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§ I. B B E ! E H HE 

HCCJe~OBaBKe B3aKMO~eiCTBKI qacrKQ BHCOEOI 3BeprKI rpedyer asaKKSa KHBellllTREI TaEXX 

B3aXKO~eiCTBII. OcodeBBO npocro I HarJB~BO EKB8MaTBXa peARTKBBCTCEBX qacrKQ BHrAR~KT B 

odpaaax npocrpaHcrsa cEopocrel/ 1 I. 

llpocrpascTBO CEOpocrel SBIB8TCS npocrpasCTBOK Hoda'leBCKOrO C p~Kycoa EPIBB3BH, C 

TOUOCrJ.Il ~0 KBBKOII e~KBHIUI paswa CEOpoCTH CBera C/ l-J/ • KHH8111l~Ua peUTBBKCTCitBX 

qacrBQ B odpaaax aroro npocrpeacrsa snepsae ctopay!aposaaa B no~poduo paccaorpeua 

H.A.11epBKKOBHK/ 1•4•5/ • reoaerpzqecxoe HCTOJIEOBaBBe peARUBKCrCEOI KIIHOiolatHEB 00110raer 

aalu upocrue K sar~uae rpa41JI'Iecue aero~ pemesu paanqwx usewuqecltltx s~aq. Tax, 

11epHUOBYK COBKecrBO C laiKOBYK npe~!OKeH rpa4111'1eCEHI aerO~ peleBKR 3~aqH 0 CTOJIKHOB8HHK 

~Byx qacrBQ, acno.U.SYilllllll xostopwoe o rodpa.sene npo crpas·crsa Hoda11escxoro sa 

ssyrpessocn. eBJtiii,I;OBOI ctep1/ 61 • 

B sacros11el padote paccwarpxsaercs rpatH'Iecxall aero~ asaaaaa KBBeaarBEK peaE~KII ae~y 

qacrBQaHH BHCO!tOI 3BeprHI, OCHOBaBHKII Ha ltOBtDPliiiOK orodpa.seHKI RJIOCitOCTI HodaqeBCKOrO 

sa eBJtiii,I;OBy no1ocy • c DOIIO~Il aroro orodpa.seBKR no!yqeua uarJill,lBWI ~aarpaKMa cEopoc-

rei qactKQ, yqacTBYiliiiJIX B pea~n. 3ra .-aarpalo!Ha oosi!Ouer BKRBARU xapaxrepaae ocodeuuocta 

JtKBeaarua KBoaecrseauoro odpaaosaeas qacrBO opa !lldol auepraa nepsii'IBOII 11acraoa 1 oposo

~·r• auaaaa ra~:ax ocodeaaocrell. Osa oosBOJBer ra~e c noao~ll no~BIKBOII J:Oop~saruoll cer~:a 

rPfl.4>H1!ecxa pemau a~aqa, qacro scrpeqa~~IUiecs B 4!113ne qacrBO BHCOKOI aueprftl: oc~ecr-

BIRTh RopeHoOBY opeodpa30BaBKR IKnyi&COB I yr!OB BYJiera qacrBQ , crpoxr& rzcrorpaKKH 

yr !O BHX B lllllly.U.CBHX pacope~UeBIIII qacrBQ H r .~. X~ 
llpase~ea BeJ:Oropae CB8~8BBS 0 DpOctpaHCrBe CEOpOcrel, OdJerqalliiK8 OCB08BB8 BCDO.U.

syeKYX a~ec& reoaerpwqecEax odpaaos. Toqxa npocrpaucrsa CEOpocrel Dp&lcrasJISer cEopocr& 

qacrBOH c aesyJeBOI aaccoR noKOs ( 111 HBepnaaJ&Bol cacreKK orcqera). OrsocareJI&Has cxo

pocr• ~syx qacrKO ( KJIK cacrea orcqera) 1)r csssaaa c paccrosaxea ~ ae~y coorsercrBy!l

IIXKB toqJtaKz opocrpeactsa CEopocrel cooraomeaaea 

v =- c. th "'lc 
(I) 

X) 0CHOBHWe pesyRLTatW 3tOA padOTW JIOJIOK8HW B ~SpaRe l96lr. Ha C8KKHape B ~H3H118CKOM 
IIHCtllTyre AH CCCP MK. ll. H. Jlede.-esa M B llapte 1962 r .-Ha cewKHape IIB3 01!51H 



r~e ~ - CKOpOCTL CBeta. PaCCT08HK8 ~ HMeeT paauepHOCTL CKOpoCTH (velocity ), HO B OT~H

QHe or uee ua3~saercs 6~crporo~ ( rapidity ) x) • E~crpor~ cx~aAHSWDTCH no ¢opuyne rpe-

yroJILHHKa noelaqeacKoro h h I h J -'L h 'l- L "l. 
c ~ ::::. vn ~ en ...E:. - s _i;_ sn E: ws B. (2) c c c c c J., 

r,lle 'Z:!. II l.f~- CIOpoH~t npHJiellalllHe K yr~y ei t a 'Z.z_- npoTI!BOIIell~a.JI euy CIOpoHa (pKc,I), 

am 

'Z't 'lz 

'(Ji 82. 
at ~t, a-<-

P:1c. ' · TpeyrOIILHIIK B npocrp811CTB8 CKOpOcrell ~118 QaCTIIIIH C m >0, 

3ra ¢op~o~y11a coana,llaer c ¢opuy11o11 ,liM nopeuu-¢auopa qacri!IIH 0 ~ i /(t- {~)"~ .J;BHll}'lllell

cs CI!CT81.!8 OTCqera, BCIIK KMeTL B BI!JlY B~Te&amlllH8 113 (I) COOTHOM8HII8 

ch ~ = O"""' E/mc~ ; sh ~ : ~a=- f/mc. (I') 
Kax paccroRRHe s npocrpaacrae cxopocrell, 6~crpora 'Z ~KTKBHa, a qeu aerp~Ho y6e~HrLcR, 

paCCI!aTpi!Ba.JI ljiOpyYIIY (2) npK et.-::. 0 • !I03TOMy ORa BO )(HOrKX OTHOM8HH8X RBJIJlBTCll ClOJiee 

y,lloelao~ EHHeuarxqecxo~ xapaxrepKCTKEO~, qeu oraocKrenLHa.JI cxopocrL ~ 11~11 nopeau~rop 

~ , Korop~e cx~~HaamrcR no coorsercraym•BK lji0puy11au nopeunoaHx npeo6pa3oaaaHil. 

§ 2, 0ro6pall8HH8 DIOCKOCTH B Dp9C%paHCT88 CEOpOCT8~ 

aa eBKIIK!OBfD no~ocy 

Pacnpe,lleJieuHe a npocrpaucrae cxopocre~ aropaqaHx qacrl!ll, oelpa3osaa•HXCR npH asaKUO

,llellcraHH nepauqs~x qacrl!ll BHCoKOil 3HeprHK, oelHQRO Hueer curapooelpa3RHil a~ c ocLm , npoxo

,llll•ell qepe3 TOQKK-CKOpOCTH cra~HBaV.HXCR qacTHI{. BHTHHyTOCTL pacnpe~e~eRHB B~O~b OCK 

oelJierqaer a~saneHHe H aHa~Ks ero xapaxrepH~X ocoeleauocrell. !Io3rouy ~JIJl rpaljiuqecxoro aHa~•-

3a KHHeuaTHKK )(HOllecrseuaoro oelpaSOBa.JIHR qacrun ayzes raxoll eaxiiHJlOB o6pa3 pacnpe~elleRKR 

I'll I I 
-< n-- ---- - npe,lln~ zeso k.A.PoelelOM II UBTKpyercs BapKQaEOU B • 
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qacr~ B npocrpascrse cxopocrel, xo ropaR Oa coxpasa~ se.sxessoR Oacrpory B~OXD ocz pac

npuelleHBR. !3HuyTBJII>H8JI CIDOIBTPBR pacnpe~e~eHBR BTOpK'IHYX qaCTHD B CTPYliX BYCOKOI! 3Hep

rHH/g/D03BOJIHBT cBecrz rpexvepsoe pacnpelenesze x ~Byxaepsoxy, se sapyuaR ero xapaxrepHYX 

ocoOessocreR. 3ro AeHaerca c nowo~n csep:rxz pacnpeAe~eHBR no a3KKJT~Lsowy yray soxpyr 

ero OCH Ha DOAynliOCXOCTI>, IT03TOyY B Hamel aa~aqe UOXHO orpaHH'IKTLCR 8BX4H,J;OBHX 00pa30X 

a3Hxyran&aol nllocxocra npoc:rpancrsa cxopoc:reR, npoxo~~el qepe3 ocL pacnpe~eHeHKR qacran. 

3:ry OCI> O~eu B lal&HeRmeu Ha3HBaTL 0a30BOR npauoR. 

BBeJteU Ha a3JUiYTaJIIoHOR D~OCltO CTH CJ!e,lty»!lll!e KOOp,J;HHaTii TOUH - CXOpoCTH a. : npo-

~OJILHJil !l!iCTpOTy -'l_il - paCCTORBHe B,J;OJ!L 0a30BOR npaMOR OT aaqaJla KOOMHHat lO OCHOBaHIIJI 

nepneH.J;KKy.lllpa, ODYJiteHBoro aa nee H3 roqxz, I! nonepeqnyn Clac:rpo:ry "t..J.. - pacc:roaHBe or 

:roqxz ,J;O Oa3osol! npauoR ( pzc.2a). Pacc»otpBX otoelpaxenze 3TOH nllocxocrz,a&HJ~n~el!ca nno

cxocnn JIOda'!eBCitOro, Ba eBU~OBy DOJIOCy C ~eKaptOB!iUH ltOOPJtHHataUH rz H ~ (pzc,2d) , 

xotopoe oc:v-ecrsllHerca npeodpa30BBBzeu nonepe'IHOR Oac:rpota c no»o~L» ~yHltQBH JlodaqescKoro 

n ( ~-·}= 2 CV't.c. tff e- 't';k : ~ - !1/ n ( "'Z. ..1. ) • - !!!. .,-z-- c- z- c (3) 
3ro otoOpazesze xoaii!Opllllo, ro ecn coxpasae:r yrJ!H xe:a;~;y xpuaw, uo cae~yer X3 sua 

uerpKKH DJIOcxocTK Jlodaqescxoro B xoop,J;KBaTax ? H 5 
d.t2,=- d."L1+ ch2.~J. J"'l.~ := c2 dt2.~ ( ols 2+ ol? 2

). (4) 

0TMBTHM, 'ITO OHO HBnHeTCH a,J;HHCTBeRHYK KORIIiOPKHYK OTOdpaKBHR8M DJIOCitOCTB Jlodaqe~CltOrO 

aa esx~osy noxocy x) • 

B Tpexvepaou cllyqae Teopeua l!nysHllllH orpaHII'II!BaeT KORIIiOPMBHe otodpaxeRIUI npocTpaacTsa 

Jlolla'le&cxoro aa qacrL esxJIH,J;OBa npocTpaHctsa TOJILKO c~epzqecJtKKB OTodpaxeRHaMH, nepeso

,;a•I!KR c~pa npoctpaacTsa llodaqescxoro B eBKJIHAOBa c~epa. 3:ro H3BBCTHHe oTodpaxeRKR 

ITyaHKape npocrpaactea llodaqescxoro aa BRytpesaocr& esxliBAOBOI! c~epa xx) z aa esxl!H,J;OBO 

x) EcxK cosepmKt& npeodpa30DaHKe (3) B tpexuepaou cnyqae, He K3ueaaa a3HMYTanLaoro yrna ~~ 
l: 11 n('~-J.) n- 'l., .P- If .,:. l- e > l- C ' J - J , TO DJIOCKOCTb npocrpaHCTBa JlodaqeBCKOro, nepneH,J;IlltYJIJIPHBJI 

. K 0a30BOR npauol!, KOHIIiOPMBO OTOdpa3l!TCJI Ha 8BUII,J;OBy DOllyC4Jepy, HJIH Plllll!oROBy DJIOCltOCrL, 
Tax xax ee wetpl!lta B xoop.~;HHaTax ~ H 'j' 101eer B~: ) 

a'l.Z.: a"'l.~+ C1.Sh2.~L c;{~2.:. C2. c;h:t ¥(cl~2.+ S,.ltz~ o{f 2 
• 

xx) Jro oro<lp111:e;me B npKJIOJ:eHHII 1t peMTMBIICTCltOI! Kllllewatne paccuorpeso B padoTe 16;: 
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no~ynpOCTpaHCTBO. 0TOdpaxeBKR ITyaa&ape n~OCKOCTB !odaqeBCKOro COOTBBTCTBBBBO Ha eBKA~OBY 

Kpyr K noHynHOCRO CTh CBA3aBY C OTOdpaKBBKBK ee Ba BBKA~OBY DOAOCy KO~pKHYKH npeodpa30Ba-

BKRKK1 KOTOpYe ocy~BCTBARmTCB K3BBCTHYKK aBaAKT~BCRHKK ~YHKQKBKM KOKnAeKCBOTO nepeKBBHOrO 

, 311,ltaHHYKH aa nonoce /IO I ( pac.2 d,s, r). ~:;?+i$ 
-th- i 

_2.. 

e; - ~AB orodpaaeaaa aa no~yn~ocxocrb. 

w= - ,I!;AR oroelpaKeaaa aa xpyr H 

(5) 

X= 
ITpeodpa30BaBKe (3) nepeBO,I!;Kt rKDepdon~ecxKR nyqox npaKHX aa nnocxocrx Rodaqescxoro, 

nepnea~KKYARPHHX K Oa30BOA npaMOR 1 B orpe3KK napa~ABALBYX npaKHX Ha BBKAK,I!;OBOI nonoce, a 

ceweACTBO OptorOBaAbHHX K HKK 3KB~HCTaBT K Oa30BOA npaKOA - B nyqOK napaAAB~LKYX eA BBKAH

,I!;OBYX npaKHx. Orcm,l!;a cne,l!;yer 3a»eqarenLaoe csoAcrBO paccuarpasaeuoro orodpazeaKB - HBBapaaa

raocrb ero OTHOCKTeAbHO ,I!;BKZeBHI BAOAb Oa30BOI npaMOI. KaK K3BBCTB0 1 ,I!;BHKBHHR B npocrpaBCT-
~~ se Xodaqescxoro a3owop~aY npeodpa30BaHKB» nopeana. TaxBK odpa3ow, nopeanosyw npeodpa3osa-

aaaw xaaewar~ecxax xapaxrepacrax qacraQY npa nepexo,l!;e or OABOI cacreKH orcqera K ,~!;pyroR, 

TOQKK-CKOpOCTH KOTOpHX ABKaT Ha da30BOA npaMOI, COOTBeTCTByer nepeaoc aaqana KOOp~HHaT 

B,I!;OAb da30BOA npawoA aa BBKAK,I!;OBOR DOAOce. 3TO CBOICTBO cy~BCTBeBHO KCD0Ab3yerca B ,l!;aAbBBA

meK. 

OrwerKK, qro sepxaaa K HHHHRR rpaHHQH nonocu H decxoaeqao y,l!;anesHHe xOHQH da3oBOI 

npawoR RBAamTCR BBKAMAOBYK Odpa30M adco~ra a3KMyTaAbHOA DAOCKOCTB. ToqxK 3TOrO odpa3a 

K30dpaxamr cxopocra qacrKQ c ayneBOA waccoB noxoa. 

§ 3. )!aarpawwa cxopocrel a xoop,I!;KHaTHM cena 

~Kopocra qacr~~,yqucrnym~ax B peaK~~~,a3oopaxamrcn aa nepxae~ nonon~ae eBKR~AonoA nono-

CY COBOKYDHOCTbll TOQeK,KOTOpyiJ Ha30BBII ,llllarpaw40ll CKOpocrell ,1\Rll .!~UH!!Oll peaK~II (p11c .4, crp . l~) . 

)!aarpauwa cKopocreA asnaerca eBKAHAOBYK odpa30K csepayroro no a3HKytalbHOKY yrny aa nony

nnocxocrb pacnpe~eneaKR qacrKU B npocrpancrne cxopocrea. nocrpoeaae u auaaa3 )!;KarpaKKH 

CKOpocreA, a TaKXe rpa¢11QBCKOB pemeaae BeKOTOpYX 311,ltaq peARTHBHCTCKOI KHHeMaTHKK BYDOn

HRIJTCR C DOIIO~bll KPKBOHHHBIHOA KOOp~HHUTHOR CBTXH, KOTOpM HBARBTCR BBK4HAOBYM Odpa30ll 

DOJRpHOA KOOp~HHatHOA CeTKH Ha a3K»yTaAbHOR DOAynAOCKOCTK C DO~COII aa da30BOA npHMOA. 

YpanaeaKB nyqell a oproroHiiJlbHYX x HKK nonyoxpyzaocreA nonnpaoA ceTKI! 

B KOOp,I!;I!HataX 'i 11 H ~J. BbiTBKallT K3 ~pllyA ~All npRMOyrOnbHOrO rpeyrO.IIbHKKa RodaqeBCKO• 
ro /12/ : 

th_ z jsh ~11 -=- t~ g :=. const - ~nn nyqell , (6a) 
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- A~a no~yo1pyzBocre1. (66) 

KoHijlopKHOe npeo6pa.30BaHlle (3) nepei!O.UT a:ry ceuy B KPIII!OJIIIHeiiHYJ> op:roroHaJILHJil 

CeTJty C HaqaJIOII B TO'IX8 Ha 6a30 BOll npaloiOII, Jly'lll nepeXOAU B ll30ltJIHHH f}::. CollSt 1 ODHCH-

ru ~8 
nepexoJtar 

B ~exaptOBHX XOOPlliBataX 1 H ~ Ba DO~OCe ypaBH8HHell 

sh~:::. J-~e · Slrt~ =- sh~8 · :Si-nS, 
- a6cnxcca IO'IKH nepeceqeaHa H30I~BH c uepXKell rpaHHOell 

B 1!30<lHCtpoTH '(: = CtntSt , 0Di!Cb1Ball!llli8CR ypaBB8HH8M 

ch~ = vh ~ ·~o:Ss =- ch ~~· coss' 

(7a) 

DOJIOCH,llO.IIyoitpyzHOCTll 

(76) 

rle ?~- a6cnxcca TO'IKll nepeceqeaaa H30<lblctpotH c <la30BOII npRIIOII, lJIR ~o<l crsa K30RJIHBH 

I! 1130<lHCtp0HH C.lle.D;yer npOB8CTll C paBHOWepHHII DO ?~ II ~"t marOK ( pllc,lja Ba Ctp. 19 ). 
H30KJIHBa - 3TO reOIIetpll'leCKOe W8CTO T0'18Jt Ha DOJIOCe, 1130Clpazall~KX CROpOCtH 'laCTHn1 

ROtOpY8 xapaxtepH3YIJTCl! OlHHaKOBHII yr~OW 11e~y HaDpaB~8Hll8lol KX CIOPOCTB H <la30BOII npa110D 

B CliCTelle OTC'I8ta, CKOpoCTL KOTOpOA H30ClpazaetCl! Ha'la.IIOII KOOPAHBaTBOII cetEH, I30611Ctpora 

- 3TO reOIIetp1!118C!t08 118CTO T0'181 Ha DOJ!OCe 1 H306pa:rall1i111X C!tOpOCTH 'laCTIIllt ItO tOpHe B TOll 

lle CHCT8118 OTCQeta Hlol81lt OliiHaKOBJil <lHCtpoty 'z. JIJIH lllolllyUc f B ~;J.~;ax mc(fc =sh"t). 
0Tiol8tHiol1 no DPil ? > 21 3 ypaBHeBKH (7) C TO'IHOCTLil ~? ~ e. < 0 101 COBDil.AallT C 

ypaBHeHIIJ!III! Oelpa30B nplllbiX a31!1l)'Ta.llbHOII DJIOCKOCTII, napaJIJieJibiiHX Cla30BO I! npHIIOII, ll OptO 
rOHaJibHbiX K Hllll KPIIBbiX, KOTOpHe Ha3biBallTCl! OpllniiKJiaiiB 

l~e-~~~~~= 

l ?~ -11 d? = 

(Sa) 

(scs ) 

UTC DJta BI!JtHO , 'ITO 0Tp83KII 1130KJIIIH II 1130<lHCTpOT B OdJiaCTII ~ > 2,3 COBnll,JtallT np11 napaJIJieJib-
X) ~ 1i 

HOW nepeHOCe BJtOJib 6a30BOA npl!MOII II CIIMMeTpii'IHbl OTHOCI!TeJibHO cpeJtHell JIIIHIIII Ha DOJIOCe 7 =t; 1 

_ OO < ( < 00 , flpll Bbl'l8p'111BaHIIII IIX IIOllHO IICDOJib30BaTb wa6JIOH, 'ITO Cyll{eCTBeHHO OdJier-

qaeT DOCT POeHI!e KpiiBOJII!He!lHOI! KOOpJti!HaTHOi! ceTKII, 

x) 3TO CBOACTBO Jl30ltJIIUI II H300HCtpot B 06JiaCtll ?'>-2,3 oelyC~OBJI8HO tell, 'ITO JIY'!H II OKpyz

HOCTll ROJI!pHOR CeTKII Ha a3HIIJTaJILHOI D~OCEOCTII B OdJiactH, Aa~eEOI OT DO~ca,c yxa3aB

HOI TOqHOCTbll COBRa;J.allT C OpRioiHIIH napa60JIH'IeCKOrO Dy'IKa, CXO;J.l!.KIIMCH B 6eCXOHeQHO yJta-
/12/ 

~eRROl toqxe, K OptarOHaJibHHIIH E HKII OpKnKJt~; 3TH OPKOIIKJIH EOHrpyeHTHH, 
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.1'13 ypaBH8BiUI (7) BJ!.II;BO, 'ITO Ha BepXBel! rpaHIIJl8 nO.IOCii s ~ i,- Oa <. ?< 00 y.II;06BO 

pacnO.IOKHTL m&a.ly yr..a 61 1 &Oropaa 3~aeTCR ~ysxnaeB, 06parBOI! ~yBKnHH llo6a~eBCKOro, 

~e-= n-i(eJ :0. ~c~.-y"'- e) xJ (9) 

H W~.IY IpHrOHOVerpHqeC&J!X ~yBRnHI! yrna, HanpH»ep, 

~eosG = A~th. (CMe) i 1t~e -=-A 1J_ ( t;e) . C9') 

B,llO.IL Cla30BOII npavoll f:. 0,- e><> ""-? < e>o y,J~o6Ho pacnono:a.HIL li!KMY ClYcrpory ~ 
t1 't-:. ~ =f) a TaKJ:e li!KMY ,lllJyTHX CBH3aHHYX C Hell KHH8MaTI!Q8CKI!X XapaKT8piiCIJ!K 

nopeHn-¢axropa qacrmn& ( H.lll c~cTe!.lli orcqera) ~ : 

fr = A""dt( cro) 

H ~~»nynLca p qaCTHnY C Ma.CCOI! nOKOR m 

?P =A "'-sh ~ (Io') 

EC.IH O.II;HOBpeveHHO paccvarpHBalliCR qacTHnY pa3HYX vacc C HVnY.ILCaVH, 3a,J~aHHYWJ! B 8)1HHHnaX 

r3B/C, IO HeOClXO,liJ!MO J!U8IL C00IB8TCTBYIJ~ee QJ!C.IO li!Ka.l HMnYALCa, KOIOpYe KOJ:HO pacnO.IOKHTL 

O.liHY no.~; ,11pyroll. 

Koop,J~HHarsas cerxa co mxanaVH HcnoAL3yercs npH nocrpoeHHH ,J~HarpaVWY cKOpocrel! no 

3a,J~aHRa» B AaeloparOpHOI! CHCT6K8 HUnY.ILCa» H yrnav BY.Iera QaCTHU 0THOCHT8.1LHO BY,li8.18HHOro 

sanpaBneHHH. 3ra npone.11ypa onHcaHa B npHAOJ:eHHH I. 

§ 4. rpamHqecK08 pemeHHe npocrel!mHX 3~aq 

pe.IRIHBHCICKOB KHH8MaiHKH 

A.llOPEIIUOBH IIPEOEPAroBAHIDI YrnA BHHETA H ID.IIIYJ!l,CA 

'IJACTl!Uil C MACCOB yYl > 0 

E.larO,J~apR HHBapHaHTHOCTH ,J~Harpa»MMi CKOpocrell OTHOCHTe.ILHO napa.1.18.1LHYX nepeHOCOB 

cv. § 2 ),nopesnoBY npeoelpa3oBaHHR HvnynLca ( H.IH 3HeprHH ) myrna BY.Iera qacrHnY c 

vaccOI! n1>0 CBO,IIRTCH K nepeHocy saqa.1a orcqera Ha ,J~Harpav»e B.II;O.IL Cla30BOII npRKOII H3 O.II;HOII 

roq&J! B ,~;pyryil, KOTOPHe H30Clpa3allT CKOpOCTH OCleHX CHCT8V Orcqera H OTCTORT J~;pyr OT ,~;pyra 

Ba pacCIORHHH 

x) 3ro o6o3HaqesHe oelparHoll ~YHKnHH no3aH»CTBOBaHo H3 raelnmn /IJ/ , r.~;e H»ellrcs raelnmnY 
ry,~;ep»aBHaHa, )IOOO.IHHilmero ,110 ~~ ~ya&nHD llo6aqeBC&OrO ,liAR yrna napa.1.18.1LHOCTH e 
8-:. n ( ?) =. !f -gd 'l~ H OClpaTHOI! .ellV if>YHKnHH fl-=- s«-yf- & ) • 

IO 



h = ~.12.- A1ch v - A"'ltk v;,._ 
·u2. c - 012.- c-

r,l(e Q·£2. II v;2..- OTHOCIIT8J!.bHHB J!ope!III-ijlaJtTOp II CROpOCT.b CIICTBil OTCQeTa ( pl!C ,I) , HaHece-

HIIe TO'IKI!-CKOpOCTI! a_ m 'laC TI! l\bl C 3a,llaHHbll.lll B CI1C TeMe OTC 'IBTa l HMJlyn bCOM 11 yrJIOM Bblne Ta OTHO--CI!TBJ!.bHO llanpaBJ!BHI!ll Vi 2.. II onpe,l(eJieHIIe l!llllYJI.bCa II yr J!a BbiJ!BTa QaCTIIl\bl B CIICTeue OTC'Ie.Ta 

2 np0113BO,I(J!TCJ! C IIOI!O Jll.bll !tOOp,I(I!HaTHOlt CBTKII, Jtalt :yKaJaHO B npii110J:BHI!IIII.A, B03J!e TO'Iltii-CKO

pocTII QaCTIIl\H Ha ,l(l!arpa lllle C!tOpoCTBll IIOJ:HO yKa3aT.b OJtpeCTHOCTb, COOTBBTCTBYIJ~Yil OWI!OKali 

B 1131lepeHI!ll e e l!llllyJ!.&ca 11 yr11a BHJ!eTa B J!aOoparopHoll c11crewe (TIC). 3To noJBOJ!J!eT onpe)(e

J!IIT.b B )(pyrolt CIICTelle orcqeTa nepXHI!lt 11 HIIJ:Hi!lt npe)(&J!Y )(J!J! ee lllinyJ!.&ca 11 yr11a BHJieTa, cooT

sercTBYIJil!lle om110xall s nc. 

B. JIOPEHUOBI:I f!PEOBPA30BAHIDI YI'nA BI:IJIETA H Hloi!TYJlbCA 

1IACT:I!UI:I C MACCOl1 yYl =: Q 

J!opeHnOBY npeoOpaJonaHIIJ! yrna BYJ!eTa ~TOHa ( I!J!l! He~rpiiHO ) no orHomeHIIIl K HanpasJ!e--. 
Hllll v;:2. OCYJl!BCTBJ!HilTCJ! aHaJ!Orii'IHO cnyqall m > 0, 0TJII!'II!B COCTOIIT B TOll, 'ITO TO'IXa-CKOpOCT.b 

~oroHa (Hel!TpiiHO ) JleJ:IIT Ha sepxHelt rpaH~~ne ,l(llarpaW!lY c~topocTell 11 ,I(J!J! ee HaHeceHI!J! ,I(OcTaro'I

HO 3HaT.b TOJI.bltO yro11 BHJie:ra ~TOHa ( HeltrpiiHO) e1 B CIICTelle OTC'IBTa ! ( Cll,llpi!J!OJ:BHIIB II.A), 

AHaJ!IITIIQBCKil npeoOpaJOBaBHB yr11a BHJ!BTa ~TOHa ~ HeArpHBO) BHpaJ:aeTCJ! npOCTOlt ~plly-

11011 
-1 n-J. ) -'t-1.2. f1 ce1.)- (ez. = c 

(II) 

BbiTBKallll\elt 11 3 paCCilOTpeHI!I! B!ipOl!t,!J;eHHOr O TpeyrOJ!bH11Katl_1Q1 a.1 n n pocr paii CTBe CKOpOC Te ii , CieCKOHe'I

HO y,IJ;aJieHHaH BepWI!Ha KO TOporoafHBJ!HBTCJ! TOQKOlt-C!tOpOCT.bll ~TOHa ( HeltTpiiHO), II nepneH,I(IIKY

nRpa It npHIIOlt a1a.tflapaJI11BJ!.bHOrO CTOPQHall rpeyrOJ!bHI!Ka at{).{l! a
4
a:r( pllc,J); (;t1. Yt ~

CitOpOCTII CIICTBil OTC'IeTa T II 2, etil~),B;fle¥;y rmJ napaJI Jie l lhHOCUi P,JIII OT p83KOU cr. t ll at. c. 
JiopeBnOBH npeoOpaJOBaHI!J! IUIIlYJII>Ca ljJJ TOHa (He IITPIIHO) llOJ:HO 3MI!CaT.b C Y'!'!TOll (If ) B 

BI!Jte; 

(!2) 

r.~;e '1:!2.- ornocuenHaH Oucrpora cl!ctell OTC'IeTa I 11 2 ( Cll,Taue Ia!, crp.50 11 59). 

Opll ~llKCilpoBaHHbiX p1 1l r~: fL':. f 1 II fz.. j ft.; ~plly.lla (!2) COBna,ItaeT C ypaBHBHIIJ!Illl 

OpiiC$ep B npocrpaHCTBB C!tOpOCTell C OCI>Il a.,.ar, npoXO,I;HIIIIIX COOTIIBTCTBBHHO qepe3 TOQ!tll Q 1 

11 ~, B no.UpHYX !tOOp,I;IIHaTaX ""t12. , 8 £-« f ( «f ::. 0 -;- 2.1f). 

II 



3U OpM<$1phl nepa~eKallt OC!o at~{B TO'U.8.Xa1 M(/~ TaJt 'ITO 

i - -') ~- e--c(e·ata2. 
pi -

(I2
1

) 

-r1.e e - e,J;MHM'IHWA senop c Ha'laJIOM B ro'!Jte at , aanpaBJieHHhiA no lf1'1ya1 tll'Jio!la'!escuA 

no&a3aJI, 'ITO no,~;otlHble ,~~;yra S;t. 11 6~aa cooc!Uix opMc4>epax CBSI3aaw c paccrol!HMBM ~2}leQy 
HHMII COOTH0118HII8M -:S-2. _ lt2. 

~-= e c . 
0TCil,J;a cne,~;yer noJie3H08 ,II;XR npi!.IIOZeHKA npaBMJIO: 3Ba'IBHMI! MMnYJil>COB ~TOHa (aeATpiiHO) B 

,II;Byx CIICTeMaX OTC'Ieta OTHOCIITCII Kalt ,I;JIIIHW UO,J;O!IRYX ,J;yr Ha OpHC4>epax C neHTpOM B TO'IJtB -

CltOpoCTM ~TOHa (aeATpi!HO), npOXO,I;l!~MX 11epe3 TO'IItii-CKOpoCTM CMCTeM OTC'Ieta ( pHC, J), 

/ 

.7r() 
2 / ' 

// ' 
// ~ 

a' / t< 
az....- / ' 

\ 

\~\ S, S \ t2. I 
;t I I 

I ~ I 

Pl!c, J. TpeyrOUHHK B npocrpaHCTBe C!tOpocreA ,II;JIJI 'lacTJIUhl C m-=0. 

Ha ,lll!arpalll{e C!tOpocrel! o!lpa31i OPIIUHKJIOB, no ltOTOPhlll UJIOCJtOCU rpeyrOJil>HIIJta a1.a2.a rnepe

cegaer YJta3aHHWe opac¢epw, cosna,~;aor c H30d~»crpora141! Koop,IIHHa raoA c erKII B odnacr11 rz. > 2,3, 

KOr,lla TO'IKII -CKOpOCTH ~TOHa (HelltpHHO) {i( t H CHCTBIIhl OTC'Ieta a1 , B ltOTOpOA 3a,l;aH 

HMnync P:t. ' nezar aa C!a30BOA Upi!IIOA, a Ha'!a.IIO JtOOp,II;I!Har aanpaBIIBHO B cropoay TO'Iltll err 
Tor,~;a piiCCTOIIHHB tf.2. B B,IIIIHJIUaX CKOpOCTM CBeta C paBHO 0Tp83KY !la30BOI! npllliOil IIBQY 

TO'IKOA Q 1 H TOIIKOI! (/~ nepeCB'IBHIIII ee C 1!30!lbiCTpotOA, npOXO,I;IIIltBil 11epe3 TO'IKY-CKOpOCU 

BtOpOil CHCTBt.lbl OTC'Ieta a,. KCU0Jilo3Yll JIOrapllljJIIH'IBCKYJl aCI!MnTOTKy llllta.llli HMnyJil>COB , 

~,. -.::::. ln 2 +en !tc c TOIIHOCT!oll ~?=e.- 2.?,. < O,Ot npll~r2,J 
II 3!1dll paccTOIIHHe l:t.'J.. t HBTPYAHO onpe,~~;eJIHTlo BBJIIt'IMHY p, I!Mny.uca ~TOHa (HelltpHHO) DO 

Bl'Opuii CIICTBIIB OTCIIeta no BBIIIt'II!He ero I!Mnylii>Ca f:t. B nepsoA CIICTelle, TaJt Kalt 

ln p1 - fn fz. = ~ :::. ?rt- ?,..~ npll ?rt.~> 2,3. 
i.;;WOJIHl! eiAble i!pll nOJ.l IDCTpoeHI!II Ha ,ll;lllll'palll{e CKOpOCteA no,llpOdHO onacaHY B npii.IIOZBHIIII n.E. 
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B, OIIPE,UJIEIIJIE TIOITEPE'IHOI'O lUII!Ylll>CA 't!ACTH!l 

fionepe'IB!III IUII1yill>C qaCtl!l1!1 C llaCCOI! m > 0 no O'tHOmeHI!Il K BH,J;eJIBHHOIIf HanpaBJielllUl, 

O'tHOCH'tBJibHO KOTOporO Onpe,II;BJIBH ee yroJI BHJieta e , COrJ!aCHO ( I I ) II iflOpwyJie ,11;.1111 

npHIIOyrOJibHOrO TpeyrOJibHI!Ka B npOCTpaHCIBe CKOpOCTell paBeH 

~ = £.. Sine:::: sh ~tc ~in8.:::: sh -"tJ. ,, 
me me c 

r.Jte 'Z.1- Kater, npOIHBOJIBmJIIl!ll yrJiy () , ECJIII BH,II;BJIBHHOe HanpaBJIBHHe COBIIBII{BHO C Cla30BOII 

npHIIOII, IO S h. ~.I. =. t~ ~ 1 r,Jte 5 -Op,II;I!Ha Ta TO'IJtli-CKOpOCII! 'laCI1!11H Ha ,II;Harpalllle 

CKOpOCTBII, Otc~,~ta BHIBKaBI ypa BHBHIIB ~YHKqi!OHaJibHOII mKaJIH nonepe'IHHX llllnYJibCOB 

~ -:::. a'Lctq ..f.:!:_ 
'Jp. o Me 

Ha 1!30KJIIIBB e •90° KOOp,i;HHaiHOII CBIKII ( pi! C. 4a), C nOIIOI!Ib~ 3IOII IJIKaJIH onpB,~tBJIII~ICH ' 
nonepe'IHHe IUII1Y.UCH 'lactl!l1 B B,J;JtHHqaX mC DO Op,J;JtHatall IIX IO'IBK-CKOpOCIBII Ha ,II;Harpa101e 

(c11. npHJioxeHI!e ll B). 

r. TIOCTPOEHHE YrROBiiX II m.mYlll>CHHX P AcnPE.JtEJIEHltll B .lOIIIIYlllEitCfl 

CIICTEME OTCIIt:'rA 

IIHBapKaHIHOCib ,II;BarpaiOIH CKOpoCTBII OIHOCIITBJibHO napaJIJIBJibH!IX nepeHOCOB n03B0.1111ei 

Clucrpo ctpoHtb rHctorpaiOI!I yrJiosoro pacnpe,~~;eJieHJtH ~Cl!IX qact~~q B I!IIDfXbCHoro pacnpe,~~;ene

RJtH qacr~q C llaCCOII m. > 0 B JID60II CHCIBIIB O'tC'Ieta, TO'IKli-CKOpoCTb KOTOpOII Jie:IIII Ha elMO

BOll npHIIOII, l.llll 3TOro ,II;OCiaTO'IRO DO,II;C'IHta'tb 'IIICJIO 'laCTI!I1, nona,~~;a~II{IIX B paBHHe HRtepBaJIH 

~a ( IIJIII IIUDYJibCa) 11e~y 1130KJII!Hallll (11306!1CTpotaiiH) ri!CTOrpaiOIHOII KOOp,II;HRaTHOII CBIKH, 

KOr,Jta ee Ra'laJIO COBilBII{BHO C TO'IKOII-CKOpoCib~ HHiepeC~II{ell Rae CIICTBII!I OIC'IBTa Ha Cla30BOII 

npnMo~. II30KJIItR!I 1t lt30Cl!lctpot!l rHctorpB.IQO!oll cetKH npoBO.JtHICH c paBHOiiepH!IM no COSO It -!tc 
( HJIH no p B ras/c ,1;.1111 onpe,~;eJieuaoro copra qacr~~q ) maro11 corJiaCHO napawetpll'lecKitll ypas

HeRJtHll B ,J;eKaptOB!IX KOOp,II;I!HataX 7 II s : 
sh.~= sh(A"'tfh~e)·S; .... ~ -,11;.1111 B30KJIIIH, 

ch ~-=- Jt (A1-sh~}~ S - ,11;.1111 lt300!1CTpoT • 
( r') 

C nOIIOII{b~ 06!1'1HOII KOOp,II;HRaiHOII CBIKII IIOlB:HO CipOliTb i!ABOrpaiOI!I yrJIOB!IX ( II IIIIDYJibCH!IX) 

pacnpe,~~;eJIBHIIII, ODpB.B;e.llllll ,11;.1111 KB.Z,II;Oll 'laCtl!q!l BBJIII'IBHY yrJia (IIIIIIYJibCa) II ee paa6poc(CII.nYHKTA). 
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' 

Jl. OIIPE.lEliEHHE IIJl!YJ!ll liEPEJWIHOrO 4- HliiiYJ!l,CA 

3HM DOJIOJ:en;e IB .J;Karpai!Me TO'Ielt-CKOpOCTell 'laCT~Ii a_
1 

II Q J. ,!;0 II DOCJie ee B3aiii!O

.J;8ACTBKR C ~YTHKK qacr~aYH, yqacTBYD~HKH B peaitUIIK, I!OJ:HO onpe,lleJIIITD MDAYJID 4 -HIIDYJIDCa , 

nepe.-aaaoro qacr~e B pesynnare 3TOro ssaHI!OAellcTBKR, 'f:: y Ap:i.. = V( f{-) 2
- (Ac;_y:~..·. 

0H paBeH 113M8H8HHil HMnYJIDCa 'la CTHUii B CKCTel!e OTC'IeTa 0 , r,11e t.f :.0, a IIMnYJ!bC '16CTK

nH H3KeHKeT cBOe aanpasneaue ua nporKBononoxao e. EcJIK wacca qacr~H ae K3KeHHJiacD B pesyJID· 

rare B3B.HM0,1;8IICTBHII m_
1

-:. )ni , TO CitOpoCU 3T0 1l CHCTei!H OTC'IeTa C(0 )leJIKT 0Tp e 30lt 'tt C(t 

B npocrpaacTBe cxopocrell nononaw 11 KHBapKaHT 'f paaeu: 

Cf,-;:: 2 ( m_1 ~h a-~:t):::. 2 fot/c (I:J ) 

ECJIII B pesynuare B3aHI!O.lellcTBKR qacrHUa nepemna s B036yx.~teauoe cocTOIIHKe c waccoll m"f.> P!J 
TO CKOpOCTb C{ 0 CHCTei!H OTC'I9T6 0 ,lleJIHT 0Tp830K Cl_t: eft Talt, 'ITO 

. ~ 
(l1 vh Q_tQC> - ch aCQ! K 

-1. c - rn-t. c 

I~ 1 ~ ( ' >n )/ 
~=- ~t~ -e- + ~m c -=~ {Jo{-t)+ rn:J. Pot/jc . <~ 4 ) 

!IOJIOJ:8HHe TOQKK (;t0 K B8JIKQHH6 Cf,. onpe,lleJillllTCI! r!RijJK'IeCltH C llOI!OI!lDil Dllt6JI J!opeHU-$iKTOpa K 

IIMny.uca AJIII qacr~H c wac coil m_
1 

( cw.npHnozeaKe ll Jt) . 

E. T01ffiOCTb I'P A\l!H'IECKOrD PEmiiU! 3A.IlAl! 

HCll0JID3yll BHTeJtalll!l88 113 (4) H (:J) COOTHOmeHHe Ke~y ,J~~epeHullaJiai!H ,IIJIIIH .IIYT Ha 6 3K

I!YTaJlDH0ll DJIOC!t~CTII B/ DpOCTpaHCTBe CKOpOCTell c/. 't K ua eBitJIH,IIOBOil llOJIOCe d t; 

/1 = ~~ = cc1 "'l...L 

c 
c 

-- us~ ' (I5) 

Herpy,IIHO DOJiyqKr& BHpa:a:eHHe ,IIJII! OTHOCIITeJIDHOI! ODII!CS!tll B IIMnYJIDCe ~: ~, 06yCJIOBJleHHOI! 

'!19TOQHOCUil B Onpe.J;eJleHKK DOJIOJ:eHKR TOQKK-CitOpOCTII QllCTHU!l Ha 11301tJIHHe As-f' ' 
~-= f 

d I h 7:{~,.) A7 -
- tn. s c '7p J~p 

I 4 

c ~ 
1T C01; 

(I6 ) 



r~e t( - OtHOCKteXbHaR C&OpOCt~ qacrKqH B CHCTe»e Orcqera, H30dpaKaeW02 ~'ltiAOH KOOp~RHar, 

~ - op~Huara roqxH-cxop~crH qacrKqH sa ~Harpa»»e. AnaAorHqaoe swpazeaHe ~KR oraocHren~-
BOI! omHdn s yr11e J'& =. A fg , odycnos.aeauoe aeroq~ocnll s onpe~eneHHB nono:w:eai!JI roqxK

-cxopocTI! qacrKqH aa K30dwcrpore -A ~O, 11eno nonyqKn, Hcnou3yH swpazeaHe ~11Jl ~nKHH 
~yrK OEPYJ:HOCTII pauyca "z. Ha a3HioiYtaUHOII DAOCKOCTH A"l = CSh~AB = C Sh. ~A%;,o: 

8-, = 1in.8.A'f;6 (16~ 
I () () ~tits • 

K3 (16) 11 (16 ) s~uo, qro roquocr~ onpeAeneeliJI H»nyn~ca pe3&0 yxy~maercH sd1!1!3H sepxael! 

rpaeKqH .JtHarpaiOIH citopocrell (s _,.. 7rf:<), a roquocu onpe~elleHHJI yrna - sd.III3H da3oBOI! 

npH»CI! (~ _,. ~. H3 npKBe~eHBHX ua pHc .4 AHarpayy cxopocrel! qacrKq s crpyHx s~ao, uo 

donuHHCTBO roqeit-cxopocrel! ~cnoA8l'aercH B odnacrH O,J~ ~ ~ I,J, qewy coorsercrsyet 

1,2. ~ ~~ , Ysih~::;: 1:. OneaHH roqaocu rpa4>KqecJtoro pe11eHHJ1 36,ll;aql! S' , cqnas, qro 

oOwqao V"- C H 5 '~9 ,., i. Oaa CJt.Ba,J;HsaerCJI 1'13 roqaocrK aaueceHIIJI ua .JtHarpawy TOQitH-cxopoc-

TH qactH!IH, TOQROCTH DO CTpOBHIII! H TOqHOCTH CQHTHsaBKJI pesyn~rara , . 

S"~ 3~p.e~(3,6-;-f2)£\~r.G =(3}6~12) Az~:~ 
r.Jte t.l- roquocu nonoJ:eHHH roqitH aa AHarpawe, a L - !lacmtaouas e,JtHRKqa.38J{aBMc~ 

A e . ! 0,5 »» ( c yqetOII TOquocrH nocrpoeBHH KOOP.ItHHaraoll CBTKH) npl! L : 100 1111, nolly-

qHII YJIOB118IBOpHT811~HYIJ roq&OCU s-:::; 2 ~6 7. , ~ rv 

§ 5. AHaBH3 !tHRBllaTHKK IIHOJ:8CIBeBHOrO Odpa30BaHHJI lle30HOB 

PaccworpHII AHarpaywy cKopocrell crpya qacrHn, oOpasosasmHXCH npH s3aHHOAel!crsHH ayKno

HOB BHCO!tO I! 3Hepr&ll. ToqKII, H30dpaKall~lle CKOpOCTII !le30HOB, HaHOCHTCH Ha Hee no B8BHQIIH8 

IIX yrnos sw.aera () i 11 H»nyn~cos fi B lla<loparopaoll cHcrewe orc'lera (JIC), Itait yxasaao B 

nplll!OJ:eHHII I. EcnH yro11 swnera HAll H»nyn~c qacti!IIH H3»epea ueu6,ll;eJ:Ho, ro ee roqKy-cxopocr~ 

HaHOCHII C Otp83EOU COOTBeTCtBeHHO 11300HCTpOrH IIAH B30E1111BB, KOTOpHI! 11300pa:w:aeH Dy&Ktll

pOH ( pac.4 O,B ) . CKOpOCTH Hy!tBOHOB ,ItO B3ai!BOA8IIC TBIIH H30dpaJ:allTCJI Oel!HHH !tpYJ:ItaMH aa 

Oa3osoll npHwoll : OAHB - B saqaJ!e orcqera, ~pyrol! - cnpasa or uero aa paccroHHHII n~ ~=-A-.~'nY.., v. , co c -v 
r~e go- OTHOCHTeUHHII J!Opean..;panop Hy&BOHOB ~0 B3aHHO~ei!CrBKJI. TOIIEa-CKOpOCU CKCTBIIH 

neurpa wacc cranxmsall~Hxca uyxnouos C?v ~el!HT 3TO paccroHeHe nono11aw ( pKc.4 d,s ) .Cito

pccrm HYJtliOBOB nocne ssaBHOAel!crBHH 1130dpaJ:allrcH ua da3osol! npHuoll llepHH»H KPYJ:ItaBII c 

Otp83KAUII npo XO,JtJI~IIX qepe3 BIIX 1!30dBCTpor C nearpaul! B TOqitaX-CKOpOCTJIX JIC H CI!CTBIIH DOEOJI 

aaneram~ero Hy!tliOHa nc,coorsercrseaeo. Hx nono:w:eame 36,ll;aercH H3»eHeHHeu B pe3yn~rare 
B3aH»O~ei!CTBHJI npO,!tOUHOII dHCtpOrH HyltliOHOB B e~IIHI!IIUX C An =. ~ CBJ13ai!Hb1M C lt03qxpH-

.(~, 2. c ' 
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UlleRTOW HeynpyrOCTH COOTBeTCTBynmero HYK~OHa B CIICTeKe OOKOH ~pyroro HYK~OHa f<1 ~ X) 
' 

COO THOIJI8HHeK 

A?:t,2~-fn.(1-K:t.~). (17) 

3TO COOTROIJieRIIe BllTeKae:r 113 ifJOpliyiiH (I2) II BHOO~HJieTCSI ,li;~H HyK~OHOB C TO'IHOCTbll 
-2. 

::[2(o(1-K~,2)]~o.o1 np~ '(o(i-1<1,2.)~5 C ~~~~~~-A7~2,3). 
g-t ~-= 

' 

)lllarpaMMa cxopoc:rel! :recHo csa3aHa c ~ t}() ~~~arpawxol!, v.cno~&3yeMol! ~AA aHaJIII3a 

c:rpyl! 'laCTHn BHCOKOU 3Hepr11H. 3ta CBH3b o6yCJIOBJieRa JIOrapii~KII'leCKOII aci!KnTOTHKOl! IJIKaJIH 

:rasreHCOB yrnos, pacnonoxeHROli Ha sepxHel! rpaHHne ~11arpaKWH cxopoc:rel!: · 

?e ~ A·uh (1ft~e)~ 
-:::: .frz. z- irz. t1e c c om116xo11 S"?=E~7o,ot ) crs) 

B 06JiaCTII ?e ~ 2,3 ( !Iiiii e ~ 12°). TaKII!.I o6pa30M,tg,fs_e - ~llarpaMMa c TO'IHOCTbD ~0 
Macm:ra6HOro / MHOlli!TeJISI ln. { 0 II a,JU(IITIIBHOI! noc TOSIHHOI! ~aet 3Ha'leHHH npO,D;OilbHHX 6HCTpo:r B 

e~IIHHnaX CKOpOCTII CBeTa C ~e:. ,_~ ~AA 'laC:rHn c:rpy11, BliJ!eTaDIJII!X no~ yr~aKH () ~ 12°, 

eCJIII C'lll:ran, 'ITO IIX CKOPOCTII B JIC paBHH C • B peaJibHOK CJIYllae 'Vi < C II npo~OJibHM 

6wc:rpo:ra xax.noll qac:ri!I1H B eAIIHHnaX C onpe~enae:rca BHTeKaDIJIHK 113 ( 7a), (3) 11 (I)coorHome

HIIeM 

q = A~sh ('2- i~e) , <r•J 

r ,ne lJj_::. C. Silt~ :: ci~ ~.I. ecn nonepe'IRM CKOpOCTb 'laCT1!11H OTHOCIIT8JibHO OCII CTP:fl!• )(JIH 

9<jl° C TO'IHOCTbll 8'"~ = e -2 'l ;S 0, 0 1 

~ :;:: fn 2 - fn. t~ e + {n_ ~ · (I9
1

) 

HCnOJib3YH ~IITIIBHOCTb 6HCTpOT!i II norapii~MI!'leCKYD aciiMnTOTIIKY IJIKaJIH JlopeRU~KTOpoB 

~r= A~c-~ 0 ~en+ lnr np11 0>s (20) 

, Ctzr >2,3) , 
nonyqaeM 113BeCTHYD ifJOpwyny Kac:raH&OJIII ~AA onpe~eneHHH JiopeHu~x:ropa ~c cHc:reMH Qea:rpa 

Mace (CUM) qac:rHu c:rpy11 

3 "r_E.t G)II71 
x ) Ko3~1!11HeH:r HeynpyrocTI! HyMoHa MHmeHII onpe~enlle:rcll no ifJOPIIYne K

2
= ilit}:c -p,cos i • 

I 6 



~oxeaHH CHYMeTpHH pacnpeAe~eHKR roqex-cxopocrel aa AHarpaUMe oraocHTe~bHO nepnea~HKyHapa 

x da3osoK npawon B roqxe-cxopocrH CUM qactHn. Ra (21) B~ao, qro nonpasxa B ¢QpMy~e Kac
n. 

Taabo~H, yquhlBaJJDtaa yr~oaoe H aaeprer11qecxoe pacnpMe~eaHe qacTHn a ·CUM,'U.:exP.1I~U(6· B•) . n i::t oJ" 
I!Keer CMh!ca cpe~ae-reoMeTpHqecxon nonepeqaon cxopocTH qacTHO B e~HHHOax C 

u.-: ab(J.. f. eYL ~i ) =. t[o • Cor~acao / 14<U =0,7. H3 (19) H aeaoK qacTH (20) 
I 1'\. l=t C C 

aerpy~ao noayqHTb aaa~or ¢opwynH KacraabO~II ~aa qacTI!U c all6hlKH yr~aw11 Bhlnera B nc,sxnJJqaa 

e > 90°: 

Ilp14 stow cqHTaeM, no nonepeqHhle cxopocrH qacrHO, Bhl~eTalliJli4X no~ yr~awK B > 12°, 6~K3KH K 

cpeAUe-reowerp~ecxol 'ti0::::0,7c. topwy~a (21
1) no~esaa npH onpe~e~eHHH {c rpynnhl qacTHU 

C dO~bmHKH yr~aMH Bhl~era, ROrAa B8K3B6CTHhl HX HKnyHbChl. B 370M c~yqae MOXHO 6blCTp0 onpe

A8~HTb (c c nOWIJlbll ~BarpaUMH cxopocren, ycpeAaaa McnHCChl ~; roqex nepeceqeaHH Hao

R~HB, COOTB8TCTBYJJII{IIX yr~all BhlHeTa qacTHO, C npaMOI- 08 <-?< 00 , s =a-'t.C...S''n. ~o :::::_ :, 

npoxo~Dtel npa&T~ec&H nucepe~aae ~arpaKMhl. 

AHarpaMMa cxopocrel asHaerca aarJaAHHM o6pasoM pacnpe~eaeaKa acex qacrHn CTPYH, B 

TOM QHCHe H HyKHOHOB, B npocTpaHCTBe C&OpOCTeR, CBepayroro BORpyr OCII CTPYII Ha a3J4UYT~b

HYJJ nonynnOCKOCTb. Oaa y~o6na ~aa aaaHH3a KIIH6MaTHKH CTpyt 4aCTIIO nll6oR 3HeprHH. Kacmta6 

lHarpaMMH cxopocrel ae sasHCHT or npo~onbaon 6hlc:rpom"t0-=-C.?· rrosroity oco6eaaocTH crpyuyphl 

OTpyt B DpOCTpaHCTBe CKOpOcteR, ae 3aBBC4DtHe OT 3HeprHK, HM81lT aa ~KarpaYMe CXOAHHR B~, 

qro o6nerqaer HX BhlaaneaHe. Cll~bllaa saaHCHMOCTL Macmra6a ~HarpaMMH or nonepeqaoR 6Hctpo:rH'Z.l 

~-_L-
d'"l- - H -

i 
cCh "l..L c 

= 

He C03laer npH 3TOM 3aTPYlH8HHR, DOCRO~bKY cpeAHHR DOnepeqahlR HMnynbc K830HOB B CTpyax 

aese~HK E. =. sit \._ ~ 2 1 1141 
/l'l.C. c ' 

PaCCMOTpHM H3BeCTHhle H3 3KCOepHMeHTa xapaxtepable OC06eHHOCTH KKHeMaTHKH MHOXeCTB6H-

HOrO 06pa30BaHHa Me30HOB, KOTOPHM COOTB8TCTBYJJT Onpe~eaeaHHe Oco6eHHOCTII pacnpeAeHeHHH 

aa AKarpaMMe TOQSK, H306pa&alliJlHX CROpOCTH M830HOB H Hy&HOHOB CTPYII• 

17 



I. 0CSp!130BaHI!e OJtHOro KJIK )tByx x) B036yQ8HHliX M830HHliX cryCT!tOB ( fire 6aefS) , 
pacnB.JtaDIIIIIXCJI K30:rponao s csoell CHCTeMe noxoJI Ha Ji'- Me30HH co cpeJtHell aaepraell 'E= 0,5 

r3s/I5,IG,I7/ • Ha JtKarpaMMe cxopoc:rell TOQXH-cxopoc:rH Me30HOB o:r pacna,Jta :raxoro cryc:rxa 

oCSyqso aasH»an:r cepnosii)J;HYil oCSJiacu sCSJIH3H H30CSHc:rpo:ru i-=- cAtch ;,c• -:::;f,"Jc c qeHrpoM s 

:roqxe-cxopoc:rH cHcte1ili noxoJI cryc:rxa (?11 sa CSa3osoll npJIMOII, ecJIH nonepeqsaJI cxopocrb 

cryCIKa ~C 6JIH3Ka K RYJlll ( PHC. 4 CS,B ). XApaxrep yr~osoro pacnpe)teJieHHJI U830HOB B 

~~- CHCieMe B ;TOM cnyqae nerxo yc:raHOBHih c noMo~n ceTKH K30KJIHH, npose)teHHliX c passo

MepRHM no ·C$1 e marOM ( CU. § 4 r ). ECJill cryCIOK KM8JI 3HaQHiellhRfll ronepeqsyn CKOpocu, 

TO IOqKH-CKOpOCTH U830HOB, Ha KOTOpiie OH pacnaJICJI, pacnOJIOK8Hli CSOJiee I8CHOl! rpynnoll K B 

cpe,~;seM CSOJihme y,~;aJieHli o:r CSa3osoll npJIMOll, qeM s cnyqae l{c. =- 0 ( cw. ,sanp11uep, npasHll 

cryc:rox sa psc. 46 ). nps 3TOM· pacnpe.~teJieHHe roqex-cxopoc:rell Me30HOB cryc:rxa coxpaHae:r 

CHMU8TpHil B cpe,J;S8M OTHOCHTeJibHO nepneR)tHHyJIJipa X 6!1308011 npauoll, npOXO)tJI~erO qepe3 TO'IKY

-CXOpOCTh cryc:rxa, a pacnpe)teJie&He M830HOB cryc:rxa no a3HUyTaJibHOMY yrJiy JtOJIXHO CSiitb 

asaso:rponHUM • 

2. Bli)teReHsocrb syKJiosos s nponecce Me3oHooCSpa3osaHHJI /I9, I6, 171. Ha .ltHarpa111ie 

cxopoc:rell a:ro o:rpaxeso :reM, q:ro :roqxs-cxopoctH ayxJiosos nocne B3aHUOJtellcTBHJI 3Sa'IHTeJihHO 

y)taJieBli OT nesrpOB M830HHHX cryCTKOB H MallO yJtaJieHli OT I1X T0'18K-CKOpOCTell )tO B3aHMO)t8li

CTBHJI, OC068SHO no CpaBH8HHil C paCCI08HH8M Me~y HYKJIOBaMH )tO B3aHMO)t8liCTBHJI '17o 
A?1,~ ~ j<<7o-== 6-=:-9. 

J:ro coone:rcnye:r Kt,<l.- ~ 0, 6 H {o = ( 0,2 .. 4,0 )•ro3 ( pac.411, s). 

3. B03CSYXJ18HH8 B pll,11;8 cnyqaes O,JI;HOro HJIH OCSOHX 117•20 ) 21/ Hya.IIOHOB 1 HJIK oCSpa30B8RKe 

HYKJIOHHliX H30CSap. Ha ,J;Harpayye cxopoc:rell IO'IXH-CXOpoCTII !_83080!, ucnymeHH!iX B036yl[JteHH!iM 

HYKJIOHOM, Jieaa:r CSJIKKe K :roqae-cxopocTH syaJioHa, qeM .K neH:rpy CSJIHXallmero Me30SHoro cryc:rxa. 

npKQ8M B CKCT8M8 nOXOJI cryctxa T~He M830Sli 111181lT a&OMaJibSO C!OJibmKe HMnyJibCH K MaJllie yrJlli 

Bli1I8Ta no OTBOmeHHil X OCH CTpyH. JTO Jlerxo YCTa&OBHTb C nOMOIJihll KOOPJtHHaTHOll C8TKH ( CM. 

npllliOll8HHe JI. !). 

ToqxH-cxopocrx Me3osa H syxJiosa or pacna,Jta H3oCSapy ~ c HyJiesoll nonepeqsoll cxo

pocnll Jl8KaT B6RH3K 113061iCTpOT -'(,:Ji =1,28 C H "ZN =0,24 C ( COOTB8TCTBflliiUIX saH

sepoJITsellmeMy 3Ha'le&HD ee »accH ~ .1238 lias ) sa H30KJIHHax t?c H c9z (~+~=.1), xorJta saqa

no XOOp)tHSarsoll C8TXH COBna,J;aeT C TO'IXOll - CROpOCTbll H30CSapli sa CSa30BOll npliUOl! (pKc.4a). 

x) lsa cryc:rxa ocspa3yntcJI, ecJIH HMnYJibCH,nepeJtasaeUHe syaJiosa»H Me3osoresepHPyn~ell 
CHCTeMe, B ee CHCT8M8 nOKOJI npeBliMIUlT HeXOTOpHl! itpi!TK'I8CKi!ll HMOyJibC ji:!Ji B3aDO)teli-

CTBilJI I fc.l ;> ~/(fliT ~ 11 c /IS/ 
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Ec~H xaoe!apa ~uena aua'IHTenhsyn nonepeqsyn cxopocrh, roqxx-cxopocrx uesosa x syx~osa B 

cpe.~;seu ~exar sume H C!nxxe K npoxoAR=euy 11epes roqxy-cxopocrL K30C!apu n8pneHAHKYAHPYt'~eU 

B npe,JU~,~;~eu cnyqae. AliMor~HHII oe!paao11 pacno~ar61lTCSI TO'IKH-cB:opocrH npo.~;yxro8 pacna..a 

xaoe!apu/{ c uaccoR/'12.. .1512 !.138; ec~H oaa pacna)laercn no cxeMe ~-Jl+~ -+27r+i/
0

, 

DOCB:OliLKY P63HOCTH 116CC M2.-t-&. m274 1138 Hlt.-~-XXJ 1138 C!~H3KH. Ho 8 3TOII Cllyqae DPH 

Onpe.J;8~eHHH DO~OKe8HSI TO'IKH-C.!OpOCTH H30C!apu ~ 811eCTO npaBH~6. ~ + f}2.: Y/ HyXHO HC

DO~L30BaTL pa88HCT80 HYmD CYKIIH npO.J;OIIhHYX H1ADY~LC08 DpDlfKT08 ee pacn~U;a 8 CHCT8118 DOKOSI 

H30C!apH. 

TO'IKH-CKOpDCTH 11830808 OT pacna,lla CHALHO B03C!~8HHYX H30C!ap rpynnHpyDTCSI aaanor~HO 

cnyqa~ pacna,lla ~- 118308HOro crycrxa ( pxc.4 s), npx11811 roqxa-cxopocrh 8yxnosa pacnoAa

r aerca 0011H31! TO'IKM-CKOpDCTH CUll 11830808 • 

PaccuorpesHYe 8Yme ocoe!essocra IAHOXect8eHaoro oC!paao&aHHSI 11830H08 xopomo 8HAHH sa 

.J;HarpallllaX C!tOpOCTell .J;AH nep8~80II 0 + ZO P II BTOp~HOII 0 + ZO rt. crpyA H3 paC!OTii /! 4/ 

( pxc.4 C!,8 ). AHai!B3 He!tOTOpiiX ocoC!eHHOCT811 KH8eMdTHKH 3THX CTpyll npH8e.J;8H B DpHIIOXe8!1H ll 

B xa1!8Ct8e npHUepo8. 

B crpye 0 +20p oelpa3o8a~Hch ,Jt8a we30HHHX crycua, np~elol C!iictpHil crycrox - co aaaqK

renLHOil nonepe'IHOil C!tOpOCTh~. HJKIIOH IIHmeHKt D0-8 .. HII011Yt Cllae!o B03ClYlKIICH, BCDycTB8 

36TeU aapSIKeHHiiU lole30H, KOTOpHII BHIIete~ B nC DO,Il H6HelOI!LmHiol yr11011 ( CII.DpM1o18p 8 DpHIIO

Z8HHK ll A ). Ha~eT88WKil HYKIIOH 803Cly,llHIICSI rOpa3,1lO CKIILHee, DOC!tOIILity K DpD,IlYJtT6lol pacna,lla 

ClHCTpDII H30elapy MOrRO OTH8CTH ,llBa 36pHZ88HYX Me30Ha, 8HII8Te88KX DO,Il HaBIIeHhmRIIH yr~IIH 8 

nc,x O,llHH ·~· oela HellT~LHYX 11830Ha C!ol!hmoll 3HeprKK. ITPK11811 ClHcrpaa H30C!apa Blleer, D0-88-

,IlHUOUy, 3H611HteiiLHHil DOUepe'IKHII KIIDyiiLCt C!IIH31tKil DO 881l~HBe, HO aanpa81leKHiill DpDTHBODOIIOK

KO nonepe'IHOIIy HNDY~LCY C!YCtporo crycrxa. Ero UOK80 onpe.J;811HTL, 6H8JIB3MpyH 63KIIYT8JILHiie 

yrllli lle30H08, Oelpa30B68mHXCH npH pacna,lle C!iiCTpDII B30Clapli H ClHCTporo cryCTKa. 

B crpye 0 + Z.On oe!paao8ancs OlHH ue30HK1ill crycrox, TO'IKa-citopocn ~~:oroporo Cln3Ka 

K TO'IKe-cxopOCTH CUll CTOIIKHYBMHXCH HfKIIOHOB. Oela HfK~OHa CHIIhHO B03C!y,llH~HCh,npe8paTB8mHCh 

B xaoelapli, xoropye npx pacn~~.~te xcnycrux C!Hcrpaa rpx, a ue,~;11easaa nan 3apsZIIHHYX JT -lle-

30HOB. Toqxx-cxopocrx ayx~oaos nocne B36HIIO,JtellctBHSI C!~H3KH x TO'IKaM-cxopocra11 CUM 11830808 

OT pacDa,lla COOTBeTCT8yD.HX K30C!a p. MaCCY H30C!ap OU8ReHii C DOUO~L~ lt00p,llKH6THOil C8TltK TOIIh

KO DO 3apsaeHHYII npo,llyxTaM KX pacn~~.~ta B npe,JtDOIOZ8HKH pa8eHCT86 BY~~ KX nonepe'IHOII CltOpDCTL 

0HH paBHii I ,5S0·33 f3B/C 2 lAH ClHCTpoll K 2,26 +O.l 5 f3B/C ,IllS! 118ll8BBOII H30C!ap 
-O.IJ -o.I6 

( pHC. 5 H .1\, ITPIIIIOlK. I II I! ). 3TH 3B6118RIISI C!lllt3XH K 116CC611 lt3B8CTHiiX lt30C!ap~I,65f3B/C2 ) 
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H ~ (2,36 fas/c 2) 1221 • CywapHoe yriloaoe pacnpe,~~;eileHHe lle30HOB B CU!i crycuoa,odpa3o

saamHxcJI B c:rpyl!x0-t-20p H 0+20n, 6JIH3KO K H30TponHOIIY ( pile. f 2, npHJIOll. I! ). 

Bonee rJiy60KHA aHaJIH3 KHHellaTHKH c:rpyA IIOJ:eT dHTb npOBeAeH npH yqe:re HeA:rpailbHHX lle30HOB 

H a3HIIytaJI&HHX yrJIOB acex qac:rHU. 

CileAye:r OIIIeTI!Tb, QTO ABa lle30Ha H3 cryc:rKa C HaKdO~blliHIIIl nonepeQHHIIH HllnYJibCai!H 

p..Lt&=0,72 f3B/c H p.l.iO ~ 0,50 ras/c H aHOIIaJI&HO don&mHIIH aHeprHJ!IIII B CUM crycua~I,4faa, 

B03IIOJ:HO , JIBJIJIDTCJI napol! K+ K-:_ ue30HOB, odpa3oaasmel!cJI np11 pacn8Jl;e lle30HHoro crycua. 

0HII Oda B3ai!IIO)I;ei!CIByDT C J!)l;pai!H 311YJibCHH, Odpa3yJI c:rpy11: nepBHI! - l+7p, BTOpOI! - 12+20p, Ha 

pacCTOJIHHII COOTBeTCTBeHHO 7,4 II 4,3 Cll OT TOQKI! Odpa30BaHI!JI CTPYH0-t-20n. ECJIH CQHTaTb 

KX K -lle30HaiiK, TO Ha AKarpaUIIe CKOpOCTel! HX TOQKH-CKOpOCTH nepe11e~aDTCJI BHy:rr~ OdJiaCTII, 

3aHHI!aeiiOI! TOQKai!II-CKOpOCTJIIIH lle30HOB cryctKa, a nonepeqHHe CKOpOCTII OKa3HBaDTCJI 6JIH3KHIIH 

K cpeAHel! nonepeqHOI! CKOpoCTH lle30HOB crycua ( Cll. PHC.4 B H npHIIep B npHJIOJ: . ll B ) . 

B 3aKJIDQeHI!e aa:rop BHpaJ:aeT rily60KyD dJ18XOAapHOCTb H.A.qepHHKOBY 3a IIHOrO&patHHe 

OdCyzAeHHJI H U8HHHe COBeTH H cepAeQHO dJ!aro,~~;apHT B.A.BeJIJIKOBa, H.M.Bi!pJICOBa H 3.C.MaKCRIIO

By 3a nOIIO~b B TeXH~eCKOII O~plli18HI!H KOOPAHHatHOI! CeTKH. 
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IIPIUIOIEHilE I. IIOCTPO:EHIE llW'P AJDIIi CKOPOCTEJ! 

JiocrpoKY ~xarpaKYy cxopocrel ~AS ~assol peaxnHH no 3~aHHHW B na6oparopuoA cKcrewe 

orcqera (nc) zwnyK&caw qacr-n, yqacreym~KX B peaxnHH, H HX yrnaw BHnera no oruomeHHD x 

B~eneuuowy HanpaeneHHD ( oOHQBO sanpaenesHD cxopocrH uaneraD~eA qacr-nH B nc x) 

lAB 3Toro BHQepqHsaew csaqana sa paccronBHH ~;2 ~pyr or ~pyra eepxHDD rpauHUy H 

da30BYD npnwym tHarpawwu, Pa xoropoA orweqaew roqxy CZ~, H300p~~YD cxopocrL naOoparop

sol cHcreWH· orcqera. Toqxy-cxopocrL qacrHnH c waccon noxonnt, HWem~eA B nc KwnynLc !J 
II yTOJI BHJieta e , ·HaBOCHW CJI8~JmiiiHW 00pa30W, 

I. coewemaew da3osym npnwym ~HarpawWH co lllltaJIOA KwnynLCOB ,II;Jift qacr-n waccH m rax, 

qroOu roqKa tl~ coenana c Haqanow mxanu. Ha seA nporHB 3HaqeHHft HWnyiiLca ~ craBKW orwer

KY ducrporu qacTHUH B HC ( B 8,11;HHHUaX CKOpOCTK CBera C )n COOTB8TCTBymmeA ee HWOyJILCy, 
(f'' 

2. coawe~aew ,D;HarpaKYy c xoop~HHarHoA cerxon rax, qroOu coenaJIK KX Oa30BHe npnWHe K 

eepXHHe rpaHHnu, a roqxa tz~ coena11a c HaQaJiow xoop,~;Huar. Ha eepxuen rpaH-ne ~HarpaMWH 

OTweqaew yron BHJieTa QaCTHUH C1 B HC OTHOCHT8JILHO B~8JI8HHOro uanpasneHHH 0 KOTOpoe H30-

dpazaeTCft Oa3oson npnwon. 

3, HaxO,II;HW ftQelxy KOOMHHaTHOI C8TKH 0 CO,II;epmmym TOQKy C KOOp,II;HHarawH '/p H e , JipH 

,~;ocraroqao rycron cerxe, xor,~;a coce,D;HHe nqeAKK noqrH ae ornHQamrcn no pa3wepy H ~pwe,wozao 

C.QKTan, QTO KCKOWM TOQKa ,11;8JIHT paCCTOftHHe loleK,D;y CTOpoBaloiH ftQ8IKH B~OJIL BHHKA C8TKH (K30-

KBHH K H300HCtpOT) B TOM Xe OTHOmeHHH, B RaKOW OTMeTKK 0HCTpOTH K yrna ,11;8BftT paCCTOftHKe 

WeK,II;y KOHUaWH 0BKKalmHX K HKiol K300HCTpOT K H30KJIKH, 

ECJIH TOQKa-CKOpOCTL QaCTHUH OKa3aJiaCL B 00JiaCTK 'I > 2,3, ee OOJIOX8HK8 WOKHO 

onpe~eJIHTL TOQH88, lJift 3TOrO C~BKraew ,II;Harpalo!Yy B~OJIL 0a30BOI npHMOA ,11;0 COBOa,D;eHHH OTWeTKK 

yrJia ~ , a 3arew OucrpOTH 't7p COOTB8TCTB8HHO C 0JIHEalmeU K30KJIHHOI K K300HCTpOTOU K 

orqepxHsaew Ha ,~~;.arpawwe orpe3xH 3THX JIHBHA. HcKOwaft roqxa JieKKr ua KX nepeceqeuKH. 

CKOpOCTL qacTHUH ( HJIH ,II;BHKymeiCft B HC CHCT8NH OTCQeta) C HyJieBHM yTJIOW BHJ!eTa 

no 0THOm8HHD K BH,II;8JI8HHOMy HanpaBJI8HHD H300pazaeTCft TOQKOI 0a30BOA OpftWOI 0 KOTOpaH HaXO~KT

Cft cnpasa OT TOQKK a,t Ha paccTOftHHH f(p ( KJIK 'lr ), COOTBeTCTBJmllt81d KWOYJILCY QacTKUU 

p ( KJIK Hopeau-4!aKTOpy CKCT814H OTCQeTa B HC r ), CKOpOCTI> qacrKnu C HyJieBOI l.!accol! 

OOKOft ( ~TOBa HJIK B81TpHHO) H yTJIOW BHJ!era B HC e > 0 K300pazaeTCft TOQKOI! Ha B8pXHel! 

rpau-ne ~Karpawwu, cosna,~;aDmel! c on1erxon yrJia sunera ee B nc. EcJIH (}-:. 0, ro cxopocn 

TaKOA qacti!IlH H30dpameTCft 0eCKOB8QBO y,~;aJieBHOA BnpaBO TOQKOA 0a30BOI! npftiiOI, 

x) lKarpalolloiY cJtopocrel! H:yJ:HO crpOHTh ua no Jiynpo3paquoll OY14are, qrodu npH HaHeceuKH 
TOQ8K-CKOpOCTeA QaCTHn CKB03L Hee 0HJ!a BHAHa !tOOp,II;KHaTHaft cerxa. 
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Ha pHc.5 npKB e~eH npHwep naneceHKR na ~Harpawwy roqex-cxopocrea npo~yxroa pacn~a 

we~JieHHOl! H30 elapu , oelpMoaaameacR B crpye 0+20n, c yxa3aHHel! omHOox B H3wepeHHH HIJilyJit.

coa. ~ranu nocrpoeHRR H300paxenu crpeJIKaKH c nowepaKH a xpyzxax: I - nynxrHpHliMH, 

2 11 3 - cnJIOmHlii!H, l!epnult xpyxox- roqxa-cxopocn HYKJIOHa-wHmenH, HaHeceHHM no ero xo a¢

¢lllllleHry ueynpyrOCTII K:~. ( CM, § 5); cr2.- roqxa-cxopocn CUM 3apRXeHH!iX npo~yxroa pacna

~a H30elapu. 

®l4 (}-() 
r 

I 

fj 1 I 
I 

I 
' 1/ X® 

~ \ 
\ 

az \ 

0 , 
p1i I P/t 

K2 K 

Pile. 5. Hanecen11e roqex-cxopocren qacrHU Ha ~11arpawwy. 
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nPI!liOIEHilE n. 3TAIIH I'PA~KIIECKOrO PEDIEHI!ff IIPOCTEHIIIIIX 3AJJ.Atl PEJUITI!BIICTCKOH 

KIDIEMA TIIKII . 

A. JiopeanoBH npeo6pa30BaHKR yrna s"nera qacrHnu c uaccon nt.~O 

11 Hll!lynLca qacrHnu c uaccoll rn > 0 

~: uacca OOKOll Qll.CTHUU m ' ee HllllyJJhC fi. B CHCTeMe OTC'Iera I I! yroJJ BUlleT a B, 
OTHOCI!TeJJbHO HanpasJJeHHll CKOpOCTI! ~z CHCTeUH OTC'Iera 2, a Tll.KXe OTHOCI!TeJJbHUR Jiopean

-iPaKTOp Q1.2. ( HJJH OTHOCHTellbHM CKOpOCTl> 1{.2.) 06eHX CHCTeM OTC'Ieta. 

Tpe6yercH onpe,neJJI!Th Hl!IlYJJhc 11 yron BIUera qacrHUu B cHcteMe orcqera 2. 

3ranu pemeaKR • 

I. Ha ,nHarpauue cxopocreR, aanoxeaaon aa xoop,nHHatHYD cerxy, B aaqaJJe orcqera orue

qaeu TO'IKY-CKOpOCTh a:! CHCT611H OTC'Ieta I. 
Y.: ( 1)1, 

2. Cnpasa OT aee aa 6a30BOR npHIIOR no BeJIH'IHHe qt 2. IIlii! ~-1l C )c nOIIOIIthD IIIK!l.JW Jlopean-

ljlaKtOpOB ( IIJII! IIIK!l.JIIi cxopocren rzf!>=A1thp' cosna,naDIItell co lllKil.JlORCO'S8:?~f'ltkcosB) 
Hll.HOCIIM TO'IKy-CKOPOCTh Clz. CHCTeUH- OTC'Ieta 2. 

). C nOMO!I{h~ KOOp,li;IIHil.THOII C6TKH H ee lllltaJJ no 38,ltaHHiiM f:t H {)1 Hll.HOCHII Hll. ,ll;llarpalllly 

TO'IKY-CKOpOCTh af>t 'lll.CTHUU C MaCCOR i7l. • TO'IKY-CKOpOCTh ljiOTOHa ( HIIH HeRtpHHO) (?rH~HO- 

CHM a a sepXHDll rpaHHUY )!Harpallllll no B6JIJIQHHe (}1. C nOIIOIIthD IIIKaJJU yr JIO B ( CK. npiiJIOXeHHe I) • 

4. ITapaJJJI6JlhHiill nepeHOCOII BJI6BO ,li;HarpaliiiH CKOpOCTell OTHOCIIT6JihHO XOOp)!HHil.THOR C6TKII 

COBM611laeu TO'IKY-CKOpOCTh 02. CHCT6W OTC'Ieta 2 C Hll.QaJJOII CeTKH. 

5. B 3TOII nonoxeaHH nocpe,li;CTBOM npone,nypH, o6paraoll aaaeceaHD TO'IXH-cxopocr11 aa 

,nHarpaMMy, onpe,nelll!DTCll HMnYJJbC f'~ qacTHUH c uaccoll t.n B cHcrewe orcqera 2 11 ee yroJJ 

BHJJera ltz orHOCHrenLHO . BH.IIeJJeaaoro aanpaaneaHH. lJJll ¢oroaa ( IIJJI! aellrpiiHO) onpe,nelll!ercll 

yron ~· 
0tli6TI!M, 'ITO 6JJaro,napl! XOHijiOpMHOCTII HCnOBh3yeuoro 3)!6Ch OT06paxeHHH, yroJJ ~ npH sep-

WIIHe a,. KPHBOJIIIHei!HOro tpeyrOnLHI!Ka' a:t al>t. a~ , o6pa30 BaHHOrO 0Tp63Kallll 1!30KIIIIH a'1:C('>7[, 

Clza't>r.ll orpe3KOK Oa30BOII npl!uOil c:lil.2., paaea yrny 11ex,ny aanpaaneHIIJIMII cxopocrell cl!creu or

cqera I 11 2 B c11creue noxoH qactiiUH. Ero 11oxao onpe,neJJIITh c nouOIIthll rpaacnopr11pa no yrny 

llelOI;y Kll.CatellhHHIII! K 1130KJJIIH!l.ll Q-t.C(I'IlH C(~(lt>l. B TO'IK6 ~ ( pllc.A). 

~· 
I. Ha p11c .A np11se,neao pewea11e 31l.)!a'lll .nn11 '11 - ue30Ha c m.r;=-0,1.396 ';~ f:t. =0, 53f3B/c, 

e:! = 49,5° 113 CTPYH 0+20p II ¢QTOHa c 81 =20° npll Ot'- = 5,I4. 
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3:ranu pemeaKR noxasaaa c:rpenxaMH c nopHA&OBHWH aowepaw11 B xpyxxax: 

l -3 - nyHKTIIPHH»II, 4 11 5 - cnnomaaMH. Pesynra:r:,ltHH :II wesoaa f~ :!,02 rsa/c, B;a RI58°; 

.I!HH 0- xaaa:ra B:t =l2I0• 

q~f e-o 

® 

e ~ .. - -r 
~ 

P11c, A. JiopeHitOBH npeoelpasosaaliJI yrna H l!llllynca .ltHH qac:rll:l1H 

C rYl ~ 0 H yrna JtHH 11aCTil:l1H C h1.-=:. 0, 

B. JiopeHitOBH npeoelpasosaaKH HMnynDca ~roaa 11 aeR:rpKHo 

3a)taHH: IIYnYHDC f>~ ~TOHa ( IIHII HeRTpiiHO) B CHC:rewe OTClle:ra I, O:rHOCH:reBDRHR 

Jlopeau-ql!IKTop o14( ana o:rnoca:renDHM cxopocn v;4 ) cac:rew o:rc11e:ra a yroJI BHAera !flO :rona 

( neR:rpHHo) B1 B CHc:rewe o:rc11era I no oruomeaHD x nanpaBJieHHil ~2.. 
Tpeelye:rca onpe)le.IIHTD HMnY.IIDC !flO roaa (neRTpliHO) f.:a B CHctewe o:rc11e:ra 2. 

I. Ha ,~~;aarpaywe cxopocreR, aanoxeaaoR aa xoop,ltHHaTRYJl ce:rxy, s aa11ane o:rc11era orwe

'laew TOliKY-CKOpOCU a:t CIICT8YH 0TC118Ta !. 

T011Ky-cxopocn !flOTOHa ( aell:rpaao ) ar li30Clpaxaew Clecxoueqao Y.ltM8HHOI! Bnpaao TO'IKOI! 

Clasosoll npawoll ,ltHarp~. 

2. C nOIIOIJli>D KOOp,!!;HHaTHOII CeTKll H ee IIKa.ll no 3a)taHHHY &f II {tz ( Hill! l{
4 

) HaHOCI!Y 

· ua .l!llarpawwy ro11xy-cxopoc:rD Cl~ cHcreYH orc11e:ra 2. 
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3, flepesopaQ11BaeM A11arpa»My OTHOC11re~LHO nepneHA11Ky4Rpa K 6a30BOR npswoR 11 COBMe~aeN 

ee c xoOM11HatHoll ceiKoll rax, uo6Y TO'Ix11 CC-t. 11 a'll.nona~11 s o6Mcn cerx11, rAer>2,3 C{>5), 
a IOQKa cr~ COBN8CI11MCL C OJIHO!I 113 ee 11306YCTpOT, OtNe'laew TO'IKY nepeC8'18HH8 3IO!I 1130-

/ 
6YCTpOTY C 6U30BO!I npBMOI! tlz 

4, He BYBOAS TO'Iex af. 11 a~113' 06JiaCTI'! ? > 2,3, COBM8~811 6aSOB)'I! DPIIIIYD JU!lU'p!UIIIH 

CO mxa.IIO!I nopeHU-¢6XtOpa r 11JIH ~m60ll R3 SKAJI KMDyJILCa, tax 'IT06Y TO'IKa Gl~COBna~a C 

orwerxoll se.IIH'IRHY xwny.uca f:i. Ha 111t1Ue (ft. 6epercs c roqsocnll JIO oopuxa). 

5. B 3TON DO~OZ8H1111 A11arpa»NY CKOpOCtell HaXOA1111 B8~HQ11HY 1111DY~Lca ~TOHa ( Helltp11HO ) 

B C11ctewe otcQeta 2 - f:t, xoropas ( c TO'IHOCTLil AO nopsJJ:Ka) onpe,lle4Rercs no~oxen11e» TO 'I

XII a~ Ha WKMe 0 j fz <. p1 , 8C~11 TO'IIta a~ pacno~OXeHa C~esa or TO'IK11 OJ. ,11 ft.> !'1 , 
ec~ll a~- cnpasa OT aJ.. Pa3HOCTL DOP/!AKOB f1 II f>R. onpeJJ;eAAeM nyrew cpasHeHH8 JI~HHY orpes

xa a
1 

((:; C A~11HOil Otpesxa 118XJIY OTNeTKallll r II i(},Ha mxa~e B · o6~aCT11 r > S: 
flpHNep, 

Ha p11c.E npi!BeAeHo peweH11e 3a.zta,Q11 JJ:4R ~roHa c p1 =0,50 f3s/c H ~ :20° npw 

~t= 5,I4 3rany pemeHHB no~~:asaHY crpe~xa»H c nopsJJ:KOBYII11 HowepaMH B xpyxxax: I,2 -DYHKTIIP• 

HYMH, 3-5 - CD~OmHYIIH. 

Pesy~Lrar: ~Z = 0,20 faa/c. 

o--B.r ~ -----------

r--

1 
\ 

® 
/ 

/ 
/ 

-------r------~~----~-p 
(r~.J) 

PHc, ];, RopeHUOBbl npeo6pa30BaHII8 IINny~LCa JJ:~R QaCTIIUY C ffl:. 0 • 
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B. Onpe~eJieHile nonepe'lllliX IIKIIYJII>CO B 'lliC Tl!llo 

3a,JIUHbl : L!C.CC[.I 'IUCTill.l m, r IIX IIMnyJII>Cbl B HeKOTOpOil CIICTelle OTC'IBTa fi II yTIIbl BbiiiBTa 

OTHOCIITeiii>HO Bbl.l(elleH HOI'O HMpaBJieHIISI e, • 
TpeOyercll onpe.l(eiiiiTh nonepe'IHhle IIMnYIII>Cli '!aCTII!l fJ.i ornoc11reuao noro nanpasJieHIIIl. 

0ranu pemen1111. 

I . C OOMOml>ll KOOp,l(IIHaTHOI! CeTKil II ee WKaii no 3a,llaHHhiM fi, a, crpOII!.I .l(llarpa!.lllY CKOpoc

Teil paccuarpiiBae!.lliX l!aCTII!l ( cu. npliiiOlteHIIe I) . 
2. ITapaJIIIeiibH!iUH nepeHOC aMII ,l(llal'pall!.lli COBMemaell nOCIIe.l(OBateii:&HO TOI!KII-CKOpO CTII 'laCTKU 

(;li C seprHKaJI:&HOil WKaJIOil nonepe'lllliX IIMnyii:&COB ( B B.l(llllll!lUX /ttC). 

J. BeiiH'IIIIlli f1 i ( s BAIIHHQax me. ) onpe)(eJuJeM no aroll _mxaiie coriiacao noJioxeai!D na 

Hell TO'IeK-CKOpocreli 'laCTIII.I ai • 
llpH!.Iep. 

Ha p11c.B npi!BeAeno pemea11e 3a,lla 'IH AIIIl J.l- Me30HOB or pacna,J~a B030yJ:Aenaoro crycrxa 

s crpye O+Z0n.( cu. pllc.4 0). ITapaiiiieiii>Hble nepenocu .li;Harpallw cxopocrell no~ta3aHa nyHKTHP-

aur.m c rpeiixa~.:H. 

L 
Pe3yJII>rar: f.'LiL 

. ~/11JrC 
5 6 

0,9J >1,65 

18 

I , 50 

(j) 

7 9 II 16 17 19 

1 ,8 >O,J5 0,72 >1,J 1,43 >1,95 

.... _ 

0 

·-=--- ~ ,,-; - ,~- - -lo 
_ _. I I 

==~ =t~ 

®
- - - ?-d 16 

' JC 

i I IO 

P11c . B. Onpe)!enenl!e nonepe'IHhiX lllAnYJII>COB qacTIIU. 

20 

0,50 

18 

5,25 

Ecn11 paccuar pHnallrcll 'lacrHuu p~:~3HUX Mace 11 rpeOyercll onpeAeJII!Th 11x pJ. B e.l(IIHH~ax 

raa/ c, deOOXO)II!MO ll!.leTb COOTBeTC1:BYill!lee 'IIICJIO mxaii PJ. • nporpa,llyllpOBaHHbiX B ras/c e ~ ~ 
: evtc.t~ [PJ..(r~~~~)]. 11x MOJ:HO pacnOJIOlliiU CJ!esa OT KOOp.l(IIHaTHOII CeTKII, IIJIII BhlnOJI::rl> 

aa npo3pa'IHOM Marepii<~Jie 11 aaxna,llusan aa .l(llarpw.tuy cxopocrell. 
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r. llocrpoeHHe rKCTOrpaMM yTAOBHX K KYnyAbCHHX pacnpeAeAeHKD 

a ,~~;a~eaca CHcrewe orcQeTa 

3~aHY: HMnYAbCY QaCTHII H3B8CTHOR MaCCY B Aa~OparopHOR CHCT8M8 OTC'I8T~ fli H HX 

yTAY BYAera ei OTHOCKT8AbHO BH,IJ;8A8HHOrO B J!C HanpaUeHKR. Tpe~yeTCR nocrpOKTb rKCTOrpawwy 

yrAosoro ( KliH HwnyncHoro pacnpeAeAeHKR qacrHn B c'Hcrewe orcqera C , ABHZYJIIellca B J!C 

B BH)J;8A8HHOM HanpaBA8HHH C JlopeHU-¢6KTOpOM ~ BAH CKOpOCTbD tf). 
3ranu no crpoeHaa. 

I. C nouOII!LD KOOP.JIHHa:rHoll ceTKK H ee mxax no 3a,~~aHHYM fi 1 B,· crpoKY AHarpal!lly cxopoc

rea paccwarpHBae~~Hx QaCTHU ( cw. npHnoxeHHe I). 

2, Cnpaaa OT TO'IKH-CKOpOCTH J!C Gl~ Ha ~a30BOII npawoll AHarp~ C nOMOII!bD WKaAY ~ 

BAH wxaAH f' ) no B8lli!Ql!He (c (Hlli! Pc:) HaHOCKM TOQKy-cKopocu ac Ci!CTew OTCQera c. 
3. Haxn~uaaeu AHarpaMMy cKopocrell Ha rwcrorpauMHym KOOPAKHaTHym cerxy AAR yTAOB c 

ACose::. C0/1..$t . ( Hlli! KllnyAI>COB c Ar = con..st ) raK, QTO~Y rpaHKUH )IHarpaulolll H cerKH 

COBM8CTi!liHCb 0 a TO'I!Ka aC cosnana C HaQaAOM C8TKH. 

4. B 3TOM nOAO~eHHH nO)IC'IHTYBa8M QHCJIO TOQeK-CKOpocrell QaCTi!llo non~aDIIIHX B TOT i!liH 

HHOB HHrepBaA MeZ)Iy COC8)1Hi!IIH H30KAHHaMH i130~HCTpOraMK ), KOTOplle RBARDTCR rpaHHUaMH 

raKoro HHTepaaAa Ha rHcrorpawwHoll cerKe, H orKA~uaaew 3TO 'IHCAO Ha rHcrorpauue yrnosoro 

(HwnynLcHoro) pacnpe)leAeHKR. 

llpHI.Iep. 

Ha pHc.r. I noKa3aHo nocrpoeHHe rKcrorpaMMH yrAoaoro pacnpe)leneHHa rpynnu we30HOB, 

o~pa3oaaamHxca npH pacn~e B03~YZ.J1811HOro we30HHoro crycTKa B crpye 0+ 20tt ( pHc.4a ) B CUM 

crycrKa, TOQKa-cKopocrL Koroporo ~Ate onpe)leneHa H3 coo~paxeHHII cHJ.~MerpHH 3roro pacnpe)lene

!IHR. 3ranu I H 2 noKa3aHY nyHKTHPHHMH, a 3-11 4 - cnnomHHI.III liHHHaMK. 

I 
I 
I 
I 
I@ 
I 
I 
I 
~ 
~.t __ ----r 

PHc.ri. llocrpoeHBe rKcrorpawwu yrnoaoro pacnpeAeneHKR QaCTKU a ,IJ;BKXYII!ellca cHcrewe orcQera. 
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Ha pHc •. r. 2 npKBe~eHa cyYKapHaR rucrorpaywa yr~osoro pacnpeAe~eHKR ve30BOB or pacn~a 

B030yz,n;eaaHx Me30HHHX crycno s B crpyux 0+20 F H 0+20 n. s CUM crycuos B npeADO~ozeun 

~c.:. 0 . Pacnpe.ne~eHIIB ve30HOB crycrxa H3 CTPYJ! 0+20 n. 3amrpHxosano. 

~ 

-1 0 1 Cose 

PHc.r2. rHcrorpawva yr~osoro pacnpe.neneHHH Me30HOB B crycrxax H3 crpya 0 +20p H 0 +20rL. 

l. OnpeAeKeHHe wo,~~;yJR nepeAaHHoro 4-HKDyK»ca 

3!1,11aH!i: TO'IltH-Cl!OpOCTH a_! H a.! 'lacTHU!i Ha ~HarpaKWe C~OpOCTell H se~H'IIIRa ee KaCC!i 

m_J; H m! ~0 H DOC~e ee B3aHKO~ellcTBIIJI C ,11;pyrHKH 'laCTHDaMH, yqaCTBYJliiiHKH B peaitUHH; 

a_:t HellHT ua Oa30BOI! npawoll, a fnt ?;m_:t• 

f.peOyerca onpe,~~;eAKTh vo,~~;y~»~4-KKDJXaCa• nepe,~~;auuoro t~acrane a pe3ylarare B3aKMo,~~;ellcraXR. 
3ranH pemeHHII. 

I. COBKemaev TO'IKY-CitOpoCTb 'laCTHD!i ,no B3aH»>,neiiCTBIIJI Cf_L C Ha'la~OM KOOp,II;HHaTHOII 

CeTKH. 

I 
2. C DO»>IIIbll H300iiCTpOT ceTKH OTUa.nHsaeM Ha 0a30BOI! DPHIIOI! 0Tpe30lt ~La;..' paBI!Iill 

pacctOHHHil Mel:,ll;y a_
1 

H Q{ B npOCTpaHCTBe CKOpOCTell ( B e,niiJIHDaX C ) ~ 
r ,• r-::---o a a = a a = .1-'Z ::. c·M?. 

-1 1 -t f ( 
J. Haxo,~~;HK raxoe no~ozeaHe orpe3Ita a_

1
a; ua mxane JlopeHn-¢anopa ( , npH KOropow ero 

KOH!(Ii COBD!I,IIallT C OTKeTKaMH o-j H r.{ Ha neBOII H DpaBOII BeTBIIX Wita~li 0 • DpH'IeM 

m._.t r-~ = mt {t 
I B 3TOM DO~OJ:eHHH Ha 0Tpe3Ke (l_

1
(lt OTMe'laeM TO'IKY ~o' COBD~allJIIYJl C O<lJIIHK Ha'laAOM BBTBell 

mxan!i y. Ec~H m1.=-lrl., TO'Ilta a ,ll;e~I!T 0Tpe30K ([ Q' 1 nononalt. 0 •• r •1: :{ 
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4. Coswe~aew Oa3osyv npnwyv ~KarpaKMH co mKaHoR KKnYHbca ~48 qacranw c waccoR~1,raK 
qroow roqxa tl0 cosnana c oO~KW Baqanow ee nesoR K npasoR nerseR. ITpK 3row KOBnY orpe3Ka 

t;_p;YKaJ:yr coorsercTBeBBO 3BaqeBKII HllllY.IIbCOB fo(-i) H fos. ,qepe3 KOropye onpe~elll!ercl! 
KCKOIIM BeJIKql!Ha 

+ ~~t fot)/c • 
ITpKWep. 
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