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Jia6opaTopmI 6onhlIIHHCTBa CTpaH-y-<IaCTHHU OI1HI1 rmaHHpyIOT rrpoBeae

HHe nccrreaoBaHnfi Ha ycKopHTene 70 f:rn I1<PB3 B r.CeprryxoBe c rroM0IIIbIO 

/:lBYXM8Tp0B0fi rrporraIIOB0fi IIY3blpbK0B0H KaMepb1/ 1/. B rrpouecce C03.[l8HIISI 

9T0H K8M8pbl, C uenbIO yMeHbllleHHSI 38Tp8T /:ln51 Hee 6brn HCII0nb30B8H 0/:lHH 

H3 Tpex HM8IOlllHXC51 B JIB3 OI1HI1 MarHHT0B CIT-41. 

I1crronb30BBHH8 roT0Boro MarHHTa yM8HblIIHn0 CT0HM0CTb Bcero rrpoeKTa, 

HO rrpH 9T0M C03.[lano p51.[l Heyao6CTB rrpH paspa60TKe K0HCTPYKIIHH_. 

EonhlIIOH Me)KIIQJIIOCHOfi 3830p LlnSI _pa3MeureHHSI KaMepbl H .[{Ba OTBep

CTHSI B BepxHeM rronroCHOM 6noKe An51 ¢oTorpa¢npoBaHHSI cymecTB8HHO H3M8HH

nH K8K BennqHHY HaITpSI)KeHHOCTH MarHHTH0ro rronsi, TaK Hee 0AH0P0/:lH0CTb. 

llnsi Toro, qTo6bI rronyqHTb M8KCHManbH0 B03M0)KH0e MarHIITHoe rrone, 

6binH BbIII0nHeHbl pa6oTbl ITO rroa6opy HCTQqHHKa ITHTaHH51, H3!'feHeHa CHCTeMa 

oxna)KneHH51 H yKperrneHbl o6MOTKH, C uenbIO yBennqeHII51 TOKa IIHTBHHSI Mar

HHTa c 1900 ,[{0 3600 aMrrep. 

B1,16op reHepaTopa H TOK8 llHT8HHH M8I'HHT8 

ITpeaycMOTpeHHblfi rrpoeKT0M .[{JISI CIT-41 reHepaTop He II03BOJIIIJI cy

ure'cTBeHHO yBennqIITb TOK IIHTBHHSI MarHIITa·. BbinO peIIIeHo ocyurecTBIITb 

IIIITBHIIe MarHHTa CIT-41 r OT reHepaTopa rIT-5000, IIHTBIOIIIero MarHIIT 

I1K-3-4. ITpH 9T0M pyK0BOllCTB0B8JIIICb cneayIOIIIIIMII ycnoBHSIMR: 
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1. TToCKOnbKY oxna)Knemrn o6MOTKH MarHHTa ocyI1IeCTBnSieTCSI ·cpnnbTpo

BaHHOH BO)J.O:ii, TO ee TeMrrepaTypa Ha Bb!XO,IJ.e He non:,irna rrpeBb!lllaTb +eo
0 c, 

HHaqe HaqHeTCSl OTnO)KeHne cone:ii Ha CTeHKax KaHanoB o6MOTKH. 

2. ilaBneHHe OX1l8)K)J.a10rneii BOAbl Ha BXOAe fie AOn)KHO npeBbllll8Tb 5,5 a TM, 

T.K. rrpoeKTHaSI BennqHHa naB11ElHHSI 2,5 aTM., H o6MOTKa HCilbITaHa naBneHHeM 

8 aTM. 

3. llnHaMnqecKne Harpy3KH Ha o6MOTKY rrpn BK11JOqeHHH H aBapHfiHOM 

OTK11JOqeHHH He nomKHbl IlpHBO/J.HTb K paapyllleHHIO H30nSIUHH H IIOBpe11cneHHIO 

06MOTKH. 

4. MarHHT CTT-4 lf B cpopcnpoBaHHOM pe)Kl!Me IIHTaHHSI AOn)KeH pa6oTaTb 

·/J.1IHTe1IbHOe BpeMSI - rropSIAKa COTeH qacoB 6ea rreperpeBa. 

5 • CTa6nnnaauHSI TOKa IIHTaHHSI A011)KHa 6b!Tb Bb!COKO:ii. OTKnOHeHHSI OT 

cpe.a.Hero TOKa He nomKHbl rrpeBbilllaTb :!:.. o, 1% aa BCe BpeMSI pa6oTb! Mar-

HHTa. 

TTpn rrepexone Ha cpopcnpoBaHHhiii pe)KHM rrnTaHHSI MaranTa 6bmH cnenaHbI 

aaMepbl TeMrrepaTypbl BO,IJ.bl Ha Bxone H BbIXOAe Ha Ka)KAOH rrapannenbHOii: 

BeTBH ( raneTe) o6MOTKH, TeMrrepaTypbl llIHH, aarpeB Ka6enSI, rrporn6 IlpSIMOnH

HeiIHbIX yqacTKOB o6MOTKH n T.A. B rrepnon HCilbI~aHHSI 6b!11H yBennqeHbl ce

qeHHSI IIOABOASIIIIHX TOK llIHH n Ka6enSI. 

TTocne rrpoBeneHHbIX pa6oT rrpn TOKe rrnTaHHSI 3600 aMrrep TeMrrepaTypa 

BOAbl H8 Bb!XOAe H3 o6MOTKH B TeqeHHe 30 MHH. AOCTHrana CBoero M8KCHManb
o 

HOro 3HaqeHHSI +48 CH He H3MeHSI118Cb B TeqeHHe Tpex qacoB. TTeperpeB 
0 . 0 

COCTaBH11 +40 C IlpH TeMrrepaType BOAbl Ha BXOAe +8 c. TeMrrepaTypa OllIH-

HOBKH H IIO,IJ.BO,IJ.SIIUHX Ka6eneii: /J.OCTHrana M8KC~~anbHOro 3HaqeHHSI +45°C 

· qepea 1,5 qaca pa6oTbI MarH11Ta rrpn TOKe 3600 aMrrep. 

B rrepnon HCilbIT8HHii: TOK B MarHHTe Kp8TKOBpeMeHHO IIOAHHMancSI AO 

5000 aMrrep, 0/J.HaKo, H3MepeHHSI HaIIpSI)KeHHOCTH II011Sl IIpOBO,IJ.H11HCb T011bKO 

IlpH TOKe 4000 aMrrep. 

no peaynbTaTaM nccnenoBaHHH 6b!110 pellleHO TOK· B MarHHTe He IIO/J.HH

MaTb Bb!llle 3600 aMIIep n He norryc:KaTb rreperpeBa BO,IJ.bl Bb!llle 40°C. noa-
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TOMy TIIIaTenbHOe H3MepeHHe pacrrpeneneHHH HaITpH)K9HHOCTH MarHHTHoro 

rronH obmo cnenaHo TonhKo rrpH paooqeM ToKe. 

B TaonHue J llpHaeneHbl H3MeHeHHH HarrpH)K9HHOC::TH rronH B 3aBHCH

M0CTH OT BenH'-IHHbl TOKa B O0MOTKe nnH T0'19K C MaKCHManhHOii: II MHHII

ManbHOll HarrpH)K9HH0CThlO rronH. MaKCHManbHaH HHUYKUHH B sasope 3aMe

p~Ha B reoMeTpH'-IeCKOM ueHTpe rrepece'-!eHHH oceii: CHMMeTpIIH non BepXHHM 

; nonrocol\,I'., MHHHManhHaH - Ha TOH )1{9 Eb!COTe Ha OCH CHMMeTpHH OTBepCTHll 

nnH $oTorpa$HpOB8HHH. 

H3¥epenne M8I'HHTHOI'O nonH. 

a). Bb16op M9T0UHKH' H3MepeHHii:. 

Bb16op MeT0UHKH H3MepeHHll 38BHCHT OT Tpe60BaHHH° K T0'-IH0CTH orrpe.

neneHHH HallpH)K9HHOCTH llOnH B K8)KUQH TO'!Ke paoO'Iero O0'beMa. ilnH H3-
\ . I 

MepeHHll H8MH 0bln Bb!opaH naT'IHK Xonna 2-41. OnHH naT'IHK IT03BOnHeT 

rrony'IaTh pesynhTaT·· c rrorpeIIIHOCTbIO He Xy)Ke 1% 151 , ~ c ITOMOillhlO nayx 

U8T'-IHK0B M0)KH0 yMeHbIIIHTb ll0rpeIIIHOCTb no 0,5~. BTOpbIM IIIHp0K0 llpHM9HHeMblM 

MeTOU0M HBnHeTCH MeTon 6annHCTH'-I9CKOro ranhB8HOMeTpa. 3TOT MeTon 

naeT rrorpeIIIH0CTh T8K)K9 rropHnKa 1%, HO,oonee rpOM03UOK ITO cpaBH9HHIO 

C M9TOUOM, HCllOnh3YIO:IlHM naT'-IHK Xonna. tio-. 3THM rrpH'IHHaM OH Obin OT

KnOHeH. 

MeTon HnepHoro pesoHaHca Hs-sa 6onhIIIHX HeonHoponHocTefi MarHHTHoro 

no:rrn T8K)K9 He HMeno CMbICna HCllOnh30B8Th. PasyMHOCTh Tpe6oBaHHH Ha 

T0'IHOCTh MarHHTHblX H3MepeHHH O0OCHOBbIBaeTCH cpaBHeHHeM norrycTHMbIX 

norpeIIIH0CTeil: C OIIIH6KaMH, B03HHK8IOIIIHMH no npyrHM llpH'-IHHaM. 3TH OIIIH6-

KH o6ycnoaneJibI cneny10IIIHMH npH'-IHHaMu: 

1. ilHCTopcHeil: OllTH'IeCK0H CHCT9Mbl, C llOM0illhIO KOTopoii: perHCTpHpy-

IOTCH TpeKH 3apH)K9HHbIX '-I8CTHU. 

2. 11cKa)KeHHHMH H3-38 UBH)K9HHH )KlIUKOCTH. 

3. MP.oroKp8THblM KynoHoBCKHM pacceHHHeM. 
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4. HeToqHoCTbIO B BOCCTaHOBneHHH npocTpaHCTBeHHOll•KapTHHbl H3-3a 

ourn6oK. B H3MepeHHH KOOp,llHHaT Ha nneHKe ll T.)l •• 

ITepeqncneHHbie norpeIIIHOCTll cnenyeT cpaBHllBaTb C norpeIIIHOCTSIMll, 

B03HllKaromnMn npn MBI'HHTHb!X ll3MepeHnHx: 

1. ITorpeIIIHOCTbIO na-aa ll3MeHeHllSI TeMnepaTypbl .oaTqnKa B npouece;e 

ll3MepeHHH. 

2. ITorpeIIIHOCTbIO B Bennqnne TOKa IlHTBHHSI )laTqnKa rrpn JlnHTenbHb!X 

ll3MepeHHSIX. 

3. Hen~pneH)lllKynSipHOCTbIO nnoCKOCTll KpllCTanna .oaTqnKa Xomra K 

HarroaBneHnro ::vrarHHTHbIX cnnoBbIX nnanu. 

4. ITorpeIIIHOCTbIO na-aa IIIYMOB .oaTqllKOB. 

5. ITorpeIIIHOCTbIO ll3MepnTenbHOll cxeJ\:1:bl ll T.Jl. 

11aMepeHllSI. nonSI .oenanncb B HOSI6pe 1963 ro.oa. B TO BpeMSI Mb! He 

pacnonarann cpoTorpacpHSIMll cnenoB B KaMepe,· nosTOMY He Mornn onpe.oennTb 
. I 

OIIIll6Kll ll3-3a JlHCTopcnu B OilTHKe ll )Kll)lK0CTll, a TBK)Ke OIIIll6Kll npn ll3-

' MepetmSIX KOOpJlHHaT: Mb! nx 6pann paBHb!MH OKOno 1% .. KB.)K_[lyIO. OIIIll6Ka H3-3a 

MHOI'OKpaTHOI'O pacceSIHHSI onpe.oenSinacb pacqeTHbIM rryTeM. ilrrH llMnynbCOB 

qacTHU BbIIIIe O,llHOl'O f3B' a 3Ta OIIIH6Ka 6y.oeT OKono 3%. ITocKOnbKY Mb! Hllr

.oe He Mornn o6ecneqnTb 3H8Hlle ~ennqnH C OIIIll6KOll MeHbllle 1%, TOH 1npn 

ll3MepeHllSIX MBI'HllTHOI'O non~J.oonycKann norpeIIIHOCTb TaKOI'O )Ke nopSI.OKa. 

6).fpanynpoBKa .oaTqHKa Xonna. 

B na6opaTopnn Bb!COKllX 3Heprnu 6bmO HeCK0nbKO ,llaTqllKOB Xonna, 

ll3I'OTOBneHHbIX B 3JJeKTpOTeXHllqecKOM llHCTllTyTe CnoBaUKOH aKa)leMHll 

HayK t.fCCP. HaMn ncnonbaoBancSI naTqnKS2 -07. OH rpa.oynpoBancSI JlBB)K

JlbI. ITepBblll paa B 1963 'i'OJlY no .oaTqnKy 197. ilaTqllK 197 rpa.oynpoBMICSI 

B BpaTncnaBe C IlOMOlllb!O MeTo.oa SI,llepHOI'O MaI'HllTHOI'O peaoHaHca. 

BTopaSI rpa.oynpoBKa .oaTqn_Ka S2 -07 6bma c.oenaHa Henocpe.ocTBeHHO 

MeTO)lOM SI.OepHO-MBI'HllTHOI'O pe30H8HC8 B rpynne A.,[(.KnpnnnoBa y)Ke B 

1966 ro.oy. ilmI rpa.oynpoBKH ncnonb,30BancSI MBI'HllT MC-4. MaKCllMEWlbHOe 

paCXO)K/leHne rpa.oynpoBoqHbIX 3HaqeHHll ne npeBbIIIIaeT 0,4%. 
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TTocKonhKy nepBaR rpanyHpOBKa 6b1na cnenaHa no naTqHKY, rpanyHpo

BaHHOMY ITO npyroMy naTqHKY, TO BTOPYIO rpanyHpOBKy Mb! cqHTaeM 6onee 

Hanel!<HOH. TaK qTo B KOHeqHbie peaynbT8Tbl BHeceHa C00TBeTCTByIOlll85I 

KoppeKUHR. 

B). CxeMa H3MepeHHii:. 

CxeMa naMepeHHii: TaKaR :lKe, KaK B pa6o~e151 • OHa npaKTHqecKH He 

OTnHqaeTCR OT cxeMbI, npnMeHRBllleii:cR IIpH rpanyHpOBKe naTqHKO;B, pHc. 1. 

r ). KoHCTPYKUHR H3MepHTenbHOro ycTpoii:CTBa. 

BonhUiaR HeonHoponHoCTh MarHHTHoro nonR B BepxHeii: qacTn pa6oqero 

o6'beMa KaMepbI aacTaBHna npoBonHTb H3MepeHHR Tpex COCTaBnRIOlllHX: H 

" H , H , l1aMepeHHR 6bmH cnenaHbl onHHM H TeM :>Ke naTqHKOM Xonna. 
. y z . 

HaMH 6bm 'BaRT Ky6 Ha HeMarHHTaoro MaTepHana -:- nneKcnrnaca. B 

ueHTpe Ky6a 6bm ycTaHoBneH c xopoUieii: ToqHocThIO naTqHK Xonna. llns 

KpenneHHR H q:>HKC8UHH naTqJIKa B rpaHRX Ky6a C BbICOKOH ToqHOCTbIO 6binH 

cnenaHhl OTBepcTHR, KOTOpbie IT03BOnRnH ycTaHaBnHBaTh Ky6 C naTqHKOM 

Xonna Ha naTyHHOii: nnomanKe nep:>KaTenR. 

ilnR nepeMemeHHR naTyHHOii: nnomanKH B npononhHOM, nonepeqHoM H 

BepTHKanbHOM HanpaBneHHRX 6bmo npHMeHeHO cneriHanhHoe ycTpofiCTBO 

H3 niopanIOMHHHeBblX HanpaBnRIOlllHX. Beg CHCTeMa H3 HanpaBnRIOIUHX BCTaB

nRnacb B Me)l(IlOnJOCHOH 3830p MarHHTa C yqeTOM oceii: CHMMeTpHH, ToqHOCTb 

ycTaHOBKH HanpaBnRIO!UHX ITO X H y OTHOCHTenbHO reoMeTpHqecKofi OCH 

CHMMeTpHH 6bma IIOpRnKa 1 MM. CHcTeMa HanpaBnRIOlllHX :>K8CTKO Kpennnacb 

B 3a3ope MarHHTa. Ha npononbHbIX HanpaBnRIOlllHX II penbcax C OTCqeTHbIM 

npncnoco6neHHeM HMenHcb canaaKH nnR nepeM3llleHHR no ocH Y, Ha canaaKax 

T8K:>Ke 6bmH HanpaBnRIOIUHe nnR nepeMemeHJIR ITO OCH X ycTpOHCTB8 C nep

)K8TeneM naTqHKa. 3ToT nep:>KaTenh nepeMemancR BepTHKallbHO no ocH Bnonh 

uHnnHnpnqecKoro llITOKa. Ha Bcex Tpex HanpaBneHHRX HMenHCh 0TcqeTHb1e 

ycTpoii:cTBa, noaBonRIOIUHe onpenenHTh nono:>KeHHe caMoro naTqHKa. 

ToqHOCTb ycTaHOBKH naTqHKa B aanaHHyIO reoMeTpHqeCKyIO TOqKy C 

KOopnnHaTa;-.m X, Y , Z rrpoBepRnacb MeTonoM MHOI'OKp8THbIX ycTaHOBOK naT-
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qnKa rrocne rrepeMemeHnSI ero rro BceM HarrpaBneHHSIM, BoccTaHaBnnBaeMocTb 

nono)KeHHSI naTqnKa KOHTponnpoBanacb OTBeCOM c OCTpb!M KOHUOM, OTBec 

6bm yKpenneH rron nnomanKo:ii: nep)KaTenSI naTqnKa Xonna. OcTpne oTBeca 

npn B03BpameHnn B nepBoHaqanhHyro ToqKy Haxonnnocb Bcerna B Kpyre 

nnaMeTpOM 5 MM, OTc101la MbI nenaeM Bhrnon, qTo pas6poc rro X , y He rrpe

Bb1111aeT 3 MM, Tio OCH z ycTaHOBKa 6bma nyq111e 1 MM, HO, nenasi: non

paBKY Ha B03M))KHbI:ii: rrporn6" HarrpaBnSironmx ll rrepeKOC B ITOABll)KHblX CllCTe-

Max. HeTOqHoCTb VCTaHOBKll naTqllKa ITO Z 

n). O6cy)KJteHne rrorpe111HocTeft, 

oueHHBaeTCSI B 1 MM, 

BeTKO IO. n np/5./ paccMoTpenn BnHSIHHe pasnnqHoro pona acpcpeKTOB 

Ha ToqHOCTb ll3MepeHHSI MarHHTHO:ii: llHAYKUllll, Ms llX aHannaa cnenyeT, qTO 

ecnn 6b1 rrpn nsMepeHnSix 6bmn co6n10neHb1 Bee ycnoBnSI ( TeMnepaTypa naT

qnKa, IlOCTOSIHCTBO TOKa ero IlllTaHHSI,•IleprreHnllKynSipHOCTb · naTqlfKa K HanpaB

neHnro CllJIOBb!X JlllHllll nonSI, KJiacc ToqHOCTll ll3MepnTeJibHbIX rrpll6opoB If T .n.)' 

TO TOqHOCTb ll3MepeHllll ITOJISI 6bma 6b! TaKOll )Ke, KaK ll ToqHoCTb rpanynpoB

Kll, B HalileM cnyqae HeB03MO)KH0 6blJIO ycTaHOBllTb naTqllK neprreHnnKynSipHO 

K MarHllTHb!M CllnOBb!M JlllHllSIM ITOJISI, T,K, MarHllTHbJe CllJIOBbJe JlllHllll llMeIOT 

llCKpllBJieHHSI ll3-3a OTBepcTn:ii: B BepxHeM IlOJIIDCH0M 6noKe, OTBepCTllSI B 

BepxHeM ,nonroCHOM 6noKe ll acpcpeKTbl Ha KpaSIX npn 60JiblllOM 3a30pe Me)K/lY 

nonrocaMn nenaroT MarHHTHOe non!'l HeonaoponHbIM, Tio aTo:ii: npnqnHe B03HH

KaeT nononHHTeJibHblll llCToqmtK norpelllHOCTeft. 

CTa6nnnsaunSI TOKa B MarHHTe 11yq111e 0,01%, HO ycTaHOBKa T0Ka OT 

0/lHoro BKJiroqeHHSI K npyroMy TaK)Ke BHOCHT Oll!ll6Ky, 06ycn0BneHHyro Olllll6-

KOll KOHTPOJibHOro rrpn6opa. 8Ta oum6Ka B HallleM cnyqae 6bma. rrpn6JI!f3llTenbHO 

0,3%. 
ITorpell!HOCTb B ll3MepeH!fSIX Ka)K/l0ll ll3 COCTaBnSIIOlilllX ITOJISI MO)KHO cq!f

TaTb 6Jill3KOll K rpanynpoBoqHoft, T,K. TOK ITHTaHHSI naTqlfKa ll Knacc ll3Mepn

TeJibHb!X np1I6opoB 6bIJill TaKHMU )Ke, KaK ll npn rpanynpoBKe. CymecTBeH

Hhl:ii: BKnan B norpelllH0CTb naeT norpelilHOCTb ycTaH0BKll naTqnKa (no 

X , y = :!:. 3 MM ll 110 z = :!:. 1 MM)' T,K, npn onpeneneHlllI llMilyJibC0B 
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/6/ 
3apsrn<:eHHb!X '18CTH!l B nporpaMMY 3anaIOTCSI ff I H H MarHHTHoro rrorrSI. 

X y z 
OrrpeaeneHHe 3THX rrorpeIIIHOCTeft MO)KHO cnenaTb H3 ITOBTOpHb!X H3MepeHHH H 

ll3 xoaa 3KBHITOT0HUHaneft. IToBTOpHbIS II3MepeHHSI B HSKOTOpb!X TO'!Kax, a 

TaK)Ke pacrrpe.!leneHHH aKBHITOTSHUHaneft H rieT pa36poca B Koopi::mHaTax aaroT 

OIIIH6Ky B orrpeaeneHHH HarrpH)KSHHOCTII IT01IH B TO'IK_e nopHllK8 1 %. 

Tonorp8~HH M8I'HHTHOI'O nonH B pB6oqeM o6'beMe 

K8Mepbl 

Koopll1IH8THaSI CHCT0M8 - rrpHMoyronbHaSI. UeHTp KOOpllHH8THOH CHCT0Mbl 

COBrraaaeT C USHTpOM reoMeTplI'ISCKOH rrnocKOCTII HIImHeft 'I8CTII BepxHero 

rronrocHoro 6noKa. OT'C'leT z - KOOpllHH8Tb! - BHH3 OT rriIOCKOCTII CTSKOn. Pac

IT0110)K0HH0 KOOpllHHaTHb!X oceft ITOK838HO Ha p!Ic. 2. 113 pHcyHK8 BHllHO, 'ITO 

X H Y HM0IOT KaK IT0110)KHT01IbHbI0, TaK H. OTpHU8T011bHb10 3H8'10HHH, KOOpllHHa

Tbl Z - T01IbKO Il0110)KIIT01IbHbI00 

113 rrepBbIX II3MepeHIIii:' 6bmo ycTaHoBneHo, 'ITO none HMeeT xopomyro 

CHMM0Tp1IIO., , IToaTOMY Tl!l8TenbHbl0 IICCnenoB8HIIH. rrpoBO)llI1IIICb TonbKO nnsi 

onHoft qeTBepTII r pa6oqero o6'beMa. 

l13MepeHHbl0 3H8'I0HHSI H , ff , H )l8IOTCSI B Ta6n1I11e II • 
X y z 

B 38K1IIO'l0HH0 8BT0pb! 6naronapSIT 11.B. 4yBnno 38 IIHTepec K pa6oTe, 

A.n. KnpnnnoBa 38 ITOMOl!lb rrpn rpany1IpOBK0 naT'IHKOB, COTPYllHHKOB 3neKT

pOT0XHII'I0CKOro oTnena II OTnena 3neKTpo¢1I3H'I0CKOH arrrrapaTypb! 38 no-
. . 

MOl!lb rrpn nccnenoBaHHII II II3M0H0HIISI, BH0C0HHb!0 B MarHHT C uenbIO IlOBbl-

IIISH'.lrn ero MOl!lHOCTH; rpyrrrry TSXHHKOB llBYXMSTpOBOfi rrporraHOBOH rryab~pbKO

BOH K8M0pbl, rrpHHIIM8BIIIYIO yqaCTHS B H3Mep0HHSIX; a T8K)K0 COTpynHHKOB 

3neKTpOT0XHII'I0CKOro IIHCTIITyTa EpaTIICnaBbl 38 rrpenocTaBneHIIe )l8T'IHKOB 

Xonna H KOHcynbT8111III. 
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PykonHcb nocTynuna B uaaaTenbcKHi1 oTaen 

21 ¢espanH 1968 roaa • 
• 

Ta6nHua r. 

ToK,w.mepu HJ.lax. TI.le .ray cc n· -H min ( max 

H max 

2000 IJ,5 JO% 

2500 14,6 26,0% 

JOOO 15,7 25,2% 
•3600 - 17,0 25% 

4000 17,7 24,8% 
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Ta6nHua II 

ITnocKoCTb z = 10 CM 

I Y,CM H ,kG I H ,kG: H •' kG X i y 

=0 0.0000 \ 0~0000 16.996 

=10 0.0357 ii l .3564 :, 15.613 
I· 

=20 0.0263 
I ' d . 1.2295 14.450 I 

:30 0.0141 o. 7059 i 13. 787 
)l 

0.2952 i 13.405 u :40 0.0009 l! 0 I 
II 

>< =50 0.0000 0.0000 13.117 

=60 0.0000 : 0.2482 12.918 

=70 -0.0094 '0.5894 . 12. 790 
I 

=80 -0.0141 '1.2737 12.724 

=90 -0.0282 2.1658 : l2.8J7 

:100 -0.1222 3.2637 .13.890 

=0 0.5828 0.0000 17.025 

::10 0.6298 I.272b 15.604 

=20 0.8084 l.0340 l4.4lJ 

=30 0.9870 o.5828 ; 13.815 
:E I u 

=40 I.0904 0.2040 'IJ.452 
~ 
II ::50 1 0 1280 0.0000 IJ.220 

>< 

::60 1.1289 0.2153 lJ.031 

:70 1.0472 0.6683 12.894 

=80 0.9052 l .2013 12.799 

=90 0.6909 l.9843 12.856 

=100 0.4606 3.1499 IJ.8I5 

11 

:E 
.u 
0 

"' 
II 

>< 

' 

:E 
u 

I! 0 
c<) 

II 
>< 

Y, CM H x' kG H y,kG· I H.,kG 

=0 I.59b0 0.0000 : 16.646 

:lO, I .8311 0.9569 

=20: 2.2146: o."6994 

=30 2.5l83; 0.3704 

= 40, 2.699'✓ ! 0.0978 

=50' 2.7739: 0.0000 
I 

=60 2.7354 \ 0.0705 

:70 
. I 

2.5850 i 0.4174 

=80 2.3105 O.b723 

:90 I.8791 l. 5717 

:100 · I.2925 2.6160 

:0 2.9253 I 0.0000 

=lO 3.5147 0.4409 

:20 4.1134 0.3158 

=30 i 4.4622 0.1730 

=4o I 4.6427 0.0000 
I . 

=50 4.7310 0.0000 

=60 4.6652 0.0000 

:70 4.4782 0.0949 

:80 4.1426 0.3544 

=90 J.5607 o.8178 

=100 2. 7081 I.7324 

15.632 

14.64 8 

l4.l8J 

13.890 

IJ.67 8 

80 . IJ.4 

. IJ.301 

lJ.135 

13.060 

13.824 

16.498 

16.254 

'15.670 

15.442 

15.2!:'4 

15.122 

14.915 

14. 742 

14.516 

14.230 

14.887 



nnoCKOCTb Z = 15 CM' 

f71 nnoCKOCTb Z= 20 CM 

--r 
I I -

y, CM /H ,kG a. ,k_G L i Y, CM H ,1kG ; Hy ,ltG I H .,ltG 
!I • I H y,ltG JH rltG_ H ,ltG H ,kG i! 

Y,cM Hx,kG H ,kG H ,kG X • 
I Y,cM y z i; y z - . -- . 

l6.58J I 
·---- : I ---.- ; 

= 0 0.0000 =0 i l. 6948 i o·. 0000 16. 442 = 0 0.0000 16.479 = 0 I.5792 0.000 16.677 

15.971 I ' : 

=10 0.6007 =IO: I.7982 i O.J54 15.942 :IO 0.16J 16.196 =IO : 1.6412 0.000 16.461 
i 

=20 i 1.8048 =20 o.6994 15.122 ; =20 i 2.0445 ! O.J98 15.282 =20 ! O.J27 15.642 0.086 : I6.Il2 
=JO: 2.2645: 0.209 

l 

=JO 0.44lb 14.591 1 14.858 =~o 0".169 15.263 ' =30 1.9627 0.000 15. 754 
::l 

; 
::l 

=40 0.0818 14 2.'.39 · 0 .. 40 2.4017; 0.000 14.56.'.3 i 0.000 · 14.952 
u 

=40: 2.0680 0.000 15.519 ::; . ~ ::l =40 ~ u 
u I 

0 =50 0.0000 13.985 .. 50 2.4572' 0.000 14.334 0 =50 0.000 14. 752 =50 . 2.110.'.3 O.l.'.36 i 15.34b II I II 
>< II >< >< =60 0.0620 lJ.796 i =60 2.4224; ().319 14.18.'.3 >< :60 O.J,21 14.554 :60 , 2.0718 0.420 15.150 i 

=70 o.5950 l.'.3.669 I =70 2.2795 0.646 14.079 :70 0.739 14.418 :70 1.9505 0.744 !14.990 
=80 . I.2878 13.575 =80 

; 

2.0370 I.0744 i 1.'.3.909 .. BO I • .'.3545 14 • .'.324 =80 .l.7.'.324 1.1581 14.827 
=90 I.9759 IJ.669 , =90 i I.5002 .IJ>l68 'lJ.862 :90 1 .9486 , 14.3IB .. 90 : 1.4241 l. 5924, 14. 72.'.3 
.. 100 2.4515 14.296 i =IOQ 1,.I.'.318 2.04.'.3 14.305 =100 

H 
2.2645 14.526 =100 0.9861 1.8J3 14.808 

---------·--·--- ·-·--·-----···-··-----· ... ~----

= o. 0.6655 0.0000 : 16.395 :, .. o 2.7946, o.mooo 16.695 = 0 0.6148 0.000 
: 

. 16.517 i : = 0 i 2.5201' 0.000 17.iOO 

: 15.BII ' =IO i 2.9995 · 0 0 0000 16.498 I ' =10 j 2.6329 0.000 17.006 =10 0.6909 0.5020 .. ro 0.6J8.'.3 0.082 16.253 I 
i . i ' 

=20 0.8169 0.574.'.3 15.018 • =20, 3.3238; 0.0038. 16.140 =20 0.7257 0.229 15. 726 I \ = 20'2.8.'.360; 0.000 16.762 
I 

15.J29 11 

I . I 
l6.57J =JO '0.9400 0.4J99 14.516 ' ::a .. JO, J.5711' 0.0000 15.895 =JO o.8178 0.067 =JO ,J.0080, 0.000 

u ::l 

.3.127410.000 
::; 

0.0000 15. 717 
u =40 16.J76 u ! =40 1.0208 0.0658 , 14.192 : g =40. 3.708J ::l =40 0.8827 0.000 15.056 u 0 0 ! 
"' - 1.0669 0.0000 1.3.966 

II 
=50. 3.7544 0.0000 15.546 0 

II =50 .'.3.1515 O.Il6 16.234 =50 - =50 0.9127 0.109 14.858 >< >< >< II 

J.0851 16.055 =60 1.0676 : 0.2876 lJ.777 :60 ' 3. 7027 0.280 15.385 >< =60 0.8977 0.389 14. 705 =60 o.335 

=70 1.oou o.7746 13.650 =70 I 3.4949 0.428 15.206 .. 70 0.8404 0.845 14.507 =70 2.8642 0.518 15.839 

=80 o.aY02 1.2784 1J.5J7 =80 J.1443 0.7Il 15.018 =80 0.7398 1.327 14.394 =80 2.4863 0.838 .15.62J 

: I .8997 
I 

1.0876 14.836 =90 2.0586 1.169 !15.423 =90 o. 7266 IJ.594 , =90 2.6517 =90 o.5828 I.865 14.365 
' 

100 I.4777 l .261 115.263 :100 0.4888 ! 2.4346 14.145 .. 100 I.9242 1.J621 15.028 :100 U.3995 2.1862J. 14.544 

12 I J:l 



TTnoCKOCTb Z = 30 CM 
Lt - .. -

TTnOCKOCTb Z = 25 CM 

I - --- --- ------ - ·--- . ------T·- --- ··--r·--···---·-
, Y ,CM H ,kG ! H , kG I H , kG , I y H ,kG H ,kG H ,kG ~ X ! y z I ,CM X y ' z 

Y,CM, H ,kG Hy.,kG. H ,kG • YcM H x,kG H ,kG: a " KH ,kG . - • $,.. y - . 
' 0' i 0.000: 16.6Il!; I = 0 l.4062 ! = : i 

! 
0.000 16.828 = 0 0.000 16.837 .. 0 l.2J2J 0.000 I7.I9J 

=10 · 0.041 l6.JJ9j =10 I.4626 0.000 l6.7JJ 
i 

=IO 0.000 16.780 .10 1.2728 0.000 17 .II8 
, 16.479 =20' 0.185 • 16.lJO' :20 · l.5763 0.000 

=JO 0.000 15.858 =JO. I.6920 0.000 • 16.273 
=40: 0.000 l-5.651 ::; =40. 1.7663 0.000 i6.08J 

C) '. 

I. 7728 0.2Jl =50 0.000 15.470. 0 =50 15.914 
C\I 

=60 0.210 15.JIO II :60 ; I. 725Bi 0.529 15. 75'-f >< : ! 

=70 0.785 15.188 =70 l.5924! 0.854 15.576 
=80 l.J6J 15.065 =80: I.3884 l.264 15.404 
=90 • 178839 14.962 :90: 1.1045, 1.683 15.178 
=100! 2.1639 14. 789 i :100 o. 7501 1.8894 14.971 

., --··-·""'- ·-- -••··------ ·----- .... -----·-· 

i =20 0.000 16.630 r -20 1 • .3592 ·o.ooo 17.025 

::; . :JO I 0.000 16.470 !1 =JO I.4542 0.000 16.912 
C) ii ::; 

0 l =40 0.000 16.329 I 0 =40 1.5125 O.OJO 16.789 
n i i! ~ 
>< : ::50 o.oo~ , 16.,168 Ii ! :50 1.5200 O.JOO 16.620 

=60 a.JOI t 16.046 II :60 l .47II 0.595 16.451 

- :70 ! 
' j! 

1.0020 i 15.914 !1 · =70 I.J6J9 0.9J9 16.290 

: l 505 ! 15 745 II 
I 

::80 • =80 I I.1844 I • .'.358 16.065 
• : • 1! 

:90; \ 2.027 : 15.548 ii =90 o.9485 1.8076 l5.78J 

=rooi 
: 1: 

::IOO 0.6749 2.061 I5.J_29 , 2 .J65 : 15.225 i\ 
i I 

; Ii ' I I 

= O '0.5452 j 0.0000, 16.695, : = 0 2.2081 ! 0.000 17.381 
=IO :0.5762 0.0000 16.554 ! =IO 2.2645 0.000 17.325 
=20 0.6486 0.0489 16.281 : . =20 2.4055 · 0.000 17 .212 
=JO '0.7097 0.0000 15.999 =JO 2.4384' 0.000 17.053 

::. ::; 
=40 ,0.7802 0.0000 15.78J C) =40 2.6160 0.127 16.865 :.> 

0 :, 

o.2J22 15_595; "' 2.6320: 0.268 
~ :50 0.7708 II ''. =50 16. 761 

0.5048: 15.451 :1 

>< ' 

2.5643 i 0.460 
,< 1 =60 0.7529 '=60 16.489 

'I 
=70 0.6862 0.9673 15~282 ii l.70 2.3650; 0.671 16.329 

I 

2.02481 I.OOH =bO 0.5800 1.4222 15.159 ,i =80 16.065 

15.026 I I 
:90 0.4268 I.9062 :90 l.6582 I 1.344 15. 717 
=100 0.2406 2.195 14.915 100 I.1919 I .435 l5.Jl9 

l : • ii 
i 

0.000 : 16.921 l\ i = 0 0.4709 = 0 1.9007 0.000 17 .494 
1 

=10 0.5001 0.000 ! 16.884 II :IO I.94II 0.000 17.409 
: 

:20 0.5480 0.000 'I6.7JJ I =20 2.047.'.3 0.000 17 • .'.344 

::JO 0.5969 0.000 : I6.6II I =.'.30 2.1526 0.000 17.259 
I '. 1! 

::; =40 10.6298 0.000 , ;l6.45I ·11 ! =40 2.22.'.31 0.15.'.3 17 .I.'.37 
C) 

;:? , =50 0.6J7J 0.357 16.J0I \ • :50 2.2372 0.337 17.006 
II 

II 

>< . =60 0.6082 0.606 16.159 >< :60 2.1827 0.5.'.3.'.3 16.8.'.37 

i =70 0.5527 I.OJl2 .16.008 =70 2.0304 0.797 16.677 

: =80 0.46r'5 l.5031 IS.fill ! =80 I.7785 I.153 I6.J85 

=90 O.J3J7 I .9966 15.510 =90 I.47'.39 , l. 520 15.9~9 

=·100 u.1777 2.'.3180 15.244 =100 1.09.32 I. 725 15.432 

14 . 15 
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ITnocKOCTh z = 35 CM 

::, 
0 

0 

>< 

I I . I 
· y • cM . J.H , kG • ! H ,kG - . I H ,kG r ;11 ....._ •.,;. X .- r• Y , Z • /; 

= 0 

=LO 

=20 

=30 

=40 

=50 

=60 

0.000 16.921 

0.000 I6.89J 

0.000 I6.9I2 

0.000 16.884 

0.000 

0.000 

0.654 

=70 I.053 

16.799 

16.677 

16.564 

I6.46I 

I6.J76 

I6.I40 

I5.5J8 

=80 I.581 

=90 2.178 

=100 2.634 

=0 0.403J 0.000 

=10 0.4305 0.000 

=20 0.4691 - 0.000 

::. :JO 0.5II4 0.000 

17.!09 

17 .109 

17.128 -

17 .IOO 

16.9_78 

16.856 

0 

8 :40 0.5358 0.000 

>< =50 0,5396 0.227 

=60 0.5085 0.592 16.743 

=70 ·0.4512 1.0509 16.583 

:80 0.3694 l.547 16.470 

=90 ·o~246J 2.1J7 16.177 

=100;o.1J91 i 2.606 15.566 

I I 
! '!, CM l. H ,kG 

X 
H ,kG ,. 

= 0 I.0904 0.000 

:IO I.I26I 0.000 

:20 l.2070 0.000 

=JO I.2953 0.000 

u· ,kG; 
!. • ;.. 

17.344 

I7.J5J 

I7.J6J 

17.344 

::. =40 I.3508 ! 0.022 I 17.250 
0 

~-
II 

>< 

=50 I.J62I 0.3IO I7.I65 

:60 0.3254 0.605 I7.0I5 

=70 I.2446 · 0.9785 16.856 

:80 I.1158: 1.444 16.658 

=90 0.9276 1 I.9796 I6.JOO 

=I00 0.6823 2.392 15.632 

= 0 1.6976 0,000 

:10 l. 7371 o.OOO 

,..20 I.8368 • 0.000 

17. 700 

17. 700 

17. 71!:J 

::. . :30 l .9402 : o.OOO 
0 - . ' 

17.653 -
0 
C') 

II 
>< 

16 

=40 2.00J O.l4J 

=50 2.0107 0.347 

, =60 'l .9580 0.570 

I =70 , l.8405 0.874 

i =80 , l.6441 l .293 I -l :90 _ I .3827 l. 754 

1=100il.09lJ i2.122 

17.569 

17.419 

17 .269 

17.062 

16.790 

16.376 

15.623 

ITnocKoCTh Z = 40 CM , 

- I Y,CM .H .kG H ,kC, H
8

,lcG· Y,CM H x'lcG f H ,kG H ,kc X ,. - - . ,. . -
= 0 , 0.000 17.165 = 0 0.9325 0.000 17 .503 
.. 10 0.000 17 .231 =10 0.9701 0.000 I7 .559 

, =20 I 0.000 17.372 =20 1.0594 0.000 17. 709 
' 
'. =30 
i 

0,000 17 .475 =JO 1.1553 0.000 17. 756 
. i ::, 
~ ! =40 0.000 17 .400 0 =40 1.2051 0.053 17. 709 

I 

I7 .297 I 0 

~ i =50 0.000 CN 

=50 I I .2051 0 • .318 17 .6I6 II 

>< 
!7,2221 

>< 
=60 I l .1722 0.606 17.512 =60 0.304 .I 

: =70 0.9776 17.128 ·I :70 i I.0998 0.9879 17.381 
I . f, 
I =M T i;ltO rr1 (V)i:; Ii =80 i 0.9917 1.495 17 .194 

'f 
=90 L 0.8200 2.1827 16.837 

t 
2.9958 

,, 

= 0 ' 0.2970 : 0.000 

0.3243 - '. 0.000 

16.008 t 

1

, =109 0.?458 i 2.8689 ' I6.0l8 

--c-,---~------..-I-7 ___ 22-2----itlll _____ - = 0 1.5134 0.000 : 17.784 

' I 
:IO , 

=20 0.3610 ; 0.000 

=JO 0.3957 ; 0.000 
::, 

: 0.4155 0 =40 0.000 
8 
B =50 '0.4127 . 0.236 

>< i 

:60. i 0.4070 : 0.577 
l 

:70 
I 
: 0.3751 1.0845 I . 

:80 I o.J15a l .6155 

:9b' I 0.2378 2.3058 

:IOO j 0.1288 J.044 

I7.J06 

1_7 ~466 
,,. 

17 .569 

17 .503 

17 .JBI 

17.278 

17.194 

17.072 

16. 770 

16.018 

17 

:IO I.5651 0.000 17.849 

=20 
I 

2 I =JO 
o i 

g J =40 
·11 ! -

>< ! :50 
I 
I =60 

=70 

=80 

:90 

=100 

I.6892 

1.8180 

l.8875 

I.9007 

I.8612 

1.7672 

l.6243 

1,4185 

I .II77 

0.000 

0.000 

0.156 

0~362 

0.623 

0.9635 

1-.445 

2.024 

2.631 

__ 17.934 

-17.934 

_ 17.859 

-17. 756 

17.634 

17.456 

17~194 

16,780 

15.924 
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