne.n:OBaTeJlbHO BBO.llH;t'b 38CJ10HKH, paCITOJlO)!{eHHbJe Ha pa3Hb!X 83liMyTaX li cpHKCH­

pOB8Tb ITO liC'le3HOBeHHIO Clif'H8Jla C cpOT<;>YMHO)!{HTeJlSI liX ITOJlO)!{eHHSI·, ITpli KOTOpb!X 

Ha MHWeHb N2 7 ITepecTaiOT ITOIT8.ll8Tb '!8CTHUbl 1 TO 8TH TO'!Kli JlSII'YT Ha KpHByiO, 

¢opMa ioTopoii: 6y.n:~T ITo.n:o6Ha cpop~e paBHoaecHoii: op6IIThl. Pac'!eT ITOKaswaaeT, 

qTo H8liJlY'!Wee COBITa.n:eHlie C liCTliHHOH cpopMOH paBHOBeCHOH opfiliTbl ITOJlyqaeTCSI 

' ;;;.> 
B TeX CJly'laSIX, KOI'.ll8 B KaMepy HH)!{eKTHpyiOTCH TOJlbKO Te 'l8CTHUbl 1 MI'HOBeHH8SI 

op6HTa KOTOpbiX ITpoxo.n:HT qepes HH)!{eKTop. O.n:HaKo H ITPH HaJtH'llili y HH)!{eKTHpye­

MhlX qacTHU paCITpe.n:eneHHSI ITO aMITJlliTY.llaM pa.n:HaJlbHhlX KOJte6aHliH TO'IHOCTb H3-

MepeHHSI cpopMbl paBHOBeCHOH op6HTbl 1 HCKJliO'laSI a3HMYTbi1 6JtH3KHe K aSHMyTy_ liH}KeK-

. . x/ 
TOpa, He Xy)!{e '!eM .±1,5 CM • 

B H8WHX OITbJTaX MOMeHT Ha'laJta HH)!{eKU!-ili C.llBHraJlCSI B CTOpOHy MaJlbiX 

ITOJteii:. 3TO ITpli.BO.llliJlO K yMeHbWeHHIO aMITJlHTY.llbl pa.n:HaJlbHbiX KOJte6aHHH, a TaK)!{e 

HCKnroqano ITpHMoe ITOITa.n:aHHe Ha MHweHb N2 7 qacTHU, BbiL e.n:wiiX Irs HH)!{eKTopa. 

Ha pHc. 10 noKasaHa CHSITaSI TaKHM o6pasoM cpopMa paBHOBecHoii op6HTbi 

ITPH HaJtli'lliH saMbiKaHHii B MarHHTOITpoao.n:e ocHOBHoro MarHHTa. HcKa)!{eHHSI paBHo­

secHoii op6HTbl Bbl3b!B8IOTCSI TaK)!{e BJlHSIHHeM pacceSIH!IOI'O ITOJlSI ITOBOpOTHbiX Maf'HH­

TOB H JlHH3, cpopMiipyiOIUHX ITY'IOK '!aCTHU, BBO.llliMLIH B CliHXpocpa30TpOH, a TaK)!{e 

1-/D'np&J'~.t.,WUI! 
p./u::,t,,-..~,. 

'---~--_j 

PHc. 10. <PopMa paBHoBecHoii op6HTbi ITpH HaJtH'IHH saMbJKaHHii B SipMe· 

MarHHTa. 

xl 
;3ToT pac'leT 6b1Jl ITpo.n:enaH H .B.Py6HHbiM. 
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BhlBeaeaahle nyqxu, ecnu aTu ycTpoftcTBa pacnonomeahl B5nuau npHMonuaeAHhlX 

DpOMelliyTKOB. · 

Ha puc. 11 xpuaaH 1 npencTaBnHeT co5oA paBaoo'ecayro op5uTy, CHHTYIO npu 
··. . . .. ·. . . . . . ·.. . ·. . .· .. 3 . . . 

axnroqeaaoM noaopoTao~<}loxycupyiOmeM MarauTe·.ira y'IacTKe BBona· ·· •• Op6IJTa 

CHStTa. nocne Toro, K8K 6brna. npe,dnpUHHTa axpai.mpo~Ka p~cceH~rio~o DOJIIJ aTOf'O 

//, 

!ff .t'~09,P0Hrrt 

I 
~ k'4'a;>pa~-<n'7 

L 
!" K~a9pct,..;"J ii ,..,5'ogpaHrn 

rJ~=~~ li·· "~= ..•.. ·!I #-~~~·- ~ - pGuqt"/!NI.IP . · · 

r:Jr:l 
E1 EI 1-~al 1·6al 

~ ~ 

Puc. 11. KoMneacauuH nepaoR rapMoauxu aauMyTaJihHoR acUMMeTpuu. 

MarauTa. 8Ta op6uTa coagpmuT nepByiO rapMoauxy ucxameauii. LlnH xoMneacaum! 

nepBOH U BTOf!OH rapMOHUK 83UMyT8JihHOft 8CUMMeTpUU H8 B€pXHef.r U HU)KHeii CTea­

K8X B8KYYMHOtl: KaMe~bi CUHXpOcfl830Tp(_laa npeayCMOTpeHbi o6MOT~U 5 ·~ YfaMeHHH 

C.OOTHOWeaue T,OKOB B HUX, MO)KHO U3MeHHTb aMnJIUTYllY U cfl83Y KOMneacupyiOlUef'O 

MarauTaoro nonH. KpuaaH · 3 puc. 11 noxaabiBaeT, xax Bu.uouaMeaunach op5uTa 2 

npH BKJIIOqeHHH o5MOTOK KOMDeHC8UUU nepBOH rapMOHHKH 83UMyT8JihHOH 8CUMMeTpUU, 

Tox B o5MoTKax i u 111 KBa.upaaToB cocTaBnHeT 4a, TOK B o6MOTKax Ti u iY -
KBanpaaToB - 6a. Pacnpe.ueneaue ToKoB noxaaaao aa TOM *e pucyaxe, Via Kpu­

Boii 3 BHQHO, qT01 HeCMOTpH H8 8Kp8HHpOBKy pacceHHHOf'O nOJIH DOBOpOTHOf'O Mar­

HHT81 Bee ewe HMeeTcH MecTaoe ucxameaue B palioae HH*eKTopa. LlnH ROMneaca­

uuu STOI'O UCKameHHH H8 BBOQHOM npHMOJIIIHellHOM npoMe:m:yTKe 6biJIU nonomeHbl 

nonoJIHHTeJibHO DO 185 BrtTKOB CBepxy H CHU3Y MeQU8HHOH nnOCKOCTU Maf'HHT8, 

K poMe TOI'O 6biJIO H8BHTO no 6 BUTKOB. BOKpyr Bepxaero U HH)KHef'O nOJIIOCOB Ha 

-Tpex xpaiiaux noniOCHbiX 5ar.nMaxax 1 Y ce.KTopa. Via puc. 12 Bunao neti:cTBue aa op ... - . 
6UTY STHX 05MOTOK. noJIHOHOCTh BKJIIOqeHJ{H TOKOB T8KOB8, qTo MeCTHOe none 
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\,~-; 
Puc. 12. K oMrreHcauim MecTHoro ~ HCK8}K8HHH MarHIITHoro rronH a pafioHe 

BBO.llHOf'O rrpHMO.IIIIH8llHOf'O rrpoMe}!<yTKa • 

B03pacTaeT. KpiiB8H 1 CHHTa rrpu BK.IIIO'I8HIII1 o6MOTKII KOMII8HC8UIIII rrepaoii: rap­

MOHHKU 83HMYT8.1IbHOll 8CHMM8TpHII. npu BK.IIIO'I8HIIH TOK8 3a B 06MOTKy H8 rrpHMo­

,T'JHH8lfHOM rrpoM8}!(YTKe MecT.Hoe rrcKa)K8HIIe yMeHbwaeTcH /KpiiBaH 2 I, a rrpu BKnro­

'I8.HHH TOK8 3a B 06MOTKy, p8CIIO.IIO}i{8HHYIO B KOHU8 1 Y C8KTOpa, OHO CBO.lliiTCH 

K MHHHMYMY IKpHB8H 3 I. 

3. YJ3y'I8HI18 .llBII}!{8HHH 'I8CTHU B B8pTIIK8.1IbHOM HanpaB.II8HIIII 

B crrHxpoc!JasoTpoHe o:vr HYI o6naCTb 0 .llOCTyiiH8H .ll.IIH .llBII}i{8Hii5I 'I8CTIIU 

B aepTIIKa.llbHOM HanpaaneHIIII B 4 pasa M8Hbwe, '!eM B pa.uHanbHOM. Bbrno npoae-

Ll8HO Ll8T8.1IbH08 IICC.II8.ll0B8HH8 .llBII}!{8HII5I 'I8CTHU no BepTIIK8.1III 0 ll03BO.IIHBW88 caec-

TH K MHHHMyMy B8pTHK8.1IbHb!ll pa3M~p ny'IK8 npii ero CB0p8'IIIB8HHII OT IIH}!{8KTOpa 

K U8HTp8.1IbHOll Op6IIT8o nocKO.IlbKy B ycKOpiiT8.118 C pa3p83Hb!M M8f'HHTOM HCK8}!{8-

HIIH Cp8LlH8ll M8f'HHTHOH ll.IIOCKOCTH lrr.IIOCKOCTb, f'.ll8 Ht = 0 I npHBO.ll5IT K 3H8'IH-

T8.1IbHOMy YB8.1IH'I8HHIO B8pTHK8.1IbHbiX p83MepoB IIy'IKa, TO 6bi.II8 T!ll8T8.1IbHO H3MepeHa 

cj:lopMa cpe.uHeii: nnocKocTH aepTIIKanbHbiX Kone6aHirfi. CxeMa IBMeprrTe.llbHoro ycTpofi­

CTBa .ll.IIH 8THX U8.118ll IIOK838Ha H8 pHC. 13, 8 KaMepy CHHXpOcj:l830TpOH8 CO C_Topo­

Hbl BHyTpeHHeii: cTeHKH, 'Iepes aaKyyMHoe ynnoTHeHn:e aao.nu.ncH nneKcn:rnacoBbifi 

CB8TOBO.ll 0 yKp8I1.118HHblll BHyTpn: Tpy6h! II3 H8p}i{8B8IO!ll8ll CT8.1IH 0 K KOHUY CBeTo-

BO.ll8 0 IIOM€!ll8HHOMY B KaMepy, npn:Kp8ll.IIH.IICH 30H.ll 11:3 ll.II8CTU'I8CKOf'O CUHHTH.II.IIHTOpa, 
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K oHeu cBeToBo.n.a 6hm nnaBHO H3orHyT, qTo .n.aBano B03MO:>KHOCTb H3MeHSITb nona-

meHH:e CUHHTHJlJlSITOpa no BbiCOTe nyTeM BparueHHSI CBeTOBO.ll.8 BOKpyr era ropH30H­

T8JlbHOH ocH. Ha npoTH:Bonono>KHOM KoHue 6bm yKpenneH cpoToyMHomH:TeJib, 9KpaHH­

poBaHHbiH OT .n.eifCTBHSI pacceHHHOro MarHHTHOrO nOJJSI C noMOlllbiO MHOrOCJlOHHOrO 

UHJlHH.ll.pH'l:eCKOrO SKpaHa H3 CT8Jlll: 3 4 • CaeT nroMHHecueHUHH, B03HHKaroruHii npii 

nona.n.aHHH qaCTHU H8 CUHHTHJlJlSIUHOHHhlH 30H.n.1 nepe.n.aeTCSI no c~eTOBO.ll.Y H8 cpOTOKa­

TO.ll. YMHO)KH:z'eJlSI ¢3Y-l9. LfT06bi HCKJliO'l:I-ITb cpoH OT nOCTOpOHHHX 38CBeTOK B. Ka­

Mepe CHHxpocpaaoTpoHa, ·KOHeu cBeToBo.n.a, BbiCTy'naroruHii H3 Tpy6br1 6bm aaKpbiT cponb-. 
roil. CUHHTHJJJlHUHOHHbiH 30H.ll. TaK:>Ke 6bm o6epHyT B anroMHHHeayro cponhry TOJIIUHHOH 

20 MHKpOHo Vf3MepH:TeJlbHOe .ycTpOH CTBO MOrJIO nepeMeLU8TbCSI B p8.ll.H8JlbHOM Ha-

npaBJleHH:H;, 00JIO:>Keime. CUIUiTRJlJlSITOp~ TO'l:HO OTC'l:Il:TbiBaJJOCb, OTHOCHTElJlb~O ·ll~~Tpanb-
. . .. -, ·.· ... -, .'i . . .. ' . . . . - ·.· .. ,: -. ' . ' ' ' :' . . . . . . . 

HOM. Op6H:Tbi H OTHOCHTeJlbHO cpe.n.Heii reoMeTpH'l:eCKOH nJIOCKOCTH MarHHTa. Pa3Mepb! 

CUHHTHJIJISIUHOHHOro 30H.ll.8 B MM yK838Hbi H8 pHC. 13. 

11717_ 2 

l/~ 

H'-':Jt<C"'"" crneHKa k'aMepbl 

.;, 
r· 

\ . .3 
'--·-

f!' 

, 
6 

5 

PHc. 13. CxeMa ycTpoiicTBa .D.JIH H3MepeHHH HCKB)KeHHH cpe.n.Heii 

nJJOCKOCTH BepTHK8JlbHhlX KOJJe6aHHH. 1 - CUHHTHJlJlSIUHOHHhlH 

30H.ll., 2 - 38lllll:TH8SI cpOJJbra, 3 - Tpy6a, 4 - CBeTOBO.ll., 

5 - cpOTOYMHO:>KH:TeJlb' 6 - MarHHTHbiH 8Kp8H. 

npH 38.ll.8IIHOM_ norio:>KeHHH 30H.ll.8 no aepTHK8JlH H8 Hero nona.n.aiOT HH:>KeKTHpyeMhie 

'I8CTHUbi, aMnJJHTy .ll.B BepTHK8JlbHbiX KOJie6aHHH y KOTOpbiX 60JlbW e HJlH paBHB paCCTOSI­

HHIO oT cpe.n.Heii nnocKocTH aepTHK8JlhHbiX Kone6aHHH .n.o aoH.n.a. CHrHan c cpoToyM.Ho-

iKH:TeJJSit 

B8JlCSI 

nponOpUHOH8JlhHhlH 'l:HCJJY 'l:8CTHU, nonaBWHX Ha CUHHTHJlJlSITOp, perHCTpHpo­

OCUHJJJJOrpa~oM. 

L-....___..._ ___ _ 

I-

yMHO:>K 

ueHTp 

Lln st y: 

c noMe 

MarHH1 

Ha paa. 

K8JlbHb 

npuBe.r: 

ne6aHll 

KOCTH 
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Puc. 14. 

Ha puc, 14 DOK838Ha TUDHqHaH KpUBB~ 3BBUCHMOCTQ BBJlHqHHhl CHrHana C ¢oTo­

YMHOMUTB.nH OT BBpTHKBJllioHOrO DOJlOMBHUH 30Hll8, 8UUH0 1 qTo KpHB8H CHMMBTpiJqHa 1 

UBHTp CfiMMBTpUU COBDanaeT CO CpB.llHBH 10illepxHOCTb!O BepTHKBJlbHb!X Kone6aHUH , 

nn~ ysenuqeHHH TOqHOCTH U3MBpBHHH BBpTHK8Jl~HhlH pa3Mep nyqKa OrpaHHqHBBJlCH 

C DOMOIUb!O nuacpparM Bb!COTOH 3 MM 1 ycTaHOBJIBHHb!X HB Bb!XOllB DOBOpOTHOrO 

M8rHUTa H Ha BbiXOllB OTKJlOHHlOIUUX DJ18THH, ho.n:o6Hb!B H3MepeHUH 1 DpOBBllBHHb!B 

HB pa3JIHqHb!X 83UMyTaX 1 D03BOJIHJIU ODpeneJIHTb cpopMy cpenHeft HOBepXHOCT.H BBpTH­

KBJibHhlX KOJie6aHUH HB UBHTpBJibHOA op6uTe CHHXpocpa30TpOHB. PeaynbTBThl H3MepeHUH 

IIpHBB.llBHbl Ha pUC, 15. nocKOJibKY UCK8MBHUH cpenHeft IIJIOCKOCTU BepTUK8JibHb!X KO-

JIB68HUH HB DpBBb!WB!OT _:!:} CM 1 KOMIIBHC8UUH UCK8MBHUH cpenHBH MBrHHTHOH DJIQC-

KOCTU HB DpUMBHHBTCHo 

II ~r 

Puc. 15, ¢opMa CpenHeA DOBepXHOCTU BBpTUKBJibHb!X KOJie6aHUA Ha UBHTpaJib­

HOH op6UTe CUHXpocpa30TpOH8, 
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,].tHl nony'leHI!H. \liiHII:vtaJlbHOro pa3:-.1epa ny•ma no nepT!!Knnn Gt.Iri 'lflOl1~3TW!.F'Il 

T<> 1Wb!ii ITO.::J,60p 011TII:\18rtbHOrO nepTHK8JlbHOrO yrna ny'!Ka, Bh!XOLl5lf.UCrO 113 l1H.l!<CKTOpa. 

C ::noli ttertbtO ua BhtXOile rronopoTHoro MarHHTa u Ha BhiXone HarrpaBJIH!OLUIIX rrnac-

TfiH Gt.uru ycTLHionnenbt ropii30HTanbHhte .auacpparMhi BhiCOToii no 3 M:\1 1 ni>Ipe3aJO-

J::lte )"3Kllil IlY'lOK 'l8CTI!ll IIO nepTIIK8JIH. IlyTeM H3MCHCHIHI ITO.TIOX<eHIHI Llll8cpparMhL 

11<1 BbiXOLJ.e, mraCTIIH u3:-.teHHJICH nepTI1Ka.rrb;Ibiii yro.rr nncTa ny'lKa B KaMepy. B Ka}{<­

.::10\t crry'lae c noMOIUbiO ycTpoficTna, orruca~IHoro Bbrwe, rrsM~pH.TICH nepTIIKa.TibHhiii 

pa~~:\tep rry'lKa 1 cnepHyFk.erocH K nnyTpeHHeMy Kpaio pa6oqeiJ: o6nacTH MarHHTa. Pe-

3Y.'lbHITbi 1!3!\iepeHHll. I1pHB8Ll8Hhl Ha puc. 16. KpuBaH 1 COOTB8TCTByCT OIITHM8.TlbHOMy 

\T,1Y B.TieTa, KOTOpb!li OK838.TIC51 paBHb!M - 2' • C 9THM H8I1p8B.TI8Hli8M 6bi.TIO COB\! CLUe-

HO H:1p0 ITy'lK8 1 Bb!XOD.Hlllero l!3 ITJI8CTHH. 

--/ 
/ 

........ , 
\ 

I \ 
I 

I 

I 
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I 

'Z (c-~'<) 

I , • .1:" -6/l -J,Il -20 0 2!7 "" Btl J'O ttl(J 

Puc. 16. W3MeHeHne nepTHKaJihHOro pa3Mepa rryqKa rrpii II3MeHeHHH nepTn-

KaJibHOro yrna BJieTa qacTHU. KpHB851 1 COOTBeTCTByeT OITTIIM8Jib-

HOMy yrny nneTa. KpHnaH 2 orrpeneneHa nnH yrna nneTa, oT.rm-

qaiomerocH OT OI1THM8JlbHOrO H8 - 2', KpHB851 4 - Ha - 8,5' li KpH­

B851 3 - Ha + 5' • 

4 

Dn5i 

HbiX nnac 

HHllieKUHl! 

CxeMa o 

nnacTHH 

BOJihTHO 

aToro :'! 

MHHOB8l 

HHH OTf 

IlpOH3B 

o6nac1 

IT.TiaCTH 

qaCTHU 

rrnacTIIJ 
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4. non6op OilTHMBllhHOf'O MeCTOI10llO:>K8HHH rryqKa Ha Bb!XOne 

H3 IlOBOpOTHhlX IlllBCTHH 

DnH orrpeneneHHH orrTHMallhHoro MecTorrono:>KeHHH rryqKa Ha awxone ua rroaopoT 

HbiX rrnacTHH 6bmH npouaaeneHbi. ucc:nenoBaHHH ycnoarrt'I aaxaaTa B rrepa·,rft aTarr 

HH)K8KUHH qaCTIIU, Bb!XOnHIUHX Ha pa3llHqHQM paccTOHHIII! OT 383eMll8HHO:il IlllBCTHHbl, 
·~ 

CxeMa orr biT a uao6pa:>KeHa Ha puc, 17. H a paccTO.IIHHH 50 CM oT Kpa>I rroBopoTHbiX 

Hopi/:),/C'Ho.P 

L 
'/ 

v 

/ 

./'70 CH 

PHc. 17. !'acrrono:>KeHue uaMepuTenhHbiX ycTpo:ilcTB, rrpu rron6ope 

OilTHMBllhHOf'O M~CTOilOllO:>KeHHH rryqKa HB BblXOne H3 IlOBOpOT­

.HhlX IlllBCTHH, 1 - BhlCOKOBOllhTHB.II IlllBCTHHa; 2 - 3838MlleHH8H 

IlllBCTHHa; 3 - 38CllOHKa; 4 - H3MepHTellhH08 ycTpO:ilCTB0 0 

11ll8CTHH Ha rryTH .. rryqKa. paCIIOll8f'8ll8Ch MHW8Hh N2 1 t BBOnHMB.II CO CTOpOHbl Bb!COKO-

. . 2 
BOllhTHO:il IlllBCTHHbi, Bb!IlOllH8HHB.II B Bune 3BCllOHKH•. p83M8pOM 12 X 12 CM • C IlOMOIUh!O 

8TO!'O ycTpOilCTBa rrepeKpb!BBllBCh qacTh rryqKa 1 . Bb!XOnHIU8f'O H3 ITllBCTHH, l.facTHUbi 1 

MHHOB8BWH8 8TY MHW8Hh 1 C OrrpeneneHHOil 8cflCp8KTHBHOCThl0 1 38BHC.IIIU8:il OT IlOllO)Ke-

HHH OTHOClfT8llhHO 3B38Mll8HHO:il Illl8CTHHbl 1 38XB8Tb!BB!OTCH ~ rrepBb!:il 8TBIT HH:>K8KUHH, 

npoH3BOnHllOCh H3M8p8HH8 qucna qacTHU 1 nocTHf'WHX BHyTp8HH8f'O KpBH pa6oqeft 

o6rraCTH MBI'HHTB, B 3BBHCHMOCTH OT ITOllO:>KeHH.II MI1W8HH N21 OTHOCHT81lhHO 3B38M118HHO:il 

nnacTHHbi, Ebmo ycTBHOB.TieHo, qTo B pe.>KHM HH*8KUHH aaxaaTbiBB!OTCH TOllhKO Te 

qaCTlfUbl 1 KOTOpb!8 Bb!XOnHT He nallhW8, qeM HB paCCTOHHHH 3 CM OT 3B38M118HHOii 

IlllBCTHH bl, 
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Ha ocHosawrH ::nux uaMepeHuii obrna npoH3BeneHa TOHKa5r HacTpoiiKa rmrKeK­

UHOHHOi'i OIITHK 11 11 IlOBOpOTHO-OTKJ10!!$llcHUHX yCTpOiiCT'· T8KHM o6pa30M 1 'IT06b! • B nep-

Bblti 9T8Il 11H/I<BI<llHII 38XB8Tb!B8J10Cb M8KCIIM8J1bHOe 'IHCJ10 'I8CTHU. [lJ1H 9TOT'O 

MHWBHb Ns> 1 6b!J18 ycTaHOBJ1BH8 H8 paCCTOHHHH 3 CM 01' 383BMJ1BHHOH IIJ18C1'HHf,f. 

LfaCTb rry~IK8 1 IIpOXOnHU!8H MBX<ny 383BMJ1BHHOti IIJ18CTUHOH II MHWBHblO .1\:'s- l, Ha-

Ilp8BJ1HJ18Cb Ha ycTpOHCTB0 1 U3MepHSl ee cyMMapHhlH 38pHn IIOIIBBWUX HB Hero 

6 
'IBCTHU napaMeTpbl HHl'KBKUUOHHI'•lr OIITHI<H .1 IIOBOpOTHO-OTI<JJOHH IOU!HX ycTpOHCTB 

perynHpOBBJJHCb TBKHM o6pa30M 1 'IT06hl HB H3MepHTBJ1bHOe YCTpOHCTBO rrorranano 

MBKCHMBJJbHOB 'IHCJJO 'IBCTHU. 3aTeM uaMepnTe.TJbHOe ycTpoAcTBo· n MHWBHb Ns> 1 

6b!J1H ynaneHhl C rryTH rry'IK8 7 II naJ1bHBHlLBH H8CTpOIIK8 rrapaMeTpOB HHX<BI<UHOHHOii 

OIITHKH BBJ18Cb ITO BBJJH'I HHB H cpopMe IIMIIYJ1bC8 C MHWBHII 1 paCIIOJ10)!{BHHOti y BHyTpeH­

Hero KpBH pa6oqeti 06J1BCTII MBT'HHTB. 

5. OrrpeneneHHe KoacpcpuuueHTa aaxBaTa Ha rrepBOM aTarre IIH:ti<eKuurr 

B p~aynhTBTe rron6opa Orl}'liMBtihHbLX yc.TJOBIIti HH)!{eKUliii ¢op¥a HJ\4IIYJ1hC8' OT 

qacTiiu, nowe~~ux J3>' pacTyz1~M·:~~rHI1THoM rrone 'no BHyTpeHHer~ Kpas:r !1a6oqeA 

o6nacTu, cymecTBeHHO uaMeHunach /puc. 18/. OcurmnorpaMMa HMrry.ithca c Bl!yTpeH­

Heti MHWeHU 1 rionyt.IeHH8H no IIOLI60pa- OIITUM81lhHblX yCJIOBHl! UH)!{BKUUH, IIpHB8L!8Ha 

. Puc. 18. BepXHHH nyq: uMrrynhc TOKa qacTuu, nH*BKTHpyeMbiX, B KaMepy. 

H ux<Huti nyq: HMrrynhc qacTuu, cBepHyBwuxcR K BHyTpeHHeMy KpaiO 
pa6oqeti o6naCTH · IIpli OIITHMBJ1hHOH H8CTpOHKB pe)!{UMB UH)!{eKUHHo 

CKopocTh paaBepTKu: 4,5 eM /MeeK. 

Ha puc. 5. 

!.~. 

HUe nJIHTE 

9T8II e UH :Fi 

8MIIJIHTyn< 

TaKHM o61 

6narorrpHH 

aTarre IIH 

B paCTYW' 

TUU 1 BIIyll 

HhiX ycnoi 

BOniiJIHCb 

rronaBwer· 

ycTpOi:i:cTE 

IIOM elU8J1C 

TUpyeMhiH 

CTBO IN' 

t.IeHHbie H< 

K ueHTpy 

Puc 
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Ha puc. 5. CorrocTaBneHHe aTnx ocuHnnorpaMM yKa3b!BaeT Ha 3Ha'IHTeJibHoe ynem1qe­

HHe .llJ1HT8J1bHOCTH HMITYJibC8 C ·BHyTp8HHeii MHW8HH. 3TO 03H8'!88T 1 'ITO Ha rrepBOM 

aTarre HH)i(8KUHH B03pOC 38XB8T '!8CTHU. YBeJIH'IHJICH T8K)K8 BKJ18.ll OT '!8CTHU C M8J1b!M 

aMrrnuTy.oaMH pai!.H8JibHbiX KoneoaHHii /cooTBeTcTByiOwux sa.oHeMy ciJpoHTy HMrrynbca/, 

TaKHM o6pasoM1 B pesyJibTaTe HacTpoiiKH nepsoro 8Tana HHllieKUHH Ob!JIH cos.oaHbi 

6naronpn:SITHbie ycnoBHSI .llJISI ycKopeuHSI rryqKa. K oacpcpuuHeHT saxsaTa ua rrepBOM 

8Tarre HH)K8KIIHH OI1p8.ll8JISI8TCSI K8K OTHOW8HHe 'IHCJI8 '!8CTHU 1 CBepHy3WHXCSI 

B pacTyweM Ml\I'HHTHOM IlOJ!e K BHyTpeHHeMy KpaiO pa6oqeiJ OOJ18CTH 1 K 'IHCJIY '!8C -

THU 1 BilyiU8HHb!X B KaMepy B Te'!eHHe rrepHO.ll8 HHlli8KUHH, nocne IlO.llOOpa OilTHM8Jib­

HbiX ycnosuii pe.>!UIMa HH.>!<eKUHH aToT KoacpcpuuHeHT OhiJI usMepeH. VfsMepeHHSI rrpous-
.;Q 

BO.llHJIHCb C IlOMOIUb!O ycTpOHCTB8 1 perHCTpup·yiDUl8I'O cyMM8pHblll 38pSI.ll rry'IK8 1 

. 6 
rrorraswero Ha KonneKTop, c TO'IHOCTbiO .oo 10% • CxeMa pacrronollieHHSI TaKHX 

ycTpoitcTB rrp11 H3MepeHHH KoacpcpHuHeHTa saxsaTa naHa Ha pHc. 19. YcTpoiicTBo N2l. 

I10M 8lll8J10Cb BOJIH3H Bb!XO.Ll8 H3 OTKJIOHSIIOUlHX I1J18CTHH T8KHM o6p830M r 'ITO HH llieK-

THpyeMbiit rry'loK nonHOCTbiD rrorra.uan Ha ero KonneKTop. Dpyroe rrono6Hoe ycTpofr­

CTBo /,N', 2/ rroMewanocb Ha BHyTpeHHeM KpaiO pa6oqeiJ oonacTH. I..facTHUhi, saxsa­

'leHHbre H8 rrepBOM 8T8II8 HHlli8KUHH 1 CBOp8'IIIB8IOTCSI B pacTyweM M8I'HHTHOM IIOlle 

K ueHTpy MarHHTa u rrorra.uaroT Ha KonneKTop ycTpoitcTBa N2 2. H a prrc. 20 rroKasaH 

~--+--r __ ___.._ 
I 

~~ 

Prrc. 18 PacnonollieHrre rrsMeprrTeJibHbiX ycTpoficTB nprr onpeneneHIIH 

h08cflcfJHUH8HT8 38XB8T8 H8 rrepBOM 8Tarre llHlli8KUHll, . 
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Prrc. 20. Pacrrpe.neneHIT8 qacTrru, csepHysmrrxcH Ha KonneKTop 
IT3MeprrTellbHoro ycTpOHCTBa N2 2 B HarrpasneHrrrr pa.nrryca. 

crra.n HHTeHCHBHOCTH qacTrru, rrorraswux Ha KonneKTop N2 2, B Harrpasnemm pa.nrryca, 

H3M ep eHH bJi1 C ITOM.Oll.{b 10 cpOTOITJI 8CTHHKH. p a.n HaJI bH bill pa3 Mep KOJilleKTOpa COCTaBJIHll 

250 MM, TaK 'ITO Ha Hero rrorranan secb csopaqusaiOmrrficH rry'IoK. KoscpcprrurreHT . . 

38XBaTa Ha rrepBOM 8Tarre HH£KeKUHH Orrpe.nenHJICH K8K OTHOllleHHe 3apH.na 1 H3MepeH-

HOro ycTpOHCTBOM N2 2 K 3 apH1lY. H3MepeHHOMY ycTpOHCTBOM N£> 1. npu OI1THM8JibHOH i 

H8CTpOHKe pe:>KHMa HH?KeKUHH OH COCT8BllHJI 30%. 

~ 

AsTopw BhlpamaiOT rny6oKyiO 6n~ro.n~pHOCTh aKa)leMuKy B.M.BeKcnepy . . 

II rrpocp. B.A.neTyXOBy 3a I10lle3Hbie o6cyX{L{eHIIH II COBeTbi, a TaK:>Ke BCeM COTpy .n­

HHKaM, rrpHHIIMaBWHM y'IaCTHe B pa6oTaX ITO 3arrycKy CHHXpocpa30TpOHa. 
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