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nepcneKT~BW nony48H~~ ~HTBHC~,3HWX cenap~pOBQHHWX ny4KOB 

n~- ~ M~-M830HOB Ha ~a3oTpoHe O~R~ All~ MBA~Ko

o~onor~48CK~x ~ Q~3~4,3CK~X Y1CCfi8AOBQH~~ 

O.B.Cast.eHKO 

AHHOTQ~~~ 

PaccMorpeHbl pa3n~4Hble sap1t1a~ Tbl nony4eH~~ cenap~posaHHbiX 

M830HHWX ny4KOB Ha ~a3orpoHe O~R~ c noMo~b~ w~poKoyronbHWX 

~OKYC~py~~Y1X fllt1H3, npoMemyT04HO-o 30M8Afi~T8fl~ ~ noBTOpHoro 

MOrH~THOrO OHO!l~30. 

noK03QHO, 4TO np!ll no!ly48HHIIX Hecenap~pOBOHHbiX M830HHbiX 

ny4Kax c aHepr~e~ AO 80 MaB ~ ~IITBHCVIBHocr~x oKono 5 • IO 7 ceK-I 

Ha I MKA naAO~utero HO M~weHb nporoHHoro ny4Ka c aHepr~e~ 

660 MaB ~Meerc~ np~H~~nVIOflbHO~ E 03MOmHoCTb ~opM~1POBOHV1~ cena-

p~posaHHWX ny4KOB n~-M830HOB c V1HT8HC~BHOCTb~ AO I0
7
ceK-I, 

M~-M830HHWX ny4KOB AO I0 6 c~~-I ~ ny4KOB "nosepXHOCTHWX" 

M~-nn~c M830HOB c ~HTeHc~BHOCTb~ OKano I05ceK-I Ha I MKA npo

TOHHoro ny4KO. 



§ I. BBEAEHII1E 

B na6oparop~~ ~AePHWX npo6n3M 0~~~ yme npoAonm~renbHoe 

speM~, Ha4~Ha~ C 1971 rOAa, BeA~'TC~ pa3pa60TKI!l HeTpaAl!lU~OHHbiX 

MeTOAOB ffioKyc~1POBK~ Me3oHHbiX ny4r os, ocHosaHHble Ha ~cnonb30Ba

Hl!ll!l Wl!lPOKoyrOJlbHWX MarH~THWX Cl!lCleM C aKcenTaHCOM no TelleCHOMY 

yrny, Ha OAl!lH-ABa nop~AKa OOJlbWl!lM no cpaBHeH~~ C 06W4HWMI!l 

KaHanaMl!l 4aCTl!ll( ~3 KBOAPYnOllbHWX Jll!IH3 ~ OTKllOH~~~l!lX MarHl!l

TOB /1,2,3/. 

B nepBOM sapl!laHTe TaKO~ Wl!lpOKOyrOllbHO~ ~OKYClllPY~~e~ Cl!lCTeMW, 

OCY~8CTB1le1-IHO~ B 1971~ rOAY / 2/ 11a OCHOBe COlleHOl!lAa!lbHOVi M1H3bl 

C HeOAHOPOAHWM aKc~a1lbHO-C~MMeTI1~4HWM MOrH~THWM noneM, 6WJI~ 

nony4eHbl VIHTeHcl!lBHble n~-Me30HHble ny4Kl!1 c sHeprl!le~ AO 30 MsB, 

Ha KOTOpbiX (5blll0 Bbln01lH8Ha cepl!l~ paAv106~101lOr~48CKV1X SHCnep~M8H

TOB no OnP8A8118Hl!l~ OTHOCl!lT81lbHC~ 6~01lOrl!148CKO~ sffiilleKTl!lBHOCTl!l 

V1 Hl!lCIIOPOAI<IOrO OTHOW8Hl!l~ / 4/, a TaKme L(l!IKJI gjl!13~48CK~1X SKCn8pV1-

M8HTOB no onpeAe1l8HV1~ MHOill8CTBEHHOCT~ H8~TPOHOB, B03H~Kamm~x 

npl!l 3axsare orp~uarenbHWX nw-M330HOB T~menwMl!l HAPaMl!l 1!1 no 

L13Y4eHl!l~ sill[leKTa o6pa30BOHitHl UbiCOKOCnl!lHOBbiX fiABPHbiX l!130M8-

pOB /5,6/. 

B n e p l!1 0 A p e H 0 H C T p y K U l!1!11 . C V1 H X p 0 U ~~ K 1l 0 T p 0 H 0 B C l!1 1l b H 0 T 0 4 H bl W Q a 3 0 -
\ 

TPOH OWJl pa3pa60TOH V1 C03AaH BTopoN sapl!IOHT Wli1POKOyrO!IbHO~ 

MarHl!1THoVi 1ll!1H3bl, noKa3aHHOVi Ha IH'1C. I 17 I. Oco6eHHOCTbfO sroro 

sap~aHTa ~BJlfi8TCfl B03MOffiHOCTb ~OK~Cl!1POBKI!1 3ap~lli8HHWX 40CTl!1L( 

3a npeAellaM~ meJle3HOrO fiPMO JllllH~:bl, rAe MOrH~TH08 nolle He npe

BWWaeT 5-10 3. 3 XOAB SKCnepl!1MeHTOB, BWnOJlH8HHWX HO STO~ Wl!lPOHO

yrOllbHO~ 1ll!1H3e llOCJie 30BepweHV1H peKOHCTPYKU~l!1 [l030TPOHO, 6blfll!1 

nofly4eHW AeTOJibHWe AOHHW8 0 r.1y6V1HHWX AO~HWX pacnpeAeJleH~fiX 
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~ C 0 C T a B 8 M 8 3 0 H H bl X n y 4 H 0 B C 3 H 8 p n1 e V. A 0 8 0 M 3 8 B 3 a B V1 C V1 M 0 C T V1 

OT MMnynbca, 3HaHa 3ap~,lla V1 T~na MllllliBHM / 8 /. ~HTBHClllBHOCTb 
ny4HOB ,1\0CTMraeT B8nM4lllHW 5"I07ceH-·I, a~y4Hlll 

"nosepXHOCTHbiX" MIO-nniOC M830HOB- s·ro 5ceK-I Ha I MKA naAafo

mero Ha MlllllieHb nporoHHoro ny4Ka. YAa4Ho Bbi6paHHoe pacnonomeH~e 

w ~ p o K o y r on b H o w n V1 H 3 bl , n o 3 s o n ~10~eeo r 6 V1 p aT b lll fli o K y c V1 p o s a r b 3 a p H -

lii8HHbl8 4aCTllll.lbl noA CP8AHV1M yr nOM 90° K npoTOHHOMY ny4KY, a 

TaKl!IG Manbl~ BepH11{anbHbiVJ pa3M8P lPOTOHHOro ny4Ka Ha M830HHOW 

MMW8Hlll (OKano !0 MM) n03BOnlllnlll 3Ha4MT8nbHO (AO 3 pa3) YM8HbWV1Tb 

nplllM8Clll aneKTPOHHO-n03V1TPOHHOM KC1MnOH8HTW B M830HHWX ny4KaX 
. 

Aame AnH TaK~X MV1W8H8~, KaK M8Ab V1 BOnb~paM. 

B cny4ae m1-M830HOB c aHeprMew 60-80 MaB yposeHb nplllMec~ 

cocrasnReT scero OKano IO%, 4TO An~ uenew ny4eso~ repanllllll 

RBMl8TC~ BnonHe YAOBneTBOPv'ITenbHOW BenV14~·1HO~. 0AHal{0 np~1 aHep

r V1 ~ n lll- M 8 3 0 H 0 B 2 0- 3 0 fV1 a 8 a T 0 T Y) 0 B 8 H b n p vH.I 8 C V1 B 0 3 p a C T a 8 T A 0 

50-60%, a AnR "nOB8PXHOCTHWX 11 Mill-nnmc M830HOB COOTHOW8Hlll8 

+; + e JA c o c T a s n ~ e T B e n M 4 lll H y o K o n o 3 0 • T a K M e s e nv1 4 M H bl n p lll M e c e ~ 

yme He RBnH~TC~ YAOBn8TBOpV1T8nbHWMV1 Hlll An~ ny48BO~ TepanlllM 

ny4KaMlll OTPML.IaTenbHWX nlll-M830HOB, HV1 AnH uenoro P~Aa ~V13lll48CKV1X 

aKcnep~1M8HTOB, r A8 HaAO perV1CTPv1pOBOTb KaiKAYill BXOA~li!Y~ B ycTa-

H 0 B K y 4 a CH1 L1 y 9 lll 3 a A a 4 a n p 0 C T p a H C T 3 e H H 0 r 0 p a 3 A 8 n 8 H ~1 ~ 4 a C T l!i L1 

no M a c c aM n p V1 o 6 p e T a e T a K T y a n b 1-1 o e 3 H a 4 e H v1 e • 1!13 ~n s e c T H bl x M e To -

A 0 B p a 3 A 8 n e H V1 R 4 a C T V1 1..\ C 0 A V1 H a K 0 B bl M V1 M n y n b C 0 M n 0 M a C C a M M 8 T 0 A 

pa3AeneHvHI c noMOU\bHl npoMemyT04Horo 3arv1BAnlllT8Ml c nocneAYillll\lllM 

nOBTOPHWM MarHlllTHWM aHanV130M ~B.lR8TC~ AOCTaT04HO npOCTWM V1 

a~meKTlllBHWM nplll lllCnOnb30BaHMV1 

CV1CT8M. 8 aTOM cny4ae noTeplll N830HOB nplll TaKOM pa3A8n8Hllllll 

V13-3a MHOroKpaTHOrO KynOHOBCKOro pacce~HlllR . 6YAYT H8 048Hb 

senMKvl scneACTBMe 6onbworo ffia3osoro o6beMa naAammero Ha npo-
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MemyT04H~~ 3GM8All~T811b M830HHoro n{4KG. 

~e~icTB~TenbHo, I{GK B~AHO ~3 PV1C. I, pacxoAV1MOCTb ny4Ka 

HG BbiXOA8 n~-M830HHO~ /lL'1H3bl COCfGBllfl~T, npV1M8PHO 8 = IO:.IIo 

~ YM8Hblli8HIIIe ~HTeHc~BHOCTIII Me30HHJro ny4Ka nocne noATOPMGJK~sa

H~fl xapaKT8plt13YSTC5l B8111t14V1HO~ ~ .. = 7t8 2
/ 7i9 2 + n<8:>K /7/, 

rfl,e <fP> K- CP8AH8KBGAPGTit14HbiV; yron MHOrOKPGTHoro KYllOHOBC-

KOro PGCC8HHit1fl. ~Ml Tll1n~4HO~ CV1T/0Ult1V1, KOr AG TOllll\~HQ 3QM8All~-

T811H COCTGBMIST npltlMSpHO nOJIOEVlHY nepBOHG4GllbHOro npooera 

ny4KG 4GCTV1U v'<B~.., I< -:::::: 5o ~ ~ = O,I/O,I+0,025 = 0,8. 

Uenbm HaCTOHll\e~ paooT~ HB~nocb paccMoTpeHV1e pa3nM4H~x 

sap~GHTOB ·nony4eH~fl cenapltlpOBGHHUX M830HHbiX ny4KOB C nOMOll\bKl 

V1Cnonb30BaH~H WltlPOKoyronbH~x IDoK{CVlPYKlll\~X c~cTeM, npoMemyTo4-

Horo 3GM8A11V1T811fl V1 nOBTOPHOrO MarHVlTHOro GHGJIV130 ~ OU8HKV1 

VlHTSHCVlBHOCT~ TGKVlX ny4KOB B 3GE V1Clt1MOCTV1 OT V1Mny Jib CO lt1 3HQKQ 

3GP~AG 4GCTV1U. 

§ 2. B03MOmHOCTM nonyq[H~H CEnAPMPOBAHH~X ME30HH~X nYqKOB 

C nOMOIIlbiD ABYX COnEHOLtlAA.IIbHbl:( nMH3 

YJKe Ha nepsoM inane npoeKHlposaHvHl UJVlPOKoyronbHO~ lllt1H3bl 

AliH nony4eH~5l M830HHbiX ny4KOB Hll peKOHCTPYVlPOBGHHOM ~a3oTpoHe 

B KG48CTB8 AG118KOVi nepcneKT~Bb npeAJIGranocb C0118HOlt1AGllbHYKl 

ll~H3Y C "TenllbiM~" KGTYUJKGM~~ B03DYmASHV1H 3GM8HV1Tb ABYMH C0118HO-

V1A011b Hb!Ml!l 1 n~~H3GMV1 co csepxnpoBoA llU\VlMVl o6M9TKGMit1, pa3MSU\SHHbiMV1 

no sepTVlKGlll!l TaK~M o6pa3oM, 4To IDoKyc nepsoVi 11V1H3bl flBn~eTCfl 

V1CT04HV1KOM M830HOB AMI BTOPOW 1lli H3bl . /
2 ' 3/. ECllltl B aTOM !]oKyce 

pa3M8CTV1Tb nOAXOAHll\111~ TOPM031t1T8~b, TO nOflB115l8TC~ B03MOmHOCTb 

p03A8118HV1~ no MGCCQM 4GCTlt1U, COCTGBll~Wll\VlX ny40K V1 n011Y48H~8 

T8M CQM~M 4V1CT~X M830HHWX ny4KOB, CBOOOAHWX OT np~Mece~ SJISKTpO-
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HOB lt1JH1 n031t1TPOHOB. nplt1M8H8H~18 enepxnpOBOA5llUVIX OOMOTOK n03BO-

n518T YM8Hbilllt1Tb raoaplt1TW Bee~ MarHVITHO~ elt1eT8MW, epaBHit1T8nbHO 

nen<a nonyLIVITb TpeoyeMbl~ MVIHVIMYM nOMI ~ Ha De VI eVIMM8TPVIIt1 V1 TBM 

eaMbiM B nonHo~i Mepe Vlenonb30BaTb 9WW8KT 3HaLIVIT8nbHOro YM8Hbill8-

HVI5l eiDePVILIBeKO~ 111 XPOMaTVILI8eKO~ aoeppaUit1~ TaKO~ e!lleT8MW.00[Ua5l 

e X 8 M :a T a H 0 ~ Mar H VI T H 0 ~ e VI e T 8 M bl r p VI 8 8 A 8 H a H a p VI e • 3 7 p a 0 0 Tbl 

/I/. 0AHaKo Vl3-3a rexHonor!llllee!H1X TPYAHDere~ nplt1MBHBHV1e esepx

nposOAit1MoeTVI An5l OOnbWVIX MarHit1THWX KaTyWeK 111 paAVIaUit10HHWX 

orpaHit148HVI~ Ha esepxnposoA5ltUYW o6worKy np111 ee pa3MemeHVIVI s6nlii3VI 

M830H006pa3YWlU8~ M[!1W8HVI 9TOT 8aplt1aHT nony48HlHI eenaplt1p08aHHbiX 

M830HHWX nY4KOB TaK VI He OWn peaJVI30BaH AD HaeT05l[UBrO 8P8M8HVI. 

B I980 rOAY own npe,llnomeH 8apV1aHT WltlpOKOyronbHO~ nlt1H3W 

e "TennWMit1" KaTyWKaMit1 B030YlliA8H~5l, KOTOPW~ AOnyeKaeT nyTeM 

nepepaenpeAeneHV15l TOKa B KaTyWKaX ~ 3aM8HW BHYTPBHHero eBPA84Hit1-

K a n VI H 3 bl n pes pam e H 111 e e e s As e e 611 e H o ~~A an b H bl e n VI H 3 bl 111 non y 1..1 e H 111 e 

KaK M8Ait1Uit1HeKVIX nyLIK08 OTPit1UaT8JibHWX nlt1-M830HOB e VIMnynbeOM 

AD ISO MaB/e, TaK 111 eenap~lposai-HbiX ny4K08 n111- 1t1 MW-M830HOB 

e 1t1 M n y n b e o M or 2 0 A o 6 0 r.1a B I e 1 7 I . o om v1 ~ s VI A a r o r o s a p VI a H r a 

Jllt1H3W noKa3aH Ha pl!le. 2. np111 nony~8Hit1l!1 LIVIeToro nyLIKa MW-M830HOB 

nornOTit1T8nb Vl3 nonlt18TVIneHa TOlllU1HO~ OKOJlO I eM, noMBlUBHHW~ 

8 gjoKye nep8o~ nlt1H3bl Ha paeeT05lH 11t1 I90 eM or Me3oHooopa3ymu(e~ 

MVIUJ8H~1, noJIHOCTbiO TOpM031tlT BCB f lt1-M830Hbl, YM8HbUJ08T npM STOM 

lt1 M n y 11 b e M W- M 8 3 0 H 0 8 8 e 8 r 0 H a I 5-~0% VI n p a K T VI 4 8 e 101 H 8 lt13 M 8 H 5I 8 T 

lt1Mnynbea 8118KTPOHOB. noaTOMY ETOPQ5l e0118HOit1AallbH05l Jllt1H30, 

Haerp08HHa5l Ha lt1Mnynbe 3aTOPMClKBHHbiX MIO-M830H08, eOOit1paeT 

VIX BO BTOPOM ~OKyee, OTeeKa5l npaKTit148eKit1 nOllHOeTbW see aneKTPO-

Hbl e H83HaLIVIT8JlbHO l!13M8H8HHbiM lt1Mr ynbeOM, KOTOPbl8, KaH noKa3aHO 

Ha plt1e. 2 nornomamTe5l B noeJ18,llH8~ HaTyWKB. VI lli81183HOM 51PM8 

9TO~ J1VIH3bl. 
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AH0110rlt14Hb1M o6pa30M, V13M8HHll T011bKO T011tlH1HY nor 110TVJT811H 

B IDoKyce nepso~ 11V1H3W, MomHo HacrpoVJTb sropyrn ffioKycVJpym~yw 

11V1H3Y Ha n011Y48HV18 cenapV1pOBOHH~X n~-M830HOB, YM8HbWV1B np111 

TOPMO)l{8Hlt1L1 111X lt1Mny11bC Ha I015,0% no cpaBH8Hlt110 C ~1Mny11bCOM Mrn-

M830HOB. TaKV1M o6pa3oM, sapltlaHTb Wlt1POKoyro11bHO~ ~oKycltlpyw~e~ 

11 VI H 3 bl , lt13 0 6 p a»> 8 H H bl 8 H a p 111 C • I l!l 2 , n 0 3 8 0 MilOT 0 C y ~ 8 C T B LH b K a K 

no11yL1eHtt1e ny4Ka orpvn.(are11bHbiX m1-V1830HOB AM1 M8Al!ll.\l!1HCIH1X uene~ 

C VJMny11bCOM AO I80 MaB/c V1 npo69rOM OKOJlO 20 CM H20, TaK V1 

n 0 11 Y Ll 8 H ~1 8 C 8 n a p V1 p 0 B a H H bl X n y Ll H 0 8 i 1 V1 - lt1 M fO - M 8 3 0 H 0 B C VI M n y 11 b C 0 M 

A o 4 6 r~~ a B I c • n p V1 a r o ~~ a K c e n r a H c n o r e 11 e c H o M y y r n y c o c r a s Ml e r 

0 , 3 5 V1 0 , 7·2 C p C 0 0 T B 8 T C T B 8 H H 0 B n 8 p B 0 M ~1 B T 0 p 0 M C 11 y L1 a ~ X , Ll T 0 

YMBHbwaer norepVl nyl!Ka npw cenapCL\VJ~ l!l3-3a MHoroKparHoro KY110-

HOBCKoro paCC85lHlt1H 8 npOM8lKYTOLIHOM nor JlOH1T8118 AO npeHe6pellll!lMO 

Ma11biX 3Hali8HV1iii. 

0 A H a K 0 Y lK 8 n p V1 M 0 H T a lll 8 El'l p V1 a H T a 11 V1 H 3 bl , ~13 0 6 p 01-:\ 8 H H 0 r 0 

Ha pV1C. I, .BbiHCH~1110Cb, LITO ycTaHCBHa C8PA8LIHv1Ha Jll~H3bl llBMl8TCH 

B8CbMa TPYA08MKOW V1 All111T8JibHO~ )118Pal.IVI8~, rpe6yf0~8W pa360PKV1 

BC8~ B8PXH8~ L!aCTVl 11VIH3W C nocn8AHa~ KaTyWKO~ B030Y»>A8HII1~ 

VI pa3beMa saKyyMHo~ KaMepw B TPYAHOAocrynHoM Mecre. KpoMe 

roro sapll1aHT Jllr1H3bl, noKa3aHHbiVi r-:a pV!c. 2, no3BOllll8T nonyLJaTb 

c e n a p VI p o B a H H bl e M e 3 o H H bl e n y Ll H ltl c ~ a 8 H lilT e 11 b H o ~.; a n bl x a H e p n1 ~ ( A o 

IO MaB), npVIrOAHWe TOilbKO Ail~ HeKcropwx illVI3VlllecKVIX wccneAoBaHVI~, 

VI n 0 T 0 M y B T a K 0 M 8 (11 A 8 H VI K a H H 8 p 8 Ul a 8 T rJ p 0 6 Jl G M bl n 0 Jl Y Ll 8 H L·1 51 LH1 C Tbl X 

nyl!KOB OTPVIl.laT8JlbHWX nVI-M830HOG All~ MBAVIL\VIHCKVIX l.l81l8~. Bee 

aTO 3aCTaBlt1JlO OTKa30TbCH VI OT STor·o BOPVIOHTa rJOilYLI8HVI~ cenapwpo

BOHHWX M830HHWX nyLIKOB. 

Ha p~c. 3 npeAcrasneH eme OtVIH sap~aHT nonyLJeH~H cenap~po

BOHHWX M830HHWX nyl!KOB, B KOTOPOM K yme A8~CTByrnme~ WMpOKOyrOJlb

HOW JlV1H38 ,l\06aBJ18HO .L\11~ rJOBTOPHC ro MOrHVITHoro aHOMi3a COJ18HO-
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V1Aa11bHa5l 11V1H3a, COCT0111J.la11 V13 ABYX KaTyUJeK MarHV1Ta MC-4, OKpy-

meHHhlX m81183HhlM 11PMOM C npO~V111V1POBaHHhlMV1 HaKOH84HV1KaMV1 A1111 

" n o A m a Hill " o 6 11 a c n1 M a r H V1 T H o r o n o 1111 H a o~c V1 11 V1 H 3 bl • T a K y fO M a r H 111 T -

HYW CV1CT8My MOmHO POCCMGTpVlOOTb KaK OTHOCVlTBJlbHO 11 TOHKYW" 

MOrHV1THYW 11V1H3Y C aneprypo~ 45 CM V1 ~OKYCHWM POCCTOHHV18M 

onpeA811118MWM swpameHVleM 191: 

j == 'f { Hf} III-((z) h, 

1-l.f = pc /300, pc - v,Mny11bC 40CTVIL\ s sB, H(e} 

pacnp8A8118HV18 no1111 HO OCVl 11V1H3bl. ~1111 OPOHV1posaHHbiX KOTYW8K 

MOrHII1TH08 n911e HO OC~1 11111H3bl MO}I{HO 11PV1011Vim8HHO annpOKCV1MII1POBaTb 

KPII1Bon raycca C WV1PV1HO~ HG no11yBWCJT8 A Z? • , POBHO~ CYMMGPHO~ 

TOlliJ.lii1H8 ABYX KOTYW8H. ~Ml 11VIH3bl, V1306pameHHO~ HO plllC. 3 np111 

TOKe B KOTYUJKOX 900 A H ~'~"t~,c -:::::: 12000 spc., ~zo ~ 75 CM 

+~ 2 I 
V1 _j H. 2. ( ~) c{~ ~ H t'nl).~ • ,6. ~. vr ~ 7 ' 5 • I 0 9 

3 p c • 2 c M • 

~1111 ny4KO C POCXOAV1MOCTbfO .:!:_1) 0 
POCCT011HV18 OT npoMemyT04-

HOrO 30M8Alllt1T81111 AO C8P8A!I1Hhl BTOPO~ COJ18HOV1A011bHO~ 11ViH3hl He 

AOnmHo npeswwaTb I20 eM. B 3TOM c11y4ae ny4oK cso60AHO npoXOAV1T 

48P83 aneprypy M1H3bl 45 CM 111 QiOKYCH08 POCCTOHHV18 "TOHKO~" 

11V1H3bl nplt1 YM8Hblll8HV1V1 V1300pOm8Hlll11 BO BTOPOM ffioKyce B ABO P03Q 

A011mHO pOBH11TbC11 40 CM. 

0TCWAO MOmHO HO~TV1, 4TO MOKC!I1M011bHW~ V1Mny11bC M830HOB, 

KOTOPW~ MOI/IHO C~OKYCV1POBOTb 3TO~ 11V1H30~, COCTOBlllT OKOllO 80 

MsB/c, 4TO cosepweHHO H8AOCTOT04HO All11 M8AIIll.\111HCKoro npv1M8H8HII111 

ny4Ka OTPV1L\OT8llbHbiX nlt1-M830HOB. 3To o6cT011T811bCTBO He no3BO-

nii1T V1Cn011b30BOTb V1 TOKO~ CPOBHII1T811oHO npOCTO~ BOPV10HT nOllY48HV111 

cenapll1pOBOHHWX M830HHWX ny4KOB. 
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§ 3. B03MOIH~E BAPMAHT~ nonY4EH~H CEnAPMPOBAHH~X ME30HHMX 

nY4KOB C nOMOUlbiO AOnOnHMTEnbHOrO nOBOPOTHOrO MArHMTA 

~JHI P03A8ll8HvH1 no MOCCOM 11830HHbiX ny4KOB, nony40fOUjV1XC11 

HO BWXOA8 lliVlPOKoyrOllbHO~ llV1H3W, MOmHO nOCJ18 nOATOPMOmV1BOHV1H 

ny4KO V1CnOllb30BOTb OTHllOH8HV18 4~lCTV1U B nonepe4HOM MOrHV1THOM 

none cnet.tVlOllbHO noAoopaHHO~ HOH\Pv1rypat.tV1V1. Ha pVJc. 4 Ha npVJMepe 
I 

MOrHVlTO MC-4 c P03ABV1HYTWMV1 HaryruHaMVl noH030Ho ABO sapVJOHTO 

TOHOrO P03A8fl8HV111, r AS V1CnOllb3YfOTC11 nonepe4HW8 MOrHV1THW8 non11 

c CV1MMeTpV1ew spaUje H VITI B VlAO H = H o ( "Z'o I Z ) I/2, oo ec ne 4 v1 BOfOl!lV101 

ABO~HYfO WOHYCV1POBHY npV1 nosopore 40CTV1U Ha yron goo V1 270° 

/IO/ npVl nosopore 40CTV1U HO '10° MOmHO TOHme V1CnOllb30BOTb 

nonep84HW8 MOrHV1THW8 nOllll, CnOAJfOUjV18 no OAHO~ V13 HOOPAV1HOT 

B M8AV10HHO~ nllOCHOCTVl HOH H = Ho( ~~~~) /II/. 

B CllY408 nOllll H = Ho( ?o /?. )I/2 ABV1m8HV18 40CTV1U B M8AV10H

HO~ V1 aHcVJanbHO~ nnocHOCTTIX MOrHVJTa MC-4 onVJCblsaercH npocHIMVl 

YPOBH8HV111MV1 BV1AO pl = Ps =A Sin S/f'i!Zo ' r AS s POCCT011-

HV18 no Hpyroso~ POBHOB8CHO~ OPOV1T3 POAV1YCO Zo OTC4V1TWB08TC11 

OT V1CT04HV1HO 40CTV1U /IO/. npV1 nosopore 40CTV1U HO yron goo 

C nOMOUjbfO MOrHV1THO~ AOPOmHV1 C8HTO~Horo TVlnO ABO~HOH ~OHYCV1POBHO 

ooecne4V1B08TCH npVl OAV1HOHOBOM POCCT011HV1V1 0 OT V1CT04HV1HO 

V1 n V1 V13 o 6 p a me H V1 11 A o a ~we H T V1 s H o ~ r p a H V1 u bl n o n 11, p a s H o Mt: 

a ~ Vi 'Zo {j f (1- Eh) ~ :2,2'1 rz. 

npV1 POAV1YC8 HPV1BV13Hbl Zo = 50 CM POCCTOHHV18 0 = II2 CM, 4TO 

He BWXOAV1T 30 npeA8llW raoapV1TOB MOrHVlTO TV1nO MC-4. 0AHOHO 

npVl pOCXOAV1MOCTV1 ny4HO V13 lliVlPOHOyrOllbHO~ llV1H3bl ~10° aneprypa 
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CeKTOPHO~ MarHV1THOVi AOPOIKKV1 AOJIIKHCI ObiTb OKOJIO 2A !:::::' Z. 50 CM. 

npV1 TaKOM 3a3ope MBIKAY nOJIIOCaMV1 IAarHV1Ta npOHilKeHHOCTb pacce51H-

HOrO MarHV1THoro non~ C ABYX CTOPOH ~MarHV1THO~ AOPOIKKV1 OYAeT 

V1MeTb BeJIV14V1HY, cpaBHV1MYIO C a\i)~8KH1BHOW AfiV1HOW caMOVi AOPOlKKV1, 

p Q B H 0 ~ tz.T.jfl ··· "'"' 7 8 C M , 4 T 0 n 0 II H 0 C T b 10 V1 C K !110 4 a e T n p a K T V14 e C K y 10 

pea!IV13aUV110 aToro sapV1aHTa. AHanorV14HO no aTV1M npV14V1HaM He 

npeACTaBJI~8TC51 B03MOIKHblM V1 C03AaTb MarHlHHYIO AOPOlliKY C nOJIBM 

s V1 A a H = H o ( ~ o I ~ ) . T pyA Hoc n1 1; p a c c e 71 H H bl M V1 no Ml M V1 Mar H V1 THo~ 

AOPOlliKV1 MOIKHO OOO~TV1 BO BTOPOM BaJlilaHTB, KOrAa nosopoT ocymecT-

BMl8TC71 Ha yrofl 270°, YTO B03MOIKHO TOJibKO AMI nOJISI H = Ho 

( 'Zo I rz ) Il2 • 0AHaKo B aTOM BCip~·laHTB ABOWHa~ [iOKYC~1POBKa c 

npoMemyTo4HblM \i)oKycoM npV1 yrne nosopoTa I35° o6ecne4V1BaeTc51 

npV1 OAV1HaKOBOM pacCTOSIHV1V1 0 OT V1CT04HV1Ka V1JIV1 V1300pameHV171 AO 

aw~etiTV1BHOVi rpaHV1Ubl, paBHOM: 

npV1 Zo = 50 CM B8JIV14V1Ha 0 OYABT COCTaBJI71Tb OKOJIO 7 M, 4TO Aflll 

ny4Ka c pacXOAV1MOCTbiO ~roo AenaeT cosepweHHO HenplileMJIBMblM 

V1 aToT sapVlaHT pa3AB!IeHVl71 4aCTV1U B nonepe4HOM MarHVlTHOM none. 

MOIKHO HBCKOJibKO yBeJIV14V1Tb yron nosopoTa 4aCTV1U C 270° 

AO 280-290°, T.e. CABJiaTb ny40H llaKJIOHHbiM Ha I0-20° no OTHOW8-
' 

HV110 K ropV130HTa!lbHOVi nnocKOCTV1. B aToM cny4ae se!IV14V1Ha o YMBHb-

waeTC71 AO 8,9 2 0 ' 6,2 ~. (4,5 . 3,1 M), 4TO BCe paBHO 8U\8 

o4eHb AaneKo AO npVleMneMo~ senVl4~Hw o, pasHo~ I,O - I,5 MeTpa. 

HaVlOOnee YAOBJI8TBOPV1T8JibHblM BapV1aHTOM pa3Ae!leHVl71 4aCTVlU 

no MaccaM npBACTaBJI718TCH sapV1aHT OTKJIOHBHVlH 4aCTV1U Ha yrofl 

9 0 ° B n 0 n e p e 4 H 0 M 0 A H 0 p 0 A H 0 M r~ a r H lll T H 0 M n 0 II 8 , V13 0 0 P a}!{ e H H bl ~ H a 

PVlC. 5. 
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B MarH~Te MC-4 KarywK~ B036:nKABHIMI pa3AB~rafOTCH Ha AOnoil

Hl!lTeilbHYfO BBll~Y~HY 80 CM. B o6p030BOBWVl~Cl! npOMBlKYTOK BCTOBJll!

BTCl! BOKYYMHOl! KOMepa C 3030POM ::5-20 ~CM ~ C Kpyr JlbiM~ KPblllJKOM~ 

~3 lKB11830 A~OMBTPOM OKOJlO 80 CM, EnilOTHYfO np~MWKOfOm~X K KOTYWKOM 

MOrH~TO. Me30HHW~ nyYOK HO BWXOAB W~POKOyrOilbHO~ Jl~H3W nOATOPMO

lK~BOBTCl! s ee IDoKyce w 30TBM npoxoA~T Yepe3 OAHY CBKU~fO MarH~T

HO~ KBOAPYnOilbHO~ ll~H3W C aneprypc~ 20-30 CM, KOTOPOll ~OKYC~pyeT 

nyYoK s OKClllOilbHOVi nnocKOCTlll MarHlllTO MC-4 lt1 ABWOKYCl!lpyer ero 

8 MBAl!lOHHO~ nilOCKOCTW STOro MOrHl!lTO. npw OTKJlOHBHlill!l nyYKO 

HO 90° npOl!lCXOAl!lT llllllPOKOyrOilbHOl! ~OKYClilPOBKO nyYKO B MBAlt10HHOVt 
. 

nilOCKOCTW ~ BTOPOll CBKUlt1H MOrH~THC~ KBOAPYnOilbHOVt 11WH3W, nOCTOB-

118HHOl! CWMMBTPWYHO HO BWXOAB nyYKO W3 MOrHWTO~ OKOHYOTBJlbHO 

QOPIIIH1pyeT li1306pOlKBHlt18 OTKJlOHBHHOrO nyYKO HO POCCTOnHlllVl OT 

UBHTPO MOrHIIITO MC-4, POBHOM pOCCTOHHV'lfO OT UBHTPO 9TOrO MOrHv1TO 

AO npoMemyroYHoro woKyca nyYKO, f"AB npol!lCXOAIIIT ero noATOPMO}i{lll

saHwe. B TOkO~ Clt1MM8Tplt1YHO~ CWCTBNB, POAWYC KPIIIBIII3HW 8 MOrHltlTHOM 

none POBHHBTCH POAltlYCY 9il\QiBKTlt1BHOV1 rpaHV1Ubl MOrH~1THOro 

nOflll lt1 IDOKYClt1PYfOmee AB~CTBIIIB O~HOPOAHOrO MOrHlt1THOro nOfll! B 

M8AlilOHHOVt nfiOCKOCTlt1 6YABT 9KBlllBCJI8HTHO A8~CTBV1f0 TOHKO~ Jlll1H3W 

C !})OKYCHWM POCCTOHHltlBM f = z~ TpaeKTOPlillil YOCTlllU B illi1H8VtHOM 

npW611VIlK8Hllllll B pOCCMOTpll1808MOVt M JrHl!lTHOW CVICTBMB rlOK030Hbl HO 

PlilC. 6. 06ecneYWBOBTCH ABOVtHOn ~OHYClt1POBKO OT6V1p08MbiX YOCTWU 

npWYBM JlltlHBVtHOH ll1 yrilOBOH AWCn3pCIIIIII BCB~ MOrHWTHO~ Cli1CT8MW 

POBHW COOTBBTCTBBHHO 

K lllVIPlilHB V1306pOlK8HVIll ny4K0
1 

paBHOM 

Zl!1 = 50 CM A"X = I CM HO I% 

VI · t;/) 1 = + I, YTo nplllBOAVIT 

A:>< = 2 ?o Ap /P , T. e. npw 

A p/p . 3TO n0380Ml8T 

n p lt1 Wlt1 p VI H e s x o A H o ~ A ~ a [! p a r M bl o K o .1 o 5 c M , . AP/P = 0,05 ~1 

BbiXOAHOM KOJIJlVIMOTOpe Av10MBTPOM OKOJJO 7 CM . nOIIY4111Tb nplt1M8PHO 

TOKO~ lKB VIMnyflbCHW~ pa36poc OT06pCHHWX no MOCC8 40CTWU. 8 POCCMOT-



IO 

PV!B08MOVi WVIPOKOyrOJlbHO~ MOrHVITHOVi CVICT8M8 H806XOAVIMO YM8HbWt.1Tb 

c~epVILiecKVIe a6eppOL!VItt1 npt.-1 \lloHycVIpcsKe LIOCTVIL! s M8AttJOHHo~ nnoc

KOCTt.-1 MOrHttJTa MC-4. 3ro Momer 6b1Tb Ao''crl!lrHyro nyreM co3AOHtHl 

CJ106oro rpOAVI8HTO~ MOrHVITHOrO noll~ B B8PTtt1KOJlbHOM HOnpOBJleHVIt.-1. 

BepxHwe rpaeKTOPVIVI LIOCTttll! AOlllKHN npoXOAVITb o6nacrb 6onee cna6oro 

MOrHVITHoro non~, LJeM HttllKH!t1e rpae nopttJlt1. Heo6XOM1Mb1Vi rpaA!t1eHT 

MOrHttJTHOro nOJlfl MOIKHO 6YA8T C03AOTb YB8Jll!llleH!t18M 3030PO KOM8pbl 

no HOnpOBJleHV!~M CH!t13Y-BBepx !t1Jllt1 nOAXOAflmVIM Wlt1MMtt1POBOHVI8M MOrHVIT

HOro nOJlfl B 3030pe KOM8pW. 

§ 4. OUEH~~ ~HTEHC~BHOCTE~ CEn~PMPOBAHHMX ME30HHWX nY4KOB 

Anfl sapttJOHTO tt13o6pameHHoro HO PVIC. 5, Ha ocHOBOHVllll aKcnepVI

MeHTOJlbHWX AOHHWX, nonylleHHhlX All~ HecenapwpOBOHHWX Me30HHhlX 

nyLIKOB HO WVIPOKOyroJlbHOVi Jlt.1H3e, 6Wnlt1 BWnOJlH8HW OL!eHKV! t.1HT8HCttJB

HOCTeVi, nllOTHOCTeVi nOTOKO VI nllOT~O~TB~ OCTOHOBOK cenapl!lpOBOHHWX 

M830HHWX ny4KOB. npVI npOBBAeHt.-1111 STV!X POCLI8TOB YLIVITNBOJ1V1Cb 

norepVI LIOCTVIL! ~3-30 MHOrOKPOTHOrO KYllOHOBCKOro pacceHHV!fl (AO 

20%), YB8Jl!t1LI8Hlt18 ~030BOrO 06b8MO nyLIKO B VIMnYllbCHOM npOCTPOHCTBe 

npVI era nOATOpMOlKt.1BOH~1VI (AO 50%). orpaHttJLI8HVIe p03MepoB nyLIKO 

KOJlJllllMOTOPOM (AO 30%), pacnOA n!t1-Me30HOB HOJ18TY HO A111t1H8 nOBO

pOTHOVi MOr~ttJTHOVi ClllCTeMN 2,3 M. 

Pe3ynbrarw swnonHeHHWX oueHoK s pacllere Ha I MKA naAawmero 

HO MttlllleHb npOTOHHOrO nyLIKO np!t1B8A8Hbl B np!t1JIOrOeMOVl T06M1L!e. 

TaM me All~ cpasHeHlllH nplt1BeAeHw AOHH~e Allfl Me30HHWX nyLIKOB, 

nonyllaeMbiX B APYrVIx lllt13VILIGCKVIX L!3HTpax. KaK cneAyer t.-13 aro~ 

T06Jllt1L!W, nplt1M8H8Ht.18 WV!POKOyrOJlbHWX illOKYCVIPYWmV!X Ct.1CT8M n03BOJIH8T 

nOJlYLittlTb npVI OAlllHOKOBWX TOKOX npCTOHHOrO nyLIKO ~HT8HClt18HOCTt.1 

cenOpVIpOBO~HWX Mm-Me30HHWX nyLIKOB nplt1MepHO HO nOPHAOH 60JlbWe, 

LleM nplll t.1CnOJlb30BOHl!1111 06WLIHWX HOHOJlOB nyLIKOB, COCTOBJ18HHWX 
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1!13 KBaApynoflbHbiX fll!1H3 111 OTKflOHfltOlUL1>: MarHl!lTOB. 

KpoMe roro MarHl!lTHaH Cl!lCTe~a,H3o6pameHHa~ Ha p111c. 5, 

" B Cfly4ae H8Cl!1MM8TPl!14HOrO Bapl!laHTa n03BOhHBT YMBHbWaTb l!1306pame-

H l!1 8 V1 C T 0 4 H l!1 K a B I , 5-2 p a 3 a l!1 T 8 A C a ~1 bl M y B 8 Jll!1 4 l~ B a T b n J1 0 T H 0 C T b 

nOTOKa, a Cfl8AOBaT8JlbHO lt1 MO[UHOCTb A03bl cenapl!1pOBaHHbiX ny4KOB 

B 2-3 pa3a. 

§ 5. 3AKRI04EH~E 

PaccMorpeHw pa3Jll!14Hwe sapl!lallTW nofly4BHV1H cenapltlposaHHWX 

M830HHWX n~4KOB Ha IDa30TPOH8 ov~~ c noMOU\blO Wl!lPOKoyrOflbHWX 

~OKYClllPYIOU\l!lX Jllt1H3, npOM8lliYT04HOrc 3aM8Afll!1T8Ml l!1 nOCflBAY!OlUBro 

MarHl!lTHOrO aHafll!13a. 

HaV16o11ee nepcneKTl!lBHbiM ~Bfl1BTCfl BOPL1aHT, l!13o6palKeHHbiW 

H 0 p l!1 C • · 5 , B K 0 T 0 p 0 M p a 3 A 8 J1 e H ~1 8 4 (I C T l!ll.\ n 0 M 0 C C a M 0 C y lU 8 C T B J1 11 8 T C fl 

n Y T 8 M 0 T K J1 o. H 8 H vi fl 4 a C Hll.\ H a y r 0 J1 9 0 ° S n 0 n e p 8 4 H 0 M 0 A H 0 p 0 A H 0 M 

M a r H l!1 T H 0 M n 0 J1 8 • T a K 0 W B a p L--1 a H T M 0 ~Ill 0 0 C y lU 8 C T B L1T b H a 6 a 3 8 Mar H l!1 T a 

Tl!lna MC-4 V1 rpex MarHl!lTHbiX KBCAPYnoflbHbiX fll!1H3 c aneprypow 

2 0 c r.1 • n p e 111M y me c T so :nor o B a p 111 a H 1 a 3 a K fliD 4 a e r c fl s lt1 c no 11 b 3 o sa H L1l!1 

roTOBOrO MOrH!tlTa lr1 Jllt1H3, npOCTOTE HOHCTPYKL\Vll!l BaKyyMHO~ KOM8Pbl 

l!1 nOJllOCHWX HOKJlaAOK, 0 TaKlKB BJ3MOlKHOCTb nepeXOAa C P8lKV1Ma 

p a 6 o Tbl 11 H o Me A l!ll.\ 111 H y 11 B p em l!1 M p C' 6 o Tbl 11 H a ill V13111 K y 11 6 e 3 s c Tl K l!1 x 

M8XaHII148CKl!1X nepeMBU\BHl!l~ nyTBM TOJlbKO nepeKJll048Hl!lll TOKOB B 

9Jl8M8HTaX MarHl!lTHO~ CII1CT8MW. 

Peaflll13al.\l!1~ aroro sapVJaHTa no3BOfll!1T ysefll!14l!1Tb npl!lMepHo 

Ha OA111H nopllAOK V1HT8HCII1BHOCTW cenapl!lpOBOHHWX M830HHWX ny4KOB 

V1 reM caMbiM noBbiCII1Tb craryc IDOJOTPOHa 0L'1fn1 AO ypoBHTl MaflbiX 

M830HHWX illa6pii1K C 9KBl!1BaJ18HTHWM TOKOM BWB8A8HHOrO npoTOHHOro 

ny4Ka OKOJlO 20 MKA. 
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P~c. I. ae~crsymmaR ill~POHoyronbHOR n~H30 AnA nony4eH~H 
I 

ny4HOB Hecenap~pOBOHHWX Me3DHOB.-~HTepsan yrnoB 

30XBOTO 8 = (!0,45°-2!,77°). AKcenTOHC no TenecHOMY 

yrny - 0,34 cp. YrnOBOR PGCXOA~MOCTb ny4HO HG BWXOAe 

n~H3W ~roo. 

P~c. 2. Bap~aHT w~poHoyronbHO~ n~H3~ AnR nony4eH~R ny4HOB 

cenap~pOBOHHWX n~- ~ MW-Me30HOB. nepBOHG40flbHW~ ~MnynbC 

M830HOB 55 MaB/c. aonycT~Mhl~ pa36poc no ~MnynbCY -

~I ~aB/c. MHrepsan yrnos 3axsara - Q = (36°-46°). 

AKcenraHc no renecHoMy yrny - 0,72 cp. nonomeH~e 

nepsoro WoHyca - I90 eM, sroporo - 380 eM. 

P~c. 3. Bap~aHT nony4eH~R cenap~posaHHWX Me30HHWX ny4HOB c 

nOMOmbm AOnOnH~TenbHO~ COh8HO~AGflbHO~ HOPOTHO~ MOrH~T

HOW n~H3bl, COCTOAme~ ~3 ABYX KOTyWeH OT MOrH~TO MC-4, 

OKpymeHHWX mene3HWM 9KPOHOM. no~CHBH~R B TeKCT8. 

P~c. 4. Bap~aHT nony4eH~A cenap~posaHHWX Me30HHWX ny4HOB 

nyTeM OTKflOHeH~A B nonepe4HOM HeOAHOPOAHOM MOrH~THOM 

none. noRCHeH~A B T8KCT8. 

P~c. 5. Bap~aHT nony4eH~A cenap~poeaHHWX Me30HHWX ny4KOB 

nyTeM OTKnOH8H~A B nonepe4HOM OAHOPOAHOM MOrH~THOM 

none. noACHBH~R B TeKCTe. 

P~c. 6. TpaeKTOP~~ 4acr~u s MarH~T~o~ c~creMe, ~3o6pameHHo~ 

HO p~c. 5. 
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