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BBE,llEHHE 

Ha 18 KaHane ceprryxoBcKoro ycxopHTenH ycrrernHo 

CflYHKUH0HHpyeT crreKTp0M8Tp fl1TTEPOH
11 ! C era IT0M0IUbIO 61,rn 

BhlIT0nHeH pH,ll 3KcrrepHM8HTaRbHhlX HCCRe,ll0BaHHA , TaKHX, KaK: 

Hccne,lloBaHHe rHrrep3apH.1lOB006MeHHhlX rrpoueccoa
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0,llHHM H3 BaJKHhlX 3R8M8HT0B ycTaH0BKH HBRH8TCH 

3R8KTp0MarHHT Mc-12
181

,c IT0M0IUbIO K0T0poro orrpe,llenHIOTCH 

HMITYJibChl BT0pHqHhlX 3apHJKeHHhlX qacTHU. B 3KCilepHM8HTax 12 -
5

/ 

3R8KTpoMarHHT MC-12 HMen 50 CM 3a3op M8JK.1lY 

rron10caMH. XapaKTepHCTHKH MarHHTH0ro rronH TaKoA M0,llH(pHKaUHH 

MarHHTa orry6nHKOBaHhl B / 9 /_ 

B HaCT0HIUeA pa6oTe rrpHB8,ll8Hhl pe3ynhTaThl H3MepeHHH 

MarirnTHoro rronH M0,llH(pHUHp0BaHHoro 3 neKTp0MarHHTa MC-12, B 

K0T0p0M paCCT0HHHe M8lK.1lY rron10caMH 6h!no yaenHqeH0 ,ll0 90 

CM. TaKaH M0,llH(pHKaUHH MarHHTa ITOTpe6oaanacb ,llRH yaenHqeHHH 
+ 

aKcerrTaHca ycTaH0BKH rrpH perHCTpaUHH pacrra,ll0B K •M830H0B~ 

3REKTPOMAfHHT MC-12 

Ha pHC. 1 

M0,llH(pHUHP0BaHH0ro 

CX8MaTHqecKH 

3R8KTp0MarHHTa 

H3o6paJK8Hhl 

MC-12. 

pa3p83H 

M0,llH(pHKaUHH 

3aKn10qanHCb B cne,llyIOIUeM: C IT0M0IUbIO JK8Jl83Hh!X BCTaB0K 6 M8JK.1lY 

CT0AKaMH 7 H 6anKaMH 8 H 9 yaenHqeH 3a3op M8JK.1lY BepxHeA 1 

H HHJKHeA 2 KaTyrnKaMH CHaqana c 20 ,ll0 50 CM,a IT0T0M ,ll0 90 

CM,)lo6aBneHhl BepxHHA rron10c 3 H BKna,llhllli 4 K HHJKHeMy rron10cy 

5,crrepe,llH H C3a,llH 3R8KTp0MarHHT o6opy,lloBaH MarHHTHhlMH 

3KpaHaMH 10. 3TH M0,llH(pHKaUHH 6h!n~ · rrpoBe,lleHhl ,llRH Toro, 

qTo6u rronyqHTb ,ll0CTaToqHyIO ,llRH Bhlil0RH8HHH 
/2-7/ 

3KcrrepHM8HTaJibH0A nporpaMMhl 0TKR0HHIOIUYIO CHny MarHHTa 

Obl.tiht:';'ttliun KKC'i'RfYi ·{ 
fll~Jt:iW HCC.itilOB!llW 'l 

SWSnHOTEKA ~ ----- ~ -



' npH TOKe 6300 AH MeHee (HOMHHanbHhlH TOK IlHTaHHH MarHHTa 

MC-12 COCTaBnHeT 12 KA), 

MarHHTa,pacnonol!CHTh 

6nHl!Ce K MarHHTy. 

,neTeKTHpy10my10 

10 

yaenH'!HTb 

annapaTypy 

anepTypy 

B03MOl!CHO 
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PHC.1.CxeMaTH'!eCKOe H306pal!CeHHe pa3pe30B 

MO,nH¢HUHPOBaHHOro 3neKTpOMarHHTa MC-12 .. 

M3MEPMTERhHAH AililAPATYPA 

H3MepHTenbHaH annapaTypa COCTOHna H3 cne,nyIOlllHX 

KOMilOHeHTOB: ,D;aTqlfKa Xonna ,- CliCTeMhl nepeMe111eHli.H ,naTqHKa 

Xonna,CHCTeMH c6opa ,naHHhlX. HaMH HCTIOnh~OBancH .naT'!HK 

Xonna H CHCTeMa ero nepeMemeHHH ,npHMeHHBlliHecH paHee ,nnH 

H3MepeHHH nonH MarHHTa 6-MeTpoaoro cneKTpoMe;pa HT3~/lO/_ 

naTqHK Xonna 

YcTpOHCTBO TpeXKOMilOHeHTHoro ,naT'!HKa Xonna IlOKa3aHO aa 

KpHcTann@ 1 , H3MepH!OlllH~ .· OT,nenbHhle pHC.2.XonnoBCKHe 

KOMilOHeHThl BeKTOpa 

Me.nHHM nonyc¢epaM 

HH,nyKUHH MarHHTHOro nonH,IlpHKneeHH K 

Kopnyca 2. B HHl!CHeA qacTH Kopnyca 

pacnonol!CeH rra3 3 nnH HarpeaaTenhHOA. o6MOTKH TepMOCTaTa H 

TepMOCOITpOTHBneHHA. Me.nHHH KOprryc rroMemeH B KOl!CYX 4 H3 

TeKCTOnHTa,cnyl!CalllHA ,nnH TerrnoH30nHUHH.H _KperrneHHH .naTqHKa 

K KapeTKe. CTa6HnH3HpoaaHHaH ~eMrrepaTypa ,naTqHKa 

;40±0,1°c. CTa6HnH3HpOBaHHhlA TOK ITHTaHHH rrpoTeKan 

nocne.noaaTenhHO qepe3 ace KpHCTannH. KanH6poaKa ,naTqHKa 

Xonna 6Hna ocymecTBneHa c TIOMOlllb!O HMP-MarHHTOMe~pa. 
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PHC.2.YCTpOHCTBO .naT'!HKa Xonna. 

CHcTeMa rrepeMemeHHH ,naTqHKa Xonna 

CHCTeMa rrepeMemeHHH ,naTqHKa Xonna ( pHc. 3) Mel!C,ny 
rron10caMH MarHHTa 3 COCTOHna H3 KapeTKH 1, THHymeA 

6pOH30BOA neHThl 2,3neKTpo.nBHraTenH 4. 
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PHc. 3. CHcTeMa nepeMeme1-m,: KapeTK>1 11 ManrnTe. 
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YcHnHe OT 3neKTponBHraTenR C noMomhID 

nepenaaanoc& KapeTKe, Ha KoTopoH 

Xonna. KapeTKa naHranac& Ha Konecax 

MarHHTa no pen&caM 4. 
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TRHymeH neHThl 

pa3Memanc.11 naTqHK 

5 ( pHc. 4) anon& 
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PHc.4.CHcTeMa nepeMemeHH.H naTqHKa Xonna Ha KapeTKe. 

T.11Hyma.11 neHTa cny~Hna onHoapeMeHHO nn.11 onpeneneHH.H z. 
KOopnHHaThl. nn.11 3Toro Ha neHTe C waroM 20 MM HMenHCh 

OTBepCTH.II, KOnHpyIDmHe nono~emrn KapeTKH, Kon z KoopnHHaThl 

cqHTh!Banc.11 c noMom&ID naTqHKa 5 (pHc.3),npencTaan.11IDmero H3 

ce6.11 6noK H3 9 caeTonHonoa. 
naTqHK Xonna 1 ( pHC. 4) .. KpenHnC.H K nepenBH~HOH 

aepTHKanhHOH nnaHKe 2 KapeTKH 6. nn.11 ~HKCHpoBaHH.II naTqHKa 

Ha KapeTKe B onpeneneHHOM nono~eHHH Ha aepTHKan&HoH nnaHKe 

H ropH30HTanhHOH Hanpaan.11IDmeH 3 HMenach CHCTeMa 

OTBepCTHH,HaHeceHHa.H c rnaroM 20 MM, 
npHB.II3Ka naTtJHKa K CHCTeMe KOopnHHaT MarHHTa 61,1na 

npOH3BeneHa C T04HOCThlO ±1 MM. 
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1 

CHCTeMa c6opa naHHhIX 
CTpyKTypHa.H cxeMa cHcTeMhl c6opa naHHhlX npirneneHa Ha 

pHC. 5. B COCTaB annapaTyphl axonHn nepcoHanhHblH KOMIIhIOTep 

nK "npaaeu-16", ocymecTBn.lIBlliHH npHeM, KOHTponh H 3anHCh Ha 

rH6KHe nHCKH HH~OpMaUHH O MarHHTHOM none (3nc xonna C Tpex. 

KpHcTannoa nxx,nxy,nx
2 

H x~~Z-KoopnHHaTbl naTqHKa xonna). 

nK 

K 

PHC.5.CTpyKTypHa.H cxeMa CHCTeMhl c6opa naHHhlX. 

3BC Xonna H3Mep.HnHCh UH~pOBbIMH .BOnhTMeTpaMH UB1-UB3. C 

noMomhID UB4 H3Mep.11nc.11 TOK nHTaHHR naTqHKa OT 6noKa nHTaHH.fI 

En. UH~pOBble BOnhTMeTpbl qepe3 HHTep~eHC HUB 6blnH CBR~aHhl C 

nepcoHanhHhlM KOMnhIOTepoM. KpoMe Toro, C noMOll!hlO nK qepe3 
6noK yIIpaaneHHR BY IIpOH3B OnHnHCh BKnIOqeHHe' Bh!KnIOqeHHe H 

H3MeHeHHe HanpaaneHH.H apameHH.H 3neKponaHraTen.11 3n. B 6noK 
ynpaaneHHR OT naTqHKa KOopnHHaThl nKZ IIOCTyIIana HH~OpMaUHR 

o KoopnHHaTe z naTqHKa. 
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' H3MepeHH.H 3.llC XOJIJia HCnOJib30BaJIHCb C8MH3HalJ:Hble .llJHI 

umppoa1,1e 

H3Mepeirna 

BOJibTMeTpb! 

±0,0057.. 

SOLAR TRON 7055 C 

HM8IOT 

norpeWHOCTblO 

BCTpoeHHb!H 

KaJIH6poBKy H 

3TH BOJlbTMeTpb! 

MHKponpoueccop ,ocymecTBJI.HIOmHH aBTOMaTHlJ:8CKH 

ycTaHOBKY HYJI.H. 

CneuHaJibHO nn.H 3THX H3MepeHHH 6b!JIH pa3pa60TaHbl 

3JI8KTpOHHble 6JIOKH:HHTep~eac UH~pOBb!X BOJibTMeTpOB,6JIOK 

ynpaBJieHH.H 3Jl8KTponBHraTeJieM H 6JIOK cornacoBaHHH ypOBH8H 

CHrHaJIOB. 

HHTep~eac UH~pOBb!X BOJibTMeTpOB HMeJI 4 nocnenoBaTeJibHblX 

nopTa (USART)· Ha onHOH nJiaTe IBM/PC. HHTep~eac He 

Hcnon,3oBaJI np~pb!BaHHH ,n03TOMy naHHble npHHHMaJIHCb B 

pex~Me CKaHHpoBaHHH CTaTyCHblX perHCTpOB USART. YnpaBJieHHe 

BOJlbTMeTpaMH,HX HHHUHaJIH3aU~H,3anycK OUH~pOBKH BblilOJIHHJIHCb 

nocpencTBOM BHnalJ:H COOTB8CTByIOmHx KOMaHn TaKxe qepe3 

perHCTpbl USART. 

BJIOK ynpaBJieHHH conepxan BOCbMHpa3p.HnHHH nynneKCHblH 
perHcTp Ha MHKpocxeMe 580BB55(PPI8255).,llBa nopTa 
nporpaMMHposanHcb Ha ason 

KoopnHHaTHoro naT<J:HKa) ,onHH -

nBHX8HHeM KapeTKH). 

PE3YRbTAThl H3MEPEHH8 

Cnn.H 

1:a 

npHeMa HH~OpMaUHH C 

Bb!Bon (nJI.H ynpaBJI8HHH 

. l13MepeHH.H 6b!JIH Bb!IlOJIHeHbl npH Tpex 3HalJ:eHH.HX TOKa 

IlHTaHH.H MarHHTa 6, 293 KA; 2, 998 KA H O, 949 KA B 06'beMe 

80(X)X144(Y)x444(Z) CM
3 

c waraMH 4 CM no DC.HM X HY H 2 CM 

no OCH Z B 161 

61,1n yaeJIHlJ:eH no 

Ha pHc.6 

Tb!C, TOlJ:eK 

4 CM. 

npHaeneHH 

3aBHCHMOCTH BepTHKaJibHOH 

IlpH TOKe 0,949 KA war no OCH Z 

KpHBhl8 HaMarHHlJ:HBaHHH 

COCTaBJI.HIOmea Hanp.HX8HHOCTH 

MarHHTHoro IlOJI.H "x B ueHTpe MarHHTa OT B8JIHlJ:HHbl TOKa 

nHTaHH.H MarHHTa - nnH MarHHTa C 50 CM 3a3opoM ( KpHBa.H 

1)/
9

/ H c 90 CM 3a3opoM (KpHBa.H 2). IlpH yaeJIHlJ:eHHH 3a3opa 

c 50 no 90 CM Hanp.HX8HHOCTb MarHHTHoro nOJIH B U8HTpe 

MarHHTa npH TOKe 6, 3 KA yMeHbWHJiacb B 1, 7 pa3a. Ha 3TOM 

pHCYHKe·npHBeneHbl TaKxe BeJIHlJ:HHbl Hanp.HXeHHOCTH MarHHTHoro 

\, 

noJIH 3JI8KTpOMarHHTa HK-3-4 TaKoro xe THna, KaK H MC-12,HO 

6e3 aepxHero noJIIOCa, npH TO Ke nHTaHH.H 13, 2 KA - c 20 CM 

3a30pOM Mexny KaTywKaMH(TOlJ:Ka 3) H 40 CM 3a3opoM. (TOlJ:Ka 

4) /l ll _ 3TOT pHCYHOK neMOHCTpHpyeT - KaKHe B8JIHlJ:HHhl 

HanpHXeHHOCTH MarHHTHoro IlOJIH MoryT 6b!Tb nonylJ:eHbl nnH 

pa3JIHlJ:HblX MOnH~HKaUHH MarHHTa - C pa3Hb!M paCCTOHHH8M Mexny 

Ka TYWKaMH. C aepXHHM noJIIOCOM H 6e3 Hero. B lJ:aCTHOCTH. nn.H 

MarHHTa MC-12, nonoJIHeHHOro aepXHHM noJIIOCOM ,npH 

noJIOBHHHOM OT HOMHHaJibHOro (13,2 KA) TOKe nHTaHHH 'H 

onHHaKOBOM 3a3ope Mexny KaTyWKaMH nonyqaeTC.H He M8HbWaH 

HanpHXeHHOCTb , lJ:eM y MarHHTa HK-3-4 'npH • HOMHHaJibHOM TO Ke 

nHTaHH.H/g/ 

H 18 x, 
KI'C 16 

3 5 8 10 

/,KA 

PHC.6.KpHBble HaMarHHlJ:HBaHHH. 

3. 

4• 

13 15 
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Ha pHC.7 H 8'noKa3aHU xapaKTepHUe 3aBHCHMOCTH BenH'IHH 

HanpH:l!CeHHOCTeH Hx,H ,H OT KOopnHHaT X,Y,Z npH nByx - y z 
3Ha'leHHHX -, TO Ka TTHTaHHH MarHHTa 6, 3 H 3 KA. 3aBHCHMOCTH 

Hx=f(Z) :- H Hx=f(Y) nnH MenHaHHOH 

KonOKO_noo6pa3HUH, BHn, a nnH nnoCKOCTeH 

nnocKOCTH HMeIDT 

, 6nH3KHX K TTO!JIDCaM, 

-OT'leTnHBO BUpa:l!CeHHUH cennoBHnHuii xapaKTep. TTpH 3TOM 

OKa3a~OCb,'ITO rny6HHa "ce.nna" 3aBHCHT OT BenH'IHHU TOKa 

TTHTaHHH. TaK,nnH 3aBHCHMOCTH Hx=f(Z) npH X=-0,356 M H Y=O 

BenH'IHHa OTHOllieHHH Hxmax/Hx(Z=O) COCTaBnHeT 1,07 npH TOKe 

6,3 KAH 1,4 npH TOKe 3 KA. HeOCHOBHUe KOMTTOHeHTU H H H - - y z 
HeBenHKH B MenHaHHOH nnocKOCTH B o6naCTH,nonIDCOB H pe3KO 

B03pacTaIDT B paiiOHe KaTyrneK H CTaHOBHTCH conocTaBHMUMH C 

OCHOBHOH KOMTTOHeHTOH Hx. 

11.0 

e.o jHx /~X=-0.35 ,.,--- .... , Y= 0 

7.0 

5.0 

3.0 

1.0 

4.0 

2.0 j . Y•0,61 
X=0.23 

o.o 

-2.0 

-4.0 

5.0piz 

3.0 

1.0 

-1.0, 
-0,35 

-3.01 \ /Y= 0 
-5.0 

-1.25· -0.25· o.75 · 1.75 

Z,u 
PHC.7.3aBHCHMOCTH aenH'IHH 

nnH TOKa TTHTaHHH 6,3 

-X=~0,35 Z=O 
--x-o z-o' 

Hy 

--x-o z-o 
-X• 0,35 

--X=O Z=O 

.4 e.o 
Y,:u: 

HanpH:l!CeHHOCTeH 

KA. 

8 

H 
-
~-'-_ --~-> '/ -· re;; 

__ Y=O Z=O 

- Y=-0,43 Z=O 

--- Y= 0 z- 0 

-0:20 0.20 
X,u 

Hx,Hy,Hz OT X,Y,Z 

;} 

:j 

Ka'leCTBeHHOe cpaaHeHHe 3aBHCHMOCTeH BenH'IHH 

HanpH:l!CeHHOCTeH Hx,Hy,Hz OT KOOpnHHaT X,Y,Z nnH MarHHTa C 

90 CM 3a3opoM C COOTBeTCTBYIDmHMH xapaKTepHCTHKaMH nnH 

MarHHTa C 50 CM 3a3opoM (CM.pHc.4 H 5 H3 pa6oTu191 J 

noKa3uaaeT, 'ITO TonorpacpHH MarHHTHoro nonH cymecTBeHHO He 

H3Memrnacb. 06 3TOM CBHneTenbCTByeT TaK:l!Ce pHc.9 H 10,Ha 

KOTOpux npHBeneH pHn 3aBHCHMOCTe8 Hx,Hy,Hz=f(Z) H HHTerpan 

MarHHTHoro nonH Sx=JHxdZ =f( X, Y) nnH ·.nayx KOHcpHrypaUHH 

MarHHTa 90 CM 3a3op -cnnOlliHUe nHHHH,50 CM 3a3op 

nyHKTHpHHe nHHHH). 

7.5 
6.5 
5.5 
4.5' 
3.5 
2.5 
1.5 
0.5 

Hy 
X=-0,23 
Y=0,61 

2.5 

1.5 

0.5 

-0.5 

-1.5 

-2.5 
~

--

0 
0 

X 0 
Y=0,69 

4.o :f Hz 
3.0 
2.0 
1.0 
o.o 

-1.0 
-2.0 
-3.0 
-4.0 

X=-0,35 
Y= 0 

-1:25 -0:25 o.75 1.75 
Z,M 

Hy 

--- x-o z-o 

.4 0.0 OA 
Y, M 

Hx ----' ' ---- v:1,---i= o 
Y=~0,43 Z= 0 

0 

--- Y= 0 Z= 0 

-0:20 0.20 
X, M 

PHC.8.3aBHCHMOCTH Ben_H'IHH HanpH:l!CeHHOCTe8.H ,H ,H OT X,Y,Z 
- · X y Z · 

nnH TOKa TTHTaHHH 3 KA. 
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Krc 
15_,Hx 

/ 
.,,,,.--- ..... 

' \ 
X=O 
Y=O 
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Y I Y=0.6 , 
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/ ' 
/ ,_ __ ., X=-0.2 

2 

0 

-2 

-- ' / ' / 

', Y=-0.6 / ' ______ ___.., / 

' / ... / 
_______ .,,,,. 

' 4
~ Hz X=-0.2 

Y= 0 

I \ 
I \ 

2 

0 

..:.2 I 
I 

,? 

I \ 

-1.5 - LO -Ci.5 o:o 0.5 1.b L5 

Z;M 
PHC.9.3aBHCHMOCTH BenHqHH HarrpHXeHHOCTeA H ,H ,H OT Z 

· X y Z 

nnH MarHHTa C 50 CM 3a3opoM (rryHKTHp) H 90 CM 

3a3opoM (crrnornHaH nHHHH). · 

Ha'pHC.11 H 12 rrpHBeneHH KapTH HHTerpanoB MarHHTHoro 

rronH sx H Sy=JHydZB 3aBHCHMOCTH OT X HY nnH I=6,3 KAH 3 

KA. KpHBHe -nHHHH ~HKCHpOBaHHHX BenHqHH 3THX HHTerpanoB. 

ArrepTypa MirHHTi,B KOTOpoA HHTerpan S He HHXe 30% OT 
X . 

MaKCHManbHOA aenHqHHH, COCTaBnHeT rro Y-KoopnHHaTe 1,2 M. 

10 

Sx, 
KfC•M 

25 

20 

15 

10 

5 

_o.o 
~:::: - - - ::- 0.27 

- - .,, 10.45 
' I 

~ 
~5 

' 
- - - - - 0.63 

'0.70 ----0.70 

Y,M 

.,.-------
/ --- - X I ,,- - ... ', ,M 

I ' 
I I ' \ Q 2 
I I \ \ , 

I I \ \ 

~

.· ,,o,o 

' I } 
~ ~ 
~ \ 

I 4. \ 

0,0 

0 I.,,,,,,,,,,, ,1 
0:1 -0.4 -0.2 0.0 

X,M 
PHC.10.3aBHCHMOCTH HHTerpana 

nnH MarHHTa c 50 CM 
i 

0.'5 

MarHHTHoro rronH sx OT X Hy 

3a3opoM (rryHKTHp) H 90 CM 

3a3opoM (crrnornHaH nHHHH). 

Sx 1= 6,3 kA Sy 
0.60.3 -0.1 0.1 0.2 

0.6 

0.5 0.5 0.5 0.5 

0.3 0.3 0.3 

0.1 n.1 0.1 

-0.0 -o.o Y,M 
-o.ot--...... ... ~-o.oY, 

-0.2 -0.2 -0.2 

-0.4 -0.4 -0.4 

-0.6 -0.6 -0.6 

-o.zo.3 -0.7 -0.7 ■ III II 11111111£•-o.7 -0.1 0.1 0.2 -0.4 -0.2 -0.0 0.2 0.4 

X,M X.M 
PHC.11.Ka~TH HHTerpanoB MarHHTHoro rronH sx H Sy 

nnH I=6,3 KA. 
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Sx I= 3,0 kA Sy 
-0.0 0.2 0.3_ 0.7 I -0.4 -0.2 -0.0 0.2 0.3 

0.7 I t ,, , I , p , \, \ , I' / I 0.7 

0.5 \-,11_-- -------~ 0.5 I o.5 1-J / } I \ \ "-\J0.5 I 
0.4 I- \. / I f 11°-4 I o.4 r / \ "-----:J0.4 I 

.... I 10.2 0.2 t- I 

0.0 I- I I 10.0 Y,M 

0.2

1 0.0 

'-t]0.2 

0.0 Y,M 

--0.2' ,.~ ~ -0.2 
-0.2 I- ' 

,, "1-0.2 

-0.3 t\ \ I / ~-0.3 I -0.3 I;/~;,,..-...:. -0.3 

-0.5 -f:::i-o.5 I -o.5 r I J. .!. I I I I 11-0.5 I 

I I N I() 

0.3 -0.7 
-0 7 t{ , I, ,Ii J , I , I, l 1 \1 -0.7 

-0.7 I c:t---1 I I I I I 1 
-0.4 -0.2 -0.0 0.2 ·-o.4 -0.2 -o.o 0.2 o.3 

X,M X,M 

PHC.12.KapTU HHTe,panoB Ma,HHTHO,O nonH sx H Sy 

,nnH I=3 KA. 

Ha pHC. 13 npHBe.neHU TpexMepH@e H306pa~eHHH 

Sx=f(X,Y) H Sy=f(X,Y) ,nnH 

(pHC.13a,6) H 3 KA 
KapT HHTe,panoB Ma,HHTHO,O nonH 

TOK OB ITHTaHHH Ma,HHTa 6, 3 KA 

(pHC.13B,,),Ha,nH.nHo 

OTKflOHHIDmeH cwnu Ma,HHTa. 

.neMOHCTpHpyromwe Tono,paqmro 

ABTOpU 6na,o.napHU COTpy,nHHKY HT3¢ ID.~.AneWHHY 3a 

none3HUe KOHcyn&TaUHH H noMomh,COTpy,nHHKaM H¢B3 

B.r.3apyqeHCKOMY H B.H.CnHpKOBY 3a npe.nocTaBneHHe 

annapaTypu H noMom& B npoBepKe Kanw6poBKH ,naTqHKa Xonna 
Ma,HHTOMeTpOM HMP; H. n. MOWKOBY 3a BWIOnHeHHe MeXaHHqecKHX 

pa6oT. 
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PHC.13.TpexMepHue H306pa~eHHH Sx=f(X,Y) H Sy=f(X,Y) 

,nnH TOKOB DHTaHHH 6,3 KA(a,6) H 3 KA(B,,). 
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