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KaaapynonbHast MarHHTH8!1 n HH3a npeacTaa n ste T c o 6 oll anexTpoMarHHT c a ByM!I 

08p8MH OOOIOCOB, OTHOCHTenbHOe pacnonO>K e HR e KO'f Opb!X nOK838 H O H8 pH C. 1. 0 6a no

n!OC8, ne>KSIUHe a pyr npOTHB n pyra, HMetoT 0JJ.HH8KOB YIO n On51pH OCTb, npOTHB On o n O)I{ Hyto 

nonstpaocTH BTopoll napbi. B c e 'l e HHH onocxoCTbto, o e po e H a Hxyn!lpH o ll ocR nHH3 hi 0 KOHTYP 

oon10ca o6paaoaaH c e r MeHTOM p a B Ho60'IHO II rHnep6on hi. Ec nH M8rHHTH8!1 RHilYKUH!I a 

>Keneae nOnJOC8 .!1 8n8K8 OT 3 H8\f9HIUI H8CbJille HHSI, TO flOB8 p X H OC Tb ITOn lOC 8 SIBnSi e TCSI aK 

BHOOTeHllHSnbto MSrHRTHOPO OOn!l . B 3T OM c ny'l ae CHnOBbie n RHHH MSPHHTHOP O OOn!l 

B TO'IKe, Jl0CT8TO'IHO yna n eHH Oll OT Kp a._e a M8PHIIT8, HMetoT cP OP MY r11oep6on , JJ. B8 CeMell 

CTB8 KOTOpb!X O ORC biBSIOT C !I B bipa >KeHH eM 

2. 2 
X -~.J +1 

2 -a; 
I l.l I 

p_oe a -pa a Ryc ao epTypbl nRH3bl , n o oepe'IH bl ll rpa n a eHT MSrHHT HOro nonH G 
TSKOII H,o e SnbHOII naH3e llOBC IOilY HMee T OLl HH8K OB Y IO B e nH'IH HY . 

B 

nn!l p8C'IaT8 OnTH'IeCKHX n apaMeTpOB nHH3bl H8Jl0 3 H8Tb 38BR CII MOCTb r p 8 !lH e HT 8 

MSPHHTHOPO nonS! 

OT TOK8 I B xaTywxax n RH3 bi a xapaxT e p pacnpea en e HH H M SrHHTHOro non11 n o pa JJ.a y -

cy naHabl H no 

B&lnOnHeHRbiX C 

ee npo aon b HOII ocR Oz . Ha )l{e npHB Oil >ITCH p e a y nbT8T bi HaMep e HHII, 

noMOIUbiO xonnoacxoro MarHHTOM e Tpa
11 1

• H e6onbWOll paaM ep a aTqaxa 

/ wHpHR8 3 MM R anHH8 5 MM I noaa o nan TIUSTenbHO HCc nenoBST b Ton o rpacPH IO M ar HaT

BOrO non>I, 0THOCHTenbH bi e 113Me peHHSI BblllOnHeHbl C TO'IHO CTb lO 0,5% , OWH6K8 B Onpeae

neHHR 86COOIOTHOII BenH'IHHbl M8PHHTHOPO non>I He npe BbiWS e T 1%, rpa a HeHT H3Mep e H C 

TO'IHOCTbiO 1-2%. 

J.1ccneaoaanRCb xaaa pynonbHbte MarHHTH bte n HH3bl THO OB M Jl-7 , M Jl-17 H M Jl - 1 6 . 

nepB8SI H3 HRX npe,ocTaBnHe T q e T btpexoon toCHblll M SPHHT JJ. nHHOII 100 CM, y K OTD.pOr O pa

Jl HYC Q., OKpy >K HOCTH, BnHC8HHOll Me lK ay non iO CSMH , paae H 1 5 CM . J1HH38 M Jl-1 6 To

lK e H M eeT a nH HY 100 •CM, H O p 8 A R YC an e pTypbl y He e 13 CM . nn HH8 n i!H3bl M Jl-17 pa a

H8 60 CM, 8 n pO XOJl HOJ\ K 8 H8 0 TSKOP O lKe a HS M eTpa , K SK y M Jl-16. 

3aaHcHMo CTb rpa a HeHT a o T T o xa GCI) anR nHH3 MJl-17 H N \Jl-7 n pHaene Ha H a 

pHc. 2 H 3. JlHHeiiH bill xapaxT ep rj:lyHKUHH G(I) B nHH3e MJl-17 co xpa HReT CH T o nbKO 

.no I 600 A , a .a.an &w e HattHHae T cKa3.0IB8TbCR H8Cbi W eHH e >Ke n eaa nonrocoa . B 

nHHae MJl-16 rpaa He HT p acT e T . c y a e nH'IeHReM TOKa npaKT H'Ie cxH no Taxo My >K e aaxo 

ay. rpa a aeHT M8PHHTHOro nOnS! B nHH3e MJl-7 3H8'1HTe nbH O Hlf>Ke , q e M B nHH3 8X aay x 

3 



nepBbJX TKUOB, H yeenH'IHTb 9!"0 aa C'leT TOKa H9B03MO>KHO H3-aa Cna6oro OXna>K.aeHHH 

06MOTKH. 

MarHHTHOe none nHH3bl He o6pbiBa9TCH pe3KO Ha KpaHX n01iiOCOB, a npo.aon>KaeT

CH Ha H9KOTopoe paCCTOHHHe aa lf:>H3H'19CKHMH npe.aenaMH MarHHTa. J]nH Toro, 'IT06bJ 

onp e .aenHTb alf:>lf:>eKTHBHyJO .llliRHy nHH3bl !10 Mlil"HHTHOMY n0n10 1 CHHMiinOCb pacnpe.aene

HH 9 nonepeqaoA cocTaenstJOWeA MarHHTHOl"O nonst B~<~)e aanpaeneHRH, napannenbHOM 

npo.a onbHoA ocR nHH3bi QZ; . Ha pRe. 4 npe.acTaeneao pacnpe.aenea&e 8~(:~) .anst 

nHH3bi Mn-17, c astToe e nnocKocTH ~02 . Ha'lano CHCT9Mbl Koop.aHHaT a.aecb . no-

Me meao a ueHTpe nHH3bi. 

n o moc a KBa .apynonbHOl! nRH3bl HM9IOT KOH9'1HYJO WHpHHy, n03TOMy "rHnep601iH'19C

KHli" XapaKTep Mal"HHTHO!"O nonst COXpliHSI9TCH TOnbKO B U9HTpli1ibROl! 'laCTH anepTypbl 

nRR3bl, li lla 6onbWOM pliCCTOSIRHH no pa.llRYCY 

B11H SIHHB Kpaea 1101110008. Cne.aosano BbUICHHTb r 

OT OCR 0 2. CYW9CTB9HHO CKii3b1Bii9TCS1 

e KaKoA Mepe pacnpe.aeneuRe Bet) ... 
r• tor\Sl. 

061ili.llli9T a3HM Y TiinbHOl! CHMM9TpHel! OTHOCHT9nbHO npo.aonbHOA OCR nRH3bl, J]nR 3TOro 

R3M9p9HRR, auanorR'IHbl9 OnRCiiHHbiM BbtWe, 6bJnH npOB9.ll9Hbl T1iK>K9 H B nnocKOCTH, 

npoxo.astweA q e pea OCb Oz H cepe.aHHbi npoTRBonono>KHbiX o.auoRM9HHbiX nonJOcoe. 

Co{IOCTaenea&e r p aq:,&KoB ua pRe. 4 H 5 noK&3biBaeT, 'ITO e nnocKOCTH , npoxo.aHweA qe

pea n o n JOca , .anaaa u e aTpanbuoro nnaTo e pacnpe.aeneRHH B (z.) aecJ<OnbKO 6onbwe; 

Kpo M e Toro, npH r;;.. 0,5a Ha KpaiO nnaTO !10!1Bn!I9TCS1 XapaKT9pHblli BbJCTyn, o6yc-

noeneHHbiA BnH!IHH9M KORUa nomoca nHR3bl, QqeBH.llHO, 'ITO nonuoii li3HMyTiinbHOl! CHM

MeTpHR B pacnpe .aeneHHH nonepe 'IHOli COCTiiBnRIOW9A Mlil"HHTHOI"O nOn!l B TaKOli nHH39 

H9T, npH'19M liC HMMeTpH!I T9M 601ibW9, '19M 6onbW9 pli.llRyC, H8 KOTOpOM npOBO.ll!ITC!I 

H3M9p9HHR. 

J] n!l !IOHHMaHHH M9XaHH3Mii .ael!CTBH!I pe&1ibHOli KBa.apyn01ibHOli 1iHH3bl Ha fiY'IOK 

'lliCTHU ewe 6one e cy w e CT B9 HHbiM !IB1i!I9TC!I TOT lf:>aKT , 'ITO 3aBHCHMOCTb rpa,QR9HTii 

Mal"HHTHO!"O nonst OT pallH Y C a He !IB1i!I9TCS1 CTporo nuue lluoll, KliK 3TO llOn>KHO 6b1Tb B 

H!leanbHOll 1iHH39, l",Q9 B""' Gr. no Mepe y ,QaneHR!I OT npOll01ibHOll OCR nRH3bJ 

Mn-17 none p e 'IHbill rpat:~ReHT noCTeneHHo y eenH'IHBaeTcst / pRe, 6 / , llOCTHraeT MaKeR-

M811bHOrO 3HaqeHBH B TOt{Ke r = ;o,7-o,s;a- R 31iT9M 6bJCTpo cnat:~aeT K KpaJO 

anepTypw. TaKRe >K e p eay nbTaTw n o n y 'leaw u llnH nRHa Mn-16 H Mn-17 , H, no-eH,QH

M o My , 3TO o6wee CBOli CTBO KBallpynOnbHbiX nHH3 BH9 3aBHCHM OCTH OT H9KOTOpblX 'laCT

H biX OC069HH OCTell HX KOHCTP Y KUHH. Pat:~HanbHa!l BapHaUH!I rpallH9HTa BbiHy>K.aaeT Orpa

HH'IRBaTb nonep9'1Hblli pa3M9p ny'IKa Ha BXOll9 B 1iHH3Y C T9M, 'IT06bJ 'laCTHUbl H9 no

!lall linH e T Y o6naCTb, r!le rpat:~H 9HT peaKo MeH!IeTcst. 

3&M9THM, 'ITO B llliHHOll pa60T9 B93,Qe npHBO,QSlTC!I 3Hii'19HHSI rpa,QH 9 HTOB B npuo 

C9BOll o6n&CTH 1iHH3bl, KOTOpble Hli 3-4% M9RbW9 MaKCHManbHbJX, 
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2 • . 3!f:>cpeKTHBHii!l llnHHa n : 

Pacnpe t:~eneau e n o n epe 'luc 

Bblpa>KaeTCH ,QOB01ibHO cno>K H 

MO >K H O 0!1p9!191iU T b C ,Q OCTBT O' 

HeHBll !1BH >K9RH!I 'lliCTHUbl B nH 

~enb" MarRBTHoro no n!l
121 

J] 

HHTb npstMoyronbHBKOM , nno wa 

!lY KpHBOll B (z.) R OCbJO a 6cu 

B U9HTpe 1iRR3bl ( 2."' Q) , l 

M 9 TpOB H906XO,QHMO UO!lCTiiBR T 

Topa!l O npe t:~eng9T C!I KaK 

l 
noustTHO, 'IT O n pliK T R'I 9 CKR RH' 

npR xoTopo.M B Cz.) c oCTaen He· 

3 .!f:>lf:>eKTHBHii!l !ln BHa 1iHH · 

LeH' 
npH'<eM eenR'IRHa A 38B HCB 

.anHHa non10ca, a a- - pa!lHY 

Lejf stBnsteTC!I !f:>yHKUB ell pa !l 

!lnRaa e npuoceeoll o6nacTH P • 

LefJ !lnR nRH3bl Mll-17 coc~ 

3. CB!I3b onTR'I9CKHX "' 

npeRMYW9CTBO M aTpH'IHC 

Ubi, COOTB9TCTBYIOWR9 y qaCTK 

HH!I , H 9 UOCp9,QCTB9HRO nony 'la> 

BC9ll OUTR 'I9CKOll CRCT9Mbl Ha 

B9CbMa llpOCT O B bJpa >K a JOTC!I 'I 

noMeCTRM HCTO'IHRK a ap 

OT BXO!lHO!"O Cpea a 1iRH3bl H, 

OC Oz , onpe!lenRM e e n H'IHH 

B H9KOTOp0ll TO 'IK9 z.2 Ha pac 

CMeiUeHHe t{8CTHUbl OT OllT Hql 

TpaeKTOpHH C 3TOll OCb JO B TO ' 



10 Ha-aa cna6oro o xna>K JleHHB 

l8HX nontocoa, a npo.a on>KaeT-

H MarHHTa • .llnB TOrO, 'IT06b! 

n o m o, CHHManoc& pacnpeJlene

Ha n p asneHHH, napannen&HOM 

~ pac npeJleneHHe B~cz) JlnB 

KCTeMbl K OOpJlHHBT 3Jlecb · no-

I p HH y, noaToMy ' r Hnep6o n H't e c

u e HT pan&HoA YaCTH anepTyp~ 

) 2. cyme c TBeHHO CKaa-aeTCH 

Mepe pacnpeJleneHHe B(;z) 
r• canst 

>nbHOH OCH nHH3~ • .llnB aToro 

.U 9Hhl T8K >K 9 H B nnOCKOCTH , 

Hb!X OJlHOHM eHH~X UOnJOCOB. 

0 B nnOCK OCTH , npOXOJlH IUell q e

H 5 (z.) H e CKOnbKO 6on&we; 

Xap aKTepHb!H Bb!CTyn, o6yc-

T O nonH OH a3HMyTanbHOH CHM

' HHTHOrO n On B B TaK o l! nHH3e 

JlHYC, H!l K OT OpOM npOBOJlHTCR 

JlpynOnbHOi! nHH3bl HB flY 'I OK 

:JTO 3 8B HC H MOCT b r p8.ll H 9 HT8 

~ H OI! , KBK a T O Jl On >K 110 6 b!Tb B 

npOJlOnbHOl! OCK nH H3 hl 

R / pH C . 6 / , JlOCTHrae T MaKCH

JaTeM 6 b!CTpO cnaJlaeT K KpaiO 

Mn-16 " Mn-17 , " · no-BHJlH-

1BH C HM O CTH OT H9K OTOpblX "18CT-

"" rpaJlHeHTa away>KJla e T orpa

c Te M , "'T06hl "18CTHUhl He no-

3HB'teHHH rpBJlH B HTOB B npHo-

"M 8nb H bi X . 

2 •. 3,p¢eKTHBHaH Jl nHHa n HH3 hl , n p BMOyrOnb HBB M OJlenb M a rHHTHOrO nonB 

PacnpeJlen e HH e none p e qaol! coc Ta BnB IOIUel! MarHHTHoro nonB B ( z ) 8H8nHTH tf9CKH 

B~pa>KaeTcB JlOBOnbHO c n oJKHoll ci:>YHK UBeA. Me lKJlY TeM onTH'tecKHe napaM e Tp bi n HH3 bi 

M O>KHO onpeJlenHTb c JlOCTaT O'IHOll T O'I HOCTbiO I 2%1, ec nH npH HHTerpHpoBaHH H ypaa

H eHBA .ll B H>K9 8 RSI l.f8CTH U bl B n H H39 HCIIOn b30B8Tb T8K H83bi B 89M YlO "' npHMoyronh iiYEO M o 

.z:t.e n b • MarHHT Horo nonB
12 1 

• .llnB a T o r o p e a n & aoe pac npeJleneHHe B ( z.) HaLlO a a Me

H HTb n p BMO y rDnbHHKOM , nnOIUa Llb KOTOpOrO paBHa nnoiUa JlH o6naCTHI 3 aKniO'IeHH OH Me>K 

JlY KpHBO H 8 ( 2.) H OCb!O aOCUHCC, H B ~COTa npeJlCTaBnBeT 3Ha'teHH e M a rHHT HOr O nOll !! 

B ueHTpe nHH3~ ( 2. ._ Q) • n p H a T OM BO BCe ¢ o p Myn bi JlnH pac't e Ta OflTH 'I&CKH X napa -

MeTpOB He06XOJlHMO UOJlCTaBHTb a ¢¢eKTHBHYIO Jl n HHy IIHH3 bl n o M BrHHTHOM y n01110, KO-

TopaB onpe JlengeTcB xax 
00 

L == -.L
1 J B(z..) dz QH o 

-co 
noHSITHO, 'IT O npaXT H'IeCKH HHTerpHpOB a HHe 3JleCb BeJleTCSI OT f H JlO / Tai<Or O Z. 

npH llOT o po.M B (1.) cocT a a n B e T 2-3% oT Bo a u e HTpe n H H3hi , 

3 .¢¢exTHBHaB Jln HHa IIHH3bl npeBOCXOJlHT e e ¢H3 H'Ie CKYIO Jl nHH Y 

Le.ff=Lo +A J 12.2 1 

aaB HCHT OT CO OTHOilleHHB a j Lo ' rJl e 

JlnHHa noniOCa, a a - p aJlHYC anepT y pbl IIRH3 bl. VJa CK83aHHOrO Bb! We H C HO, 'ITO 

Lejf HBnBeTcB ¢yaxuH e A paJlRyca 0.. .lln >~ nHH3bi M n -7 cpe JlHSIH a¢¢eKTHBHa B 

JlnHHa B UpHOCB BOll o 6naCTH p a BHa l!Q CM , Jln H Mn-1 6 COOTB e T CTBeHHO 110,5 CM , 

Leff Jl nJI nHH3bl Mn-17 cocTa ansre T 69 ,5 e M. 

3. CaHab onTH'IecxHx napaM e T poa nBHa bl c M aTpH uell n e p e xo Jla 

COC'f OHT B TOM, ttT01 nep9MHO >K8 H M8TpH-

U~ , COOTBeTCTBYIOIUHB y'taCTKaM T p a e XTOpHH 'taCTHU~ C p a 3 11H'IHbiMR 3BKOHBMH JlBH lK e

HHSI , H e n o cpeJlCTBBHHO n o n y 'la iOT o 6IUy iO M aTp HUY n epeXOJlB, OnHCWBaiOIUY IO JlB liCT BHe 

Beall Ofl T B 'IBCKOll CHCT9Mbl Ha 'laC T B UY . n p H a T OM OflT H 'IBC K H B napaM eTp~ CHC 'r BMbl 

BBCbMa rt pO CTO B b!pB lKBIOTCH qepe a aneMBHTbl aToll MaT pHUbl , 

n o M e CTHM HCTO'IHHK aapB lK B HHbiX 't aCT HU B 1' 0'1K Y Ha paCCT OBHHH s cn e aa 

OT BXOJlH OrO c peaa nHH3~ H , paCCMaTpHBaB npoeXUH IO TpaeXT OpHH 'IBC TH U bl Ha nllOCKOCT b 

OC Oz. , onp eJlenHM aenH '<HHY JlB yXK OMnoHeHT Horo npocTpaHCTBe HH o r o a e KT o pa ('i!) 
a HeKoTo poa To '< xe z.2 aa p a cc T o HHHH T c npaaa o T IIHH3hi . 3 Jl e c& X. - n o n e pe'tH oe 

cMeme HHe q acTHUbi o T onT H'< ecKoa ocH Oz 
TpaeKTOpHB C aTOll OCb iO B TO'tK e 2 

, a 
I 

X - yron , K OT Op blll C OCT BBnBeT 
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... 0CT BBHB B CTOpO He BOnpOC 0 K OHKpeTHO M TH/le IIHH3bl, KOTOpB!!, B00 6IUe rOBOp!!, 

MO>KeT npellCTBB/l!ITb CIIO >K HY IO 0 /lTH"' e CK YIO C HC TeM y, HBIIHllJeM CllellyiOIUee BblpB>K 9 HHe 

llllH MB T p HU bl rrep e XOllB , CB ll 3 biB8IOIUell T O"'KH Zf H Zz 

(G.Ju 
~a21 

a,2 \=::(1 
a2~ o 

HIIH B pB3BepHyT OM B Hlle 

T) (m 11 m12 \(1 5) 
1 m21 m22.j\0 1 

/ 3.1 I 

(
CL11 a,,2.)=(rn 11 + ml m11S +m1:t T(m21S+tn22)) • 13 •2 1 

<Lru a,22 m21 m 21S + m2.2. 

3 ll 9Cb M8TpHU8 (M) 0/lH Cb!BileT nel!CTBl'Ie C B M Oll IIHH3bl Hll 'tBCT HUy, a M8TpHUhi , CT O-

liiUH9 no o6e C TOp O H hl O T Hee,- lleii CT BHe Y"'llCTKOB, C B060llH b!X OT f! Oilll, rne '18CTB

U8 llBH>KeTCll npliMOIIHHellno : 

EcnB 3H 8"1 9H H e (~) B TO"'Ke Z/ B3BeCTHO , TO He C O CTBB/lH e T TPYllll HaliTH 

(~:) C flOMOIUb lO llBHell a o r O n peo6p83 0 B8HHll 

(X~) ~f(kfl ~2 \(X~\ 
X 2 \a, 21 ?.~ X I } 

PacKpb!BBll aTo Bb!pa>KeHHe aa xon a M , 'IT O 

H 

:X., = (m +m,,T ) x,+ rm S+tn + TCm S +m,.,)] x 1
1 c. II " L' II 12. 21 .... 

~I= 
2 m21x1 + Cme, S+ me2) -:x:..r 

13.31 

13 .41 

/3.5/ 

0CHOBHble OflTH"'eCKHe X8p8KT epB CT HKH IIHH3bl MO>K H O Bbip83HTb qepe3 9 /leMeHT hl 

e e M 8 TpHUbl nepeXOllll (M) , B OCIIOilb 30B8B llJHCb H 9KO T 0pb!MH 11 0 /lO>Ke HHli M H reOMeTpH

"'eCKOll CB9TOBOil 0/lT HKH , cnpaBell llHB hi MH llllll HOHHO - OflTH"' e C K H X C H C T eM . no K il>KeM 

a n 11 rrpeMepa, KBK onpenenl!eTcH rrono>Ken He ¢oKyca OTH OCH T B nbH O cpeaa nHH3bi . Ecne 

a a IIHH3Y cneaa rraaaeT napannen bH bill n y"'bK ( ~; = 0) , T O TpaeKTopHH acex "' B CTH U 

llO il>KHbl nepece'lbCSI C OllTH4eCK Oil OCbiO C!lp8Bil OT IIH H 3 bl B Oll H Oll H TOll /Ke TO"' K e 

a Q:>oKyce nHH 3bl. PaccTOHH He 

HBilTH H3 / 3 .4 I. B K OTOpOM T 
OT Bb!XOllHOro c p e 3a IIHH3bl llO STOll T 04K·H MO>K HO 

p a CCM BTpHBB e TCll KBK T e Ky iUBll KOOpll HHilT B, OT C"'HT bl-

BBeMBSI BllOilb 0/lTI!"'eCKOH OCII IIHH3bl 0 Z. • npepBBH!IB 3TO Bbi pa>KeHHe HYIIIO npH 

a:, • Q B X 1+0 , HBXOLIHM HHTepecy IOIUYIO HBC B eni!'IHHY 

6 

T 

Bhipa>KeHHe onTH4eCKH 

nono>KeHHe ¢0KyCB CO CTOpO. 

OTHOCHT9/lhHO BXOLIHOrO cpe3. 

nono>KeHHe ¢0KyCB CO CTOpOl 

OTHOCHTellbHO Bb!XOUHOrO cpe; 

4>oKyCH09 paCC T O!IHH9 IIHH3bl 

CBSI3 b Me>KaY nono>KeHH 9M H( 

H 3 06pa>KeHH SI OT HOCHT9/lbHO Ill 

Koa¢¢ uuHeHT nuneAHoro yae 

Koa¢¢HuHeHT yrnoaoro yaem 

B uaan oA pa6oTe paccT 

pB>KBIOT C!I B 9UHR WU B X UIIHHI 

noro ¢oKycu p y iOIUero K B BLIPY 

( 
rae 

T a KaH q,o pMa 3Bn Hc H 6onee 

n anpuMep, e c n H pacqeT n<>Ka: 

p s 4 r aa /c H B 3BUBHHO: 

MO>KHO B OCfl 0 Jlb30B8TbCR nHI 

H IIH >Ke IIHH30ll llllHHOll 50 C 

4. CHI 

.£lll!! TOrO, 'IT06bi OllHOB 

Kllll b HOil 11/lOCKOCTSIX, 06bJ'IHO 

>K9HHbiX KBB llPYIIOileJ! , OllHH 



hi , xoTopasr, aoo6we rosopH, 

~aweM cne.nyJOmee »&Ipa>Keaae 

Zz 

~) /3 .1 I 

/ 3.2 / 

Ha 'ISCTHUy, a M8TpHUb1 0 CT0-

)60 .ll HbiX OT /lOnll, r.ne 'laCTH-

18 COCTaBn!leT Tpy,na Hai!:TH 

c' I 

/ 3.3 / 

/3 .4/ 

/ 3.5 / 

i O B btpaaHTb q epea a n e M eHThi 

•p b!MH /l OllO>K eHH!IMH J'eOMeTpH

·H'1 8 CKH X CHCTeM, noKa >K eM 

)CHTe n&H O cpeaa nHH3 bi . E c na 

1 TO TpaexT o pHH s cex l.J: BCTHU 

,J B OJl HOi! H TO H )Ke T O'!Ke - · 

i3bl .0 0 3 T OH TOqKH MO >KHO 

3' KYLU8H K0 0 p .Q HH8T8, OTCl.J:HTbi-

• s 3 TO B &I p a >Keaae a ymo npH 

:y 

=-

T a 6 n H u a 3 .1 

B &Ipa >K eHHe onTH'Iecxax napaMeTpos nHH3bl '! e pea aneM e HTbl MaTpHUbl nepexo.na 

nonO >K 8HH8 tP OK y Ca CO CTOp OHbl HCTO'IHHKa 

0 THO CHT8llbHO BXO,llH OJ'O cpe3a llHH3bl 

nonq lKe.HHe tPOKyC a C O CTOpOH bl H306palKeHH!I 

OTH OCH T9 nbH O BbiX O .O, HOrO C p 93 8 nHH3hl 

<l>oxy caoe paccTO!IHH e nHH3bl 

Cs !13& Me m.ny n onoJK e aaeM HCT O'IHHKa H 

H306pa>KeHH!I OTHOCHT e /l&HO /IHH3bl 

Ko aq,,P aua e H T naael!:ao ro ysena'l e HH!I 

Koaq,q,a u HeHT yrnoso ro ysenH'I e RH!I 

'}0= 
m22 

rn2J 

~i==- ~~ I 

]. = -~ rn2, 

T=-
Sm 11 +tn 12 

5m2,+ m22 

K= rn 11 + Tm~1 

1-l = m22 + S m 

/ 3.7 / 

/3.8 / 

/3 .9/ 

13.10/ 

/ 3.11 / 

~\. 
/3.12 / 

B ,llSHHOI!: pa6 o Te p&CCTO!IHH!I, KOTOpble OTC'IHTbiBSIOTC!I B,ll Ollb OnTH'I8CKOI!: OCR, Bbl

pa >K &IOT C !I B e ,nHHHUaX ,ll/lHHbl /10/IIOCOB nHH3bi H /103TOMY MaTpHUII nepexo.na .ll/1!1 O,tlHHO'I 

H OJ'O q,oxycapy!O!llero xsa.npynon11
141 

npao6peTaeT cne.ny JOmHA »Hll: 

St¢ ¢ ) 

c.os¢ 

/3.13 / 

r.ne 

¢=L~ 3o~G . 
/3.14/ 

TaxaH q,opMa aanacH 6onee y .no6na ll/1!1 Hcnon&aoaaHR!I nony'leHHbiX pea y n&TaToB. Tax, 

HanpHMep, 8C/IH paC'I e T OOKa3biBaeT, 'ITO ,ll/1!1 tj:>oJCyCHpOBKH '<aCTHU C BM/ly/lbCOM 

p ~ 4 ras / c Ha aa.naHHOM paccTO!IRHH T OT nHH3bl a e o6XOllHMO <P = 0,548, TO 

MO >K Ho aocnon&aoBaT&CH nHH3oA .nnHaoA ~ 100 c M c rpaaaeHTOM G ~ 400 rclcM 

H/IH >Ke /IHH30A Jl/lHHOfl 50 CM C rpaaHeHTOM 1600 rc/cM H T. Jl . 

4. CuMMeTpH'IH&Il! xsa a p y non&H&IA ay6neT 

Jln!l TOJ'O, •<T 06b! _OJl HOBpeM e HHO CtPOKyC HpOBaTb n y 'IOK B J'OpH30HT a /lbH Ol! H a e pTH

Ka/lbH OR /1/IOCK OCT!IX, 06bJ'IH O HC/10llb3y eTC!I CHCT e Ma H3 llB YX n ocne JlOBSTe/lbHO pacno no

lKe HH bJX KBaJl p y n o n el!, OJlH H H3 K OT Op bi X rpOKyC HpyeT '! aCTH Ubl ll I'O pH3 0 HaT a llbH Ofl /1/IOC-

7 



'' 

KOCTR II .oecjJoKyCHpyeT B BepTHKallbHOll, a BTOpOI\ .oellCTByeT Ha060pOT, nnoCKOCTb, B 

KOTopoA nyqoK Ha nyTH qepea ceKuHH TaKoro KBa.opynon&Horo .oy6neTa nooqepe.oHo Hc

nhiT b!BaeT cjJOKyCRpOBKy H .oecjJOKYCHpOBKY, 0603Haqa!OT KaK <t>.LJ. • nnOCKOCTb, a nepneH.oH

KynS!pHyiO K Hell COOTB9TCTB9HHO KaK .!J.¢ -nnOCKOCTb, EcnH CeKUHH KBa.opynOnbHOrO 

.oy6neTa pacnono>KeHbi He BnnOTHyiO, a paa.oeneHbl H9KOTOpbiM yqacTKOM, cBo6o.oHbiM 

OT nonS!, TO nnOCKOCTH COOTBeTCTB9HHO 0603HaqaiOTCSI <t>Q.LJ. R .LJ.O<t>, 

B HaH6onee o6weM cnyqae ceKuHH KBa.op y non&Horo .oy6neTa RM9IOT paaHyiO .onRHY, 

H rpa.oHeHT MarHHTHOro nonS! B Ka>K.ooA H3 HHX MeHHeTCH HeaaBHCRMbiM ot5paaoM. O.o

HaKo H8 npaKTHK9 oqeHb qacTO npHXOLlHTC!l RMeTb Ll9IT0 C .oy6neTOM, C<lji:TSBneHHblM H3 

ceKuHA OLlRHaKoBoil .onHHbl L • EcnH rpa.oHeHTbl B ceKuHHX TaKoll nHH3bi OLlRHaKOBbi, 

Mbl 6yaeM Ha3b!B8Tb ee CHMM9TpRqHbiM KBa.!lp y nOrrbHblM .oy 6neTOM, 

CaMMeTpHqHbill .oy6neT o6na.oaeT HeKOTOpbiMH HHTepeCHbiMH onTHqecKHMH oco6eH

HOCTHMH, Vfx aHanH3 CyW9CTB9HHO ynpOCTHTCH, ecnH paCCMOTp9T& Cnyqall, KOr.oa CeK

UHH nHH3bl pacnono>K9Hbl BnnOTHYIO .opyr K Llpyry. 3aM9THM, qTO 3.£l9Cb peqb H.£l9T 0 

COBM9W9HHH KOHU8 nepBoli H Haqana BTOpOll C9KUHR no MarHHTHOMy noniO, TaK KaK Me>K

LlY cjJHaHqecJotMH rpaHHMH KBa.opynon&HbiX MarHHTOB Bcer.oa HMeeTCH onpe n.eneHHblli aa

aop. nepeMHO>KHB MaTpHUbl nepexon.a .OnSI OLlRHoqHblX KBa.opynon&HblX MSrHHTOB /npen.

nonaraeTC!l, qTo B ropR30HT8UbHOll nnOCKOCTR OHII COCTaBn!liOT nocnen.oBaTenbHOCTb .!J.¢ 1 

( 

cos<t> 

-¢ s'l.ll<jl 
( 

&.¢ 

¢sfv<t> 
~) 
&_<j> 

/4.1/ ~) 
cos¢ 

nonyqaeM ot5wyiO MaTpnuy nepexon.a (H) , onHCbiBSIOWYIO JlellcTBHe KBan.pynon&HOro 

a y6neTa Ha aapH>KeHHYIO qacTHUY. AHanorHqHblM o6paaoM B peayn&TaTe nepeMHO>KeHRH 

MaTpHU 

( &4> ~) VOS$ ·~~) ::<I> /4.2/ 

<j>dt.¢> d:.<j> -¢si.h <j> 

HSXOLJ.H M M8TpHUY (V) CHMMeTpH•!Horo n.y6neTa n.n." <t>.U -nnocKOCTH. ConocTaBnHH 

C OOTB 9 TCTB YIOWHe aneM e HTbl MaTpHU 

ft, = cos<j> ~ <1> + c:.:t.n ¢ s-1\. q:, 
II 

ft. 
12 
= ~ (cos¢> sit¢>+ s•n ¢ d\. <1>) 

t\,
21

= ¢ (cos <jl ~<j>-sin¢ d:.¢>) 

~ 22= cos¢ c.fL¢- s·,n¢ s~ <)l 

(H) H (\J) 

~1 = cos¢cl.<j:>+ si.n cp ~<j:> 

-&12 =i (cos¢ ~q,+sin<PJ.<t>) 

-8-Qt== ¢> (cos¢>ch¢- sl.ll¢ sft.¢) 

~ee== cos¢ ci\. <j> - Sc"-<\l sf.<j> 

'l 

/ 4,3/ 

' 

.... 

.j 

H 8XO.O.HM I 'ITO 

~=~nit., II >e>< • 

C noMOWbiO / 3.9/ y6e>Kn.aei¥ 

o6eHX nnoCKOCT!lX Oll.HHaKOB~ 

F. = II 

HO nono>KeHH9 cjJoKyCOB OTHO 

~OH =-

~~= · 

npHqeM paCCTOSIHR9 qOH 
KOCTH COBnan.aeT C paCCTOHE 

nnocxocTH .ll<t> /pRe. 7 I . 06 

nara lOTCII M9>Kll.Y HCTOqHHKO' 

YacTo Tpe6yeTcH coBI¥ 

SIHHH T OT URH3bl, H306pa 

xocTHX. TaKoe coBMeweHHO< 

yxaaaHHbiX Bbillle oco6eHHoc· 

MaTHqHOe H306pa>K9HHe MO>K 

OT HCTOqHHKa ll.O UHH3bl, no 

Boil onTHKR cjJopM y na H&IOT< 

rn.e z 
I 

-paCCTO!IHHe OT H 

nono>KeHHoro Me>K.oy nHHao i 

paccTOHHHe nRH3bl, cnpaBen. ; 

HaWHX Ot503HaqeHH!IX OHa RM• 

(S-

B ropH30HTanbHOil H 

(s-
COOTB9TCTBQHHO B BepTHKan 

H /4,10/ B HeCKOUbKO HHOll 

(S-



!T Hao60pOT. nnOCKOCTb, B 

ro ay6neTa nooqepeaao ac

<1> 11 • nnocKOCTb, a nepneaaa

na CeKUHH KBaa pynOJlbHOrO 

biM y'la cTKOM , cBo6oaHbiM 

, H 110¢. 

(6JieTa HMe!OT pa3HY!O aJIHHY, 

~eaaBHCRMbiM o6paaoM. Oa

ay6neToM, COif:TaBJleHHbiM H3 

lHX TaKOll 11RH3bl OaRHaKOBbl, 

· 6neTOM . 

Hb!MH OfiTH'IeCKHMR OC06eH-

oTpeTb cny'lall, Koraa ceK

' , 'ITO aaecb pe'lb aaeT o 

HHTHOMy fi01110 1 T8K K8K Me>K-

aMeeTCll onpeaeneHHblll aa

tpynonbHbiX MBrHHTOB /npea

t!OT aocneaoBaTenbHOCTb 11<1>1 

,) 14 .11 

' aellcTBRe KBaapynOJlbHOro 

peaynbTaTe nepaMHO>KeHall 

) 14.21 

-nnocKOCTH. ConocTaBnllll 

/ 4.3/ 

H 8XO£lHM I 'ITO 

~ = .{721 . 
21 

14.41 

C fiOMOlllbiO / 3.9 / y6e>KaaeMCll, 'ITO cpO K y ORbla paCCTOliHRH CRMMeTpH'IROrO ay6neTa B 

o6eax nnocltoCTRX oaaHaKoB bl 

1 
= h21::::: -&21 

/ 4.5/ 

HO fiOJIO>KBHHe cpaKyCOB OTHOCHTBJlbRO rpaaell nHR3bl paanH'IHO: 

~I 
- ~21 "'~~" 

a = _ ft.22 = 
OoH J' 

n-21 

14,61 

~~=- ~: =- :: =~ov' 
/ 4.7 I 

npH'IeM paCCTORHHe <1oH OT 1!HR3bl ao cpaKyCa CO CTOpOR bl HCT O'IHHKa B ¢11 -nnoc'-

KOCTH COBnaaaeT C pacCTOl!HHeM OT 1!HR3bl ao cpoKyCa CO CTOpOHbl R3o6pa>KaHHH B 

fiJIOCJtOCTH 11¢ /pHC. 7 /. 06e rnaBRbie fiJIOCKOCTH TaKOil 1!HH3 b l B nepBOM c n yqa e pa c n o 

nara!O,Cll Ma>Kay HCTO'IHllltOM H 11HH30ll, a BO BTOpOM - Me >Kay 1!HH30ll H H306pa >KeH H eM . 

'-iacTO Tpe6yeTCll COBM9CTRTb B OaHOll TO'IJte, H8X OaRUleliCH Ha aaaaHHOM paCCTo-

RHHH T OT 1!RH3bl , R30I5pa>KeHRll 0 fiOJly'leHHbie B BepTRKaJlbHOll R ropH30HTaJlbHOll nnoc-

KOCTRX. TaKoe cosMemeaHoe aao6pa>KeHHe Ha3biBaeTcR cTRrMaTH'IHbiM. BcneacTBHa 

yJta3aHHbiX Bblllle oco6eHHOCTell CHMM eTpH'IHOrO ay6neTa fiOJIY'IHTb C era nOMOUlb !O CTar

MaTH'IHOe Hao6pa >KeHae MO>KHO nHlllb B TOM cnyqae, ~~:ora a T pasHa paccTORHH 10 S 
OT HCTO'IHHKa ao 11HH3bl. noKa>KeM, 'ITO 9TO aeliCTBHTeJlbHO TaK, Vf3BBC THaR H3 CB9TO-

Boll onTHJtH cpopM y na Hb!OTOHa 

14.81 

rae z 
I 

-paCCTORHHe OT HCTO'IHHKa ao cpoKyca, z
2 

- pacCTORHHB OT cpaKyCa, pac-

f fiOJIO>KBHHOrO Me>Kay 1!HH30ll H H306pa >KBHHBM, ao H306pa>KBHHR, a -cpaK y CHOB 

paCCTOl!HBe 1!RH3bl, cnpaseanHBS H anR HOHHQ-OfiTH'IBCJtHX cpaKycapy!OlUHX CHCTBM. B 

HalllHX 0603Ha'IBHHHX OHa HMBeT a1lll CHMMeTpR'IHOrO ay6neTa Cneay !OlUHll BHa: 

14.91 

B ropH30HT81lbHOll H 

14.101 

COOTBeTCTBBBHO B BBpTHKSJlbHO,il fiJIOCKOCTH. C Y'IBTOM /4.6/ R /4.7/ nepenRllleM /4.9 / 

a /4.10/ B HBCKOJlbltO RHOll cpopMe: 
2 

( S -~(»4 )(T- qttl) = F /4.9a/ 



( 5 - ~iii) ( T- ~ OH ) = F 2 
/4. 10a / 

K, TaK KBK ~OH+ (~h.H, TO o6a npKBe.aeHHble Bb!We Bblpa>KeHIH! TO >KJleCTBeHHbl TOnbKO B 

TOM cny qa e, Kor.aa S = T. 

4To6br HaATH aenH'!HHY S I HnH T I, MO>KHO aocnonbaoaaTbC!! mo6biM H3 cooTHo-

WeHRli / 4.0a/ HllH /4. 10a /, B KOTOpb!X Ha.llO Bb!p83HTb '3- H F '!epea MaTpH'!Hbie 

aneMeHTbi .an!! nnocKOCTH .O<P Hl1H nnocKocTH <P.O. EcnH paano>I<HTb a cTeneHHOli p!!.a 

no </> aneMeHThl MaTpHUhl nepexo.aa .llll!! ll~OOJ! H3 3THX nnOCKOCTeli K OT'paHH'!HTbC!! 

qneHaMR qeTBepTOT'O nOpS!.llKB, TO peweHHe / 4.0a / HllH / 4.10a/ npHOOpeTaeT TBKOll BH.ll: 

s = (2 - <t>Y2)± ~4+2,9¢4 
1;- ¢4 

/ 4.111 

Ha pHc. 8 npKae.aeHa aaBHCHMOCTb paccToHHHH oT nHH3hl .ao cTHrMaTH'!Horo Hao-

6pa>KeHH!! T- TC<t>), Bhl'!HcneHHa!! no cj:lopMyne 14.111. Pac'leT, a KOTopoM Hcnonbay~T-
CR TOtiHbl8 3H8tt9HHR M8TpHttHbiX 3n9M9HTOB, .089T pe3yJibT8Tbl 1 OTJIIPI8IOUlH9CSI OT npH

Be.aeHHbiX 3.lleCb He 6onee '!eM HB 2-3%. KpHBal! 2 Ha TOM >Ke pHCyHKe OTHOCHTC!! K 

cnyqa~, KOr.aa Me>K.ay CeKUH!!MH .ay6neTa HMeeTC!! Y'!BCTOK, CBOOO.llHbJll OT non!! Jll1HHOll 

d=-L 
B caeToaoll onTHKe, Kor.aa npe.aMeT H Hao6pa>KeHHe pacnono>KeHhl Ha o.anHaKOBbiX 

paCCTOS!HH!!X OT llHH3bl, pa3Mep H300pa>KeHHS! paBeH paaMepy npe.aMeTa. l-13 cj:lopMyn 

/4.5/ - /4.7/ Henocpe.aCTBeHHO cne.ayeT, 'ITO C nOMOll.lbiO CHMMeTpH'!HOT'O .ay6neTa He

B03MO>KHO nony'!HTb CTHT'MBTH'!HOe H300pa>Kei!He, paBHOe no BellH'!HHe npe.aMeTy. l-iHbiM• 

Cl10B8MH, XOT!! HCTO'!HHK H H300pa>KeHHe pacnono>KeHb! Ha O.llHHaKOBOM paCCTO!!HHH OT 

nHH3bi, Koacj:lcj:lHuHeHT yaenH'IeHHH He MO>KeT Ob!Tb o.aHoepeMeHHO paaeH e.aHHHue a o6enx 

nnocKOCT!!X . l-1 .aellcTBHTenbH O, .anfl aToro noTpe6oaanocb obi noMecTHTb HCTO'IHHK a Toq

Ke, KOTOpa!! HaXO.llHTC!! Ha .llBOAHOM cj:JOKYCHOM paCCTO!!HHH OT l1HH3bl O.llHOBpeMeHHO H B 

T'OpH30HT8l1bHOll H B BepTHK8l1bHOll nnOCKOCT!!X, a K300pa>KeHHe .llOn>KHO OKa38TbCS! no 

.llpyry!O CTOpOHY OT l1KH3bl B TO'!Ke, r.ae TaK>Ke COBMema~TC!! .ll BO llHbie cj:JOKyCbl B ooeHX 

nnOCKOCT!!X. l-1Ha'!e T'OBOp!!, .lll1S! 3TOT'O .llOll>KHhl BbinOnH!!TbC!! ycnOBH!!: 

a + F =a .._ Fv 
4" OK H <J 011 

/ 4.12/ 

H 

~-tH + FH = ~ ~v+ F" / 4.13 / 

HO TSK K8K FH=F\J=F 

10 

TO STO MO>K9T C1IY"''HTbCR nH 

~OH = ~ 0 

ttTO, K8K Mbl BK.Q.9nH BbiW9 1 

Koacj:lcj:JHUHeHT nHHel!Ho 

qepea aneMeHTbi MaTpHUbl n1 

k 

H COOTB8TCTB9HHO B B8pTH 

K 
0'1eBH.llHO, 'ITO K:" H He pal 

pac'!eTOB KOacj:lcj:JRuHeHTOB : 

Ta6nHUY 1 1 flOK83biB810T, l.JTC 

llJIOCKOCTSIX B9CbM8 3H81.fHT9; 

Pac"''eTHwe aenH"''HHhl t 

cb 0,50 

K4?.a I ,26 

K .a.4? 0,76 

¢H3K'IeCKY~ npHpo.ay 

Kor.aa a nnocKocTn .O <P H< 

Q:> .[l OH OK83b1BaeTC!! Me>K.a 

TH K300pa>KeHHe HCTO'!HHKB 

Ha nepBhll! aarnH.a oTpHuaTe 

Ma noneaHhiM. TaK, HanpHM 

HHTa H O.llHOBpeMeHHO cj:loKy< 

TaKyiO nocneaoaaTenbHOCTb 

nnocKOCTb Ob!lla .O<P - nnoc 

3Hpy!OW8T'O MaT'HHTa MO>KHO 

KOCTH ¢ .[l I TaK KBK H300pa > 



14. 10al 

IHI TO )f(.Q9CTB9HHbl TOflbKO B 

IOBaTbCSI niOOb!M H3 COOTHO-

H F '!epea MaTpH'IHbre 

lnO >KHT b B CT9Il9HHOt\ pSl.Q 

10CKOCT9H H orpaHHl.fHTbCSl 

Ia/ npHOOpeTaeT TaKOil BH.ll! 

14.11 I 

3bl .ll.O CTRrMBTHl.fHOrO H3Q-

9T, B KOTOpOM HCil01Ib3YtoT-

>Ke pHCyHKe OTHOCHTCSI K 

cao6o.uH bril OT non11 .unaaol! 

Cil01IO>K 9Hb1 H8 01l.HH8KOBbiX 

npe.uMeTa. VIa cPoPMYn 

!MMeTpH'IHOT'O .llyoneTa He

BenH'IHHe npe.uMeTy. VIHbiMM 

~HHaKOBOM paCCTOSIHHH OT 

HHO paBeH e.QHHHUe B OOeHX 

1 OOM9CTHTb HCTO'lHHK B Toq-

T 11HH3b1 O.QHOBp9M9HHO H B 

19 .U01I>KHO OK838TbCH nO 

: 11 JlBOA Hb18 cPOK YCbl B ooeRX 

II ycnOBHSI! 

/ 4.12/ 

/ 4.13 / 

TO 3TO MO>KeT cny'I HTbCSI nHWb npH 

H 

l.fTO, KSK M bl BH.0.9flH BbJW9, B CKMM9TpH'tfHOM 11y6neTe He OCYW E!CTB 1199TCSl . 

Koaq,q,auaeHT naael!aoro yaena'leHHII nHH3bi cne.uyiOLUHM ol5paaoM Bbipa>KaeTC!I 

qepea aneMeHTbl MaTpHUbl nepeXO.lla B T'OpH30HTanbHOl! nnOCKOCTH -

14.14 1 

H COOTB9TCTB9HHO B B9pTHK81IbHOfi 0110CKOCTH 

K =~+-~2,T. \1 II 
/4.15/ 

0'1eBH.llHO, 'ITO t\ H ae paaea K V , TaK KaK .fv21=~Q.I , a t,ll :::f:. ~II . P eaynbTaTbi 

pac'leToB K03cPcPHUH eHTOB yBenH'IeHHSI no <j:JOpMynaM /4.14/ H /4.15/, CBe.QeHHb!e B 

TaOnHUY 1, nOKa3biBaiOT, 'ITO pa3HHUa yaenH'!eHHI< B T'OpH30HTanbHOH H BepTHKanbHOil 

Il110CKOCTSIX B9CbM8 3H8l.fHT91lbH8. 

Ta6nnua L 

Pa~'leTHble aenH'IHHbl Koa <j:J<j:J auneHTOB y aena'!eHH!I cHMMeTpH'IHOro KBa.upynonbHOro 

.uy15neTa 

cb 0,50 0,80 0,70 0,80 

K 4>.a. 1,28 l ,38 l ,55 I ,75 

K ilq, 0,78 0,88 0,57 0,48 

¢H3H'IeCKYIO npHpO.llY 3TOT'0 !IBneHHSI HeTpy.llHO noHSITb, OOpaTHBWHCb K pHCYHKY 7. 

Kor.ll!l B nnoCKOCTB 11 ¢ HCTO'IHHK HaXO.llHTCSI aa .ll BOl!Hb!M cPOKyCOM, TO B nnOCKOCTH 

¢11 OH OKa3b!BaeTCSI Me>K.uy cPOKyCOM H .llBOI!Hb!M cPoKYCOM, n03TOMY B nepBol! nnOCKOC· 

TR H306p8>K9HH9 HCTO"'HHK8 Il011Yl.I89TCSl yM9HbW9HHblM, 8 BO BTOpOA - yB911H\19HHbJM . 3TO, 

Ha nepBblll B3rn!l.ll OTpHUaTenbHoe,CBOHCTBO nHH3bl, B p!!.lle cnyqaeB OKa3b!BaeTCSI Becb

Ma noneaHbiM. TaK, HanpaMep, ecnH ny'IOK aaannanpyeTCSI no HMnynbCBM B none Mar

HHTa H O.llHOBpeMeHHO cPOKYCHpyeTCSI KBa.llpynonbHblMH nHH3aMH, TO >KenaTSnbHO Bb!OpaTb 

TaKyiO nocne.QOBaTenbHOCTb ceKUHil KBB.llpynonbHOT'O .uyoneTa, 'ITO Obi T'OpH30H TanbHaSI 

nnocKOCTb obma 11¢ - nnocKOCTbiO. B aTOM cny'lae npB HeHaMeHHOil .u ncnepcnn aHann-

3HpyiOLUero MarHHTa MO>KHO nonyl.fHTh aaa'lHT erthHO nyt.t:wee paapeweaRe , '-ISM a nnoc

KOCTH ¢11
1 

TaK KaK H300pa>KeHHe nony'laeTCSI MeHbwell BenH'IHHbl. 

ll 



5. CneTeMa na aayx KBaapynonhHhiX ay6neToa e napannenhHhiM ny'!KOM 

M9>KilY HHMH 

VfOHHO-OOTH'i8CK8H CHCT9M8 1 COCT0Siut8SJ H3 1.{8Tblpex KBa.a.pynOnbHbiX MBrHHTOB, 

fl03BOnfleT llpOB9CTH HHT8HCHBHhlfi nyYOK 38pH>K8HHbiX "18CTHU H8 3H8'iHT81lhH08 p8CCTOSI

HHe OT yeKOpHT9fl!l H ecjx>KyeHpOBaTb ero B Hy>KHOl! TO'!Ke B U!ITHO H960nbWHX pa3Me

pon. Lln!! :noro nepBbie aae ,nHH3bi Q 
1 

H Q2 , o6paayiO!llHe xsaapynonbHbil! ay6neT, 

paenonaraiOTeH B03MO>KHO 6nnme K HeTO'IHHKy H aa10T napannenhHbil! ny•wx qaeTnu. Ha 

nponasonbHOM paeeTORHHH D OT nepsQro ay6neTa naxoanTeR BTopoll, eoeTOR!llHll H3 

xsaapynonel! Q3 H Q4 /pne. 9/, KOTOpb!l! cjx>xye npyeT napannenhH bill nyqox a nym-

HoA TO"'Ke. PaccTOHHHe D Me>K.a.y nHH38MH He B1lHSieT Ha K8KHe-nH6o onTHqecKHe 

CBOHCTB8 CHCT8Mbl H 1 C1l9.0.0B8T91lbHO, MQ)i(8T B8pbHpOB8TbCH B WHpOKHX npeaenax. 3To 

Il89T B03MO>KHOeTb rii6KO npHenoea6nHBaTb TBKYIO OUTH'I9eKyiO eHeTeMy K KOHKp9THbiM 

/5/ 
ycn OBHHM p83M8LU8HHH MBPHHTHOro K8H81l8 

llnH TOI"'O, 'LJT06bi nonyqJ!Tb nap8111181lhHbiH nyqoK '-18CTHU OT CTHf"M8TH"'HOrO HCTQq

HHKa, HBilO eOBMeeTHTb cjJOKyebJ nepBOrO ay6neTa ' B ropH30HTanbHOl! H B9pTHKBnbHOl! 

fl110CKOCTSIX B TOJ:i TOttKe, r.n,e HBXOLlRTCH HCTOt.tHHK -

S "" ~oH = ~ov /5.1 I 

BTopol! ay6neT aae-r eTHrMaTH'IHOe nao6pa>K enne npn yenoBHH, 'ITO paeeTOHHHe oT nnn-

3bi IlO cjx>J<yea B 069HX nnOeKOeTRX Oil HHBKOBO 

LlnH eny'!a!l, Koraa T 
T"" ~tH = <ttv /5.2/ 

JJ,On>KHO 6b!Tb paBHO .s , BTopoil ay6neT Hil9HTH'!eH nepao-

My, Y KOTOpOrO eeKUHH 0, H 02 nepeeTaBneHbl MeeT BMH . npH 8TOM K08cjJcjJHUHeH-

Tbl yaeneqeHHR Beero 06b9KTHB8 npaKTH'I9eKH paBHbl 9IlHHHU9 B 06enx nnOeKOeT!IX. npH 

T > S TaKaH CHcTeMa, ecTeCTBeHHO, .a.aeT ysenR1.19 HH oe Hao6pa>KeHHe HCTOt.t:HHKa. 

Ha pne. 10 npHaeaeHbi rpacjJHKH, noaaonRIO!llHe onpeaenHTb napaMeTpbi ¢
1 

11 cp
2 

IlnR eeKUHil KBBilpynOnbHOrO Ily6neTa, KOTOpbiH YilOBneTBOp!leT yenOBHIO /5 .i / . LlnR 

:;>TOr.O '!epe3 TO'!Ky B9pTHKanbHOl! OeH, KOTOpBH eOOTBeTeTByeT 3BilaHHOMy paeeTOIIHHIO 

s IlO HeTO'IHHKB npRMyiO, napannenhHYIO oeH a6eune e, ao nepeee-

tt 9 HHSl e KpHBOl! 1 T o'!Ka nepeee'!eHHR aepTHKBnhHoil np!!Moil, 

npoxoa!l!llell qepea 

, npOBO.QHT 

H HBX0IlHT ¢, 
nal!aeHnoe ¢

1 , e KpHBOl! 2 Il89T Hy>KHOe 3H8'19HH9 <P2 . Lly6-

1I9T, eoeTO!I!llllll H3 eeKUHil Oil HHBKOBOl! IlnHHbi, IlBeT napannenbHbill ny'IOK 'IBeTHU npH 

yenOBHH, 'ITO rp8IlH9HT MBrHRTHOrO nOn>! B nepBOl! eeKUHH 60nbW9, '19M BO BTOpoli 

( </>.j>¢
2
). 'ho6bl HaiiTH napaMeTphl ay6neTa, KOTOphlil cjx>KyeepyeT napannenhHbill nyqox, 

T.e. yaosneTBOp!leT yenoBHIO /3.2/, naao npoaeeTH rop1130HTa n hHyJO n pRM YIO 'lepea aa-

IlaHHoe 3HB'I9HHe T ao nepeeeqeHHR e Kpnao!l 2, 'ITO, aacT ¢
3 

, a aaTeM on p e-

aenHTb ¢4. no KpHBol! 1. Tenepb rpa ane HT B nepaol! eexunn ay6neTa MeHbwe, qeM 

BO BTOpOl! ( ~ <¢
4

). 

12 

( 
I 

I~ 
\ 

6. Tpexeexunoi 

B paae pa6oT, Bhlnonne! 

Hb!X UJ'IKOB UpHM9HHnHeb TpE 

neTe /p11 e. 11 I nepBhlil 11 Tpe· 

epeannil noaepnyT oTnoenTem 

M bl. ¢H3H'I9eKB>I IlnHHB nome 

n10ea epeanero xsaapynonR. 

HHK TOK8, fl0 9 TOMy M8rHHTHOG 

MeHReTeR OilHOBpeMeHHO. Een 

CTOSIHHSIX OT cpe.a,H8r'0 1 TO Tl 

BseaeM npHMoyronbHYIO 

IlOnbHOil OebiO TpHnneTa, a OC 

11 ropnaoHTanbHO. Bee paeeTo 

6yaeM Bb!pa>KB'!'b B 9IlHHIIUBX 

'!BeTHU, npOXOil!l!lllll! '19pe3 TJ 

oanol! nnoexoeTel! I a n !I onpe. 

cjJoxyeHpOBKy, aecjJo KyeHpOBKy 

BOlt, e9KUHH niiH3bl ael!CTBYIO~ 

qae xaaapynonhHbie MarnHT:.I, 

npoeTpaHeTB8 IlnHHOl! d , r. 

<!> 0 Ll0¢> ,a ropH30HT811bHBH eoc 

<l>oKyenpy IO!llee aelleTane 

(

C< 

-q 
a Il ecjJoxyeepy IO!llee eooTBeTc 

(~ 
Eenn o6oana'!HTh qepea k 
MaTpnua nepexoaa an11 xpalln 

( 

Cc 

-~ 



3.nnenhHhiM n y '-I KOM 

!:BB.O pyn OJlbHbiX MBr HHT OB 1 

HU H8 3H8'-IHTenbHOe pBCCTOR 

B UHTHO He60nbWKX pa3Me

IOWK9 KeanpynonbHbtil ny6neT, 

:tnnenbH biH n ytJOK qacTHU. Ha 

HTCSI BTOpofi, COCTORWHA H3 

tapannenbH brl! rry'IOK e ay>K

~a K8KH9-nH60 OflTHqecKH9 

H B WHpOKHX npenenax. 3To 

.yro CKCTeMy K KOHKpeTH biM 

IU OT CTRrMBTH'-IHOro HCT0'-1 -

>HTallbHOli K BepTHKanbHOli 

15.1 I 

3HH, 4TO p8CCTOSIHHe OT JlRH-

15.21 

l ny6 neT HneHTH'IeH rrepeo

aMn. npK 3TOM K03cj:>cj:>IIUK eH-

19 B o6e t<x UliOCKOCTIIX. npH 

1306palK 9HK9 KCTO'IHHKa. 

enKTb nap aM eTpb! </)
1 

11 cp
2 

ReT ycnO BH!O f5 .if . .LlnR 

eT 3aaaHHOMY pacCTOS!HHIO 

ry ro ocH a6cut<cc, no rrepece

H eepTRKanbHOil rrpRMOA, 

IKHOe 3H8'19HR9 <PQ . .Lly6-

nenbHhlll liY'IOK 'laCTRU npt< 

60nbW9, '19M BO BTOpofi 

tp yeT rrapann enbHbtl! ny'IOK, 

T8 llbHYIO rrpHMyiO 'lepe3 3a

ICT ¢~ , a 3aTeM on pe

KUHH ny6neTa M9Hb W9, qeM 

6. TpexceKUHOHHaH Keanpy nonbHaH nHH3a 

B pKne pa6oT, BblnonaeHHblx aa ycKopHTenHx nnH tPoKYCHpOBKH BTOpH'I-

HbiX ny'IKOB npHMeHHnHcb TpexceKUIIOHHbte KeanpynonbHble nHH3b1
16 • 71 . B TaKOM TpHn

neTe l pHC. 111 nepBblli II TpeTHli KBanpynonbHbte MarHHTbl COBepweHHO HaeHTH'IHbl, a 

cpeaHHli noeepHyT OTHOCHTenbHO HX Ha yron 90° BOKpyr o6well npononbHOli OCH CHCTe

M b!. ¢H3H'IecKaH nnHHa nonrocoe KpallaHx MarHHTOB o6bt'IHO paeaa nonoBHHe nnHHbt no

n roc a cpenaero KBa.apynonH • .LlnH nHTaHHH KpaliHHX CeKUHll HCUOnb3yeTCH 06WHA HCTO'I-

HKK TOKa, U03 TOMY MarHHTHOe none B HIIX HMeeT npaKTH'IeCKH onKHaKOBYIO Beni!'IHHY II 

MeHHeTcH onaoapeMeaao. EcnH KpallaHe KBanpynonH pacnono>KeHbl aa onKHaKOBbiX pac

cTOHHHHX OT cpenaero, TO TaKOli TpHnneT Ha3b1B8 IOT CHMMeTpH'IHb!M. 

BaeneM npl!MoyronbHyro cHcr eMy 

nonbHOli ocbro TpHnneTa, a ocH Ox 
KOopnHHaT, OCb OL. KOTopoll coaMeCTHM c npo-

HanpaBI!M COOTBeTCTBeHHO BepTHK8nbHO H 0~ 
Bee paccTOHHHH, OTC'IHTbtBaeMble a :;!Toll cHcTeMe snonb oc11 Oz II ropH30HT8nbHO. 

6yneM Bbrpa >K a:b B enHHHuax nnHHbr L cpenaell ceKUHH nHH3b!. ny'IOK 3apS!>K9HHbiX 

'laCTHU, npOXOaS!WHII 'lepe3 TpexceKUHOHHYIO nHH3y, nocnenoBaTenbHO HCUb!TbtBaeT B 

onaol! nnocKo cTeli I a nSI onpeneneHHOCTH nono>KHM, 'ITO a To aepTHKanbHal! nnocKOCTbl 

cj:>oK y CHpoeKy, necj:>oKycHpOBKY H caoaa cj:>oKy CHpOBKy. B nnocKOCTH, o pToroaanbHOli K nep

aoll, ceKURH nHH3bi nellcTayroT aa ny'IOK a o6paTaol! n o cnenoaaTenbHncTH. B o6weM cny

'!ae KBanpynonbHbte MarHRT:.t, o6pa3yrowt<e nHH3y, pa3neneHbt y 'laCTKaMH cao6onaoro 

npOCTpaHCTBa nnHHOli d , U03TOMy BepTRK8llbH8S! nnOCKOCTb - 3 T O nnOCKOCTb 

<t>0.Ll0<t>,a ropH30HTallbHall COOTB9TCTB9HHO - .Ll0<t>0.Ll. 

¢OKYCKpyrowee nelicTBHe cpenaell ceKUKH nRH3b! OUI!CbtBaeTCII MaTpHUeli 

(~::~ ·~~:~) 16.11 

a n ecj:>OKyCHpy rowee COOTBeTCTB9HHO MaTpHUeli 

s~¢) 
di.¢ 16.21 

Ecnn o6o3Ha'IHTb '1epe3 k OTHOW9HH9 nnl!Hbl Kpai!Hell ceKUHII K nnHHe cpenaell, TO 

MaTpHua rr epexona nnR KpaliHHX ceKuHA HMeeT cnenyrownll ann 

( 

cos ~'P 

-<psittbp 

13 

16 .31 



npK cP OKyCKpOBK 9 K 

(
eft. f<cp 

<p sl\. ~ <p 

s~;<e ) 
dtf.:<p 

16.41 

npK ll9cPoKYCKpOBK9 ny'IK8 aapsnKeHHbiX '18CTHU. B 3THX Bb!p8>K9HKSIX senH'IHH8 

¢=L~ :300Gcp 
-p-

nponopUKOH8nbH8 rp8LIH9HTY M8f'HHTH0f'O nonS! B cpeLIH9M KB8llpynone, 8 

Cf>= L~ 3oo Gkp 
p 

16.51 

16.61 

npOUOpUKOH8nbHO 3H8'19HHIO rpaaKeHT8 B Kp8AHKX KBaapynonSIX, V!MnynbC '18CTKU p 
Bblpa>K eH a aneKTpouoaonhTax, .anHHa nHH3 bi L - a eM, a rpa.uHeHT MarHHTHoro nonH - s 

r c / cM, 

'-1To6&I nony'IKTb o6my 10 MaTpHuy nepexona, onKCbiBSIOll!YIO nellcTBKe KBaapynonb

Horo TpKnneTa H8 Uy'IOK '18CTHU B nnOCKOCTH }lQ¢>QJl, He06XOLIHMO nepeMHO>KHTb MaT

pHU bi OT aenbH &IX ceKuKA , pacnono >K eHH &Ie s c n e ayiOmeM nopstaKe 

(

ctf<cp 

<j>Sftlp 

~) (i d) ( cosq, ~ \(1 d\(cfL e:~p ~ ) 
dt<p~'P 0 ~ -G>s .. n¢ cos¢} 0 ~J q>sf,~cp c~~<p 

/6,7 I 

3neM eHTbl TpaHc¢opMKpyiOUieA MaTpKII bi (H) 
T8KOA BKa; 

anSI ropK30 HT8nbHOA U/l 'JC K OCTKX / HM810T 

~ *'l = ck 2~cn [cos¢- ¢d !Oi.n.<j> J 
II 22 T 

- ~ sft 2 f<cp s\t\(p [<j><pdQ+ ~ -~] + <pds~ Qf.:cpcosq>; 

ft 12 = cit2 hp{ d [cos <j>- 4>d sin <j> J + d co~<t> + si~ 4> J 
+ i sft 2~<p [ oos¢ -<Pd sitl<p J -4> s~2 ~(/) si.n. <\> ; 

<p <p2 T 

l 21 == cp2sk2 hp { d [cos¢- <j>d Sit~.¢]+ d cos¢+~} 
- ¢ cf..2 f<((> si.n.¢ +<ps~ 2 ~<p [cos<P- q,d sin.¢] 

16.81 

Pase HcTBO aKaroHan&HbiX 3neMeHTOB MaTpKUbi ft. 11 K t 22 oaHa'laeT B co o TBeTcTBKK 

C / 3,7 - 3,8 / , 'ITO ¢oKYCb1 CO CTOpOHbl KCTO'IHHK8 H CO CTOpOHbl H306pa>KeHKH H8XOaHT-

CH H8 O,ll KH8KOBOM paCCTOHHHH OT nHH3bi: 

x/ HanOMHHM, 'ITO llOCT8TO'IHO OaHOBpeMeHHO H3M9HHTb HanpaBn9HK9 TOK8 BO BC9X 

C9K UHHX nHH3bl H8 UpOTHBOno n O >KHO e , 'IT0 6bi nnOC K OCTb iO }lQct>Q Jl CTana BepTHK8nbH8H 

nnOCKOCTb. 

14 

f 

~0 =-

CneaosaTe/lbHO, rnaBHble nnoc• 

pOHbl OT cepeLIKHbl nHH3bl / pKC 

M aTpHuy nepexona s nno 

cnoco6oM KaK / 6,8/, nepeMHo : 

eKTOpHH '18CTHUbi : 

( COS~<f ~ ) (1 
\-<pstn~ cos~ 0 

¢>OKYCH b19 p8CCTOSIHHSI Tp 

nnOCKOCTRX H80LlHH8KOBbl, TBK 

THf'M8TH'IHOA nKH30A) K anSI T O! 

H306p8>K9HKSI, nony'leHHb19 B E 

Mo cneuKanbHO noa6Hp8Tb rpa . 

npoueaypbl y npomaeTcst, ecnH 

BenK'IKH y rpaaKeHT8 B KpaA H 11: 

JC838H0 1 K8K M9HSI8TCR npH 3TC 

B nnOCKOCTSIX <l>()JlQ¢> K }::(0¢ 

T oT nKH3bl ao cosMe Ui eHH 

rpaaKeHTY nonH KpaAHKX M8f'H 

H3M9HHTb BenK 'IHHy rpa a H9HT8 

Kpal!HKX C9KUKHX, noll'19pKH9 > 

Ta : ecnK rpaaHeHT B Kp8AHKX 

cpe .a.HeA C8KUHH M8HR8 TCB, T O 

6p8 >K 9HHH B f'O p H30HT8nbHOH H 

paanH'IHbiM / pH c. 14 / . B n n oc1 

B TO Bp8MR KBK B nnOCKOCT K ~ 

p830M UOHBnH e TCH B 0 3MO >K H OC 

B f'OpK30HT8nbHO A H B9pT KK8P. 

npu C OBM9UI9HHH cP OKyCC 

CO CTOpO H b; KCTO'IHKK8 ( ~OH= 
Cbl CO C TO p OHbl K306p8 )!{ 9HHH 

HOM cP OKY C HO M p 8 CCTOHHHH OT 

HHe, p 8 3M9p KOTOpOf'll>. paBeH ) 

H30 6p a >K eHH e , O CT8B8SIC b COB I 



16.4/ 

>K9 HHSIX B91JH'IHHa 

/ 6.5 / 

1 g pynone, a 

16.61 

SI X. VfMnynbC 'laCTHU p 
! BH T M arHHTHOrO nOJISI - B 

: ODRMO nepeMHO>KRTb MaT-

16.7 I 

anbHOll nn~CKOCTRX/ HM810T 

'6.8/ 

Sih. <\> ; 

~} 
.itt¢] . 

03H a 'laBT B CO OTB9TCTBHH 

) 0 Hbl H306pa>KeHHSI HaXOgHT-

b Hanpaanenne TOKa Bo acex 

•¢>0 Jl CTana BBpTHKanbHa!l 

/ 6.9/ 

CnegOBaTB/lbHO, rnaBHbiB nnocJtocTa TpanneTa pacnono >K BHbi CHMMeTpH'IHO no o6e cTo

pOHbi OT cepegHHbl 11HH3bl /pac. }2/. 

MaTpauy nepexoga B nnocKoCTH cl>O)lO¢> MO >K HO nony 'IHTb c o a e pwenno TaKaM >K e 

CnOC060M KaK / 6.8/, nepBMHO>KHB Cnegy!OWHB MaTpHUbl gnSI OTgBJibHbiX y'laCTKOB Tpa

BKTOpHH 'laCTHUbl ! 

( C.OS~<f> ~ )(1 d) (eft¢ ~ )(~ d \(COS~fP ~ \ 
\-'f'St\1~ c.:~ 0 ~ ¢s~'\> cR,¢ 0 ~) -<pstn~q> cos~r

6

.lO/ 
¢>OKyCHbiB pBCCTOSIHHSI TpHnneTa B ropH30HTB11bHOA (F~) R B BBpTRKBJibHOA (f~) 

nnOCKOCTSIX HeOgHHaKOBbl, TaK KaK {
21 

=/= -82, • CnegOBBT B JibHO, TpRnne T SIBJISIBTCSI ac-, 

THrMBTH'IHOA 11HH30A) H gnSI TOrO, 'IT06bl COBMBCTHTb B OgHoA TO'IKB o nTH'IBCKOll OCH 

H306pa>KeHHSI, UOJIY'IBHHbiB B BBpTHKanbHOA H B ropH30HTanbHO A nnOCKOCTSIX, H B06X o ga

MO cneuHaJibHO nog6HpBTb rpagHBHTbl B CBKURSIX 1JRH3bi. npaKTH'I9CKO B BbinOnHB HH B :;>TOI\ 

npouegypbl ynpowaeTCSI, BCJIR rpagHBHT B cpegHeA C9KURR OCTaBHTb H B H3M B HHbiM, a 

aenH'IHHY rpagaeHTa B KpaAHax MarHRTax perynnpoaaTb ogHoap e Menno. Ha pHc 13 no

Jtaaano, KaK M9HSI9TCSI UpH :;>TOM nonO >K BHRB R306pa>KeHHSI OTHOCHTBJibHO Cpe3a 11RH3b l 

B nnocKOCTSIX <l>OtlO¢> R J.l0¢>0 Jl, To'!Ka nepece'leHHSI KpRBbiX 

T oT nRH3bl go coaMeweHHoro aao6pa>KeHHSI H aenR'IHHY <p 
rpagneHTY nonsr KpaAHHX MarHHTOB . Ecna naAgeHnoe 3Ha'lenae T 

H 2 gaeT paCCTOSIHH9 

, npOUOpUHOHBJibHYIO 

He no..axo.QHT, Ha.no 

H3M9HHTb B911H'IHHy rpagaeHTa B cpegHeli C9KUHH H CHOBa p e rynHpOBaTb rpa g aeHTbl B 

KpaAHHX C9KUHSIX, noa'IBpKHBM OaHy HHTepBCHYIO OC069HHOCTb KBagpynOnbHOrO TpHnne-

Ta: BCJIH rpagHeHT B KpaAHHX CBKUHSIX COXpaHSieT nOCTOSIHH09 3H a 'I9HHB, a rpa g neHT B 

CpBaHeft CBKUHH M9HSIBTCSI, TO XapaltTBp H3M 9H9HRSI paCCTOSIHHSI ~~ OT 11HH3bl no H30-

6pa>KeHHSI B ropH30HTanbHOA H BepTHKaJibHOii nnOCKOCTSIX OKa3 biBaBTCSI C Y W 9CTBBHHO 

paanH'IHbiM / pH c. 14 / . B nnocKOCTH ¢>0Jl0¢> aao 6pa>K eHHe npH :;> TO M CMe m a e T C SI Mano, 

a TO apeMsr KaK a nnocKOCTH tlO<l>Otl a e na'IRHa T M ensr e T C R O 'l e Hb peaKo. TaKHM o 6-

paaoM UOSIBnSieTCSI B03MO>KHOCTb MeHSITb U0110 >K 9HH 9 H306pa >K9H H II OTHOC HT91JbHO 11HH 3 bl 

B ropH30HTa1JbHOll H B9pTHKa1JbHOll UJIOCKOCT!IX npaKTH'19CKH H 9 3aB !IC !IMb!M o6 pa30M . 

np!! C OBM9W9HHH tPOKyCOB 11HH3bl B rOpH30HTBnbHOll H B B p T HKaJibHO ft nnO CKOCTSI X 

CO CTO p OHb; HCTO'IHHKa (~OH: ~O\/) B CHny /6,8/ OaH OBpeM e HH O CO B M 9 Wa !OT C !I H tPOKy

Cbl CO C TOpOHbl H306pa>KeHHSI <~tit"'~.;_\/) . noMBCTHB !I C T O'IHHK 'laCTHU Ha D BOA

HOM tlJ OKy CHOM pBCCTOSIHHH OT 11HH3bl, B :;>TO M C11Y'<Be n o n y 'IB IOT CO B M9WeHHOB H306pa >Ke

HHB, p a 3MBp KOTOporo. paBBH p83 " BPY . HCTO 'IHHKB (K" H=~ "= 1) . n o M e pe Toro KaK 

Hao6pa >K eHHe, ocTaaaRc b cosMeLUeHHbiM, OT O.O BHraeT c sr OT nHH3bi / npH n ocT O HHHOM S / 

15 



Ko a ¢¢HUII9HTbl yBe/IH'I9HHII CTaHOBIITCII 60/IbWe eaRHHUbi, OLlHaKO OTHOW9HBe t\H/K'" 
OCTaeTCII 6nH3KHM K 9LlHHHUe. 

AHanH3 B03MO>KHb1X BapHaHTOB HC110/Ib30BaHHII KBaapy110/IbHbiX /IHH3 Ll/111 ¢oKYC11pOB

KH 11Y'IKOB 3apii>K9 l1 Hb1X '!aCTHU 110Ka3biBaeT, 'ITO IIMeeTCII .::tBa '11peaenbHbiX' C/Iy'lall: 

B OLlHOM H3 HHX paCCTOIIHHe OT /IHH3bl LlO H306pa>KeHHII pa·BHO paCCTOIIHHIO OT HCTO'IHH

Ka LlO /IHH3bl, BO BTOpOM /IHH3a aaeT 11apanne/IbHbill 11Y'IOK 'IBCTHU. 3TO 03HB'ISeT, 'ITO 

rpaLlHeHTbl MBrHHTHOrO 110/111 B C9KUHIIX TpH11/IeTa LlO/IlKHbl COOTBeTCTaeHHO MeHIITbCII OT 

HeKOTOporo G ma:r. • 11pH KOTOpOM HCTO'IHRK OKa3biBBeTCII Ha LlBOliHOM ¢oKyCHOM pac

CTOIIHHH OT /IHH3bl, LlO 3Ha'IHT9/IbHO MeHbwero G mtn.'Koraa HCTO'IHHK ne>KHT B ¢oKyce. 

npeLl110/IO >K HM, 'ITO paCCTOIIIIH9 OT HCTO'IHBKB LlO /IHH3bl H9H3M9HHO H paBHO TaKO-

My MHHHMa/IbHOMy s mtn. , KOTOpOe MO>KeT BCTp9THTbCII HB 11paKTHK9. EcnH HCTO'IHHK 

'!aCTHU CTRrMaTH'I9H, T.e. /19 >K HT B OLlHOl! H TOll >Ke TO'IKe 011TH'IeCKOll OCH B o6eHX 

11/IOCKOCTIIX, TO B !JepBOM C/Iy'lae He06XOLlRMO COBMeCTHTb B aTOll TO'IKe LlBOiiHb19 tPOKy

C bl: 

S • = (u +F)= (q, +F) , 
m ... n. <l o H 0 o \J 16.ll I 

a BO BTOpOM COOTBeTcTBeHHO ¢oKYC bl /IRH3bi: 

s mtn. = <a- OH = <a-oV 16.121 

C 110M0lllbl0 rpa¢HKOB, 11pHBeaeHHbiX Ha pHC. 15, HeTpyaHO OUeHHTb, B KaKHX 11pe-

aenaX LlO/I>KeH MeHIITbCII rpaLlH9HT MarHHTHOrO 110/111 B C9KUHIIX TpHll/IeTa Ll/IH TOrO, 'IT0-

6bl 11pH 3aaaHHOM paCCTORHHH Q LlO MHWeHR MO>KHO 6binO YLlOB/IeTBOpHTb COOTHOWe-

HHIIM 1 6.11 I H 16.121. rpa¢HKR paCC'IHTaH bl Ll/111 TpR11neTa, COCTaB/19HHOrO 113 /IHH3 

Mn-17 11 Mn-16, y KOToporo paccToiiHHe Me>Kay ceKUHIIMH d = 1, a k = 0,6. Kpa-

Ball I aaeT 110/IO>KeHHe coaMemeHHbiX ¢oKycoa nRH3bi e 3aBHCHMOCTR oT ¢ • npoeeall 

qepe3 TO'IKY BepTHKa/IbHOll OCR, KOTOpBII COOTBeTCTByeT 3aaaHHOMy 3Ha'leHHIO s , ro-

pR30HTa/IbHYIO 11p11MyiO LlO 11epece'!eHHII C aTOll KpHBOl!, HaXOLlHM HY lK HYIO Be/IH'IHHY ¢ • 
To'!Ka 11epece'leHHII 11p11MOA ¢" const c KpHBOl! Ia 1103BO/IR9T 0 11peaenHTb COOTB9TCTByiO-

U l88 3H8'J8HH~ 'P an11 Kpal!HHX ceKual! nHH3bl, AaanorH'IHbiM o6pa3oM c 110MOlllbiO Kpa-

a biX 2 H 2a I HaxoaiiT 3Ha'leHHII ¢ H <p , 11pH KOTOpbiX y LlOB /19TBOp119TCII YC/IOBH9 

1 6.11 I. 

8 3aK/IIO'I9HH9 OCTaHOBHMCII Ha OLlHOM C Y lU9CTB9HHOM HeLlOCTaTKe KBaapy110/Ibi;IOrO 

TpR11/IeTa. il/111 TOrO, 'IT06b! y11pOCTHTb BbiK/IaLlKH, 11p9Ll110/IOlKHM, 'ITO TpH11/19T COCTOHT 

H3 KBaapy11onel!, paC110/IOlK9HHbiX B11/IOTH Y IO apyr K apyry I d = 01. nycTb rpaaaeHT 

M8rHHTHOro· nonR BO BC8X C8KUHSIX HM 88T O.QHH8KOBY10 B811Hl.{HHY, 8 OTHOlll8HH8 k 
B aTOM cnyqae Bbipa>KeHHII Ll/111 aneMeHTOB MaTpHU nepexoaa B 11/IOCKOCTIIX n<+>n II 

<l>il¢> cywecTB9HHO y11pOUlaiOTCII H, B '!aCTHOCT:I, 

16 

0,5. 
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Ecna pa3/IO >K HTb 1 6.131 H 16. 

t.J e TB epToro nop st n. Ka , nony'-1 m 

C o 11ocT a a HB ¢ oK y c n oe P' 

C tPOK Y CH biM paC CTOIIHH eM Cf. 

H8XO.O.HM, 1.fTO IlpH O.OHH 8 KOBO} 

nHH38X H O.O,HH8KOBW X rp a.a, He J 

noll KBaap y 11onbnoll nHH3bl, E 

Bb!Boa c11pa eea naa H a n11 o6u 

UHOHH8SI 11HH38 3H8tt HT e nbH O 

neT. 
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IOJtbH blX 1tHH3 LlltSI tjx>KyCHpOB

B8 "npenenbHbiX • cny'<8SJ : 

l·BHO p8CCTOstHHIO OT HCTO'tJHH-

'<8CTHU. 3TO 03H8'<8eT, 'iTO 

:oOTB eTCTBeHHO MeHSITbCSI OT 

H8 llBOIIHOM cpOKYCHOM p8c

l8 HCTO'iHHK ne>KHT B cpOKyce. 

3bl HeH3MeHHO H p8BHO T8KO-

> H8 np8KTHKe. EcnH HCTO'<HHK 

OOTH'IeCKOD OCH B o6eHX 

/6.111 

/6.12/ 

~ y.aH o oueHHTb, a KBKBX npe-

UHHX TpHnneT8 .anA' TOrO 1 qTo-

10 Y llOBneTBOpHTb COOTHOUJe-

COCTaBJteHHOI'O H3 JtHH3 

d = 1, a k = 0,6. KpH

HCHMOCTH OT ¢ • npoBellH 

t aHHOMy 3Ha'<eHHIO , ro-

>llHM HY >K HYIO eenH'<HHY 

T o npenenHTb COOTBeTCTBy iO

H blM o6p830 M C nOMOWbiO KpH-

YllO BneTBOpH e TCSI y cnOBHe 

HellOCTaTKe KBanpynOJtbSIOI'O 

HK HM, '-IT O TOHnneT COCTOHT 

I d 0 / . nycTb rpa n HeHT 

<HHY, a OTHOWeHHe k 0,5. 

18 B nnOCKOCTSIX J1 ¢ J1 H 

H 
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21 
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21
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EcnH p831tO>KHTb / 6.13/ H / 6.14 / B cTeneHHOH pHil no ¢ 
q eTBepToro nopS! ll K8, nony'IHM 

ConocT8BHB cpoKycHoe p8CCT OSJH H e T8Koro TpHnn eT8 

F ~ 
T 

C cpOKyCH biM p8CCTOSIHH eM CHM MeT pH 'IHOI'O KB8LlpynOnbHOI'O lly6 JteT8 

~ 

FA~ e¢4, 

/6.13/ 

/6. 14/ 

/ 6.15 / 

16 .161 

H8XO,llHM, 'ITO npH 0LlHH 8KOBOA CyMM8pHOA .O. nHHe o6n.aCTH MBr HH THOrO non5t B :3THX 

1tHH38X H OllHH8KOBbl X rp8LlHeHT8 X ny6n e T cpoKyCH pyeT B llB8 p838 CHJtbHee TpexceKUHOH

HOI! KBanpynOJtbHOH 1tHH3 bl. 6 onee CJt O>KHbJe Bb!KitallKH n03B0 1tSIIOT y6ellHTbCSI, 'ITO 3 T OT 

BbiBOll c np8BeLlnHB H nnSI o6wero cny'laSI , Korna cp;i: ~ ; TBKHM o6pa30M, Tpexce K-

UKOHHB H nRH3 8 3H8qHTenbHO MeHee 3KOHOMRl.JH8, H9)t(9flH 06bJqHhiA KB8 .0. pynOnbHbJH ny6-

neT. 
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