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nPE,Ul1C.nOBI1E 

l13.n;aHHeM Hacrosnr~ero rpy.u:a rrpec.rre,llyJOrCH .u:se ~eJIM: 

1. ,[{arb pyKOBOJl.CTBO no rHrOBbiM pactteraM B crporoM coorBer· 
crsHH c o6SJ3areJibHblMH s CHcreMe HKnC rrpaBHJiaMH rrpOH3so,~~;cTBa 

THfOBhiX pactteTOB, pa3pa6oraHHhiMH viHcnnyrOM PeKOHCTPYKI.lHH THm 
11 o6oHBJJeHHhiMH npHKa3oM no HKOC or 27 HOH6pH 1932 r. 

2. llaTb pyKOBO.IT.CTBO ITO THrOBbiM HCllbiTa!lHHM napOB0308 If ITO 

Onpe.l(eJieHHIO COIIpOTHBJieHHH ,ll.BILlKeriiiiO e,IIJIHIIU liO,II;BHM<HOfO COCT8· 

Ba, B TOM B.H.lle, KaK 9TH HCIIbiTaHHH npOH3BO)J.HTCH l1HCTIHYTOM Pe· 

r-wHcrpyKUIUI THm. 
THrOBble pac'leThi H TllfOBhle HCllhlT8HHH <lJopMaJibHO llBJISIIOTCH ca

MOCTOHTeJJbHhlMH, HO Ha npaKTHKe OHH H8CTOJlbKO CB.!I38Hbl Me>K,ny 

C060H, liTO ,UJIS! y .zr.o6crsa BCero H3JID>KeHHli OHII CJII1Thl B OAHY KHHry. 

Tpy.zr. HMeer B csoefi ocHose ,THrosLie paclferLI" roro JKe aaropa 
(H3.ll8HHH 1922-1930 rr.) 

l1HCTHTJT npOCHT BCex liOJib3JfOIJ.J.11XCH 9TOH KHHro.H ,li.8Tb eMy 
ca011 3aMettaHmr 11 rromeJiaHH:H no a.LI.pecy: Moci<sa, JlecHall yn., 41. 

HattaJibHMK HayqHo-uccne.nosare~&cKoro 
HHcrRTyra Pei<oHcrpyK~lUI THrn B. Mapt<oaucz. 
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fJIABA 1 

06II{HE CBEJ:(EHHH 

1. lJro rar<oe uroshle pacqerbl u n~rOBhle ucnblraHHH, noJl mRzo
BbtMu pacrtemaMu noHHMaeTcH o6Jiacrb rrpHKJia.n:Hoti MexaHHKH, cneuH

aJibHO 3aHHMaiO!ll3HCll H3ylleHifeM JJ;BH>KeHHll noea,lla Ha OCHOBaHHH 33-.. 
KOHOB TeopeTH4eCKOH MeX3HHKH, ClleUH3JibHO 110CT3BJieHHbiX mRZOBblX 

UCnbtma/lUU II 3KCIIJJ03T3UHOHH0f0 Ollb!T3 U npecJie!lYIOlll3H npaKTH
qeCI<He UeJIH pemeHIH! 33,Il,Dq, CBl133HHh!X C ,ll,BHil<eHHeM noe3,!1,3. 

TllrOBble paclleTbl If TllfOBbie HCI1biT3HHll reCHO CBSI33Hbl Me:lK.ll.Y C0-

6oi1. THrOBhre pacqeTbi pa3BHJIHCb Ha ocHoBe cne~HaJibHO rrocrasJieH

HbiX HCllbiTaHHH H 6e3 HHX He CyiUeCTBOB3JIH 6w HJIII He HMeJIH Obi 
HMI<aKoro npaKTwrecKoro npHMeHeHHH. THrOBbie acrrhiTaHHH, c O)I,HOit 

CTOpOHbl, He SlBJISliQTCH CaMOI.{eJibiO, a CJiy:lKaT .li:Jlll yTOIJHeHIUI THfOBbiX 

pacqeTOB H npH6JIHiKeHH51 HX K rrpaKTHKe, C ,11.pyroii CTOpOHbi, TH[Q· 

Bbie HCITblT3HHSl .ll3IOT H3HOO.JibiiiHe pe3yJibT3Tbl rrpH H3HMem,meit 33-

rpaTe BpeMeHH H cpe)J,CTB TOJib!<O B TOM CJiyqae, eCJ111 OHH npOBO

l(HTCH JIHU3MH, 113Y4HBIII11MH THfOBhle paCIJeTbl ll OOHllMaiOlJ..lliMH HX 

CYIIJ.HOCTb. 
OcHosw TllrOBhiX pacrreros, r<aK oco6oil o6JiacrH llieJie3HO,ll.apo:lKHOti 

TeXHI11\H, 6b!JIH 33JIOlKeHbl cymec rBOB3BIIIeH O!<OJIO ,ll.eCHTK3 JieT rrepe,ll. 

C3MOH 0I<T5I6pbCKOH peBOJIIOQHeif ,KOHTOpoti OllbiTOB H3,ll, TIHI3MH II3· 

poao30B". OcHoaHoti 33,ll.allel1 sroro yqpe)l{,ll.eHMH 6biJIO HCnbrraHHe 

cepnii rrapoaoaoa ,ll,OpeaoJIIOUHOHHOit PoccaH. KoHropa DIIbiTOB Ha,ll. 

THII3MH napOB030B B 1917/1918 r. UOCJIY:lKHJia TOll 6a30tl:, H3 !<OTOpOfi 06pa-

30B3JICSI HayliH0-3KcnepHMeHraJihHhlii HHcrn:ryr HKnC, rrpeo6paaosaH· 

Hhll1 srrocne).l;crsHH B Hay4HD·rexHM4eCKm1 KOMHrer HKOC H .nanee-

B UeHrpa.~bHoe HayqHo-HccJie,ll.oaaTeJJbCKOe ynpaBJieHue (UHHY) HKnC, 
I<OTOpoe B 1929 r. 6biJIO p33,ll.eJieHO Ha OT).I;eJibHble H3Jl!HO-HCCel!.O

B3TeJibCKHe H:HCTHTYThl, B TOM l!HCJie-HHcTHTYT PeKoHcrpyKllHH THrn 

(HPT, Y!HCTHTYT Tarn). 
C 1930 r. pa3BHTHe rHrOBbiX pac':leToB, o6mee pyKoBo)J,cTeo THro

BbiMH pacqeraMII B ueHrpe If Ha MeCT3X, MeTO,!lHI<a TllfOBhiX HCflhiT3-

HHH H HaH60Jiee B3)!{Hble HCilblT3HI111 (Ha!lpn:Mep, napOB030B cp n. HC)
cocpe,li.OTOIIeHbi B 11HcTHTyTe PeKOHC:TPYKU.HI1 THrH, KOTOpwii npO,li.OJl· 

JKaer cosep lllencraoaarb pacqenr H ncnh!TaHHH, yro4HHTb, ynpmn,arh 

u pacumpHTb ux. 
Tar< I<aK ,li.BH!!<eHHe K3)!{)J,Oro TeJia HJII1 CHCTeMhl Te.n, B TOM l!HCJ!t' 

H IIDe3,11.3, orrpe.a.e,u!eTCH CHJiaMI1, Ha HHX ,ll.eHCTBYIOlJ..lHMH, TO H3yqeHHIO 

H orrpe).l;e.rreHIHO CHJl, ,ll.eitcrayromnx aa rroe3JI,, B THrOBbiX paciJeTax or

BO.li:IITCH 3Ha 'lHTeJibHOe MeCTO. J-lo He BCeM!I CHJiaMH, .II.efiCTBYIOIUHMR 

Ha IIOe3,n, 33HiiM3IOTL51 B TllrOBhiX pacqerax, a TOJibKO TeMH CHJJaMii {UJIH 

IIpOeKUHHMI1 CI1J1), H3rJpasJieHHe KOTOpblX CDBna,ll.aeT C peJibCOBOH KO· 

Jieetl, IIOTOMY liTO )l.BHlKeHHe rroes,na, H3yqaeMOe THfOBbiMH pacqeraMH, 
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onpe.nenneror paaHO)I.eficTBYIOlUefi CHJI (HJIH npoe~<mrefi CHJI), coana

.zr.alOIUHX 110 HanpaBJieHHIO C peJihCOBOfi KOJJE€M. 3TH CHJibl B T}lf0Bb!X 

pacl{erax pas.neJIHIOTCH Ha rpu rpynnhl: cuna m.nzu, conpomuenmue no
m1a u mop.~o3HWl CU!la. Cneu.HaJJbHO nocTaBJieHHbre onbiThl ,ll:JUI onpe

.zr.eneHHll 3THX CHJI H HX 33BHCHMOCT€H OT H3HOOJiee cymeCTB€HHblX 

llJal{ropoa H Ha3uBaiOror HaMH TllrOBbiMn: :HC!IhnamiliMn:. YpaaHeHJH', 

CBll3biB310I.ll,ee 3TH ClMbi C B€COM !10€3)1.3 H ero YCKOpeHH€M, H33b1Bae

MO€ ypaBJteHUeM 08UJICeflUfl noeaiJa, 51BJIH€TCH CTepJKH€M THfOBbiX pac

qeTOB Ji HlfOBblX l1CllbiT3HHit C llOMOlUbKl ypaBHeHHSI )I.BH)I{€HHH l10-

e3)1,3 H ero npeo6pa3DB3Hllll B 60JH e Yll.06Hhle 33BHCHMOCTH (HHTe· 

rpHpOB3HHH ypaBHeHH51 )I,BIUKeHHll IT0€3)13) np0113BO)lHTCH pacr.tembt CO· 
cmasoe noeJiJos, pewalOTCH mopM03Hbte aaiJalfu H onpe.ne.llllercH BpeMJl 
xoiJa noeaiJos. B noHHTHe "TSirOBble pac'IeThl" axo.rr.Hr raK)I{e onpeae.Jze
Hue pacxoaoB noabl u monJlUBa. Onpe.neJieHHe pacxo.na TOITJ!HBa Haxo

.UHTCli y)l{e H3 CTbiKe Me.lK.llY TlifOBhiM 11 pacqeraMH H TenJJOT€XHHlleCKHMH 

pacqeraMH. 

B HacroHmeii KHJue npHH51TO H3JIO)I{eHHe ypasHeHHH llBH)l{eHHH 
0 

noes.n:a noc!le H3yqeHHH CHJI, .n:eHCTBYIOill,JIX H3 noe3)l, HO nepe.II. H3JIO· 

>KeHH€M CllOC060B HX O!IhiTHOfO onpell.eJieHHSI, no C.~e.II.yiOW.HM MOTH· 

BaM: 1) np11 H3yl.!eHllH CJM, )l,etlCTBYIOUI.HX Ha noe3)1., H I1X 38BMCHMO· 

CTeii: OT pa3Hb!X cpaKTOpOB MOiKHO ITO'ITH He ITOJlh30B3TbCSI ypaBHe

]iHeM ,liBIUKeHHfl noe3,n:a H era C.lle.llCTBHHMH; 2) npH JJ3y'IeHHH ypaBHe-
. • u 

HHll ,!I;BH)I{eHHll il0€3.D,a JK€JJ3T€JibHO 3H3 Tb CBOHCTB3 CHJI, AeHCTBYIO· 

mnx Ha nOe3)l, 11 HX 33BHCHMOCTI1j 3) OllhlTHOe onpetreJJeHH€ CHJI, .UeHCT· 

BY!OlUHX Ha noe3)1, 1 OCHOBaHO HMeHHO Ha ypaBHeHHH )I.BH)I{€Hllli rrOe3)1,a. 

HaCTOlHIJ,ee noco611e OTHOCMTCH K JII060M JIOKOMOTHBHOtl THre IIO· 
u u 

e3.II.OB, B TOM qJ1C.I:le menJZ06031lOU U 9JZeT<mp0603HOU, HO TIOCKOJibHY K 

cepHHHOH IIOCTpOilKe TeiiJJOB030B II 9JieKTpOB030B Mhl TOJ!bHO II pHCTy
naeM H !IOCKOJibKY MeTO.llhl HCllhiT3HHH HX eme He Orrpell€JIHJIHCh, f JI8Bbl II 
(CHJia THrH), VI (OrrwrHoe onpe.II.e.IeHHe CHJ!bl THrH) H XI (PaclfeT 

paCXOllOB BO.ll.bi H TOITJIHBa) OTHOCnC5l rrpenMylll,eCTB€HHO I< nap0803GM. 

2, TO'lHOCTh apHQJMfTHqECKIIX AfHCTBHH. npH BCHKHX T€XHH'IeCKHX 

paCtieraX Mbl IIMeeM )l€.110 C l.lHcppaMH, IIOJIJ'I€HHblMH OilbiTHblM rryreM. 

OnhiT )!{e .n:aer HeKOTOpbre cpe)I.HHe aeJil!llHHbi, coorBercrsyiOill,l1e reM 

yc.JIOBH51M (o6bi'IHO cpe)I.HHM), npn KOTOpbiX OIIbiT npon3BO.llHJJCll. Ha 

npaKTHKe aTH ~HcPPhi MeHllJOTCH cooTBeTCTBeHHO MtHliKJili,HMCH ycJIOBH· 

HM. HarrpnMep, HeMHoro 60JihrnHii HJIH HeMHoro M€Hblllllii nporrycK 

napa qepe3 30JIOTHHKH MO}K€T ll3M€HllTb OIJIY TllrH Ha COTHH KHJ!O· 
• • 

rpaMMOB; npocearnaH HaCblllh Ha IIO.ll.'heMe rrepe.zr. BbleMKOH MO)!{eT 113· 

MeHHTb COllpOTHBJieHHe noe3.II.3 Ha HeCKOJlbKO )J,eCHTblX Kli.l!Ofp3MM8 Ha 

TOHHYi HeOllhiTHblll M3WHHHCT Ha 3aTMKHOM CTIYCI<e M0)1{€T TIOJIJ· 
l.!HTb rrpe.lleJibHYIO ropM03HYIO CHJIY noes)l,a Ha .ILeCllTOI< npoueHTOB 

HIDKe paclfeTHOH; OllblTHbiH TOITllJiblUllK MO:JKeT flO.ll.HllTb Hl!TeHCHB· 

HOCTb napooopa30BaHHH Ha .ll.eCHTOK npOU€HTOB BbJllle pac'IeTHOtl 

H T. n, noaTOMY )I,JIH 06b!'IHhiX npaKTH'IeCKHX ue,1eii HeT CMb!CJI3 .1[€-
u 

JI3Tb pacl!eTiii C TOl!HOCTb!O, np€BOCX0.11.£IUeH TQlJHOCTb npHHHMaeMbiX 

Oflb!THhiX )1,3HHbiX1 HJIH )l,eJiaTb 06Mepbl BO BpeMSI OflhiTOB C TO'IHO· 

CTbl01 3H3lfHT€JlhHO rrpeBblllla!Olll,€H T04HOCTb CaMOfO H3MepHT€JibHOfO 

npH6opa. TOIIHOCTb B 1 Ofo CJietryeT C'II1T3Tb BTIOJJH€ tiOCTaTOtJHOH BO 

BCeX CJiyqaHx; npl!M€H€HHe JJOrapHqJMI:IqecKOH Jll1H€ihm BDOJJHe B03· 

MO}KHO so scex cJJyqaax. 
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B l.[aCTHOCTH:, npH THrOBbiX pacqerax, cUilbl ,noJIJKHbl BblpalKaTbCH B 

COTHHX HJIM C OKpyrJieHHeM .l{O 50 KIVIOrpaMMOB; yiJel!b/-lble CU/lbl-B )le

C51Tb!X [{MJ!OrpaMMa Ha TOHHy; nOO'beM&l-B TbiCH!JHbiX C O,RHHM 3Ha£<OM 
" UOCJie 3aiTSJ.TOH; CKOpocmU-B e.UHHH~aX l<lfJIOMeTpOB B !laC, HJIH C TOll· 

HOCTbiO JI:O 0,5 ICMfq; paccmOJl/-IUR- B u;eJibiX Merpax ii.JIH 3JieMeHTOB 

npoqJHJIH M B KHJIOMerpax c .nsyMst aHaKaMH rrocne aarmroii (s .necHTKax 

Merpos)-.UJIH rreperoHos; cocmaebt-c oKpyrJieHHeM .n:o 5 TOHH; pacxo
~bl Both! u monAuea 1W nepezone-s .n:ec!mcax KHJiorpaMMoB; nonepezo!-1· 
HOe 6peMJl-B MHHyrax, a ,ll.JIH noe3,ll.OB C OqeHb qaCTbiMH OCTaH0801.[HblMH 

nyHKTaMH-C OKpyr JieHHeM .UO ITOJIYMHHYTb!. OpH THfOBbiX HCITbiTa

HIU!X TOqHOCTb .D:OJllKHa 6h!Tb HeCKOJibKO 60Jibiiie, 06Mep }f{e speMeHH 

.li.OJI>KeH JI.eJiaTbCS! C TO'IHOCTblO .UO CeKyH.LJ.b! (HJIH .llO O.UHOH TbiC51ti

HOH t~aca), a nplf cneu.HaJibHhrx HCITbiTaHHHX conpoTHBJieHHH o6Mep spe· 

Memr H nyru ,n:OJilKeH .n:eJiarbca eme TOtiHee. 

3. Byi<BeHHbie oo03HalleHJUI. ITpH npOH3Bo.n:erae TRrOBb!X pacqeros 

M HCIIb!TaHHH, B u;eJIHX COKpar.u;eHHH llHCbMa, H30elKaHHH OIIHi60K H 

06Jier'leHHSI IJTeHHSI II npoBepKII He06XO,IIJiMO IIpHMeHSITb BITOJIHe OIT· 

pep;eJieHHbie pa3 Hascer .na Bb16paHHbie, 6yKBeHHble o6a3HatieHitH t~acro 
BCrpeqaiO!l\HXCSJ Be)[Hqf:!H H Bblp3}f{aTb 9TH Be.JIHqHHbl BCer,n:a B O.D:HHX 

H rex >Ke eJlHHHu.ax H3MepeHHH. HarrpHMep, cKopocrb noe3,n:a scer.na 

o6o3Hal!arh 6yi<aoii V rr scer)l:a Bbrpa>Karb ee s KHJIOMerpax B qac. 

B HHJKenoMe~eHHbiX ra6.11nuax 1 n 2 npfiBell;eHhi a nopHnKe 6yKB 

JI3THHCKOrO H rpeqeeKOfO ampaBHTOB 0603H3l!eHH!I, rrpHMeHHeMhle 

B HaCTO!llUeM pyKOBO.LJ;CTBe. 9rn 06D3HaqeHf!H !IBJIHIOTC!I o6H3aTeJib· 

HhiMH s HKflC, 3a HcKmorreHHeM orMe'leHHhiX 3Bea.n:oll1Wii. 

4. rnasHeiiwue pa3Mephi naposo30B. B ra6JIHUe 3 IIpHBe..!I:eHw r JiaB· 

Heifume pa3Mepbi 39 cepHfi rrapos030B B CCCP. J].JIH 20 H3 HHX, OT· 

MelleHHbiX 3Be3,n:oqi<OH, B rJiase II npnBe.u.eHbi salKHefiume onbiTHbie 

)!.3HHble, HeooxonHMble npw THrOBbiX pacrrerax, noJiy!JeHHhie 6. KoHro

poii OITbiTOB Hall THilaMH napOB030B, 6. Hay'IHO·TeXHHlJeCKliM KOMH

TeTOM HKflC " l1HLTHryroM PeKDHcrpyKL{HH THrH HKITC. 
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TAEJJ/1~.4. l 

liyKBeHHhle Oli03HI'4fHHR. JlaTHHCKHii BJIIfJIBHT 

0603H3'iC- npoMJHOWC- VJJMepe-

HHe HHe 

*A~ a 'le 

* A.., a 9M 

* A • a 3C 

B 63 
' 

B 63 

Bk 63 Ka 

Bw 6s Ka 

Bn 6a ns 

B.., 

6a xa 

* c U3 

c U3 

D 

* D 

rJ 

•• .ns B3 

.1\3 3H 

.na rna 

11.e Ka wa 

12 

HMe 

lt.M/'l • 'l YcKopeHHe B KHJIOMerpax B 'lac 33 'lac. 

ICM/'l • .M YcKopeHHe a KHJIOMerpax B 1.1ac 33 MHHyry. 

K.Mj'l • C YcKopeHHe H KJmoMerpax e qac aa ceKyH.ny: 
A., = 60A.., = 3 600A •. 

ICZ Pacxo)l BOJlbi wa reH!lepa Ha neperoHe. 

KZ TopM03Hall nua noea.na, pasHa!! BH + B11 • 

KZ Pacxoa BO)lbi no Korny Ha neperoHe, r. e. KOJIH -
qecrao BOJlhi, npespameHHOH Ha neperoue B 

nap, enaJKHbJH MJIH neperpeno~li. 

lei: TopM03Hall C1111a noe3.11a or ,ne~crBHA ropMOJHbl X 

KOJJO)lOK, paBH311 rpK(Xn + X6) =rpnEMJ, r)le ll -
CT3TH'IfCKOe )l3BJJeHHe KOJieCa Ha peJibC B KHJIO -
rpaMMax, a E-3H3K cyMMbl scex .1\fHCTBYJO -
lllHX ~ll. 

Kc TopM03H3ll cuna KOHrpnapa. 

ICZ PacxOJI napa, snalKHoro H.m neperperoro, Ha 
a~aw~omy napoaoJa Ha neperoHe. 

ICejm 

Y.nen&Han ropMoauaa cwna noe3na, 
B 

• 
P+Q 

Y JieJI&HaH tOpM03lfaR CHJ13 nOe3)(3 
TOpM03HblX KOIJO.QOK, paaKaA 

Bk 
• 

P+Q 

KZ/~ 4acoaoA pacxo.a pa6o~ero ronnuaa. 

Mfc Cpe.llHHH CKopocn noprnug. 

paBH311 

OT JlelicTBHII 

MM : JJ.HaMerp JlBHlKJIIlHX KOJJeC no Kpyry K3T3HHll. 

K2f'l 4aCOB3R naponp0113BO)lHTeJJ&HOCTb HOTIIa. 

;liM JJ.HaMerp UHJIHH.I\pa MaliiHHbl O.QHOKpaTHOrO pac 
liii!peHHH • 

MM JlHaMeTp UlfRHHLlpa BbiCOXOrO .llaBJJeHMll . 

MM JlMaMerp UHJIHH)lpa HH3KOrO .nasneHMH . 

MM llHaMerp nopwHeaoro wtoKa . 

MM .QHaMeTp DOpWHeBoro KOHTplllTOKa. 
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0603Ha'le- npoH3HOllie- J.13Mepe-

HHe 

E 

f 

p. 
I 

* F • 11 

HHe HHe 

1(2 

31jl H ICc 

1(2 

IC2 

' aljl na nyne- KZ 
aoe 

( ll pOOOilJICCHUe) 

Pacxo.11 pa6oqero tonnHBa Ha neperone. 

Cwna T~fH napOB03a. no)lpa3yMeaaeTCII 3H3'10K 
ir k HJJH 11 , npH 'leM, eCnH B O.UHOA ljJOpMyJie 
BCTpe43IOTCII F ll W HJIH N 1 TO IIpH HHX DOJ1-
pa3yMeBaiOTCII 0.11HH3K08lllt 3H3'1Kil. 

J.1H.llliK810pHall CIIJJ8 TllrH JIOKOMOTHB3 1 OTHeCeH
H3i! K 060)1,J JlBHlKYIUHX KOJieC (lj>IIKTHBHaR), 
onpenen11eMoll JlJIH naposo3a H3 1oro ycnoauu, 
'ITO ee pa6ora 38 OJIHH 060pOT JlBIIlKJIUIIX KO
nec F,rrD paauRetcR pa6ore napa a uunuu
Apax 3a roT lKe o6opoT; F, = M,. 

KacarenbHaR CHna rRrH anu cuna TRru ua o6o.11e 
JlBHlKYlliHX KOJJeC JIOKOMOTHBa (llefiCTBMTfJibH311), 
onpeJlenReMaR llJJR napoaoaa ua Toro ycnoBHR, 
'ITO ee pa6ora 3a Oi\HH o6opot llBHlKYIUHX 
I<Onec F knD paBnAetCR pa6ore napa B UHJIHH
Apax 33 TOT lKe ODOpOT MHHJC pa6ora C011p0· 
THBnenHfi B MarnuHe napoaosa 3a TOT lKe o6o
por: Fk=F,-Pw.=F4rJ,,.. 

Cuna TllrM ua lfPIOKe noKoMoruaa npu paaRoMep· 
HOM nsulKeHHM noe3Aa, onpellenlleMall lf3 roro 
ycnoaHa, qro ee pa6ora aa OlliiH o6opoT llBH· 
lKJ~fiX KOJiec npu paBHOMepHOM JlBUlKfHHH 
noeana F nnD pasPa pa6oTe ycHnHii no cuen
HLIM H ynapHbiM npH60pOM MelK)lJ JIOKOMOTif• 
BOM H 6JJHlKal\lliMM ll3f0HOM 33 TOT >Ke o6opOT. 
F nnD JlnR napoeoaa paaHRetcR pa5ore napa B 
UHJIMHllp3X M3lliMHbl 33 o6opor JlBIIlKYIUHX KO• 
nee MHHyc pa6ora o61uero conporuoneuus na· 
posoaa c TenaepoM (KaK noaoaKH Ha npRMOu 
ropH30HT3JIM, KaK M8UJHHbl, OT DO)l'beMa H OT 
Kpuaoll) aa roT lKe o6opor: 

CnaraeMoe 

Fn=Fk-P(w0 + i+ w1); 

1 dV 
Fn=FB+ .·P. c dt 

I dV 
-P 

' dt 
MOlKHO npH!!l!Tb JlJIII cny•meo DJI3BHOrO H3MeHe
HMll cKopacru c llOCraToquofi Jlllll ueneii npaK
THKfl roqHOCTbiO paBHLIM npupameHHJO CKOpOCTH 
B MliJIOMeTpax B qac aa nonMHHYTbl. OpH yae
n H'leHMH C KOpOCTH dV BXOJlHT CO 3H3KOM +, npH 
JMeHbllieHHH - CO 3H8KOM-

CHJia rHru Ha KproKe noKOMOTMBa Ha npllMOM 
ropH30HT8JibHOM DYTH (HJIH llpMBe)leHH3H K Dpli
MOMJ rOpH30HTaJJbHOMJ nyr11): 

F11° = Fk-Pw0 = Fn + P(l + w,.). 
llHH3MOMeTpH'IeCKaR CHJI3 lllrH, onpe,nenlleMP.II 

HCllOCpCJlCTBeHRO JlHH3MOMerpoM, BKJIIO'ieHHblM 
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060lHa11e- flponaHOliie- 11aMepe-

HHe HKe 

Iii: 

«elm 

'• 
91j!H lie{m 

It aljl Ka KZ{m 

H aw M! 

Hn alii na ,w2 

H811 alii s:~ n:J M2 

I I H Ofoo, «elm 

I 

It II Ka o/oth Ke/m 

lp H 3p %0, m~/m 

t,. HT3 %0, lie{m 

14 

MelK)IJ JIOKOMOTHBOM H rrepBbiM BarOHOM: 
dV p AqP 

Fo=Fn- dt ·~=F,~- 120 = 

AJ.P 
= F 11 -

2 
= F 11 - 30AcP. 

B cneuHaJJ&HO oroaopeHHbiX cny'lal!x no )IF 8 no· 
HHMaeTcH TaKlKe Jiet!craHreJI&Hall cHna no cuen
HOMY npa6opy a 11106oM uecTe noeaJta. 

CHna Tl!rH F& npu rporaHHH c uecTa. 

Y )leilbH3ll CH/13 TllrH /IOKOMOTHBa (Ha ] m seca 
F 

rroeaJta), paana11 . noJtpaayMeaaeTCll aHa'lOK, 
P+Q 

HIIH ~· rrpH 'leM, eCJJH B OJlHOiiljlopMJile BCTpe· 
'13IOIC!I f 11 w, TO npH BHX no.llpasyMeoaiOrc~ 
O)IHH3KOBble 3Ha'IKH. 

YJieJI&Iiall HHJIHKaropHall cnna Tllrn (oa l m aec a 
p. 

noeaJia), pasoa11 ' • 
P+Q 

Y.llen&HaH KacaTen&liall cHna rllrH (Ha l m aec 8 

Fk 
noeaJta), paaHaH • 

P+Q 

11cnapHIOmall nosepxHocr& narpesa KOTna, oo.na 
Hall (ecnH ra3oaa11, ro oroaopnT&). 

• 

noaepxnOCTb Marpesa naponeperpeoaren11, rasosa !I 
(ecnu naposaH, TO orooopHr&). 

nosepXHOCTb Harpeaa BO)IO!l01lOfpeBaTeill! 1 BO)Ill • 
nan (ecnn naposa11 HJIH rasosaH, TO orosopar&) • 

Benu'IHHa yKnoHa (noneMa HIIH cnycKa) a rbl • 
CII'IHbiX, 3HaK +, 0603Ha'laiOWHH !lOJJ.'beM, era • 
BMTC\1 IlpH UH(jlpe !lO)l'beMa; SHaK - 1 0603113 • 
'1310ll\HM cnycK 1 CT3BHTCR rrpH UH!ppe CllJCKa • 

HeJIH'lHHa npHBenenHoro YKJiona (non'beMa KJI H 
cnycKa), T. e. C JlleTOM BJIHRHHH KpHBOK: 

rk = r + w •. 

BenH'III.lia pacl!eTHOro non'beMa t~, r. e. noJr&eMa I 
KOTOpblH npeo.lloneoaercll c neKoropoA pac'!eT • 
HOtl: HaHMeHbliieli JCT8HOBHBilleMCl1 CKOpOCTb!O 

BenH'IHHa no11oeMa ik, Ha KOTOpOM B03MOlKH 0 
rporaHMe noe3)l.a c Mecra. 
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06oanaqe- OpoH3HOIIIe- l13Mepe-

'· 

L, l 

I 

M 

m 

p 

H 9C 

3Jlb 

3Jlb 

3M 

3M 

3H H 

3H Ha 

<~H ne 
9H 

3H BS 

!IH :lH 

D9 Ka 

n«e 

Ofo0, Kzfm 

/CM 

MM 

K2 

-

nc 

-

-

m 

m 

( ll poOOA:HCe/lUe) 

BcJIH'IHHa y~<noua (no,!I"LeMa «nu cnycKa), cnpHM -
JleHHOfO 8 npO,IlOJibHOM 11pO<jiKJJe H B IIJI8H e 
yqacrKa nyrH HJJH cnpHMJJeuaoro a nJJane ane -
MeHTa nyTH, 

llJinua nyr« (ecJJH a Merpax, ro oroBopHTb).llo • 
nycKaeTCSI 0603H31!3Tb ,llJJHHY nyTH 6yKBOH S 

' oco6e}IHO npu nepeMeHHOM ee 3Ha'lemm. 

Xo.It noplliHll. 

Mo.llyJJb MalliHH~ napoao3a; .D.JJll MawHHbl 

Hparnoro pacumpeHHll: 
! d9+d 2\ 

n d2- m nm lp 
\ 2 K 

M=~------- . 
200D ' 

' 

.llilll M3 lllHHbl KOMDa YH.D.: 
I d 9+ d I\ 

d 2 111 - l nil 11 -
2 

Pn 
\ J 

M = 200D 
u 

O.llHO• 

HJIH, C )l.OCT3TO'lHOH CTeneBbiO TO'IHOCTH, COO~ 
BeTCTBeHHO: 

nd2£p" 
0'97 -200D 

OtnoweHHe cyMMLI noJieJublx o6oeMOD llHIIHH
.npoa HH3Koro .ll3BJJeHHll K cyMMe none3HLIX 
06'beMOB UHJJHHJI.pOB BbiCOKOrO ,!13BJJeHHll1 paB• 
HOe: 

nHdll2[!1 

nsds2f, . 

MO!UHOCTL HH.!I,HH3TOpH31J, 113 o6o.ne H Ha KpiOKe; 
F·V 

N= . 
270 

4HCJJO UHJIHHl!pOB y nap0B033 C M3WHitoA O.llHO• 
~paraoro paclllupeHHll. 

4HCJIO ll.HJIHHJipOB BLICOKOrO l13BJJeHHII y napOB033• 
HOMil3JHll. 

4HCJIO ll.HJIHHI(pOB HH3K0f0 J13BJJeiiHR y napOB033• 
KOMTiaJH.Il. 

PaclJeTHbiH sec JIOKOMOTHBa (c renJJ.epoM), T. e. 
Cpe.llRHii Bee IIOKOMOTHBa 8 pa601ieM COCTOliHHif. 

CuenHoli aec JJOKOMOTHBa, T. e. aec, npHXOJIJI· 
IUHIICR Ha )IBHlKJ!l\He OCH. 
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0603H8'!e- D pOH3HOUie- J.13Mepe-

1111e 

p~ 

Q 

Qr; 

q 

R 

R 

8 

s,. 

• s r 

* s e 

* t 

u 

HUe 

na Ka 

na 11 

KY 911 sp 

ap 

ac 

9C Ka 

3C T3 

ac ap 

ac ac 

T3 

n Hynesoe 

ta ny11eaoe 

y 

HUe 

am 

am 

m 

npueeoeH-
1 Hble moH

Rbl 

KUII/KZ 

m 

M 

KM· M 
I 

M 

.M 

M; KA! 

q• .M· c 
I I 

c 

(npoOOA31WIUt) 

nasneHI!e B KOTJJe M3HOMeTpH'!eCKOe. 

Cpe.11nee HH.Ili!KaropHoe ,a,asnenne s UHJJHH.IlpU: 
M8Wllllbl OJIHOKp3THOro pacmHpeHHll HJIH Cpe;I· 
nee IIIIJIMK8TOpHOe Jl8BJieHHe p9HKI!RH3HpOB311· 
Hoif JJ.HarpaMMbl MaWI!Hbi·KOMH3JHJJ.. 

Bee cocraaa (saroRos). 

Bee COCT3BI B npHBeUei:IHblX (!jJHKTHBHMX) TORH41. 
nnH nonyqeHHII Qlfi H8.110 K ,I\etiCTBHTeJJbHOMJ 
oecy KalK,I\Oro qerbipexocuoro oaroHa, BXOJJ.II
mero o cocraa, np116aanrL !jlaKrop rjj, aaBH
CHlllHll TOJibKO OT BeJJH'IHE!bl 111 (yMeHbW310UlHii
CH C yaeJJH'Iel!HeM ip), K oecy K8lK.llOf0 .I\BYX· 

ocHoro, saroHa npHoasnr& 1ft , a " oecy Kalll-
2 

rjj • 3 
JJ.Oro mecrHocHoro npu6asHTb 

2 
• QrfJ oce-

rJJ.a 6onnme Q, npu11eM paaHuua MelKJI:Y Q!Ji M 
Q yMeH&lllaeiCII c ysenuqenueM lp. 

HH3lllal! rennorsopHal! cnoco6uoctb pa6o11ero 
TOIIJJHB3. 

CpeJIHHii sec saro11a 6pyno (rapa u rpya). 

nnoll~3Jlb KOJIOCHI!KOBOA pemeTKH. 

Pa.I\nyc KpHsol!. 

.llnnHa nyrn. 

TopM03HOH nyr&, paBHblti nonHoMy (paC'IeTHOMy) 
u TOpM03HOMY nyn1 33 BbJqeJOM nyTII, npOH!\eH-

HOfO 33 BpeMII IIO,I\fOTOBKH K TOpMOlKeHI!IO. T. e. 
0,278VKt0 • 

noJJHbll! (pacttetl!bll!) TOpM03HOI1: nytb: 
Sm = s~ + 0 ,27BV,.to . 

,llnuHa KpiiBOli. 

.llnlllla cnpi!MIIeHiwro 3JJeMeHra npo¢1111111. 

BpeMll. 

BpeMH Ha no.llrOTOBKY K ropMOlKeHHIO. 

TeMneparypa napylKHOro oOJuyxa. 

4acoaol\ pacxoJJ. napa Ha MaliiHHY. 

U/Nr. y Ha 9H Ra Kzj!IC ·'I Pacxo.11 napa Ha 1 nollla,I\HHYIO cuny B 11ac HI 
o6o,I\e. 
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0603Ha'le- npoll3HOWe- 113Mepe-

HHe 

n 

v 

w, 

w' 

w" 

)II 

w .. 

nae 

y 

63 

83 3H 

83 Ka 

lly6n b 83 na 

lly6n& 83 Ka 

lly6nb B3 H 

.uy6JJb 83 
npHM 

nne 

IC2 

ICl 

K2 

llJOIIb 83 JlBa K</m 

ll.y6nb 83 K3 IU/m 

ny6JI& 83 u K</m 

Jly6n& sa K</m 

ny6m. sa aM K2 I m 

2 TIITOBble pac~eTbl H HCnblraHHH. 

Pacxo.11. napa Ha O/IHH (o.unHO'lHLIH) XO.It nopwu11 
UH.JI!!Hllpa, pa60TaiOluero caelKHM napoM. 

CKopocrb. 

CKopom, ll Ha'lane ropMoauoro nyTH. 

CKopoCTb 8 Kouue ropM03Horo nyru. 

nonHoe conponJBneuue coer a sa (saronoa), paa
uoe Qw . TopMOJHall cuna H cuna uuepuuH B 
W n He 8KIJIO'I310TC!I:-, 

-.;.-I.A.1 I 
nonHOe ccnpOTHBJieHH{ :Wa IC3K pRJ!.& cuen• 

roM peryJlKTOpe E .. npalmMaercR paBHbiM uyn10, 
a Wk=Qcv''+P(w'+ w3). TopM03H3ll cuna 
H CHJ!bl HHepuHH B W k He BKIIJO'laJOTCll. 

noli HOe corrporuuneuue noe3.ua, BKIIJO'Iall u conpo
TI!BileHae M3UlHHbl IIOKOMOTH831 paBHOe Qw" + 
+ P (w' + w"), H.lllf Qw" + P(w'+ wa). Top
M03Hal! cuJJa H CHJ!bl unepuun o w, ne BKJIJO
'la!OTC!I, 

06mee y.uenhHoe (ua 1 m seca napo8osa c reu
.uepoM) conpomsneaue naposoaa (c teHllepoM) 
K3K ll0B03KH

1 
paBHOe: 

W0' + i + w,.'. 

06uree y.ue.JibHoe (Ha 1 m seca aarouos) conpo· 
nrsneHHe saroHoa ( cocraaa), pas Hoe: 

wo" + i + w,.". 

06mee y.menbHOe (Ha I m aeca noea.ua) conpo
rnsneHue noe3Jta KaK p!!lla cuenneHHbiX noso-
30K, paanoe: 

w~ . 
= W0 +It w, = W0 + 1 •. 

P+Q 

06ruee y.lleJILHoe (Ha 1 m seca noe3Jta) conpo
rnaneuue noea.ua, BK.JIIOqaa H conporuoneHue Ma
UIHHbl .JIOKOMOTH8a: 

wi 
P+Q • 

06ruee yJI.e.JibHOe (Ha 1 m aeca noea.Ita) conpo
ruaneHue noea)la, nonpaayMesaercR aHaqoK 1 
!I .II H k• 

Y Aem>Hoe Ha 1 m eeca napoao3a c reu.uepoM) 
conporusneHHe MalliHHbl napoao3a npu orKpbl· 
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06osHa'le- Opo113Howe- l13Mepe-

HHe 

Ill II n·o 

w' • 

w" r 

*X 
' 

*X 11 

HHe HHe 

ny6n& B3 aa Kcfm 

,llJ61lb B~ HJ- Kc/m 
ne8oe npliM 

ny6n& B3 

Hyneaoe liBa 

ny6n& B3 

Hyntaoe 

Kejm 

ny6nb B3 ap Kzjm 
npHM 

Ay6Jib 83 3p K2jm 
naa 

ny6n& n ap rc2jm 

HKC 83 

HKC l19 

(IT poooAmetiUe) 

F·-F~ 
roM perynRiope, paBHoe ' Opii pac-

P 
'!ere no F k - R pac'ler He RBOIUHCII, Ka K Y*e 
y'lreHHoe npn onreneneHHH F k· 

Y.llellhHOe (Ha 1 m seca napoeoaa c reHnepoM) 
COnpOTHBIIeHHe M3WHHbl napOB033 npn 33Kpbl
TOM perynRTOp~, paBHOe JlleJibHUA 0TpHU3Tell&· 
HOI! CHile T!lrH Ha OliO)le n pH 33KphlTOM pery
llliTOpe, Baai(HTCll B paclJer np11 aaKpbiTOM pe
rynllrope He ron&KO npH pacqere no F1, HO " 
npH pacqere no F ko noroMy 'ITO a aroM cnyqae 
Mbi npHHiiMaeM F = 0, ror)la KaK a l(ewctoH
ren&HOCTH: Fk=-Pw8• 

YAeJJ&Hoe (Ha 1 m eeca napono3a c reH.Ilepo~o~) 
conponmneHne rrapoaoaa (c reH.r~epoM) KaK 
nOB03KH H3 npliMOH ropH30HT3JIH. 

Y!leii&Hoe (Ha 1 m seca uaroHos) conpOTHBIIeHHe 
BarOHOB (cOCTaBa) Ha np!!MOH ropH30HT311H. 

YAe/lbHae (Ha 1 m seca noe3.na) conporHsneHiie 
Ha npliMOH ropH30HTa/IH 11p11 p3C'IeTe IIO F~. 
np11 OTKpblTOM perynsnope: 

Pwo' + Qw0 " 
W 

0 
= ---"-.....!.~--"-- KZ/ m; 

P+Q 
npli aaKpbiTOM pery JJllrope: 

p (Wo' + W3) + Qwo" 

P+Q 
Ke{m. 

YileJibHoe (Ha I m seca napoao3a c reHnepoM) 
COnpOTIIDJJeHHe napOB033 ( C TeHnepoM) OT KpH-

• BOH. 

YlleJJ&Hoe (Ha 1 m seca uaroHoB) conpotHBJieHHe 
saroHOB (cocrasa) or KpHaolt 

YaenhHoe (Ha 1 m seca noe3Aa) conporusneHue 
• noea,lla or KpMBOH, pa8HOe: 

Pw', + Qwr" 

P+Q 
EcJTlf, KaK o6bi'IHO, wr' =W,.", ro w, = w,' = 
= W II ,. 

CyMM3 H8lK3Tl'lli TOpM03HbiX KOIIO)J;OK H3 KOIIeca 
B3f0HOU. 

CyMMa HalKaTHH TOpM03HbiX KO!JOJIOK Ha KOJJeca 
IIOKOMOTHB3 (nap01103a H TeHAepa). 
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nHe 1111e HIIe 

y 11rpeK -

y HrpeK 

( il poiJOA:JIW!Ue) 

Koa~HuHeHr noJie3Horo JleHCTBHll JIOKOMOTHBa, OT 
TOIIJIHBa .llO o6oaa: 

632Nk O,G32Na 
Y= -

RYQl RY~ 
• 

I1HTeHCHBHOCTb ropeHHll, T, e. '18COBOH p8CXO;l 
TOIIIIHBa B KHJIOrpaMMaX Ha I M2 KOJIOCHUKOBOA 

c 
pellleTKH, paBH3H • 

R 

Y~ HrpeK Ka KUllO·IW~I TerrJIOBOe H811pHlKfHJie KOJIOCHIIKOBOA peweTKII: 

M2. 11 YQ,l 
Ylc = l 000 

33T K3 SH 640 Ka/1 

M2•'1 

I1HTeHCIIBIIOCTb napooopa30Baii1Ill 110 KOTJIJ, T, e. 
'IHCJIO KHJIOrpaMMOB napa, CIIIIM3eMOrO C I M1 

" v !IC113p11101Ufll BO;lHHOI:I DOBepXHOCTH HarpeB~ 

D 
Korna s qac, paonall . 

H 

I1HTeRCHBHOCTb napo06j)830BaHIIll 110 KOT11Y B HOp

MHJibHOM nape, T. e. 'IHCJIO K2 11apa, npHBe.!{eH
HOrO K rerrnoconeplKaHHIO 640 KaJ!{Kz, CHHMae
MOro c 1 M2 Jicnapmomel1 nosepxnocm Harpe· 
sa s qac. Tennosoe Hanpl!JI(eHHe Korna B 

e.!{HRHUaX reiiJIOCOJlepll\aHHil 1 Ke HOpMallbHOfO 
napa. 

I1HTeHCHBHOCTb napoo6pa30B3Hifll 110 M3WHHe, T. e. 
qacosoii pacxon 11apa Ha MaWHHY napoaoaa, 
OTHeCeHHbiH K 1 M2 HCIIapliiO!UeH (BOJIWIIOH) no· 

u 
oepxuocra narpesa KOTila, paoHal! 

H 

TABJIHL!A 2 
liyKBeHHble 0603H311eHHJI, fpe'leCKHii aJJifJaBHT 

0603Ha'!e- 0pOH3HOWe- l13Mepe-

HHe HHe u11e 

aJJb!jla aM - MexaHH'IeCKHII BHpryanbHbll1 KOa!jJHunellr, r. e. 
OTHOllleHHe paC'IcTHOfO pacXOll8 MeX3Hii'leCKOil 
3HeprHH JIOKOMOTHBa Ha 1 ICM yqaCTK3 ( llllll 
3JieMenra npo~HJJl!) K pacqerHoMy pacxo.!ly Me• 
XaHH'I'eCKOH 3HI'pr11K nOKOMOTHBa Hill /CM Dpll· 
Moii rop1!30HT311H. MexaHM!JecKa51 snpryaJibHaH 

0 -
JlJJHHa pasua neHcrsurenbHOH JlJJHHe, yMnoJKeH-
Hoii Ha MeXaHH'IeCKHH BHpryaJibH. J<03!jJHUHeHT · 
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0603H3'1e- 0pOH3UOWe- l13Mepe-

11He HHe HHe 

-

3RCHJ10H -

9llCHJIOB 89 

3RCHJIOH 3H -

Jl33Ta 

sra Ka -

1J ,I 9T3 3M -

* I). 
' 

Bra nepaoe -

T3TII aropoe -

~·· • rara rpeue -

rara -

( ll poiJOA:HCeHUe) 

Ko::upHul!eHT HalKaTHll ropM03HO!t KOJJOJIKH Ha 
KOneco, T. e. OTHOWeHHe paJUIDJibHOH CI!Jibl 
H3lK3THll TOpM03HOH KOJIO,llKH (HilH KOITOJIOK) H3 
KOJJeCO B KHIIOrpaMMax K CTaTH'IeCKOMJ Jl3BJJe
HHID KOJJeCa Ha peJJbC B KHJJOrpaMM X. 

Orce'!Ka B UHJJHH)lpax MaiiiHHbl OJIHOKparHoro 
paCWHpeHHH 8 JIOJIHX XOJla nopiiiHR. 

Orce'!Ka a l.ll!ni1HJipax BbiCOKoro ,llasneHHll Ma
WHH!.I-KoMnayHJI B JJ,OJJSIX lWJla nOpWHR. 

Orce'!Ka QHJIHH.Ilpa HH3Koro .llasneHHH t.taWHHbi
KOMnayH.ll B JlOJIHX XOJia nopWPH. 

YcKopeuHe noea.lla B «HnowerpaK B 'lac 33 'lac (A,.) 
npn pasHOJl~ficraywweli cnne B 1 K2/m. 1; Mo
lKer 6b1Tb npHHI!Ta BO BCeX CJJJ'I31!)( 120 KM/'1. 2 

Ko3~HuHeHr none3uoro Jle~cTBHH Korna. 

MexaHH'IeCKHii KoarpHuneHr none3Horo )J.e11craHll 
l!aWHHbl, 

TopMosuofi KO::ujmrmeHr cocraaa, r. e. oraoweHHe 
CJMMbl p3C'IeTHblX H3JK3Tilii B3fOHHbiX 10pM03-
HbiX KOI10JIOK (a KHIIOrpaMMaX) K Becy noe3,ll8 
a KHnorpaMMax, paauoe: 

xd 
1 OOO(P + Q)' 

TopM03HOli K03(jlHUHeHT IIOKOMOTllD3 (napOB03a 
C TeH)J.epoM), T. e, OTHOWeHHe CyMMbl paC'IeT
HbJX H3lK3TJ1ll: JIOKOMOTHBHbiX (napOB03HbiX H 

TeH,nepHbiX) TOpM03HblX KOJJO,IlOK (B KHIIOrpaM
MaX) K aecy noes,na (a I!HJJorpaMMax), paaHoe: 

Xn 
l OOO(P +Q)' 

TopMoauoll: KoarjluuueHr KOHtpnapa, r. e. orHo
weuHe (jlHKTHBHbJX H3lK3HIU KOJJO)lOK1 3KBHB3· 
JJeHTHb!X KOHTpnapy (B KIIJIOrpaMMa:W:) K aecy 
noe3,lla ( s KH.IIorpaMMax ). 

TopM03HOli K03cpHQI!eHT noe3,ll3, T. e. OTHOW~HHe 
CJMMbl paclJeTHbll HalKaTHH BCeX JJ,eliCTBYIOli.IHX 
TOpM03HbiX KOJIO,IlOK noes,na H 4JHKTHBHblX, 3K
BHB311eHTHbJX KoHrpnapy s cny11ae ero y'lera 
(B KHnorpaMMax), K aecy noea.llil (a KHIIOrpaM
Max): 

B 
9-9 +9 +D- ------

-
1 2 a- 1 OOO(P + Q) q.>~. 
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( n poiJu:ncmue) 

0603H31Je- np0113HO!Ue- J.13Mepe-

HHe HHe une 
----

~ KCH - l1HJUIKBTOpHb1H K09iflHUHCHT, paDHbiH 
p, 

{J~. 

~ po - CreneKb orKpbiTHH peryilaropa B .llOJJHX nonKoro. 

,. ljJK Ka - Ko~if!HJlHeHr rpeHHll ropM03HOH KOJJO.MH o Koneco 

~~- ncH Ka - KoE~IjmuHeHT cuenneBHll .D.BHlKYII.IHX Konec c pem.-
ca.11H. 
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fllaBHeiiwHe pa3 

= :.: v n 
o'= c e p H l! THn c; 0 HJIH d de d" l m co C. 
0' 1-< npeJI, ""{) ne+nll ;cg 

. 

AB • 2-3-0 1896 100 2 - 500 730 650 2,13 
• l:i 2-3-0 1908 105 2 550 - - 700 -• 

rn • • • 2-3-0 1901 100 2 560 - - 700 -* EljJ, K, c • 1-5~0 1915 60 2 635 - - 711 -
~ • 1-5-0 1917 60 2 650 - - 711 -

I 2-3-0 1906 ' 3. 90 2 575 - - 600 -• ' 
• HC I 1-4-2 1932 100 2 670 - - 770 -• 

K. • 2-3-0 1910 105 2 575 - - 650 -
* KY • 2-3-0 1911 110 2 575 - - 650 -
* JI • 2-3-1 1915 120 4 460 - - 650 -
• M. 2-4-0 1926 90 3 540 - - 700 -• 

' 
I 

Hll • 1-3-0 1898 95 2 - 480 720 650 2,25 
HB 1-3-0 1903 105 2 - 500 730 650 2,13 • 

I 1-3-0 lj: HB 1904 95 2 - 300 730 550 2' 13 • 
HY 1-3-0 1911 95 2 - 500 750 650 2 25 • ' Hn 1 3-0 1911 95 2 540 - - 650 -• 

* Oo 0-·4-0 1910 45 2 500 - - 650 -• 

OA 0-4-0 1897 45 2 - 500 730 650 2,13 • 
4C QB 0-4-0 1901 50 2 - 500 730 650 2,13 • 

Qq • 0-4-0 1926 50 2 - 500 730 650 2,13 
p i -4-0 1899 50 4 - 400 600 600 2,25 • 

"' c . 1-3-1 1 9ll 105 2 550 - - 700 -• 

"' CY • 1-3-1 1925 105 2 575 - - 700 -
Y. • 2-3-0 1907 105 4 - 370 580 650 2,46 

* YY 2-3-0 1912 105 4 - 410 580 650 2,00 • 

<P. 1-5--D 1916 60 4 500 - - 660 -• 
* ¢11 • 1-5-1 1931 65 2 670 - - 770 -

• l-4-0 1899 55 2 - 530 750 650 2,00 
ill 1-4-0 1901 55 2 - 510 765 700 2,25 • •w • 1-4-0 1907 65 2 - 510 765 700 2.25 . 

* W" • 1-4-0 1918 65 2 - 540 765 700 2.00 
* blq • 0-4-0 1912 55 2 - 520 790 650 2,06 
* 3 0-5-0 1913 55 2 630 - - 700 -• 

3, 3r , 3w .. 0-5-0 1914 55 2 650 - - 700 -
>~' 3Y • 0-5-0 1926 55 2 650 - - 700 -*3M • 0-5-0 1931 55 2 650 - - 700 -

8. 0-3+3-0 1903 45 4 - 475 710 650 2,24 • 
"' 8'1 0-3+3-0 1910 45 4 - 510 770 650 2,28 • vs 0-4+0 1908 55 2 575 - - 650 -• 
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MepLJ napOB030B 
TABJJUijA 3 

I ' 

p 

D Pk M H Hn Hn R p~ 
H 3-0CH. 4·0CH. 6-0CH. 

I 
reaa. TeH)I.. reHJl. 

--

1830 II ,5 10600 152 - - 2,16 41 '7 95 105 -
1830 13 14 600 164 41,0 0,25 2,80 47,0 110 120 -
1 730 12 14 800 169 47,5 0,28 2,80 50,2 110 120 -
13:!0 12,7 26700 240 61,3 0,26 6,00 77,6 - 135 -

1320 12,7 27 200 242 e6,9 0,27 6,00 80,3 - 140 -

1 700 12 13 600 147 31,0 0,21 2,34 44,8 - 110 -
1 850 15 Z7600 295 148 0,50 7,00 82,0 - 200 240 
1 700 12 14 700 164 40,0 0,24 2,72 45,4 110 - -
1900 13 14300 181 47,4 0,26 3,14 48,0 110 120 -

18:0 12 17 400 270 85,5 0,32 4,65 51 ,9 - !50 -
1720 13 22500 260 87,7 0,34 6,00 72,5 - 155 -

1900 11 ,5 9 goo 162 - - 2,20 43,3 90 100 -
19DO 12 10 600 143 - - 2,20 45,0 90 100 -
1 700 12 11 900 143 - - 2,20 43,5 90 100 -
I 700 13 13600 157 - - 2,60 45,0 95 105 -
I 700 12 12 500 127 38,9 0,31 2,45 44,0 95 I05 -

1150 12 16450 153 - - 1,85 50,0 85 95 -
1 200 11 ,5 16100 153 - - 1,85 52,5 85 95 -

1200 12 16 800 153 - - 1,85 52,5 85 95 -
I 200 12 16800 132 29,2 0,22 1,85 55,0 85 95 -
I 280 12 19 700 172 - - 2,52 52,9 90 100 -

I 830 13 14 600 207 51' 5 0,25 3,80 47,2 ~ 120 -

1 850 13 15 800 197 72,0 0,36 4,73 53,9 - 125 -

1 730 14 17 200 182 - 2,63 44,7 105 115 --
I 730 14 17 200 152 38,9 0,26 2,83 49,2 110 120 -
1450 14 30900 262 60,8 0,23 5' 10 87,6 150 - -
I500 15 34IC0 295 I48 0,50 7,00 100,0 - 200 240 

1250 !2 17000 180 - - 2,48 52,1 90 IOO -
!300 I3 19 900 206 - - 2,80 62,3 - 120 -
!300 14 21400 206 - - 2,80 64,2 - 120 -
1300 14 21400 177 51,0 0,29 2,80 64,7 - 120 -
1200 12 19 7Q0 147 43,0 0,29 2,55 60,9 95 - -
!320 12 24500 194 52 0 0.27 4,20 80,5 - 125 -' ' 

!320 12 26100 207 49,7 0,24 4,46 81,2 - 125 -
1320 12 26100 195 66 0 0,34 4,46 85,6 - 130 -
1320 14 30 850 195 66,0 0,34 4,46 85,0 - 130 -
1200 12 31 800 206 - - 3,50 82,3 - 125 -
] 230 12 36500 178 47,4 0,27 3,40 89,4 - 135 -
1 220 12 20500 163 40,4 0,25 3,03 64,4 100 --
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5. AHfJIHHCKHC H aMepHf(8HCJ<He MepLI. Bo BCeH TeXHJ1!IeCKOH miTe· 
parype, KpOMe aHr JIHHCKOH H 3MepHK3HCKOJ1, yrrorpe6JI51IOTCH Merpuqe
CKHe Mepbl. J}.JIH B03M02KHOCTI1 lKe 'ITeHHH TeXHHqeCKOH aHfJIHHCKOH ll 

" aMepHK3HCK011 JIHTeparypbl flO THfOBblM pacl!eTaM 11 HCIIbiT3HHHM H 

B 06JiaCTHX, K HHM rrpHMbiKaiOll.lHX, HH2Ke IIpHBe.II:eHa cpaBHHTeJibH3SI 

ra6Jllma Mep: 

T AEJIMIJ,A 4 

CpaBHHTenbHan ra6nnQa Merpn~eCKHX u aurno-amepuKaHCKHX Mep 

A H f J1 O-a M e p H K a H C K H e e ll l1 H H U b! 

l,niOiiM(i"Chl,. , 
1 ljlyr (foot, feet) •• 
1 ll)lp (yard) 
1 MHJIH I mile) , , • . , , 
1 I{B. AIOiiM (square inch) 
I KB. ¢lyr (square foot) 
I KB. HpA (square yard) . 
1 KB. MHJIII (square mile) 
I aKp (acre) . . . . . • . 
1 Ky6. JliOllM (cubic inch) 
I Ky6. ljlyr (cubic foot) ... 
1 rannoH aMep. (U.s. gallon) 
I rannoa aHrJI. (British gallon) • 
1 6ymem, aMep. (U. S, bushel) 
I ljlyHr (pound, ibs) •..•..•. 
I TOHHa (2 000 ljlyHr.) (ton, short ton) 
1 !IJYHT H3 KB. ,l{IO~M. , 

1 ljlyHT H3 KB. I!Jyr 
I cpyro!jlyHt. • . • • • • • , • . • . • • 
1 6pnrallcKall rennoaa11 ei(I.JHHua (B. T, U.) 
1 nom. c11na (HP, horse power) • • 
I r.jlyHT c I KB. rpyra • 
1 I!JyHr Ha I HP 
1/(} (QF-32QJ I t • t • • I • t 1 I I t t I t 

1 746, ,n.eneHHOe Ha 'IHCJIO I'P3llYCOB Kpi!BH3lfbl 
YKJIOH B ljlyrax Ha MHJII01 ,D.eJieHHblii Ha 5,28 

• 
• 

• 
• 
• 

• 
• 

• 
• 
• 

• 
• 
• 
• 
• 

• 
• 

• 
• 
• 

• 
• 

• 

• 
• 
• 

Merpn'lecKne 
e){HHHUbl 

25,40 MM 
30,48 CM 
0,9144 M 
I ,609 KM 
6,452 C.M2 

0,09290 Mt 
0,8361 M2 

2,590 ICM 2 

0,4047 za* 
16,39 C.M3 

0,02832 M1 

3,787 Jl 

4,541 A 

0,03524 .M 3 

0,4536 K2 
0,9072 m 
0,07031 "*Ms 
4,882 K2{M1 

0,1383 KZ • AI 
01 2520 ICUJI 

1,014 JJC 
4,88 Ki!/.Me 
0,447 lizjJJC ou 
P~llHYC B Merpax 
Y KJIOH B TbiCR I{HbiX 

* 2a - coKp&meuuoe o6oaHa"eHHe renapa. reKTap paaeu 100 a paM; ap = 100 M.t 
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fliABA I! 

CMJIA T.SlfM 

6. ):{Ba npUHQHna, Ha KOTOpLIX: OCHOB8HO ynpaBJieHUe depeMeiQe· 
HHeM TeJI • .[lJIH yrrpaBJieHI1H )J.BI1JKeHHeM TeJia (11JJH CHCTeMbl TeJI), T. e., 

,llJIH llpH.Be,lleHUH ero B ,llBH.:JKeHH.e, )J.JIH H3MeH€HHH CKOpOCTI1, )J.JIH ITO)J.

,llepJK3HllSI paBHOMepHOH CIWpOCTH (r. e. )J.JIH. ypaBHOBeUlHBaHHH CHn: 

corrpOn!BJJeHHH ITJTI1), MOJKHO BOCITOJib30BaTbC51 TOJJhKO O,llHHM H3 ,llBJX 

CJie.D.JIOII{HX llpHH~HITOB: 

1) flpHJIOlKHTb BHelllHIOIO CHJIY K TeJiy. 

2) Co3.rr.arh 113 .rr.auuoro reJia H I<aKoro·HHOY.llh .!lpyroro rrO,llXOlUI

m.ero rena cHcreMy reJJ, B036y 11:11Th B eM creMe }!{eJiareJihHhre uaM suyr

peuun:e CHJibl H1 BOCUOJib30B3BIIH!Cb 3aKOHOM ,ll;BIDKeHJHI ~eurpa THlKeCTH 

Cl:ICTeMbl, rrepeMeiUaTb 003 Te.~a B IIpOTJ1BOIIOJIOlKHblX HarrpaBJieHIUIX. 

BropoA npHHUI1rr rrpnMenHercSI noqrl:l uci<niOqurenhHO .ll.JJH nepeMe

meni1H paKerhi 11 rroroMy ua3hiBaercH npuHqunoM PaKembl. PaKerhr npe.rr.

craBJJHIOT H3 CeOH CHCTeMy .U.BYX TeJJ: TeJJO paKeTb! H f33bl, o6pa3yiO

IUHeCH B Hef.i OT cropaHHH B3pb!Bll8TOfO BemeCTBa. 

ECJJH np11B€CTH paKery B T8KO€ DOJJ01K€HHe, qTQObl BhlXO)J.HOe OT

sepcrn:e t(JJH ra3oB 6hiJIO o6pameuo K 3eMJJe, rrpHsecn1 B .nei1cTBue 

arrrrapar B paKere, Bb16paCbiBaiOWHH ra3, TO DO,ll. BJIHHHHeM BHeii1H€A 

CHJ!bl, B )J.8HHOM CJJyqae- rrpHTHlKeHI151 3eMJIH,- I.J.€HTp THlKeCTH paKeThl 

uaquer yci<opeuuo na,llaTb BHI13. Ho, raK KaK 113 reJJa paKerhl 

Bb!JJeraer f331 TO npH )J.OCTaTOIJHO 60JJbWOH CKOpOCTM H 60JihlliOH Macce 

BbiJJeraroruero ra3a reJio paKerhi 6y .u.er no.u.HHMaThCH aaepx, ror.z1.a KaK 

~eHTp THJK€CTH CHCT€Mbl (T€.110 paKeTbl H BbiJieT310ll{I1H raa), 6y):(eT 113-

,ll.aTb BHI13 C 06bJqHb!M ycKopeHHeM 9,81 M/C2 (y JIOBepXHOCTH 3eMJJ11). 

,UnH ueJJei1 rpaHcnopra ua 3eMJJe s oohitiHb!X ycJIOBHSIX He rrpH

xo.nHTCH np116eraTb KO BTOpOMy, )J.OpOrOMY npHHUHny, IIOTOMY liTO 

BCer):(a MOJKHO npHJJOlKHTh BHelllHIOIO CHJJY K nepeMew.aeMOMY rrpe.u,Mery: 

BCer.lla eCTb TOtiKa OITOpbl B BH,ll.e 3eMJJH, peJibC, B011bl1 B03.llyXa. 1-'byiUHH 

tieJIOBeK OTTaJIKHBaeTl.H OT 3eMJJH H0f3MH, )J.BHlKYll.lHHCH JIOKOMOTHB 

OTT3JJKHBaeTC51 OT pem:,c )J.BHlKYW.HMH 1\0JieCaMH, a3p011JI3H OTTBJIKH

BBeTCH or B03nyxa. Ho rryrelllecrsosarh B Me~K.rr.yrrJJaueruoM rrpocrpau

CTBe, rll.e onophi Her, a BHelllHHe CHJibl aceMHpHoro raroreHHH ue Moryr 

6b!Th H3M€HHeMbl no lK€JI8HI1IO, B03MOlKHO TOJibKO DO npHHI.J.HilY paKeThi. 

B cymuocrH, Kouequo, o6a rrpHHIJ,Hrra (snelllHeii CHJJhi u pai<erbl) 

OCHOB3Hhl H3 O,llHOM H TOM lKe 3::1KOHe ):\BHJKeHHH I.J.eHTpa THlK€CTI1 (ueurpa 

M3CC) CHCTeMbl TeJI, T3K K8K H B CJJylJae ,li.BHlKJlll€fOCH no peJihC3M 

JIOKOMOTHB3 rrepeMeW€HHe JJOKOMOTHB3 He OK83b!B3eT BJJHRHl:IH Ha rre

peMeiiJ,t:HHe U€HTpa THJKeCTH (M3CCb!) CHCTeMbl TeJJ: JJOKOMOTHB H 3eMJIH. 

7. CHJihi, ~teitcTByiOlUHe B nue3Jte. 4ro6hi yrrpaBJJHTb JJ.BHlKeul1eM 

IIOe3.U.8, Ha,llO IlpliJIOlKHTb K HeMy yrrpaBJIHeMyiO 'leJJOBeKOM BH€lllHIOID 

25     
НБ

 

УД
УН
Т 

 (Д
ІІТ

)



cn:Jiy, r. e. cuJJy, ucxo.ziJIIUYJO OT nocTopOHHero noea.zr.y rena. Ha noe3.zr. 

MOfYT fteHCTBOB3Tb TOJibKO tpH po.zr.a BHeiiiHHX CHJI: 

1) cuJibl rrpHrHJKeHHH seMJIH (sec noes.na), 

2) CHJ!b!, npHJIOlKeHHhie OT peJibC K KOJieCaM rroea.ll,a, H 

3) cunbl, npuJiomeHHbre oT soaAyxa, OKpy>KaJOmero noea.zr.. 

Ha crrel.\H3JihHbiX )l{eJie3HhiX .llOporax, HarrpHMep sy6llaTh!x c Ka-
.. u u 

H3TH011 THfOH H rrpOll., KpOMe 3THX tpex pOJI.OB BHeiliHHX CHJJ1 .ll,eH-

CTBYIOT II J{pyme BHeiiiHHe CHJ!hi: CHJIB OT ay6qarofi pef:lKH Ha Be.ll,y· 

IUYID ay6li8TKY JIOKOMOTHB3, CHJia ITO K3HBTY H T. IT., HO H3 06bll1Hb!X 

JKeJie3HbiX .ll.Oporax C fJI3.ll,KHMH peJibC3MH H JIOKOMOTHBHOH (u 3JieK

rpOB03HOfi) THfOH HJIH C B3fOH3MH- C3MOXO.ll,3MH HHK3Klfe J{pyme CHJibl, 

KpOMe Tpex BbiiiieyKa33HHb!X, He MOryT OK333Th BJIHHHHH Ha .ll,BH)I{el!He 

noea.rr.a, IlOTOMY liTO 3TH ClfJib! .ll.OJI}I{Hb! HCXO.ll.HTh OT BHelliHHX TeJI, 

a C IIOe3.llOM COI1pHK3C310TCH TOJibKO .llB3 BHelliHHX TeJia: peJibCbl H 

B03JI.yX. 

Y npaBJIHTb CHJI3MH IIpHTH)I{eHHH aeMJIH Mbl He MOmeM, Y rrpa BJie· 

HHe CIIJiaM!f, npliJIO>KeHHbiMH OT B03JI.yxa, HanpiiMep C riOMOIUbiO npO· 

neJIJiepos, B 06hll1Hb!X yCJIOBHliX npaKTHlleCKH HeBhlfODHO BCJie)I.CTBHe 

MHOrHX He)l.OCT3TKOB (M3JiblH IW3cPHI:.{HeHT IIOJie3HOf0 J{eiicTBHH, M3JI3H 

ClfJia npu TporaHHII C Mecra). fl03TOMY BCe JIOKOMOTHBb! H B3rOHbi·C3MO· 

XOJI.hl 38 e,l{HHHt!HbiMH HCKJIIOlJeHHHMif C03.ll310T yrrpaBJIHeMyiO lleiiOBeKOM 

BHelliHIOlO CHJIY HMeHHO OT peJibC. 8HelliHHH CHJI3, np11JIOiKeHH3H OT 

peJibC llepe3 !IOCpeACTBO .llBHJKYW.HX KOJieC B HanpaBJiemm ABif>Kemm !IO· 

ea.zr.a, C03,li;3B8eMaSI JIOKOMOTHBOM (!iJIII llPYfOH I10B03KOH C .ll,BH}I{YllJ.IIMH 

KOJieCaMH) H ynpaBJIHeMaH lleJIOBeKOM, H33biB3eTCSI C H JI 0 H T H f H. 

CHJihl THrH eme HeJI.OCTaroquo JI.JIH ynpasJieH!fH .!lBI:DKeHaeM rroes.na, 

TaK KaK oua acer.rr.a HarrpasJJeHa a cropoHy )I,Bumemm rroea,n:a IIJIH 

pasHa HyJ!Io; HymHa eme ynpasJIHeMaH lleJioseKOM BHelliHfiH cuJJa, 

HanpaBJleHH3H B CTOpoHy, npOT!iBOITOJIOJKHyJO .ll.BH>KeHHIO DOe3J{3. 3ra 

CHJI3 H33b!BaeTCSI T 0 p M 0 3 H 0 H C H JI 0 H !IOe3JI,a. 0Ha npHKJiaJI,bl· 

sa eTCH OT peJihC qepe3 DOCpe,n;CTBO HeKOTOpb!X (HJIH BCeX) KOJieC 

noes.zr;a. 

Bee OCTaJibHbie BHeliiHHe CHJibl, .llefiCTBYIDIUHe Ha ITOe3.ll. B HarrpaB

.'JeHHH, o6paTHOM era .llBH}I{eHHID, HJIH B HanpaBJieHHif ero .ll,BHiKeHHH, 

He 3aBHCHIII;Ife OT BOJIH lJeJIOBeKa, ynpaBJIHlOW.eiO ITOe3.llOM1 H33blB310TCH 

C 0 II p 0 T H B Jl e H H H M H', a CYMMa HX- C 0 II p 0 T 11 B II e H HeM IT 0-

e 3 .zr. a. CHJibr conporHBJieHI:ISI nplfJiomeHbl or peJibC (llepe3 nocpellCTBO 

KOJieC noe3.ll,3) H OT B03Ayxa; COCT3BJ!SIIOJU3SI CHJ!hl THJKeCTH Ha HanpaB· 

Jiemre, o6paTHoe .ll,BHJKeHHJO IIoesJI,a, ecrh raKJKe CHJia corrporHBJleHHH. 

CJie.llyer eme paa nOJ{llepKHYTh, liTO: 

1) l1a BHeiiiHHX CHJI, B CHJIY THrH, B C0!1p0TifBJieHIIe H B TOpM03HYID 

ClfJIY BKJIIOli310TCH TOJibKO COCTBBJIHIOW.He CHJl, .ll,eHCTBYIOIUHe B HanpaB

JieHIIH .llBif)l{eH!Ul ITOe3A3, HJIH B HarrpasJieHHH, IIpOTHBOIIOJ!O>KHOM ,l{BH· 

JKeHHJO rroe3)I.a; COCT3BJIHKHUIIe )!(e BHeWHHX CHJI, .zr.efiCTBYIDII.LHe nepneH· 

)lHKYJIHpHO K Harrp3BJieHHIO .ll.BHJKeHHH noe3.ll3, He OK33b!B310T BJ!lU!HHH 

ua ero .zr.sumeHHe. 

2) BHyrpeHHHe cn:nhl, .lleM:crsyiDW.He s noe3.ne, ypasuoselliHBaJOrca 

MemAy co6o10 H He oKa3b!BaJOr BJIHHHHH Ha nepeMememte l\eHrpa TH· 

)l{eCTH noe3lla. 

8, flpOUCXO)I(~CHHC CHJILI TflTU H TO'IJK8 ee DpHJIO)I(CHHfl. JlOKOMOTHBbl 

H BCe rrpOl!He !IOB03KH C J{BHlKJill.HMI{ KOJieCaMH (aBTOMOTpHCCbl, aBTO· 
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M06UJHI1 BeJIOCHII€)lhl H T. II.) C03)1;310T H€KOT0pb!e BHyrpeiiHiie I13pbi 

CHJI (aparuaiOruHe MOMeHThi) ,ll,Byx pO.llOB: 

] ) crpeM1IlUH€CH Bp3I.U3Tb ,ll,BM)!{Yll.lHe KOJieca OTHOCHTeJibHO p3Mbl H 

2) crpeM51IUHeC51 Bp3I.U3Tb paMy OTHOCIIT€JJbHO KOJieC. 

MOME'HT paBHO)lellCTBY!OI.Ueti nap CMJI rrepsoro pO)la paBeH MOMeHTY 

p3BHO)l€llCTBYIOlllell nap CHJI BTOporo po,11,a H H3IIp3BJleH B o6paTHYIO 

CTOpOHY• 

HMlKe .lf.Jill rrpnMepa paso6paHo npoHCXOiK,ll.eHMe 9THX Bparu;aiOmux 

MOMeHTOB B II3pOB03€. 

Ha qmr. 1 cxeMarHqecKH H3o6paiKeH .li.Bii)!{YIUHH MexaHH3M MalllRHLI 

napoao3a. nap .n.asHr Ha nopllleHh cnpaaa, pasHo.n.eiicrsy!OIUall :noro 

.n.asJieHHSI 11306pa}!{eHa CHJIOH AB. nap ,!1.3BHT Ha IJ,HJIHH)lp " ero rrepe,ll,

HIOIO Kpblllli<Y C T3KOfi iKe paBHO)leHCTBYIOIUetl ClfJJOfi A1B1, HarrpaB· 

JieHHOR a o6parHyiO cropoHy. 

CHJia AB ITO lllTOKY nepe,llaeTCH Ha B3JJIIK Kpeil:IJ,KOIII:jla. nepeHOCIIM 

ee ITO JIHHHH ee ,ll,€HCTBI151 B II,€HTp KpeHIJ,KOII¢a H pa3JiaraeM Ha CHJIY 

A2 C no ae,ll,yiUeMy .lf.b!UJJIY (waryHy) H Ha CHJIY A2D nepneH.lf.IIKYJJllpHD 

IIJIOCKOCTH napaJIJie

JIH. CHJIY A2 C rrepe

HOCHM IIO JIIIHIIH ee 

.ll€HCTBHH B l.{eHrp 

IIBJibl.{3 KpMBOWHII3. 

noJiyiJaeM BMeCTO CH· B,. 

Jib! A2C CHJIY A3C1. 

TaK K3K CHJia A3C1 
rrpHJIO}!{eHa K KOJiecy, 

TO .llJill BblllCHeHHH ee 
u 

.lleHCTBHH n pHJIO}!{HM ~Hr. 1. Cll.nbl a .I\BiilKJ~eM MexaHM3Me naposo3a. 
K OCH KOJieca ,ll,Be 

CMJihi A4C2 H A4C3, paBHhie CHJie A3C1, napanJieJibHhie e~ H Hanpa· 

BJieHHbJe B npOTHBOflOJIO)!{Hhie cropOHhi. TioJiylJ3eM BMecro CHJibl A3C1 
CMJIY A4C2 H napy CHJI (A 3C1, A4C3). Pa3JIOlKHM TOJibKO liTO no.Jiy· 

lJeHHYIO CHJIY A4 c2 Ha .llBe COCT3BJISIIOUUiX: CHJIY A4Ba. napaJIJieJibHYIO 

cRJie A 1B1, H CMJIY A4D11 napaJIJieJibHYIO cnJie A2D. 
B pesyJibrare acex npeo6paaoBaHHif, BMecro .n.aaJieHHH napa B U:R· 

nJ.:!H we Mbl llOJIYlJHJJH: 1) CIMY A1Bl! nepe)l310IUYIOC51 IJepe3 Kpb!UJKY 

UHJJHHn.py " .llaJiee paMe napososa; 2) CHJIY A 2D, rrepe,llaromyrocH IJepe3 

napaJIJieJib paMe napososa; 3) napy CHJI (A 3 C1, A4 C3), .n;eucTayrom;yiO 

Ha KOJieco; 4) CIIJIY A4 B3, nepe)la!OIII,YIOCH qepe3 6yKcy Ha paMy; 5) CHJIY 

A4 Dll ,ll,eMCTBYIOIUYIO Ha KOJJeco. CHJibl }!{e AB, A2 B2, A2 c H A4 c2 
u 

Mhl 33MeHHJIH .llPYrHMH, paBH03Hi.FlHbiMH .HM llO .n;eHCTBHIO Ha napOB03, 

H OHH ,li;JIH HaC OTII3JIM. 

Pa36epeM ,ll,eHCTBlfe OCT3BlllliXCH IJeTblpex CHJI H napbl CHJI. 

CHJihl A1 B1 11 A4 B3, KaK aro CJie,ll,yeT H3 acex HalllHX rrocrpoeHHif, 

paBHhl ME'iK,ll,y co60M H HarrpaBJJeHbl IIO O.!I.HOH JIHHHH (eCJIH OCb l.{HJIHH· 

.n;pa nepeceKaeT OCb KOJieca) B pa3Hhle ~TOpOHbl. A T3K K3K 3TH )lBe CHJlbl 

nepe.naJOTCR H3 O)lHO Jii TO }!{e TeJio-paMy, TO OHM ypaBHOBelllHB310TCH, 

IIblT3~Cb OTOpB3Tb JJ.H.llHH,ll;p OT pa.Mbl, paCT51fHB351 paMy H IIpHMHM3H 

llleHI<Y OC!l K 6yKce, a 6yKCY- K paMe B ropH30HT3JlhHOM HarrpaBJieHMll 

(eCJIH OCb UHJIHH,llpa- rOpH30HT3JibH3). 3a BpeMSI IIOJIHOfO o6opora 

KOJieCa 9TH CHJibi OCT3IOTCli ypaBHOBellleHHblMH .Me}!{)ly C060if, HO BeJIJI· 
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4HH3 M H3llp3BJieHHe HX MeHHIOTCH. npH rrepe,lLHeM XO,lLe II3p0B033 If 

}IIDKHeM ITOJIO){{eHHH II3JlhU3 KpHBOlli!Ill3 paMa paCT.!Ir!IB3eTCSlj IIpH Bepx
HeM llOJIOJKeHHH !I3JihU3 paMa CJKliMaeTC5I; OKOJIO MepTBblX IIOJIOJKeHHH 
cHna no paMe nporra.ILaer. 

nepexO.UIIM K rperbeti CI'IJie, A4 Dl. ECJIII Obi napoB03 He HMeJJ pee
cop, ro sra CHJia A4 Di cocraaHna 6bi rrapy c pasHOH eti CHJ!Oti A2 D 
(paaeHCTBO 3THX CHJI BH.UHO H3 paseHCTB3 rpeyrOJibHHKOB A2 8 2 C H 
A4 c2 Dl); MOMeHT .9TOR napbl paseH MOMeHTY napbl CHJI (A3 Cv A<l CJ) 
H HanpaBJieH B o6paTHyEO CTOpOHJ (paBeHCTBO 9Tf!X MOMeHTOB nerKO 
,n:oKa3arb H3 rro.uo5Iui TpeyroJihHHr{a A2 82 C rpeyrOJibHHKY c aeprnH
H3MH B A2, s A4 u a TOl!Ke rrepecelleHHll rreprreH.ILHKYJHipa H3 A4 Ha 
JIHHHEO A2 A3 c JIHHHeii A2 A3);' 9TOT MOMeHr crpeMHJICH 6hr rrosepHyrh 
rrapOB03 BOKJlyr era rOpH30HT3JihHOH nonepeliHOfi OCH ll Harpy3HJI Obi 
33.1LHHe ocH 3a cqer pa3rpy3KII nepe.ILHHX. Ho raK KaK cwna A4 D1 
.n:ell:cTsyeT Ha aeJLYlli,YJO ocb, a CHna A2 D ,rr.ell:cTayer Ha paMy, a paM a 
H OCb CBSI33Hbl noc:pe.ILCTBOM peccop, TO ,lLeHCTBfle K3JK,lLO:it H3 9THX 
JLByx CHJI H3.1LO paccMarpwaarh oueJibHO. CHna A4 D1 rrepe.ILaeTCll KO
necoM Henocpe,rr.crseHHD Ha penhc, yseJifll!Jmaer JL3BJieHH:e Ha peJihC 
se.ILyru;ero Koneca H ypaaHoaewrmaerc~ o6 parHbiM .ILas.rreHweM penhca 
Ha I{QJieCO. 3ra CHJJ3 TeM 60JibWe,. l!eM MeHhllie OTHOWeHHe J!,JIIIHbl 
seJJ.ymero .D.biWJia K PMHycy KPHBOWIIna. npH nepeJJ.HeM xol(e rrapo
B03a CHJia A4 D1 scer.n:a HanpasJJeHa BHH3, HD MeHllerc~ or HaH60JJblliero 
CBOero 3Hal!eHHH npH HlfJKHeM If sepxHeM IIOJIO}I{eHH;HX Kp!IBO ll1HII3 )1;0 
HYJISI rrp11 MepTBhiX rroJio>KeHHHX, ecJIH ocb l{HJIHH.a;pa ropwaoHraJJbHa. 
EcJIH JKe OCb UliJIHHJJ.pa H3KJIOHH3, TO CHJia A4 D1 60JibWe H He HC
lle3aer npH MepTBbiX ·ITOJIOJKeHHliX. 

nepexO.D,fiM K qerseproii CHJJe Az D. 0Ha nepe,lLaeTCH Ha paMy; T3K 
KaK paMa, KOTeJI H ace HaJJ.peccopHoe crpoeHHe rrpe.ILcraBJJfiiOT OJJ.HO 
JKecrKoe u:eJJoe, a JIHHHll JJ.eitcrsHSI CHJibi A2 D He npoxOJLHT qepe3 ueHrp 
TH>KeCTH ero, TO K l{eHrpy T~IKeCTH H3,llpeCCOpHOf0 CTpOeHfiSI rrpHJIO>KfiM 
.ILBe CHJJbJ: A5 D~ H A5 D3, pasHhle CHJie A2 D, napanJieJJhHhie ei1 11 Ha
npasneHHble B pa3Hble CTOpOHbl, lJTOObl He B.IL3BaTbCH B paCCMOrpeHHe 
JJ.3JibHeHWHX BHyrpeHHIIX rrapa3HTHbiX CHJI B rrapOD03e, npe,lLITOJiaraeM, 
liTO l{eHrp TH>KeCTH H3XO.UHTCll K3K pa3 H3.U Be.U.Y!Uefi OCbiO. Oo.rryqaeM 
rrapy CHJI (A 2 D, A5 D2) H CHJIY A5 D3• CHJia A5 D3 rrpH flOJLHHMeT see 
aa,apeccopHoe crpoeun:e naposoaa H pa3rpy3Hr ace peccopbr; TaK KaK 
ara CHJia A5 D3 pasHa CHJie A4 D1, TO o6rnHfi sec rraposo3a He H3Me
HHTCH, a TOJibKO 33 ClleT yseJIHl!eHHll ,lL3BJJeHlUI H3 peJibC Be.Uyru;ero 
KOJieca CHJIOH A4 ,01 yMeHblli3TCH ,11;3BJieHH51 Ha peJibC acex KOJiec CHJIOH 
As Da. napa CHJI (A2 D, As D2) rrpDH3Be.ILeT .!LBOfiHoe ,n:eticrsne: BO· rrep
BbiX, OHa uarpy3HT peccopb!JLpyroti: cropOHbi rraposo3a 33 c11er pa3rpy3KH 
peccop Toti cropoHbi, c Koropoti Mhi cetiqac HMeeM .ILeJio, BO·BTOpbiX, 
oHa HarpyaHr 3a.rr,uae peccopbr 33 cqer nepe.ILHHX. 

HraK, ocTaJIHCb .ILBe napbi cnJI: (A 2 D, A5 D2), rrpHJIOJKeHHaH K paMe 
napOB033, H (A3 ch A, Cs), rrpHJIOJKeHH3H K ,llBHJKymeti OCH. MoMeHnl 
3THX nap paBHhi H Hanpas.rreHbi B pa3Hhre cropoubr. 

3TH ,11Be paBHble H H311paa,1eHHb!e B IIpOTHBO!IOJIOlKHbie CTOpOHbl 
napbl CHJI MDryr 6blTb JierKO Hatit~,eHbl B JIJOOOti 110B03Ke C .D,BH>KY!UHMH 
OCliMH. Hau6onee 9JieMeHTapHb1 OHH B 9JieKTpOB03e C MOT0p3MH, He
nocpe,llCTBeHHO HaCa>KeHHbiMH Ha OCH KOJJec; 3.UeCb HeT HHK3KHX no60ll· 
Hb!X CHJI HJIH nap, KpDMe nap, CtpeMH!UHXCH Bpamarh .!LBH>KY!UHe K0-
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JieC.a OTHOCHTeJihHO paM hi, rrpHJIO>KeHHhiX OT CT3TOpOB K pOTOpaM, H 

paBHh!X HM nap, CTpeMHII.I.HXCH BpamaTh paMy OTHOC.HreJibHO .llBH:ll<ylUHX 

KOJiec 11 rrpHJIO}I{eHHhiX or poropoEI K craropaM. 

B HOpMaJibHbiX ycJIOBifl1X pa6orbi JIOKOMOTHBa, ormparoru.erocH KO· 

JieCaMH Ha peJibCbi, rrpHJIO>KeHHbie OT pa~lbl K ,1I,BH)I(YIIJ.IIM KOJieCaM rrapbl 

CHJI, He 6y .llY'IH B COCTOHHHH apamaTb KOJieca BOKpyr IIX OCeH BCJien:

CTBHe ropH30Hr3JihHOrO rrpOTHBO.lleHCTBffH peJibC, spall(310T HX OKOJJO 

MfHOBeHHbiX UeHTpOB B T011K3X K3C3Hif5! KOJieC C peJJhC3MH, C 0 31( a B a Sl 

.UBH}I{Ylll.YIO CHJIY A4 F (¢Hr. 2), rrpHJIOJKeHHYIO or 6yKc K 

p a M e JI 0 K 0 M 0 T H B a. 
B roqKax KacaHHH KOJiec c peJihCaMH OK33b!B3IOTCH npHJIO>KeHHhlMH, 

KpOMe CHJibl TH}I{eCrH H paBHOfi eH: sepTHK3JibHOH pe3KLIHH peJibC (sep· 

THKaJibHbiH YITO p ), r 0 p If 3 0 H T a JI h H a H C If Jl a 0F1 I< peJihCY or 1<0 • 

JieCa If paBH3SI eti IIO 3aKOHY .ll,eficrBHH If rrpOTHBO.l{eHCTilHSI r 0 p H· 

30HTaJibHall CHJia (peaKI.FIR) OF2 or per.hca Ha KOJieco (ro 
p1I30HT3Jib HhiH yrrop • CIIJia OF1 pas11a CHJie A4P, raK KaK 3TH .llBe 

CIIJibl B Cyll(HOCTH COCT3BJI5110r ITapy CHJI, 33MeHHIOII(YIO napy (A3 C,, 
A4 C3) (I!JHr. 1); MOMeHT CHJihi A4F OrHOCHTeJibHO 

MrHoseHHOro ueurpa BpameHHH O,A 4 F x D :2 
paaeH MOMeHry naphi CHJI (A3 C1, A4 C3). CIIJibi OF1 
H OF2, pasHbre H uanpasJieHHble a pa3Hble cropo

Hbi, KOHeqHQ, He YHHl!TO>KaiOr .11.pyr .11.pyra, T3K 

K3K ITpHJIOlKeHbl K ]J33Hh!M TeJiaM (peJibCY If KOJie· 

cy), XOTH H B O,UHOH TOIJKe. 

fopH30HTaJibHYIO peaKUHIO OF2, rrpHJIO>KeHHYIO 

OT peJibC K KOJieCaM, paBHYIO .li.BHlKJII(eH CHJie, 

IIpHJJO}I{eHHOH Or 6yKc K paMe, Mbl H33biB3eM 

C H JI 0 ti T Sl r H H a 0 6 0 ,U e, He ITOTOMy, liTO 3T3 

CHJia TfiHeT JIOKOMOTHB Brrepell (OHa KOHe 1lHO He 

~ 
.-----

I 
' I 

CI'Hr. 2 n OJJJ'IeHKe 
CH!Jbl TRrK. 

THHer K3K CHJia I13CCHBH3l-t), a IIOTOMY, 'ITO OHa SIBJIHeTCH HBHO BHel.ll· 

Heti ITO OT!fOI.lleHHIO KO BCeMy JIOKOMOTHBY ITepsonpH'IHHOll: B03HHKHO

BeHiill .li.BHlKYlll.eH CHJ!h!. 

CHJia A4P ecTh ra aKTHBHaH BHeWHHil cuJia, r<oropaH .li.BH}I{er JJOKo· 

MOTHB, HO, paCCM3Tp1IB3H ee K3K BHeiiiHIOIO CHJiy, Mbl .D;OJI}I{Hbl pac

CMaTpHB3rh .llBHlKYUJ;He KOJJeca, K3K BHeiiiHHe 110 OTHOWeHHIO K JIOKO

MOTHBY reJia, CBH33HHble C peJibCaMH. 

ECJIH KOJieca CYTh BHeUIHHe ITO OTHOilleHIIIO K JIOKOMOTHBY TeJia, 
• u 

TO H 011p0KH,Uh!B310UJ;ffl1 MOMeKT, rrpHJIOlKeHHbll1 OT HHX K paMe JIOKO· 
u u u 

MOH!B3, llBJIHeTCH BHeiiiHeH rrapOH, rreperpy}l{310illeH 33.1l,HHe KOJieCa 3a 

C'leT rrepeAHHX. 3TOT OI1pOKH.1I.biB310lUIIH MOMeHr ITO a6COJIIOrHOH BeJIH

qHHe paBeH MOMeHTY .!I.BHIKyw;et'J CIIJibl, T. e • .!I.BillKYIUeti Cl1JJe (CHJie 

THrH), YMHO}I{eHHOH H3 pa.llHYC KOJieca. TaK K3K ABH}I{YIU3H CI:IJI3 (rrpH

JIO}I{eHH3SI K OCHM KOJiec) COCT3BJIHeT C CI:IJIOH H3 KpiOKe (HJIII B Clly

qae rraposo3a c reH,nepoM-c CHJIOH no cuerrHOMY rrplloopy MelK.UY 

I13pOB030M If TeHllepoM) .1J.063B04HbiH MOMeHT, TO cyMMapHbiH MOMeHT, 

neperpylKaiOw;Hfi 33.llHHe Koneca 33 cqer rrepe.llHHX, paaeH .llBH}I{yu{eti 

or.11e, YMHOJKeHHOH Ha paccrOHHJ{e or KpiOKa ( cueiTHoro np116opa Me>KJI.Y 

rrapoBo30M H reH,nepoM) .!1.0 peJihca no aeprHKaJIH. 

Tor >Ke pe3yJihrar Mhi noJiyqaeM, paccMarpHBaH ropH3ouranbHYIO 

peaKUHIO peJihC3, K3K BHelllHIOIO CHJiy, )IBH}I{YlUYIO JIOKOMOTHB, HO 

II 3TOM C.Jiyqae MOMeHT, npiiJIO>KeHHh!H or ocefi K paMe, Mhl )J,OmKHbl 
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cqHrar h sayrpeHHei1 na poll, He OKU3biB3IOlll.eii BJJH.!IHMH Ha pacrr pe.n.eneHHe 

Harpy3KII Ha OCH. 
,UeifCTBHTe,1bHO, ,n.BH)I{ylll,aH CHJI3 OT OCI1 Ha paMy (KOTOpaa B STOM 

cnyqae HBJI5IeTC71 BHyrpeHHeti CHJIOH), CKJI3,ll,blB3HCb C MOMeHTOM, npHJIO
JHeHHbiM or oceti K paMe, .n.aer CHJIY or peJihCa Ha KOJteco (or.!ly THrH). 

¢'Hr. 3. PasHOBecne CIIJI B IIOKOMDTHBe. 

Cne.n.oaareJibHO, ra et!Jla, IWTO
PY!O Mhl aaswaaeM CHJJOfi ram: 
Ha o6o.n.e, 3aMeHHeT co6o10 cyM
MapHoe ,LI,eHCTBHe )lBHlliyw,eii 
CHJibi H onpOKH.UhiBaiO!llero MO
MeHT3 OT Oceti K paMe, ll03BOJUIH 
paCCM3ipHB8Tb JIOKOMOTMB C ere 
KOJieC3MH K8K O,n.HO UeJIOe, 

.Uoi'3}KeM eme npocrhiM cno
co6oM pP3JihHOCTb CHJ!bl T.!lfH 
OF3 Ha o6o,LI,e .UBH)I{Yil.UIX KOJiec. 
Ope,LI,craaHM ceoe noes.n. ua nJIO

ma.n.Ke, JI.BHiKYlli,HfiCH c paaHoMepHoif cKopocThiO. K J{p!oKy JIOKOMOTHBa 
OT COCT3Ba rrpHJIOJKeHa ropH30HT3JibH351 CI1JI3 01 F3 (qJHr. 3), KOTOpyio Mbl 

HSMepHeM .n.nHaMoMerpoM. CnJia THJKecn1 H ypastwaenmsa!OmHe ee aepru· 
K3JibHble pe3KUHH peJJhCOB .li,JIH .SICHOCTH 
He H306pameHbl. n pe.n.craBHM ce6e, lJTO I?..-....-....-..,.--...,.--...,...--..,.--~ 
Mhi HHllero He 3HaeM o6 ycrpoticrse 
JIOKOMOTHBa, KpOMe TOfO, lJTO OH K3Ca· 
eTCH TOJ!bKO peJJbC B Hei<OTOpb!X TOtiKaX 
A,B ... ll CBH38H C C0CT8BOM B TOlfKe 01• 

TaK KaK JIOKOMOTHB .n.snJKercH pasHo
MepHo, TO see saelllHHe CHJiw, tJ.eticrsy
IOl..UHe Ha Hero, ypaBHOBelllHB310TCH. 
BHelllHlOK> CHJIY 01 f 3 MO.lKHO ypaBHO- 80001-if--4--1-1~ ----ff--+-1-

secHTb TOJibiW cHJJOii AF2 11 napoti CHJI 
(AC, BD), npHJIOJKeHHbJMH or peJihC, 
rrpH4eM CHJia AF 2 cJJaraercH M3 CHJI, 
npHJIQ>KeHHhiX B TO!JK8X K3C3HHH, 11 

pasHa no aeJIH'mHe CHJJe 01 f 3 (ecJin 
rrpeHe6pe% corrporHBJJeHHeM B03JJ,yxa 
H rpeHHHMH), a MOMeHT rrapbi CHJI (AC1, 

BD) paseH rro BeJJHIJHHe MOMeHry napw ?ooo 
CJM (01F3, AF2). CJie.uosareJJbHO, CHJia 
0f2 (cjJHr. 2), T. e. CHJia TllrH, npHJIO· 0 H-
JK€HH3H OT peJibC I< J<OJiecy, rrapaJIJieJibHO 
peJJbcy, peaJihHO cymecrsyer. 

PeaJibHOCTh cymeCTBOBaHMH CHJI OF1 
( QJ11f, 2), rrpHJIOJKeHHhiX OT KOJieC K 

peJihCaM s cropoHy, o6parHyro .llBHJKe
HH!O JJOKOM0THB31 elll,e 6onee OIJeBH,ll,· 

ll>nr. 4. M3Mene~ne Cllllbl rnrH 
aa o6opor Koneca. 

Ha. Pe3yJibT3T HX .LJ.eHCTBHH-yrOHbl peJJbC H3 ITO.ll'beMaX (I<Or.LI.a CHJibl 
OF1 ocu6eHHO BeJJHKH) B cropoHy, o6parHyJO .llBHJKeHHJO noe3.n.a. Y:ro 
n:acaeTCH yrOHOB peJibC Ha cnyCKaX, TO OHH llpOHCXOtJ,HT ITO .D.BHIKeHHK> 
!TOe3.LI.OB H HBJIH!OTCH pe3yJibT8TOM npOTHBO,LJ.efiCTB.HH peJibC TOpM03-
HbiM CH,IJaM. 
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CyMMa CHJI OF2, npuJioiKeHHhiX or peJihC KO seeM ,usH>KJll.(MM KO· 
,necaM JIOKOMOTMBa, Ha3biBaeTC51 M.2H06eHHblM. 3HalleHUeM. CU/!bl lnJZZU,-MrHO· 
seHHhiM noroMy, qro sa o6opor KOJieca aTa cyMMa CIIJI OF2 uerrpe· 
pb!BHO MemieTCH. 

9. CHJJa THfll l\aK cpe){H1111 BeJiulfuua MruoaenuhiX sua\feHHH ee 3a 
ooopor ){BH)I(YlltHX I(OJiec. Ha cpl:lr. 4 npe,LI.CTaBJieHO ,LI.J!ll npHMepa H3Me· 
HeHHe MrHQBeHHblX 3H31!:emdl CHJibl Tl!rH JWI !IOJIHOfO 06opora )J,BH· 

>KyiUHX KOJieC napoB03a THITa 0-4-Q cepiiM bl'1 IIpH BIIOJIHe OTKpb!TOM 
perymiTope, orce~~:Ke 0,6 a 1.\HJIHH,llpe BbiCOimro )laBJieHHH (U. B. )l.) 
H CKOpOCTH 9 KM{'l. ITo a6CUHCC3M OTJ!O>KeH yroJI IIOBOpora KpHBOUHJ:f!a 
U. B. .rr.. or rrepe.rr.Hero Meprsoro rrOJIO>KeHJ1fl no ~~:acosoil: crpeJIKe, a 
riO opaHuaraM-MrHoseHHble 3Ha'IeHHH CHJibl nrrH. TouKn:e Kpwshle
auaqeHMll cuJJhi rHnr no or.rr.eJibHOCTH U. B. ll. 11 U. H . .IJ.., a roncraH
aHaqeuHll CJMMapHOH CHJ!bl Tllfll 060HX 1.\HJIHHl!.pOB. 

PeSKHe KOJie6aHHll CHJ!bl T51rH )l.BHiKJIU11X KOJiec Ka)!{,llOtt H3 P.BYX 
CrOpOH rrapOB033, llBJ15110TCH O,!!;HOH HS I1pH'!HH BHJISIHHll napOB033, 3 
cyMMapHbie CrJia>KeHHb!e KOJie6aHIH1 CHJibl THH 1-l:Bli)KYIILHX KOJieC o6eHX 
cropou napoao3a, ae)l.er K rro,n;epmsaHHIO rraposo3a. 3m 3aMeTHhle 
IWJie6aHHll BeJIH'!HHbl CHJibl TSirH 38 06opor l!.BH>KYW:HX Konec, He Be,llyT 
Sa C060H saMeTHb!X KOJle6aHHH CKOpOCTH noes)l.a, 60Jiblli3SI MaCca KO· 
roporo nor Jiomaer H36brTKI1 CWJihl rflrH O'leHb M3JibiM npHparn.eHHeM 
CKOpOCTH H O'leHb M8Jib!M yMeHbWeHHeM CKOpOCHI OTBelJ3eT Ha He,UO· 
crarKn CHJihl THrll aa o6opor KOJieca, BcJJe.llctsue sroro noes.rr. se.rr.er 
ce6st raK. KaK 6yaro K ueMy rrpHJIOiKeua HeKoropaH cpenHHH rroCTO· 
SIHHaR sa o6opor Ko.rreca cuJia rllrH, pa6ora Koropott sa o6opor 
KOJieca pasua pa6ore MnroseHHbiX sHalfeHHH ee 3a ror :lKe o6opor. 3ra 
cpe,LI.HHH sa 060p0r lWJJeCa CHJI8 HaShiBaeTCll CHJJOH TllfH JIOKOMOTHB8. 
0Ha H306pa>KeHa Ha ¢'nr. 4 JIHHHeil: C Ha!I.IIHChiO f 1,, COOTBeTCTByet 
CHJie 9 750 K~ H npoBel!.eHa TflK, 'ITO CYMMa H36b!TKOB (3alllTpHXOB3HHblX 
B OJl.HY cropoHy), pasHa CJMMe He)l.OCT8TKOB (3aWrpHXOB8HHblX B ,11;py· 
ry10 cropoHy). 

10. Pasnuttuble nou.Rrun o cune r11rn. MexaHHI!:ecKaSI pa6ora )!;Jill 
nepe.QBHlKeHHH rroe3aa cos,uaercH B naposhlx 1.\ u JI H H .Q pax napososa 
HJIH B UHJIHH,upax BHyrpeHHero cropaHHH renJiososa, HJIH ua sanax 
MOTOpOB 8JieK1 p0B038. illaryHHO-Kpl:IBOIIIHIIHhiU ( )l.BH)!{ ym.uii:) MeX3HI13M 
HJIH crrapHB310W:Hi-t MeXaHH3M, HJIH 3y61!:3T35! nepe)l3L[8, HJIH HHOH rre· 
peaaro'IHbiti MexaHM3M-nepe,n;aer =>ry pa6ory c HeKorophiMH norepSJMH 
.IT. B H }I{ y ~11M 0 C H M H C ITOMOW.b!O peJihC .QeJiaer ee BHelliHeH pa60TOH, 
cnoco6Hofi rrepeMemarb rroes.n:. 4acrb aroli pa6orhr pa:cxo,LI.yercH Ha 
rrepeMemeune caMoro JIOKOMOrwsa, a ocraroK rrepe,uaercH ua K p 10 I< 

HJIH 6ycpepa ( CUeiiKy) 6JlH)!{8tiWero K JIOKOMOTHBY BaroHa. 

B cooraeTCTBHH c aTHMH rpeMSI ocuosHbiMH nocJie,l(osareJibHbiMH 
CT3)1IHIMH nepe,n:ai!:H MeX3HH'IeCKOti pa60Tbl (UHJIHH,llpbl, peJibCbl, KpiOK), 
pa3JIHIJ3KlTC!l TpH IIOHflT.IHI 0 CHJie Tllf.lf (a raK)!{e 0 pa6ore H MOlll
HOCTH) JIOKOMOTHBa: 

1) HHllWKaTOpHall CHJia T5Irfi, HJIH CHJia THflf ua· BaJiy MOTOpa F,, 
2) K3C8TeJibHaH CHJI8 THrH Fk H 
3) CHJia TllrH Ha KpEOKe (no cu;errKe) F,,.. 
OpH pacqere y.llOOHee scero rroJibsosarbCH CHJiotl rHm F11, 4TO HH>Ke 

5y.n.er IIOHCHeHO. 

31 
    
НБ

 

УД
УН
Т 

 (Д
ІІТ

)



11. J1H.rtHJ<aropHa11 CHJia T.RfH F 
1

• Pa6ora, pasimsaeMaH rrapoM s 
UHJJHHJI:pax napOB033 HJIH TeTIJJOB033, H33biB3eTCH 11H.lUIK3TOpHOH pa60· 
TOH, noTOMY I.JTO 3a O.llHH 06opor JlBH)J{YlllHX IWJ!eC OHa H3MepHeTCSI 
HeTIOCpe.llCTBeHHO flO cyMMe fiJIOIU3.lleJ:I HH.llHK3TOpHblX .ll.H3fp3MM. 1-h· 
BeCTHO, I.JTO pa60T3 H3MepHeTC51 npOH3Be,ll,eHHeM .ll.efiCTBYEOIUeH CHJibl 

,, •• u 

Ha nyTh, npOH.ll.eHHbll1 TOl!KOH np11JI01KeHH51 CMJ!bl B HanpaBJJeHHM ee 
.rr.efiCTBMH. f109TOMy, eCJJH p33tl,e.li[!Tb pa6ory napa BO scex UlfJIHH.ll.
pax naposo3a 3a O.llHH o6opor .ll.BH}!{YIUHX KOJiec Ha nyrb, npoii.nen
Hblfi riOplllHeM, T. e. Ha 2/ (.ll.EOUHOH XO.ll. nopiiiHH), TO fiOJIYl!HM 
cpe.lJ.HlOIO cyMM3pHyiD CHJIY 11.3BJieHIUI napa Ha nOplllHH. Ho He ara CHJia 

u 0 

H33b!B3eTCll HH)J,HK3TOpHOH CHJIOH Hlri1, a CHJI3 MeHbll13H B OTHOille· 
HIIH nD: 2[, nyTb }!{e ~lTOM CHJ!bl 33 OoOpOT JlBH}!{Ylli.HX KOJieC npHHH· 
MaeTCH He 2[, a 60.7JblllHH B TOM }!{e OTHOIIIeHHH, T. e. 'ltD (OKppKHOCTb 
.nsu}!{ymero KOJieca ). OlleBHJI:HO, or TaKOH aaMeHbl aeJIWIHHa pa6orhl 
He H3MeHIHCH. l1Hal!e fOBOpll, np11HHM3eTCSI, liTO 11 H .L( 1i KaT 0 pH a H 
p a 0 0 T a If H H .L( 11 K a T 0 p H a 5I M 0 IU H 0 C T b p a 3 B 1i B a 10 T CSI H e B 
U H .JUI H .D. p 3 X, a H a 0 6 0 .ll. 8 X 1l B H >K y 1U H X K 0 Jl e C, H 0 6 e 3 n 0-

T e p b B 11. B H }!{ y lU e M M e X a H l1 3 M e n p II 3 T 0 ll IT e p e 11. a 1.[ e p a-
0 orb!. C.D.eJiaHo oro .L(JIH roro, IIT06bi nyrh, rrpoxo.niHfbiH CMJIO:ti Tllfli, 
6b!JI paseH nyrH, npoxo.nHMOMY noeano~1, no aHaJJomH c .npyrHMif 
ll.QHSITHHMH 0 CHJie THfH H ,UJI!I Y.ll06CTB3 pacl!eTOB. 

CJienooareJibHO, HH.ll.MI<aTopHan CHJJa THrM F; eCTb cuJia ifjw{mUeHall 
npHJIO}!{eHH3H OT peJibC l< .L(Blf)!(YW,HM J<O,leCaM, Onpe.neJIHeMaH H3 
TOfO YCJIOBHSI, liTO ee pa6ora 33 OJJ.HH 060pOT .L(BH}!{YlUHX KOJieC 
F11tD paBHHercH pa6ore napa HJIH ra3a B UHJJHH.upax .ll.BHrareJIH JIOKO· 
MOTHBa sa TOT }!{e o6opor, no WHll,MKaropHbiM .zmarpaMMaM. 

12. l{acarenbHan cHrra rnm F". Ta pa6ora, Koropall s .D.efiCTBH· 
TeJibHOCTH .II.OXO.ll.MT OT UHJHIH.ll.pOB 11.0 .L(Ill1}!{YW.HX IWJiec, T. e. 3l 
BbJlieTOM pa6oTbl conporHBJieHHil B )J.Blf)J{YIUeM 11 napopacnpeneJJMTeJib· 
HOM MeXaHH3M3X, Ha3biB3eTCH ICGCan!CAbi-/OU pa60n10U HJJH deiicm6Un1C.!lb
t-lOiJ. pa6omoii fla o6oiJe iJeUJI.C}'UfUX KoAec. CnJia, npoH3BD.llllili.8H ary pa-
6ory, npHJIO>KeHH3li K 060!ly .QBH>KYIUHX l<OJleC, H83bJDaeTC51 KaCan1C/lb
HOU CUAOU TnJIZU HJIH iJeiicmeume/lbflOll CU/lOU Tn!l2U l!JJII CUAOU TnJIZU Ha o6ooe. 

D..m napo!lo3a Fk onpe.ll.eJIHeTcR ns roro ycJJOBHH, 'ITO ee pa6ora sa 
o6opor .L(BH}!{YIUHX KoJiec Fk'TlD paBH5IercH pa6ore napa B UHJJHH.llpax 
sa o6opor, sa Bhll!eroM pa6orhi conporHaJieHHil B .UBM>KymeM 11 rrapo· 
pacnpe.D.eJJHTeJJbHOM MexaHHaMax sa ror JKe o6opor. 

n.1H menA0603a Fk onpe.ueJJfleTCH 113 roro ycJJOBlUJ, lJTO ee pa6oTa 
sa o6opor .rr.au>Kymnx KoJiec FknD paBH5IeTCH pa6ore ra3a B UHJIHHJlpax 
3a 060pOT .ll.BllmyiUMX KOJJeC 3a Bbll!eTOM pa60Tbl, rrorep5IHHOH Ha 
acrroMorareJibHbie HY>K.ll.LI (KoMnpeccop, xoJIO.L(HJibH11K), li pa6oThi co-

" npOTHBJJeHHH B nepeLI,aroqHOM MexaiiH3Me. 
):lJill 31telwzpo6o3a Fk onpe.lleMieTCli H3 roro ycJJOBHH, l!TO ee pa6ora 

sa o6opOT .ll.BH)KYIUHX KOlleC F~;1tD paBHSieTCH pa6ore Ha IlUJI3X MOTO· 
poa sa TOT }!{e o6opor sa BbJlJeroM pa6oTbl conporHsJieHMH s nepe
.ll3TOIJHbiX MexaHH3M3X OT MOTOpOB K .lJ.BH}!{YIUMM OCHM. 

CnJia rSJrH Fk, a OTJIHl!Me OT HHJJ:HKaropHoti, arroJIHe peaJibHaR H 
scer.ua MeHhiiie HH.QHKaTOpHOH. Ha OCHOBaHHI1 BbiWeCKa3aHHOf0 0 CH.rre 
T!lrH Fk MO}!{HO Harrucarb: 

(I) 
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r)'(e f'J.~- MeXaHJil!eCKMH KOSqJHUHeHT noJJe3HOrO ,lJ,et1CTBfnJ M8IlllfHhl 
JioKOMOTHBa, P-aec JlOKOMOTI-lB3 (napoaoga c reH.n.epoM) s pa6otieM 
COCTOHHHH B TOHH3X, w_,.-COnpOTHBJieHHe M3lliHHhl JIOKOMOTHB<l, Bhl
palKeHHO€ B KrtJIOrpaMM3X H3 TOHHY Beca JIOKOMOTHBa H npHBe.lleHHOe 
K o6o.n:y KOJieca. 

Crporo reopertP.IecKrr paccym,a.an, Ha3B3HHe CHJihl Fk ,.n;el1cTBHTe.11b
HOti CHJIOW THrH Ha 06o.n:e" He BI10JIHe npaBHJ!bHO ITO .llBYM rrplHHHaM: 

1) Ta aKrHsHaH CHJJa, KoropaH nepe,n:aHraer .IIOKOMOTHB (r. e. ypaB· 
HOsewHsaer conpOTHBJieHHe noe3.lt3 HJIH }J,aer eMy nocryrrareJibHOe 
ycKOpeHI!e), npHJJO)I<eHa He OT peJibC K 060.Ll3M .ll.BH}!{Yl.l..tHX KOJI€C, 
a OT weeK .ll.BHlKYllUiX oceii K 6yKC8M, K8K 3TO 6b!JIO pa306paHO Bblllle. 
Opai<TlPtecKH }!{e, H83BaHHe ,CHJJa TllrH Ha o6o.rr.e" 6oJJee npaBHJibHO, 
noroMy tno: ll) He ocraercn coMHermfi so BHenJHel1 npHpo.n:e arow 
CHJibl, 6) JIOKOMOTHB CO CBOHMH KOJieC8MH paCCMaTpHB3eTCH K8K OL!,HO 
ueJIOe, B) ITOK33b!B3eTC51, liTO COTipOTI-IBJieHHe ,li,BH}!{eHH!O ,li,BH}!{Ylli.HX OCeH 
ll CH.~bl HHepll,Hll HX npeOll.OJieBa!OTCH 'laCTbiO CHJihl Fk ll r) ,ll,3eTCH IIO• 
Bf!Tb, 'ITO nJJe40 Ol1pOKHJI,biB3101ll€fO MOMeHTa c,1e.nyer CLJHTaTb OT cuen
HOrO npu6opa no aeprm<aJJH .no roJJOBI<H peJJhca, a He .llO ocu JlBH
mymero KOJieca. 

2) fl.eJ1CTBHTeJJbH351 CHJJa THHI Ha o6o.n:e ( HJIH Ha IDeM KaX ,!l.BH)KY • 
JJJ.HX OCe~) Henpepb!BHO MeHHeTCH Ha 060pOT KOJieCa, B 33BHCHMOCTH 
OT IIOJ!OlKeHH.51 KpHBOIIIHIIOB, J\3K 3TO Ob!JIO paao6paHO Bblllle. LJ:T06ht 
He BBOlUITb B pac'ler nepeMemiOif 3a o6opor KOJieca CHJihl, Mhl aaMe· 
H5leM ee T3KOM TIOCTOl1HHOW 33 o6opOT KOJieca CHJJOM, lJT06hl pa6ora 
nepeMeHHOM H npHHHMaeMOH IIOCTOHHHOM CHJihl 6wJia O,li,HHaKOBa, Ha 
1'01JHOCTH pactreTOB &TO HHCKOJJbKO He orpalKaeTCH. 

C11e1I.yer HMeTb B BH}J,y, liTO UliOWCamopflafl CU/!a mf!ZU F eCTb TO>Ke 
cl'ma THrY. Ha o6o)Le, HO Ha3BaHHe .orJia TflrH Ha o5o)Le" yKopeHH,'!OCb, 
TOJibKO 33 .n;eficrBHTeJibHOti CHJIOH Fk, ror.n;a KaK ¢mnHBHasr CHJI::l F; 
H33bJBaeTCH HH,llHK3TOpHOfi CHJ!Ofi TS!fH Oe3 YIIOMHH3HHH1 lJTO OH3 rrpH
JIQ}KeHa Ha o6o11.e. 

13. Cuna T1!rH Ha «PJOKe (Ha c~cnKe) F
71

• CHJia rS!rH F.- BHelll· 
Hf!SI no OTHOllleHHIO K JJOKOMOTHBY CHJia, npH.ll0}!{€HHaH OT peJJbC 
B pe3yJibTare pa60Thl M3llll1Hhl JIOKOMOTHB8 H .n;efiCTBYIOW,aH H3 BCIO 
Macey nOe3.Il3, T. e. Ha Macey J!OKOMOTHB3 H COCT3B8. CuJia THn! Ha 
KpioKe Fn npHJJOlKeHa K CIJ,enKe 6JIHlKailmero K JIOKOMOTHBY aaroHa, 
HBJJHeTCH BHewHeH CHJIOH nO OTHOIIleHHIO K COCTaBy H .IleHCTBY!OT Ha 
Macey TOJibKO COCT3B3. 11HalJe rOBOpH, pa6ora CHJ!bl THrH Ha OOO)J.e 
F,. 3a BbPteTOM pa60Thl COIIpOTHBJieHHSI nepeLI,BH}KeHHH C3MOrO JlOI<O
MOTHBa, Ha3bJBaercH pa6omoii 1-1a KPIOKe, a cuJia, npousso.nmll.aH sry pa-
6ory,-cuAoi1 mn2u na KPIOKe. HraK, CHJia rnm Ha KplOKe F.11 pasHa CHJie 
TllrH Ha o6o.n:e Fk MHHyc conporHBJieHHe .rroKOMOTHBa Pw', T. e. Ml·IHYC 
era OCHOBHOe ConpOTHBJieHHe, KaK nOB03KH PW' 0, COnpOTHBJJeHHe OT 
no.n'beMa Pi H conporHaJJeHHe or J{prreoii Pw' ,. OrHOCH 31'H conponiB
JJeHHH K TOHHe BCero JlOKOMOTHBa, MMeeM: 

F .. = Fk-Pw' = Fk- P(wo' tit W/) (2) 

no.npo6HO 0 conpOTHBJieHHH JIOKOMOTHBa CM. B I'Jif!Be III, ConpoTHBJie" 
HHe noe3.n,a, a cefiqac o6parHM BHHM8HHe Ha .n:aa o6croHreJJbCTBa: 

1) Cw.11a rstrH Ha Kp!OKe Fn gaeHCHT He TOJibKO OT JIOKOMOTHBa, K2K 
:~To HMeer Mecro a CI:!Jie TflrH F1 H Fk, HO u or oeJUIIJHHbJ YKJIOHa 

3 TRrOBble p~c~er•r 11 ncn.,raHIIH. 33 
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nyr11 (f) H OT HaJI114HH KpMBOii (w',.). llpH COBepllleHHO O,Z{HHai<OBO.it 
pa6ore JIOKOMOTHBa H 011:HH3KOBblX F,. H Fk. Ha llO)I.'beMe F n 6y.ll.eT 
M€H&we, IIeM na nJIO!ll3.11.Ke (Bbi'lTercH Pi), aHa cnycKe Fn 6yAeT 60Jibiiie 
(npH6aaHTCH Pt). B qacrHoM ~Jiyqa~, KOr)T.a JIOKOMOTHB HAeT no ropn· 

30HT3JibHOMY npHMOMY nyrH, l H w r paBHhl HYJJIO H 

(3) 

pno H33blBaerc_q CHJIOH T?.rH Ha KpiOKe, npliBe,/].eHHOtf K llpliMOMy ropH· 

30HT3JlhHOMY nynr; W /-OCHOBHOe COIIpOTHBJieHHe JIOKOMOT11Ba (KaK 
rroao3Kll na rrpHMOfi: ropH30HTaJJH), ornecermoe K o.n:Hott TOHHe ero 

aeca. 
2) CrrJia TllfH aa KpioKe Fn, aoo6Ill,e roaOpH, ne pasHa CHJie, .. rr.eA· 

CTBHTeJibHO IIpHJIO)KeHHOW ITO C~errKe M€lKJlY JIOKOMOTHBOM H rrepBbiM 

BarOHOM (.1IHH3MOMeTpH1leCKOfi ClfJJe THrH). 3ro paBeHCTBO HMeeT 
MeCTO TOJibKO rrpH: paBHOMepHOM )I.BH>I\€HHH JIOKOMOTHBa, !JTO IIOHCH€HO 

a cJie.li.YIOW:eM rraparpacpe. 4ro lKe Kacaercfl CHJI r51m Fi H Fk, TO pas· 
HOMepHOCTb HJIH HepaBHOMepHOCTb )I.BH)f(€HHH JIOKOMOTHB3 He OK3· 

3blB810T Ha HHX HHK3KOrO BJIHilHHli. 

14. J(nHaMOMeTpUlfCCI(8.R CHJia T11rH Fa. ,UeiiCTBHTeJihH3H CUJia llO 

cuerrHOMy rrpH6opy Mem.n:y JIOKOMOTHBOM H 6JIHiKa~WHM saroHoM F0 
Henocpe.n:CTBeHHO H3MepHel\13H .UHH3MOMetpOM ( CHJIOMerpoM), pasHa F n 

TOJ!bKO B TOM CJiyqae, eCJUt l!OKOMOTHB fn0€311) )I.BHlKeTCH C paBHOMep· 

Ho.t'! CKopocr&IO. EcJIH Jiie JIOKOMOTHB .UBH)f(€TCH ycKopeHHO, ro F~ 
M€Hbiiie F,., T8K K3K qacTb pa60Tbl CHJibl fk pacxo.zr.yerCH H3 IIOBbiiiie· 

Hue KHHerwtecKotl 9Hepnm caMoro JIOKOMOTHBa H Ha KpiOK ocraercH 
MeHI>We TOrD, lJTO ,ll.3eT cpopMyJJa 2; IIpH 33Me,n:JieHHOM ll:BHlKeHIHI JIO· 
KOMOTHB3 (6e3 era TOpMOiKeHHH) f~ 60Jibllle Fn, TaK K3K CllJ!a 1 .ueti· 

CTBYIO!ll3H IIO CU.ellHOMY npu6opy, yaeJIHliHBaercSI 33 CIJeT yMeHbllleHHH 
)KHBOI1 C!iJibl JIOKOMOTHB3. 

B r naae VI YpaaneFme .uan)KeHHH rroea.n.a, 6y .uer Bbiae.ueaa cne,LI;yJO· 

ll.l3H 33BHCHMOCTb MeiK,li.Y Fd H Fn: 

(4) 

3)1.€Cb Ac-YCKOpeHHe rroe3ll3 (JIOKOMOTllBa) B KHJ!OMerpax B l.f8C 33 
ceKyH.ll.y. 

Ec.JI!f .u;aa)f(eHHe paaHoMepao-ycKopeHaoe HJIH paBHOMepao·saMek 
JieHHOe (t, e. ,n:eJ1CTBY!OW,3SI CHJI3-llOCTOHHH3H), 3 TBKOBbiM C )I.OCT3· 

TOIJHOH .li.JIH UeJJefi: npaKTHI<H TOlJHOCTbiO MO)KHO CliHT3Tb J!I060e )l,BH· 

lKeHHe ,li.Jili M3JIOrO npoMeJKyTK3 apeMeHH (Hanp. liOJIMHHYTb!), TO H3 
4JopMyJJbi 4 cne.llyer: 

Fn =Fa+30 . p Va- Vt' (5) 
ta-h 

r.ue V1 H V 2-H31l3JihltaH H KOHelJH8H CIIOpOCTH B KMjt.t; t2-f1-npOMe· 

)KyTOK BpeMeHH B CeKyH,llaX, COOTBeTCTBYIOIUHit H3MeHeHH!O CKOpOCTH 
OT V 1 ){0 V2• 

Y J!06HO 3aMepHTh V qepea llOJlMHHYTbJ, r. e. B3HTb t2 -11 = 30 ceK 
tor .lla I 

(6) 
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0 pH Me p. p = 130m; 33 1/ 2 MHH., B TelleHHe KOTOpblX P,HHaMO
,MeTp B cpe.ziJieM IIOKa3b!BaJI 8 600 Kc, CI<OpOCTb IIOe3)J.a IIOHH3HJlaC:b 

c 361/ 2 KM/tt llO 341
/ 2 KM/'l. CorJiacuo 1JoPMYJibi 6 

F,.= 8 600 + 130 (341/ 2-361/ 2) = 8 600-260 = 8340 1<2. 

15. Tpu rnsu&Je nocJJe~osareJJbHble npespameHIUJ 3Hepruu ua napo-
9oae. OrpauuqeuHR CHJJLJ THrH. flgpoao3 npHH!ITO .ueJII1Tb Ha rpH r JI3B
gble 43CTH: tcOmeA., MautUHY U :JKU/la:UC. 0Ka3b!B3eTC!I, tiTO K3K pa3 X3JKG 
)laH 113 3TMX qacreif onpe.n.eJIHer co6m1 CHJJY THrH rraposo3a, K3)f{)J.3!1 

" 
83 HHX CTEIBHT CBOH rrpe.LI:eJI BOJie MalliHHHCT3, yrrpaBJIHIOIIJ.erO na· 

pOB030M. 
C tfJH3Hl(eCKOfi TOt:IKH 3peHHH napOB03 eCTb npeo6p330B3TeJib XHMH

~eCKOM 3Hepmu TOI1JUfB3 BO BHelliHIOIO pa6ory CHJ!bl Tflfll. Opu CBOHX 
npeapameHH!IX BO BHei.UHIOIO MexaHH~eCI<YIO pa6ory, XHMH1leCKaSI 3Hep
rFIH ronJJHBa nperepnesaer rp11 r JiaBHbiX rrocJietJ;oaareJibHbiX npeapa· 
rneHH~: 1) cuaqaJJa KOreJI npeBpamaer ee (c neKoropbiMH norepHMu) 
B TellJIOBYIO H IIOTeH~H3JibHO MexaHHlleCKYJO 3HeprHIO CJK3T0f0 napa: 
2) 33TeM MaWHHa rrapoB03a npespal.l\aer 3TY rro.naBaeMyiO 3HeprHIO 
napa (C 60JiblliHMH norepHMH) BO BHyrpeHHIOIO M€X3HHLieCKYIO pa6ory 
H 3) OllHOBpeMeHHO 9KHIT8>K llpH CO.UeHCTBHH peJibC (BH€I.UHero re.na) 
npespamaer auyrpeHHIOIO MexauwiecKyiO pa6ory ao aaernHJOIO pa6ory 
CHJibl T51fli. 

Ka>K)J.bifi H3 arnx rpex rpaHCQJOpMaropoa aHeprHH HMeer csoio 
npe,neJibHYIO MOIIl.HOCTb (pa60TOCITOC06HOCTb), CBblllie KOTOpOH OH He 
B COCTOllHHH rrepepa60T3Tb SHepn!H. CJJe.[OB3TeJibHO, B npaBHJJbHO 
cnpoeKrHpoaaanoM rrapoao3e pa6orocrroco6aocrb I<OrJia, MaumHbl a 
aKHnaiKa .UOJIJKHa 6b!Th rro B03MO>Kaocru o.n.MHaKoaa. B rrporHBHOM 
c.nyt~ae MOIIJ.HOCTb napoao3a Ha o6olte n CHJJa rHm ero 6y.n.yr orpa
HHlleHhl MOI.UHOCTbJO CJJa6ef1I.Uero rpaHc:¢opM3TOpa, 3 MOIJ..J.HOCTb OCT3Jlb· ,, 
HhlX ,nayx OCT3HeTCH HeHCITOJib30B3HHOH. 

flpe,li;CT3BHM ce6e .[JIH rrpHMepa, liTO K3KOH·HH6Y.llb napOB03 HMeer 
OTHOCHTeJibHO 6oJiblllOH KOTeJI, pa60T310ll.lHH Ha XOpoweM TOITJJHBe, If 
HMeer 60JJbi.UOfi CU€ITHOfi BeC, HO CJia6yiO M3111HHy, C UHJIHH1lp3Mll Ma· 
Jioro .n:H:aMerpa. TorM MOI1lHOCTb naposo3a 11 cnJTa TflrH ero orrpe
.ne.nwrcH MOI1lHOCTbiO MaWHHbi, a H3JII1WHH!i cu.erraoit aec naposo3a 
ITpOITCl,ll;eT )J.3p0M1 H3JIHII1HHH JKe MOW.HOCTb I<OTJI3 (11 Bee ero) MO)f{eT 
6b!Tb HCll0Jib30BaH TOJibKO npH 60.Jlbi.I1HX CKOpOCTliX, IlOTOMY t:ITO M3-
IIIHH3 napOB033 He 6y )J.er B COCTO!IHHH rrepepa6aTb!B3Tb BCIO TY 9Hep
fHIO l!Clpa, KOTOpy!O B COCTOfiHHH Bb!pa60T3Tb KOTeJI; a 3KIHI3)f( MOr 
6br rrpeapaTHTb BO BHelllHJOIO pa5ory ropa3)J.O 6oJJbWee IWJJH1leCTBO 
BHyrpeHHeit MeX3HHLieCIWit pa60Tbl, lleM TO KOJIH.lfeCTBO, KOTOpoe B CO· 
CTml!mH .l{OCT3BHTh eMJ M3WHH3. 

Hao6opot, eCJJM napoao3 HMeer cJJa6hlfi KOTeJI H pa6oraer Ha ITJIO· 
XQM TOIJJIHBe, TO CHJI3 TSirH ero OrpaHHl(eHa MO!l.I,HOCTb!O KOTJI3 H He
CMOTpll Ha OOJiblllHe 1lH3MeTpbi UHJlt.!HllpOB M311lHHa 6yAeT B COCTOliHHH 
.ll;aTb TOJibKO T3K)'IO CHJIY T!lfH, K3KJIO I103BOJJHT KOTeJJ. 

Jla.nee, eCJIII rrapOB03 HMeer MOIIJ.HblH KOTeJI 11 MOlllH)'IO M311lHHy, 
ao OTHOCHTl'JibHO M3Jib!H CUeiJHOH Bee, TO MOIU.HOCTh KOT.1J3 eiiJ,e MO/KeT 
6bltb HC!10Jib30B3Ha npH 60Jibi.IllfX CKOpOCTRX (eCJIH napOB03 npetr.H3· 
3Hatten npeHMymecraenno ltJill 60Jibilll:lX cKopocreti), qro JKe KacaeTCH 
1.\HJIHH)J.pOB, TO HX M3JIFII.UHHH BeJIH'!JHHa He TOJibl\0 6eCITOJie3H8, HO )J.a)f{e 
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spe.llH3 (CTOI1MOCTb lf3rOTOBJJ€HIHl JIHWH€f0 seca, ero nepeB03KI1 B K3ii\· .. 
JlOM noe3.ii,e, peMOHTa, TIOBb!W€HHbiH nponyCK napa, YB€Jili4€HMe B03Bpar· 
HO )l,BH)I{Y!l\HXCSI Mace, 6o.nbll13H llOBepXHOCTb OX/13)f{JLeHHH, pa6ora npe· 
HMYlli.€C'i'ReHHO Ha 4pe3MepHO MaJ1bJX, HeBblfO.l!HbiX OTCetJF<ax H npotJ.). 

Ho na*e B TOM cJJyqae, eCJJI1 rJTaBHbJe pa3ME'pbl naposo3a Bbi6paHbl 
6e3ynp€l[H0 C TQlJKI1 3p€H!HI COOTB€TCTBHH pa60TOCI10C06HOCHI ero tja

creH, see pa BHO, 3TO COOTB€TCTBHe 6y .ll€T 11M€Tb MeCTO TOJJbi<O B rex 
yCJ!OBlfHX pa60Tbl, ,11..nH KOTOpb!X napOB03 npeliMYLI.(€CTB€HHO npe;J.Ha· 

3Ha43JlC5l. npo11CXO.llHT 3TO TIOTOMy, tiTO np1I pa3Hb!X YCJIOBHHX, fJ!3B· 
HblM o6pa30M B 3aB11CHMOCTH OT CKOpOCTH, KOTJJy, M3UIHHe If 3Kiina»Cy 

npHXOJI.HTCH pa60T<!Tb C pa3RblM Ha11pl1lK€HH€M; HanpHMep, npH 60JJb· 
~ 

UJHX CKOpOCTJlX C3MbiM C,130b!M MO)f{eT OK33aTCH KOTeJJ, a np11 M3JlblX~ 
9KHnaJK (cuenJieHue) 11.1111 Maunma. 

no3TOMY ,li..IIH onpeJLe.lleHHH CHJlbl Tf!rli II3pOB033 (f1, Fk HJJH f
11

) 

He06XO,li.HMO VI3YlJHTb B OT.!I.€Jlb!IOCTI1 CH.ny TRrH, KOTOpy!O MOryT JL3Tb 
KOTeJI, M3li1HH3 H 9KHII3iK napOB03a H B3HTb H8HM£'HblliYIO IIpH .!1.3HHblX 

ycJJOBIMlli; HH3lle rOBOpH, npHXO.JI,HTCH pa3.1IIii.J3Tb CHJIY n1r11 IIO KOTJIJ, 
CHJIY T5lnl no M3UJHH€ H CHJIY TS!fH no C'-\eiiJJ€HHRJ. 

He CJI€JI.J€T CMeUJ HB3Tb 9TY CI1JJY THH, KOTOpy!O MOlKeT pa3BHTb 
J<a>K/l3f! H3 rpex fJ13BHbiX qacTeti II3p0B03fl npn yCJIOBHH .D.OCT3TOlJHOM 
MOll.lHOCTH OCT3.1lbHb!X JI.BYX ti3CTefi, C p33Jirll!HbiMH nOHHTHHMH 0 CH.~e 
T!lrH, paao6paHHbiMH Bblwe. HarrpHMep, MOlKHO roaopHTh o6 HHJLHKa

ropHoti CHJie T!!fl1 nO KOTJJy: 3TO T3 HHJli1!\3TOpHaH CHJI3 THfli f,(qJHK· 
THBHaH, IIpHJIOlKeHH3f! H3 060)1,€ KOJiec), KOTOpy!O MOf 6b! pa3BHTb 
napOB03 npH .[3HHOfi (B IJ:3CTHOM CJJyqae--npe)l.€JlbHOfi) pa6ore 1\0TJJa 

B npe)l.IIOJIO>KeHHH, tiTO M3lllH.Ha H 9KHII3)f{ B COCTOHHHH :Jry CHJJY THrH 

peMHaoaarb. Tol{HO raK .lKe MOJKHO roaopHTh, HanpHMep, o Kacare.nb
Hoii CHJie T5lrii no M3WHH€: 3TO Ta JI.eHCTBHTeJJbH3H CIIJ!a TSirH 113 C60Lle 

F11, 1<oropy10 Mor.na 6bi paaBHTb MalliHHa naposo3a, B npe.zr.no.nomeHHif, 
l{TO KOTeJJ .!I.OCT3T04HO MOll.leH .iJ,JIH IIJ.!T3HHH napoM M3WIIHbl rrpH STOH 
ee paoore, a aK~nalK (cuenHofi sec H npoll.)-.u.ocratol{eH AJJH peaJIM

sauMH 9TOtl ('MJ!bl THrH. 
16, CuJia T.RrH no MaWHHe. BE>Iae.rr.eM QJOPMYJJY 11HllHKaropHofi CMJrbl 

THfl1 ITO M3lliHHe B 3aBHCV.MOClH OT r.naBHblX pa3Mepos M3WHHbi If 

CpeaHero HHJI.HK8TOpHOf0 l13B.neHHH. 

l1H.a.HKaropHaf! CHJia THrH onpe.rr.eJr!leTCH H3 roro ycJIOBHH (rr. 1 1), 
lJTO ee pn6ora 3a O.lliiH o6o;>or JlBHlKYlll.HX KOJiec f 17r,D pasHa pa6ore 
napa B uH.nHHJI.pax 3a ror me o6opor. 

Pa6ora napa 3a 0.1111H o6opoT .!lBHJKYLUHX KOJiec B UIMHH.U.pax Ma
UlHHbl OJlHOKparHOrO pacu111peHH!I npH .!I.HaMerpe U11JIHHti.pOB d MAt, X0,1le 
nopll!H!I I MM u a cpeJI.HeM HH.!lHKaropHOM JI.aBJI€HHH p, KZ/CM~ pasHa 

nn dZ- d2v~ + as Kill 2[ P; 
2 100 

-----4-----K~ M.M. 

npMpaBHI1B3H aro Bblp3}1(€HHe FlJrD, [JOJiyqaeM: 

n dz- d2m ~ d2"m lpi n( de- dz,t ~ d2~,, Ips 

f.= = w z 
200D 200D 

r.ue S = Pi - HHJI.HKarOpHblfl K03cpHUHeHT 
Ph 

35 

s, (7) 

    
НБ

 

УД
УН
Т 

 (Д
ІІТ

)



B !popMyJle 7 (11 B Hei<OTOPbiX nOCJlellYIO!llHX) llJJ!I C06l!IO!l~HHH 
rrpHHUHna naHJl~pTHOCTH H3ME'peHHl! BE'JJHt!HH (n. 3) trony~PHO Kail<y• 

meecH HeC06JJIOlleHHe n pH HUima p<l3MepHOCTH: d H D Bbl pameHbl B MM, 
a p; H pk El KZ/CM2. 3TO HeCOOJIIOJ{eHHe-Ka>KyiUeecfl, T3K K:ll< B 3H3Me· 
H8TeJJb BReneH K09t1>11UHeHT 100, KOTOpbiH nepeBOllHT H3MepeHHe Pt H 

P~r. B KZiMM2• 
B cJJyqae MaUIHHbl KOMnayH.n: coaepiiieHHO raKHM me cnoco6oM 

noJiytiaeM: 

(8) 

B sroA cjJopMyJie n6, d6, [ 6 oo03HattaiOT lJHCJIO UMJJHHllPOB BbTCOKoro 
.ll8BJJeHilfl, HX .li.HaMerp If HX XOll nOpWHil, n11, du• 1

11
-TOH<e .!1Jl!1 UIV!HH· 

llPOB Hli3Koro .llaBJieHHff, P';-cpetrHee HHlUlKaropHoe .nasJTeHHe UHJHIH
.npos BbJCOKoro .aasJTeHIUJ, P/'-TO)!{e LlHJIHH.llpos HH3Koro .nas.neHHsr, 

d111 H d'lll" B nepBOM CJJ3raeMOM-JI.JIR ll;l.fJIHI-l)lpDB BbiCOKOfO ll3BJieHH511 

BO BTOp0M-.llJ151 UHJIHH!pOB HH KOfO .ll3BMHHH. 
0603H81.J8R OTHOWeHI1e CYMMbl nOJie3HblX 06oeMOB UlfJ!HHliPOB Hfi3-

KOrO .lla B.lleH~HI K cy.MMe fiOJie3HblX 06'beMOB UHJiliH.llpOB Bb!COKOrO 
.ztaBJieHHH 6yKaoi1 m, r. e. 

d! + d1 

d2 -· l/l. g "~ 
lu "" J! 2 (9) =-m 

' d"' ' 
d'-

-r· 
la 1!6 B 2 

I 

If op-¢o"opa3oswsall cpopMyJiy 8, noJJyttae~l: 

' P; , p , T . , . 

m ' 

(10) 

I 

BeJIHIJifHa E..!+ P/' HBJIHercH cpe.ztHIIM HH.li.HKaropHbiM JtaBJteHHeM 
m 

peHKHHIBHpOR3HHOH .lllfarpaMMhl napOB033 K0MrT3YHll H 0003Ha4aeTCH 

qepe3 P;· OrHoweaue Ei, raK )l{e KaK H npH O.llHOKpaTHOM paclllHpeHHH, 
P~ 

H33bJBaercR HHl(H({3TOpHbiM KOScpliUHeHTOM M T8IOKe 0003H348eTC.H 
qept>3 g. 

8 pe3yJTbT3Te noJTy'iaeM cpopMyJTy F; .llJl51 rrapoB03a IWMII8YH21, 
3H3JIOfllllHJIO QJOpMyJie 7. 

F.= 
l 

d, ' dz 
dl _ u' T "'U 

nH " 2 lp, 
--

200D 

I d\. + daw.; 
nu d II- 2 lp, 

200D 
·s. (11) 

ECJTH [H He paBHO 16, TO B QJOpMyJie 11 IIO.ll [ CJie.n,yeT IIO.llpaayMe· 
BaTh [11 (corJJacHo cpopMyJie 10). 

<l>opMyJihl 7 H 11 li.J!Sl fi npH npOCTOtl M3UllfHe M M3WHHe KOMIT3• 
yan CXO.ll.Hbl Me)!{ny co6ofi. B o6o11x F1 33BHCHT or nsyx rpynn nepe· 
MeHHbiX BeJmtJHH; B nepsyJO rpynny BXO.QHT BeJIHtJHHb1 1 IIOCTOSIHHble 

}J.JISI ,llaHHOrO napOB03a: l!HCJ!O ll;HJU!H.llp0B1 MX lli18Merp, XO,.ll, nOplliHH, 
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,nHaMeTp .llBIDKYIUHX KOJieC H .D..3BJJ€HHe napa B KOTJie, KOTOpoe CIJHT3eM 
paBHbiM HOpMaJibHOMY (npe.lleJibHOMy) naaJiemno. Bo aropy10 rpynrry 
IIXO.lli1T TOJibKO O.llH3 nepeMeHHaH neJIH'HIH3-HH!IJIK3TOpHb!H K034Jll· 
UHeHT s; OHa nepeMeHHasr nOTOMy, IJTO M3WHHHCT MeHSJeT ee peryJISI
TOpOM H nepeBO.llHbiM BHHTOM, a He3aBHCHMO OT BOJIH MaUIHHHCTa 0H3 
MeHReTCH C H3MeHeHHeM CKOpOCTH rrap0B033. D03TOMY !lJopMyJihl 7 M 
11 Y.ll06HO npe.llCT3BHTb B CJ!e.D..YIOW.eM npOCTOM Bii.lle: 

F, = Mg, (12) 
r.ne: 

d2- dz,u + dZ K''' 
lp,. n 

(13) 2 ~o 97 m[Z[pk M= 
200D - ' 200D 

(14) 
200D 

.llJIH napOB030B KOMnayH.D... 
Ko3cPHUHeHr 0,97 c TOIJHOCTbJO .n.o l% yqHTh!Baer BJIHRHHe wroi<a 

K I<OHTPWTOKa H no3BOJIRer aHalJHTeJibHO ynpocrHrh 4lOPMYJibi. BeJIH
quga M H33blBaeTCR MO)lyJieM MilWHHbl napoB033. rh ¢opMyJibl 12 
CJie.D..yer, qro cPH3Hli€CKH MOllYJib M eCTb ra HHJI.HK3TOpHaH Cli.IIa THfH 

F1, KoropaH 6bwa 6h! npH s = 1. r. e. rrpn p, ""'Pk· 
00.llCT3BJ!HH fi H3 <lJOPMYJibl 12 B iflopMy.Jibl 1, 2 H 3, ITOJIY1.JaeM: 

Fk = F/J.~~, = Fi- Pw.~ =MsiJ.u=Ms- Pw M' (15) 
Pit= Fk- Pw' =Mst?.u-Pw' = Msn.u- P(w'o + i -w' ,) = 

= Ms~P (w' + w.J = Ms-P(w'0 +it w', + w_..), (16) 
f011 =Fk-Pw'0 =Ms1),~.~-Pw'0 =Ms -P (w'0 t w_..). (17) 

Paa6epeM nepeMeHHble BeJIHIJHHhl, BXOJI.R~He s ~opMyJiw 12, 15, 16 
H ] 7. 

l1 H ,!1, HI< aT 0 pH bl tt I< 0 3 ¢ H U He H T S llJill napOB030B .R3HHOH 
cepHH 33BHCHT OT rpex OCHOBHbiX BeJIHIJ11H: CKOpocmu nap0603a (V), 
omceqKu (s HJIH s

8
) u cmeneHu omKpbtmufl pezy/!Jmzopa (Q), r. e. 

s =I (V, e,Q). 

Ha cpHr. 5, 6, 7 11 8 JI.JISI np'HMepa npe.ncrasJieHa ara 33BHCHMOCTb 
.ll.IISI naposoaa 0-5-0 cepHn 3 no onwraM 1916 r. Ha cp11r. 5, 6, 7 '-lHQJpbi 
ua KpHBbiX oaHa4aEOT orceiJKH s, a ua c!Jnr. 8-cKopoCTb V. Onpe.n.e· 
JieHHe arnx aaBHCHMocrett onwTHbiM nyreM H3JIOllieHo B rJiaee VI. 

na,lleHHe HHli.HK3T0pHOfO K09cpHUI1eHT3 C yBeJIHlJeHHeM CKOpOCTH 
napDB033 rrpH IIOCTOHHHb!X 6 H Q llBJIHeTCH CJie.D.CTBMeM yeeJIHllemm 
conpornaJieH11H npoxo.n.y napa no rryrH era or peryJI!nopa .D..O KDHyca 
H yMeHbWeHHH BCile,!I,CTBHe 3T0f0 ilJlOlU3JI.H IH1)].HK3TOpHOtl ,!lHarpaMMbl. 
npaKTH!JeCI<H, yae.JlHlJeHne HH.li.HK3TOpHOf0 K09'!JitU11eHT3 (H, CJle,D..OB3· 
TeJibHO, CHJ!bl TllrH) C yMeHbiiieHHfM CKOpOCTH npH HeH3MeHHbiX 8 H Q, 
T. e. fiOMHMO BOJIH M3WHHHCT31 RBJIS!e1'CR: )].OCTOHHCTBOM rrapOB03a 110 
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cpasHeHHIO C ,npyntMH J!OKOMOTHBaMH, TBK 1\BK ,!l.aet MeKOTopyro aSTOMa· 
THiieCKYIO caMOpery;mpyeMOCTb pa60Thl napOB03a: npH yBe/IH'!eHHH CO· 
npOTMBJJeHHII noe3,!(3 (BXO! B KpHByiO, HB 60Jiee Kpyrofl fi0)1,'b€M H T. n.) 
CKopocTh noe3)J.a yMeHbwaerc.H .no rex nop, noxa ao3pocwas CHJia 

~ e 
trl aG.----\--...,....--'T'"""'-r-----, 

3 

() 

2() 4fJ so v 
iflwr. 5, OapOB03 3; ~ = 1 ( V,e) e 

npu e= L {) 

0.4 

(U 

af 

o w ~ » ~ wV 0 

4>Hr. 7. napOD03 3; ~ = I (V.e) 
npw e = 1/22,5. 

OJ....,. 

tO JO 

lflur. 6. flaposoa 3; ~ = 1 (V,e) 
npu f.! "" 1/8,5. 

~ 

/' ... JO 

7r 
.fO' 

,, 
:; E•aJ 

a .2 a' 46 a1 mp 
~Hr, 8, napOB03 3; S = f ((!, V) 

llpH B- 0,3. 

T5!rH He noKpoer yaeJI!IIJRBIUerocll conporHBJieliHll. CJieJlyer eme or· 
MeTHTb, 'ITO C yMeHhiiieH!IeM OTKphiTHH peryJIHTOpa BJ!HliHHe OTCeLIKH 
H3 ~ yMel'!bWaeTCH, oco6eHHO npH 60JibWHX CKOpOCTliX. 

KpoMe OCHOBHbiX <IJ3KTOpOB: CKOpOCTH, OTCeqKH H OTKpbiTHll pery· 
JISITOpa, HB MHllHK8TOpHblil K09cl>lUlHeHT napOB0308 )J.3Htmfi CepHH DJJH· 
RIOT HeC:KOJibKO MeJIKHX BTOpOCTeneHHblX qJaKTOpOB1 Hanp. CmeneH& 
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40 

0.6r---~ 

0 

...... 

0,3~-+-+-=~' ~--~---1 

1 3 sC 4 5 6 
4l»r. 9, TosapHble naposo3!.1 OJlHOKpatHoro 

pacwl1pCHtut; ~=I (c, e) npH !I= I. 
<I!Hr. to. naccal!mpcKHe napo
B03bl O,llHO li p3THOro parWH• 

peHHHi s=/ (C,e) OpH (1-1. 

I 2 3 C Ot234J8C 

t1lnr. 1 t. TooapHbJe napoo03bl KOMna· 
yH,n; £ =-f (C,E) llpll !1 := J. 

¢Hr. 12. nacca)f<HpcKne napa. 
B03hl KOr.wayHn; ~co f (c.•) 

npH e=J,     
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nponyctca napa rupe3 30JLomnutcu u nopumu, 6otcoma eoobl s cm~I(Ae, 
orpa}l{aiOtUaHcfl Ha B.nali<Hocrr. HJIH reMneparype neperpesa napa, 
II T. n., HO BJ!HilHHe ;m1X cpaKTOpoB He3Ha!JI1TeJibHO (npH BOOJIHe YllOB· 
JieTBOpHteJibHOM COCTORHHH napOB03a). HeCKO.JlbKO 60JlbWe Bo1HReT 
nO.IIO.lKeHHe zpyUIU KOHyca; eCJifl KOHYC nepeMeHHblH, B 9TOM CJiyttae S 
OObl'iHO onpelleJuJercR np11 cnyl.l..leHHDM KOHyce HJHi npa nO.llT.IlHyroM 
He 6oJiee 0,3 XO.lla yKa3areJIR. 

Ha ¢11r. 9-12 npeli,crasJJeHa aasHCHMOCTb s or orcettKH (1 M.!!H eJ 
H cpell.Hefi CKOpDCTH nOpU!HR C (M/C) nplf BOOJIHe OTI<phiTOM pery.rn!• 
rope (Q = 1) 1l.IIR 18 cep11A naposoEos CCCP no onbltaM 1913-1~28 r. 
,llJTfl nepesoAa c M/c s V KM/q 
H ooparHO C.IIYIKiff cpOpMyJia: ~ 

D (}. 
V = 5j65-c (18) 

I 

" I 

0 
Ha qmr. 13 npeJlC:TasJieiW a 

g = f (V,o) npH Q = 1 .a.JTR 
nap(lB03a 1-5-1 cepHH ¢.Ll 1).5 
no OnbiTaM 1932 r. 

rpacpHK <tJHr. 14 n:aeT 3a• 
BliCHMOCTH MelKllY cpe.ll.Hefl 0.4 

• 

CI<OpOCTbiO nOpWHH C M C, CKQo 
pOCTbiO napOB03a V KM, tt,Jl.Ha• (J.J 
MerpO'.f .ll.BHlKYI.qHK I<OJieC 
D MM H XO.llOM nopliiHR [MM. 
OpHMep nOJJb30B3HHSI r·pac!JH· {),2 
KoM: .11.aHo D= 1840, V =50, 
l = 700. Haxo11.11M: n = 144 

0.1 o6/MHH., c = 3.37 M/C. Ha 
rpacj>HKe nposen.eabl JIHHH~ 
TOJibi<O .'lJIR rpex l: 650, 70) 0 
rr 711. .ll.nR JI106oro Jlpyroro 

I) k 

-

~-
' 

CePufl · f/J )j 
. <7.~-:k f=1 

" " 
. 

" 
~ 

f..... T'aJ, 
. • • • 

I -·a2. 
- ......... 

' ' 

I 0,1 
' . 

-
20 JO 10 .f() 

l (HanpHMep 7, 0) JierKo npo· 
secnt coorsercrsyiDlllYIO JIH· 13. f1apouo3 «<ln; ~ =f (V,a) npR Q= 1. 

. 

HIHO (npf!MYIO) 4epe3 JlBe TO'ttl<H: 1) Ha'!aJIO KOOpllHH3T l!HCJia 060· 
poros H cpe.D.Hea CKOpOCTH nopWHR (HHlKHHA JieBbiH yrOJI) H 2) ne
pecettefme a6cuucCbl 300 c opnHHarotl c, paBaoli l, JI.eJieHHOMY ua I 00: 
liilR l = 770 ara sropa11 TO'It<a Jie.lKHT Ha nepecelleHaH aocLUtccbf 
3QJ 06/MHH. C OpJlHH3TOfi 7,7 MjC. 

Pa3HHUa s s pa3Hb!X cepHti naposoaos np11 OJUIH3KOBbiX cpeJ(HHX 
CKOpOCTRX nopWHH 06'bi1CHSieTC51 HeOllHHaKOBblM COnpOTHBJieHHeM npO• 
xo.a.y napa or Korna .!1.0 KOHyca tnnowall.b ce!JeHHR npoxo11.a napa 
qepe3 pery JIRTOp, .ll ~ 11Ha 1i .ll~3 \teTp rpy6, 06beM 30JIOTHHKOBOfi KO· 
pOOKH, OTKp b!Tife OKOH, .li.H3Merp KOHyca H np04.), 

XOTR H lKe.lla TeJibHO HMeTb B03MOIKHO 60JJee BbiCOKHf:t HH,llHK3TOp· 
Hb!H K03cfl11UHeHT s, T3I< K3K Bb!COKHH S n03BOJIRer HMeTb MeHhWHtt 
,rt.I13MeT~ UH.IIHH11.p8 H HeCKOJibKO yny'IWdeT HCn0,1b30~3!1!fe napa. HO 

Bb!CO KHH 11 flOJIOrO na.lla!OLUH H S IIMeer CBOH npai<THI.!eCKHe Orp~t· 
uareJJbHble cropOHbi (yseJIH'!Hsaer nponycK napa qepea 30JIOT• 
HHKH, eCJIH OH noJJy'leH 3a C'leT yseJJHlleHHH .lUI3Merpa 30JIOTH11KOBj 
ycHJil!Baer 60KCOB3HHe napDB03&, n. 17), 003TOMY BhiC::>KHi1 liH.llH· 
Ka ropHbifi K03cpHUHear ewe He l1BJJHerca caM no ce6e cyw,ecraeH
HblM llOCTOHHCTBOM napOB03a, 
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MexaHHi.JeCJOift K09cl!HJ.UeH'r noJiesaoro ~el'lcraus 
MBlliHHbl napOB033 1]111, paBHhiH OTHOWeHHIO fh K f 1, TBIOKe 38BHCHT 
or V, s 11 Q H onpe,nenHeTcH Henocpell.CTBeHHbiM ,ll,eJieHHeM 3HalleHHii 
F& Ha 3HalleHIIH F,.. npu M3JiblX CKOpOCTliX (V = 10-20 KMjll) H 60Jib• 
I.UIIX 8 H (1, 'f),~~ paBeH npHMepHO 0,95 11 yMeHbi.UaeTClt C yseJIItlleHHeM 
V H c yMeHbWeHHeM e H (!. Ha ct>Hr. 15 MH npHMepa npeacraBJJeH 
11.~ =I (V,e) npH Q = 1 llJJH napoaosa c:p n no OllblT8M 1932 r. 

·~f 
;vo 

C/J.D. 
I!~ J 

, I 

( ~90 ~ 
~~' U.L 

n ............ n, 
"•' 

I 

£ 
o.1or 

G~50)-

'" 

?~ 

aJo 

0.10 1000 ~-+--+-..._...;: 

0 
50/I JO 40 J(J 

4lHr. 15. napOB03 ct>.U; 'YJJI = f (V,e) npH q,llr. 16. nap0803 E; F, = f (V,e) npH 
p= 1. ~=1 H F~=f (V,zM). 

ConporHBJieHHe napoaosa KaK noso3KH Ha npHMOJ1 ropH30HT3JJH w'0 

(n. 34) Jl}H'I napOB030B .li.BHHOH cepHH npaKTHI.JeCKU 38BHCHT TOJ!bKO 

or V. 
Bn.n.HM, liTO acP. aeJIHI.JHHbJ, BXOJI:HII.Ule B ct>opMyJibl Ft (12), Fh (15) 

H F no ( l7),-JIH60 noCTOHHHble, JJH60 38BHCHT OT V, 8 " (}, a B ¢op· 
MYJIY F n BXO.li.HT eme BeJJHI.JHHhl i H w' r• 33BHCHII.lHe OT KPYTH3Hhl 
YKJIOHa (n. 37) H HaJIHI.JHH H pa.nnyca KpHBOA ( 11. 38). CJie,noaareJibHO, 
C.HJia rHrH no Mai.UHHe F,. F~; H F'll" 33BHCHT or V, 8 H Q, a F11, I<poMe 
roro, eme or KpyrH3Hbi yKJIOHa H HaJIHliHH H KPYTH3Hbl KpHaon. 

Jl!OOOH paclleT C COBepureHHO O,li,IIH3KOBOH TOtiHOCTbiO MO)!{HO C.Ue
JlaTb1 TIOJib3YSICb JllOObiM H3 TIOHSITHit 0 CHJie 'J51rH (fi, Fk HJIH f,.0), HO 
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17000 j 
CePHfll¢ 

{6000~ 

a~ 
f5000 4\--\ 

f4000 

~"~ 
fJf»> -\· 

40 
12000 

" ~000 1: -5o, 
' 

'/JUDO 

r;ooo ,, 
' 

7000 

!JiJ 
1\ 

6000 
\ 

50()() \ 

,, ' ;7 

lJO() 

\ 

'000 

'000 
~ 
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' 

'000 

0 
0 f(J 20 JIJ 411 SO II 

IPHr. 17. nnpOB03 E<!l; F,.=!(V.,r) npH 
f! = I H F~ = f l V,Z,v). 

44 

TaK KaK Ha npaKTHKe ylo6Hee u 
npome scero noJJb30BaTbCSI CHJJO!t 
T51fH Fk, TO B .ll3llbHefiWeM npH· -· BO.llSITCfl A3HHhle TOJlbKO AJI~ ~~ 

Ha qmr. 16-35 npeACraaJJeHbi 

KpHBbJe F11 = f (V, e) npH Q= 1 A.~SI 
20 cepMti napoaosos CCCP. Kpu
Bble o6o3Hal!eHb! UH<flp3MH 0,1. 
0,2, ... 0,7, 1<3KOBble UHcppbi 0003H3• 
tiaiOT e H.IIH 8

9
• 0oJJy4eHbi cneuH

aJJbHO TIOCTBBJlfHHblMH 0TibiT8MH 
KoHropotl OnbJTOB HM rHnaMH 
napOB030B 0. M. n. c. (.llO 1917 r ), 
6. Hay4Ho-rexHH4eCKl1M KOMHTe
TOM HKnC (11,0 1929 r.) H VI HcrH

ry-roM PeKoHcrpyKU.Jm TSirH HKnC 
(nocJJe 1929 r.). 

KpoMe KpMBbiX Fk=f(V, e) Ha 
<flHr. 16-35 Hso6pameHb! H .Jlpy
rue KpHBble Fk. o6oSICHeHHble B 

cne,!l.yiOiUHX naparpacjJax. 

r~ 

t4d00 1--

lOOO f---1---+---

¢Hr. 18. napoB03 ~C; F" = f (V,e) npu 
e = 1 H F, = f (V,z .• ).     
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,D,o 1931 r. Han6oJJblliew pac1.1etHo'tl npoe3~Mon orcetiKoA npHHiolMa· 
JIOCb e=0,5 )!.Jill M3ill11H O)l.HOKp<ITHOro paCWHpeHHH H ",=0.7 ,li,JlH Ma
WHH KOMIIayH,ll, II03TOMY KpHable, 0603Ha'leHHh!e COOTBeTCTBeHHO 0,5 
H 0,7, oTwrpHJ(OBaHw KaK pac'!erHhle orpaHn'leHMH CHJJbl THrn no Ma· 
ll!HHe u o6o3HatreHbl 6yKBSMH U (or c.nosa ~HJIHH,llp). B 1931/1932 rr 
Ha.llOO;'IhWne pact:JeTHhJe noe3.D;Hhle orceqKH noBblWeHbl 

;-; 
HOOOr-~~~---,--~------~ 

CePtlfl Jl 
---

~ 
9000r--"""t"T--r-..,.....-.,-----, 9000 1----ji-+-J\- c+-+o; :--4--~1----i---1 

,.......,. G Centfl 

7 0 0 0 1-------' 

1000 r--1--t--r~~-F:::J tiJO()~--~---l--Pt5 

0 o'---2-1.11--4.:...0.-....lfo___,-s..L.o-~tc-tl V 0o1--21.~..'0_4 .... fJ_-~..._ .... ,o __ tlllJ..'fJ--lti.'Q V 

cpnr, 19. 0apOB03 K~ F,=f (V,s) 
npH e = 1 H F,. = f (~',z .• ). 

<i'Hr. 20. napOBD3 Jl; FJC= f (V,s) npH 
e =I H Fk=I(V,z,). 

AD B=0,55 11 8
8
=0,75. KpHBbie AJHI 3THX orcei.JeK (s=0,55 H b'8=0,75) 

H HB.'IIl!OTCH B H3CTOHIUee BpeMH p3C4eTHb!MH orpaHHI.IeHIUIMM CHJ1bl 

THfH riO Maun!He AJIH naposo30 s. He11ocraiOruue KpHsble .UJHi 60Jib
illHX orceqeK Moryr 6b1Tb JJerKo noCTpoeHbl rpacj>~qecKou HarepnoJIH
uuell (n. 21) 

BcJieJI.CTBHe ue BIIOJIHe TOIIHOii pa36HBKH peifKH nepeso)l.Horo BHHTa, 
HeTOIIHOctet! napopacnpe.n;eJieHH51 H rrpol!., nocraHosKa yKa3areJIH 
raitKH rrepeBO.ll;liOrD BHHTa Ha K3K0b1H60 .n;e.IJeHHe (3y6) pei\KH, CKa-

• iKeM Ha mJToe, BOBCe He rapaHTHpyeT IIOJiytteHHe TOH CHJ!bl T5!rH, I<O-

TOpaH ~OJI>KH3 6bl 6b!Tb npH COOTBeTCTBYIOJ.Uell OTCelfKe (0,5) COrJiaCHO 
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KPHBbiX Fk= f (V" ,, ~)- floaroMy no.n. pacl!eTHOH orcei!Koti npaKTH!JeCI<H 
CJJe)lyer IIOHHMaTb ry OTCe'IKY (TOT ayo), npH KOTOpOI1 M3lllHHa .n.aeT 

r- npeJr.eJibHYIO paciJeTHYJO CHJIY THrH. 
rK 17. Cuna TJirH no cuenneuuro. 

ffOOO l{o34tlll.IHeHT cu:enneHH1t CHJJa TRrH 

11000 I-. -f+ -l+' 

tu0d0f--H 

YOOOf---+-

3(} 

11 ue MO>Ker 6biTb 6oJJbllle rol1 rrpe· 
,!LeJibHO", npH KOTOpOH Hapywa· 
eTCR cuenJieHHe .llBH>KYlllHX KOJieC 
C peJibC3MH1 T, e. JIOM3eTCR ropH-
30HT3JibHblH ynop B peJJbC3X (n. 8) 
H H34HH3eTCH 6 0 K C 0 BaH He 

(sparueHHe J!.BH>KJWHX KOJieC C 
JIHHeHHOii CKOpOCTb!O Ha OI<py>K· 
HOCTH K3T3Hiill npeBbllll310J..l.lel\ 

cKopoCTb noKOMOTHBa). flo.ll rep· 
MHHOM ,K09cPiil.{lieHT CQenJJeHI:IR 
JIOKOMOTHB3" HJIH , K03cpHJ.1HeHT 

8000 1-+4+ ~-+-~+---1----l 

?000~ 

{(}00 1----+--J......:: 

I,{) 80 til() Jl 0 40 60 ~0 tOO V 

~Mr. 21 napoB03 M; F~ =1 (V,e) 
e =I " F,=t (V,z ... ). 

npH ¢111r. 22. napOB03 Ho; F~:=f (V,e) np11 
(1=1 H Fr;=/ (V,z .. ). 

cu.enJJeHHH Ha o6o.zte J!.BH>KYIUHX KOJiec", s CCCP (H o6bi4HO s 3ana)l· 
HOW Espone) I10HHM3eTC5I OTHOUieHHe H3HOO.~blllefi ,lldCTBHT€JibHOfi 
cYIJibl TRrH .~oKDMOTHBa ua o60JI.e (cpe,llHeA no pa6ore aa o6opor), 
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paaBHBaeMOif 11M 6e3 60HCOBaHHH, H CUenHOMY aecy JIOKOMOTHBa) T. e. 
K CYMMe CT3Tl1'1eCI<HX ,il3BJl€Hlli! .li.B~DKYllll1X KOJieC Ha peJJhCbi; !1Halle 
rDBOpH, J<09qJHUfleHT cue.nJieHHH eCTb K09cpHUHeHT npOrrOpUHOH8J!b· 

HOCTH 11J~ B tflopMyJJe: 

fkl!aKc.=l OOOPk'V!k (19) 

MHOJKHTe.llb 1 000 ase.zr.eH 3D.eCb TIOTOMy, LITO fk Bbipa>KaeTCH B 1CZ, 
a cuenao~ aec Pk a roHnax. Kos¢auHeHT cuenJieHIHI B CCCP npnHHTO 

Bblp3)1(3Tb B BllJl,e ,llp06H C llllCJIH· 
" TeJieM e.11,11 HHUeH. 

TeM ropH30HT3JihHhtM ynopoM 

ftJJH KO.IIeca, 6Jiaro.zr.apH KOTOpOMY 

F; 
MOO..------...,---~----.,---..... 

OD 
H M0)l(€T ITO!IBIITbCH CHJI3 T!lfH, gOOOr- -++-'~-" 
!IBJH!eTCH rpeHHe KOJieCa 00 peJJhC. 
EcJJH 6bl J<OJJeco }( peJihc OhiJill 

3J6L!3Tble, TO 3Y0Ubl o6o.zr.a Jl.BH- 80001---+-t-ltt---t+- -+--t----i 

)l(yUlero KO.neca Jl0KOMOTHB3 MO-

fJIH 6bi H8iKHM3Tb H3 3~6Ubl peJJh· 
Ca C OlleHb ISOJJbliiOH CHJJOif, BITJJOTb 70001-+ 
.zr.o noJIOMKll 3y6uoa. OpHMepuo 
TO me HBJieHHe HMeer MeCTO H 
npn r.rra.zr.Knx peJibcax H 6awr.a>Kax: 
ec.m MaWHHa pa30BbeT CJHI!lli<OM 

60JlhiiiYIO CllliY T.Hfli, TO re He· 
pOBHOCTH peJibCa, 33 1\0TOpbie 33-
uenJJSJIOTC!I ueposHoCrH noaepx· 
HOCTei\ KaTaHHH KOJieC, 6y JlYT CJ!O • 

4000 
MaHbl, II KOJ1eca norep»IOT ropn· 
30Hra.1bHble ynopbl a peJihcax. 30001-----

noKa KOlleco KaTHTCH no penb
cy,roqKH ero o6oJ]..a,conpHKacaiD· 
mneCSI C peJibCOM, B MOMeHT CO- ?0001---t---t-' --+---T--+-Ir---"-' 

npHKOCHOBeHHH He CKOJ!b3.HT ~pyr 

no ,npyry, a H3XO,illlTCl! K3K 6h! tOOO 1------f---+--+.......,.,.-+-_,__-i 
B ITOKOe .upyr OTHOCHTeJihHO ~py· 
ra, HO, KaK TOJibKO KO~eCO C06beT 

u ,. 

CBOH' rOp!130HT3JibHbiH ynop, TOqJ(H 
KOI!eca H3IJHYTb CKOJib3HTb ITO CO· 
npHK3C3IDIUHII:ICfl C Hl!Mll TOL!K3Mif 
peJibCa. A H3BeCTHO, IJTO co6uHymb 
K3KOti-JIH60 rrpe.rrMeT T.HJKeJiee, lleM 

0 10 30 frO so II 

¢Hr. 23. napOBOJ QB; Fk= f (V,r) np" 
12 = l H F,. = f ( V,z."). 

JlBHf3Tb npe,rrMeT, y)!{e paHee CJlBHHYTbltl. YiHaqe roBOpl1, rpeHHe Me)!{.!ly 
.li.BYMH TeJI3MH, H3XO,il5llUIIMHCSl B DOKOe .Upyr OTHOCl!TeJibHO Jlpyra, 
60,1biiiC TpeHHfl Me>KJ]..y TeMH )l(e TeJI3Mif, ,IJ,BH>KYillJIMHCH ,ll.pyr OTHOCH· 
TeJibHO ,n;pyra, npHL!eM 3TO Tp€HHe CKOJibllieHHSI YMCHbW3eTCH C yBeJIH· 
tieHHeM OTHOCHTe.IJbHOM CKOpOCTii ,ilBif)!{eHHll. CJie)l.OBaTeJibHO, K3K TOJ!bKO 
ITOBepXHOCTH K3T3Hll!l .UBlllliYIUHX KOJJeC COpB3JIHCb (JIOI<OMOTHB C60K· 
COB3JI), T3K cel)qac me CHJ13 THrH 3H3l(J1fe,1bHO yMeHblllHTCH, ITOTOMY 
IJTO yMeHbWHTCSI C03,11;3l0Ulee ynopbl rpeHHe M€)!{,ily KOJieC3Mll H peJib· 
C3MH. lJaCTb roro KpyniiUero MOMeHT3, KOTOpb!H C03Jl3eT M3IIlHH3, 
TIOil)l.eT H3 C03,11;3.Hlle CHJJbl THrH (yMe HbllleHHOH) 1 3 LI3C1 b-H3 ycKOpeH He 
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epameHlfH KOJiec. Kpynn.J.I.HH iKe MOMeHr caM no ce6e yMeH&UHfTCR, 
!IOTOMY tJTO yMeHblll11TCg cpe,li,Hee HH,li,HK3TOpHOe ,ll2BJieHHe B l.l.Hm-!H· 

.llpax rrapoao3a p1 ~ HH.1UfKaropHbli1 I<os~HUHeHT g, BCJie,llCTBHe yaemr

'lHBllleiicll CKOpOCTH nopuum (cpHr. 9-13). 8 pe3yJIE:.Tare, B MOMeHT Ha· 
'l8P.3 60KCOBBHHR CHJia THfH 3H3'lHTeJibHO rranaeT H no Mepe yeeJIH'le· 

HHH l!HC.'Ia 060pOTOB lLBIDKjWHX KOJJeC rrpO,D.OJJiKaer ntl,ll3Tb .ll3lKe eC,'IH 

M3lliHHHCT He nepeKpOeT peryJIHTOpa MJIH He IIO)(THHeT rat!KH nepe
BQ,UHOfO BHHT3. }J,J!H TOrD iKe, 'LJT06bl npeKpaTHTb 60KCOBaH.He rrpHXO

.D.IfTCH yMeHbllllfTb OTKpbiT!fe peryJillTOpa 11 OTCeliKY .ll.O BeJHillltHM, 

rOp33.Ll.O MeHbllieif, lleM T3, rrpH KOTOpOii H3ti3JIOCb 60KCOB3HHe. 

7000 I---! 

1~1--+--+---+--_: 

~llr. 24. f1apoeo3 Oa; F" =I (V,e) npu 
e=I u F1 =/ (V,zM). 

li !Jooo-- r---r-~---,..---. 
CePHFI C 

• 

3000 1-----+-

<Pur 25. napoB03 C; P1(=f (V,s) rrpK 
Q=l u ~'"~=! (V,z.,.). 

Hrai<, nplf 6oKcoeaHHH H36hiTO'IJH3H pa6ora M3lllHHbi JIOKOMOTHBa, 

He rrepexo.usnuast B pa6ory cn.nbl T51nt, pao:o,llyercR Ha ycKopeHHe 

apall.(eH11ll JlBH)f{YlllHX HO.nec. lleM Kpyqe na.LI.aer HH11.HI<3TOpHbiH 1<03· 

4'1fUHeHT B 33BI1CHMOCTH OT CKOpOCTH npH peaJIH3yeMbiX nepe.u. OOKCO· 

B3HHeM H BO speM51 ero OTCelJKe H OTKpbiTHH peryJI51TOp3 TeM MeHbllle 

yseJIM4HB3E'TCSI CKOpOCTb BpaweHHSI KOJJeC K TOM y MOME'HTy, KOf .ll.B 
M3lllHHHCT yMeHblllHT pa6ory MalliHHbl H.'IIf neCOK nOna,lleT IIO,ll KO.rteca. 

3TO 06CTOHTeJibCTBO RBmteTC51 O.li.HOH H3 rrpH4HH TOrD, liTO M3lllHHHCTbl 

npe.nn01UIT310T He OTI<pblB3Tb peryJislTOp 110JIHOCTbiO. 3 yBeJll14HBlHb 

orceqKy: cpaeHeHMe cpuryp 5 u 6 noKa3hmaer, qro npli npHKpb!TOM 
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peryJrliiOpe l!H.llHKaTOpHhlii K03cjll!UHeHT CKOpee !la.llaer C yaeJIH!JeHneM 
CKOpOCTH spameHH!I KOJI€C H, C.~e.llOBaTeJiblfO, npM 60KCOBaHiiH MeHb
WHH l136biTOI< pa60Thl nap!i HAeT H3 YCKOpeHHe srarneHlHI !<O.IIeC. 3TO 

}!{e 6oJiee 6blcrpoe naJI.eHHe HH.ll11KaropHoro I<oa¢ellJJieHra npH npM
KpbiTOM peryJJ!ITOpe C03.ll3€T H BTOpyiO npltt:iWHY CKJIOHHOCTI1 M2.Wl1· 

HHCTOB npr.Kpb1B3Tb pery.ll!ITOp: yse.mPlHBaeTC!I aBTOM3THlJE:CK3H C8MO· 
pery;mpyeMOCTb napoaoaa, Haaqe rosopH, B 6onee Y3KHx npeJLer.ax 

I<OJie6neTCH CKOpOCTb ITOe3.lla npH 
rex JKe I} H s np11 H3MeHeHHI1 ero 
CODpOHB•lE:HJHI ( 113MeHeHI1H Kpy· 
TH3Hbl ITOJI.'beMa). 

1./ 

zo 

0o~~,~~---,•o---&~o--~--~~~ 
, '"' • v· cro 100 

4'Hr. 26. napoB03 (y; Ft: =I (V,e) IIPH 
q = 1 11 F"= j ( V,z~,). 

CePiffl y:~ 

70001-----

60001--

1000 1---t---f----' 

4'llr, 27. rr~POB03 YY: F,. = f (V,s) npH 
(1= I 11 f'u=f (V,z-"). 

5fcHO, liTO BOnpoc 0 BeJIHl!I1He TOA CI1Jihl, C KOTOpofi MO)!(HO YTHI· 
paTbCH B rJia.[KHH peJibC oe3 OOKCOB3HHH, nO cymecrsy HBJHteTCH OC• 
HOBHbiM BOnpOCOM B >KeJie3HOD.Op01KHOM rpaHcnopre. ECIIH B H348Jie .. 
npOWJlOfO CTOJJeTI1SI BbiCK33biB8J!HCb COMHPHHH B npaKTM!JeCKOH npHrOJI.• 
HOCTI1 JIOKOMOTHBOB Ha r Jla.D.KHX peJibC3X, TO 3TH COMHeHIHI 6biJHI OCHO· 
BaHW HMeHHO Ha HfiOOUeHKe B€JIH4HHW K03~HU11eHTa cuenneHHli IB~· 
JKYlllHX KOJiec c penbcaMM Ko3cjH1uHeHT cuen.neH11H OK33aJIC!I ,OKOJIO 
OD.HOH ITHTOH"- H JIOKOMOTHBb! 33BOeB3JIH Ce6e nepsoe M€CTO cpeD.I1 
cpet~,CTB nepe.llBHlKeHHH1 a OKa)KHCb 3TOT K03¢H.I .. U1ern, HanpMMep OKOJIO 
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O.llHOfi .1lB3,ll;I.(3TO~-l! He 6b!JIO 6h! }!(eJie3Hb!X .1l0pOr B HX TenepeuiHeM 

BHJ{e, If HCTOpHfl reXHlfi.IeCKOfD nporpecca IIOWJ!a 6b! HHh!MH, 33Me.ll· 
JieHHh!MH nyniMJ1. 

Hrai<, npornJio ooJibWe 100 JieT nocJie coMHeHHH: s .1lOCTaTOI.fHocrw 
KOScpH~HeHT3 CUeriJleHll!l JlJifl nepeJJ;BHlKeiHUI IIOe3IIOB, 3 H3UIH 1103H3HJ1!l 
B UiicppOBOH 06JJaCTif 9TOt! rrepBOITpHI.fHHbl .1lBH>KeHI1!l JIOKOMOTI1BOB 

HeJ{a.1eKO YWJIH OT cpopMyJibl ,OKOJIO O}lHOH llHTOH" BCJie)J.CTBHe TOfO, 

9000'--

2{) 

40 50 

¢>Hr. 28. napOB03 411l; F"=f (V,e) np11 ¢>llr. 29. napOB03 ill; F"=f (V,e) npH 
e= 1 H F"=f (V,z.u), [J = 1 H F'JI=f (ll,z,). 

IJTO K09cpHUHeHT CUeiiJleHI-l!l 3313HCJ1T OT Ol.feHb 60J!blli0f0 KOJIHIJeCTBa 
cpaKTOpOB, TaK CB.II33HHhlX MeH<JIY co6oJ1, liTO BbiJ{eJieHHe HX no O,LLHDMY 

.1lJ!Sl .lleT3JibHOfO H3yl.feHHH, JII160 Tpe6yer 60JibllHIX cpe.a;crs., JIHOO 

.1l3lKe He rrpe.LJ,cT3BJISieTCSI B03MO>KHbiM. 

Cor JI3 CHO II n paBHJI npOH3BO)I.CTB3 T!lfOBbJX pacqeros" lf3.1l. 1932 r., 

K03cpHuHeHT cuerrJieHml 1J!k )lJIH napoaosos rex cepHfi, KOropbie He 
ll0.1lBepr3JIHCb cneUif3JJbHOMY 11Cllb!T3HIHO, npHHHMaeTCll 110 T36JIHUe 5. 
B ra6.11r1Ue raKH<e npliBeAeHbl COOTBeTCTBYIOlll.He UHcppbi ITO npaBHJiaM 
H3Jl, 1928 r. 
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.llJIH rex .>Ke cepHtt napoeo3oa, Koropble npOlllJIH crreuHaJIE»Hble 
HCnbiT3HIHI, K09q>llUHeHT lpk ,lJ.O.IDKeH 11pHHI-IMBTbCH liO ony6JIHKOB8HHb!M 

pe3JJibraraM onhiTOB. Ha KpHBbiX Fk MH 20 HCIIhiTaHHbiX cepHfi napo

ao3oa CCCP (qmr.l6-35) pacqerHoe orpaHHlleHHe CHJibi TllrH no cuen· 

JJeHHIO o6o3HatJeHo 6yKsofi C (cuenJieHue). 3rH orpaHHlleHHH rrpoaeJJ,eHbl 

Ce?HR ur 

90001--

70001----

5000 1-----' 

2000 1---1--+--+--' 

20 JO 1,(] JO II 

4»Hr, 30. TiapoB03 W.q; F'J:=f (V,s) np11 
e =I H F~ = f l V,z.11 ). 

I; 
11000 r----r- ~.,...--..------. 

10000 

4000~-+--

1000 1---f----f----f--+--

OL-~--~--~--._~ 
0 !0 20 30 50 v 

cf!Hr. 31. napoB03 blq; Fk = f(V,e) npH 
e= 1 H F~=J (V,z.u)• 

H3 OCHOB3HHH MHOfOIJHCJieHHbiX OllblTHblX llOeMOK Ha IIO.llDeMaX IIO· 

Pllli.Ka 10% npH COBI13.lleHHH c Kp!iBOH pa.rulyca nopH,!I.Ka 600 M. B oo

meM, IWEl¢iiUHeHTbl cuenJieHHH .llJill HCilbiT3HHbiX cep1:1A napOB030B IIOIJTH 

COBil3,!1.310T C YK333HHblMH B T86.1H!Ue 5 (I 932 r.) ,!J.Jill HeHC!IbiT8HHblX 

ceprdi 11apOB030B. rf3 He60JibWOrO IWJIH!JeCTB8 l1CKJII04eHiiA OTMeTHM 

napoao3hl run a I -5-0 cepHH E c IHilleKcaMH (1IayxuwJIHH.Qpoaa5l CHM· 

MerpHtJHaH M8WHHa), .U.JIS! Koropotl 11'k npHHS!T 1/4,9--1/5,0. B npaBHJiax 
1928 r. 6bi C.U.emJH llJISl HeHCIIbiT3HHhlX cepHfi HeKOTOpbll1 33TI3C (Ha He· 

H3BeCTHOCTb), KOTOpbifi YHHIJTOlKeH B !Ip3BHJI8X 1932 f., B COOTBeTCTBHH 
C H3KOII.IleHHE'M OIIblTa, 
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15000 1'-' 
....,... '-! 

14000 1--+-t-- :--II' 

•o.s 
1--t-t-;- _L_-+' :-+--+---1 1.3()00 ,--

\L( 

12000 1-++-tt-- rl!-'-fl-LL_+--+---l' 
I \I 

ttofJo ~--+-1 N 

10000 

' 

6000 1---+++-Jri-+---t---T\ ' 

5000 1---i +--+-\ -+-' c--1\,-------t---'"t---; \ 

·MOO 1--- ~--li-.. ·--t--" 
1\L'!J 

~~-+----t---300~fji'J i----t---\-

1 

w~~-r--~-~~j, , ~ 

' ?000 ~-1--+-+·--r-. 

0~-L--~~~~~, '~ 
0 10 20 30 40 50 , 

4lHr. 32. napOB03 9; Fs= 1 (V,~:) npH 
(I= 1 H F" = 1 ( V,z.~~). 
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1100 0 ft 
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2000 ~ 

1000 

0 10 20 '1h 40 5/} 

4lwr. 33. napOB03 9Y; F"=f (V,e) npl1 
~== 1 u F,.= t (V,z,,.).     
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¢1Hr 34. TiapOBO) 3111 ; F, = 1 (V,~) npll ctlur. 35. napOB03 e'll; F,.= 1 (V,B) npll 
~=I H F11 = 1 ( V,z .• )- q = 1 H F, = J (V,:t.u)-
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TAE;1l11M 5 

l{o91jlHQHeHT CQenJieHHJI IIJJil aewcnbJTaHHblX cep11ll napoB030B 

7." 

ToRapHbre nacCtllKHpCKHe 

T11n MaWI!Hbl 

1932 1928 1932 1928 
.. - ---- • 

HeCHMMerpH'IHbie 11 NlanneTbl • • • • • • • 1(6 I /6 1/6 1/6.5 
CHMMetpH'IHbie c 2 HIIH 4 L\HJIHHApaMH 6e3 

KOJJeHqarDfl OCH • • • • • • • • • • • • 1/5,3 1/5,5 1/5,5 1/o 
CHMMeTpH'IHbie c 3 Hill! 4 L\HJJHH.llpaMH c KO· 

1/5,5 JieH•Iaroli OCbJO • lf,5 1/5,3 1/5,3 

3TH K09!flHUHeHTbl '1/Jk JJ;JUI HeHCITblT3HHbiX cepHfi napOB030B H Orpa

HHtieHHSI DO cuenJieHHIO ,UJISI liCllbiT3HHbiX cepmi, 33)1.3Hbl K3K cpe.UHHe 

.UJill 06hiii.HbiX ycJIOBHi1. OuH Moryr 6hiTb nOBbillleHhi ua 5-10% npH 

xopollleM ycrpoticrse necollHHU, Ha.zi.JiemameM yxo.ue aa HHMH, xoporneM 

lleCKe, XOpOllleM COCTOSIHHH nyTH H TBepli,OM MeTaJIJie 6aH,l!.3lKefi H 
penbcos. Hao6opor, npH ue6JiaronpHHTHbiX ycnoBHliX (Kpyrhie no.u'beMbl 

nopsr.aKa 200fo0 c KpHBLIMH MaJioro pa.uayca nopHJI.Ka 250 M, nJioxoe 

COCTOSIHHe neCOII.HOrO X03liACTB3, He¢Tb H3 peJibC3X, DJIOXOe COCTOSI· 

Hfie Bepxuero CTpOeHHSI nyTH) K09¢HUHeHTbl lf!k )J.OJilKHbl 6hiTb llOHH· 
meHbl. 

CneuHaJibHhie nposepoliHhie onhlThi .llJISI onpe.ueJieHHH K09¢Hl{Heura 

Cl{en,~eHHSI TOBapHblX nae3)J.OB, npOH3Be)J.eHHhie 11HCTHTYTOM TSlrH 

B 1929-1932 rr. B 06b!llHbiX JieTHHX 9KC!IJJOaTai.{HOHHbiX ycJIOBHllX Ha 

DO,ll'beMaX llOpll.UKa 8-1 00fo0 npH COBna,l!.eHHl1 C KpHBblMlf pa,!I.Hyca 

nOpSI,l!.K3 500-800 M, npiiBeJIH K pe3yJibTaTaM, yKa3aHHhiM B T36.11Hl{e 6. 

TAEJIHLlA 6 

J<o~!IIHQHeHT CQenJJCHH$1 Hei(OTOpbiX napoB030B 

K091jJMUHeHT Cl.lenneHHR 
nO CIIeL\H3JI!>HbiM OnbiTaM 

CepHH na- !{asneH He Pac11eTHbli\ 
CKopocTH 6e3 necKa C neCKOM 

pOB03a Ha OCb penbCbJ no rrpasnnaM 

penbCbl pel!bCbi BJialKHbJe 
B.1alKHble CJX11e HiiH cyxHe 

' 

1 2- 3 4. 5 6 7 

os 13 8-12 1/6,4 1/5 ,o 1/5,3 1/6,0 
LU 16 10-12 1/6,8 1/5,4 1f5,3 lfo,o 
E 16 10-15 1/5,4 1/4,8 1/4,4 1/5,0 

aY 17 10-14 1/5,7 I /5, I 1/4,6 I 5,3 
4>1! 20 12-18 I (j ,8 1(5,3 I/4, 6 1/5,3 

113 9TOA raoJIHUbl CJie.uyer, qro pacqerHhle aeJUflmHhl lflk cooraer

cTByror HeKOTOpbiM cpe,!I.HHM ycJIOBHSIM H 6.~H3KH K pa6ore napOB033 
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Ha cyx 11x penhcax 6e3 necKy. Ko~e6aHH~ K09¢uuneHTa cuenneHHH BO 
speM!'I onhiTOB 6hiJIH Ol!eHb OOJibWHe, rrpHMepHo or 1/3,5 rrpH cosep
rneHHO l{HCTblX CYXHX peJibCaX Ha npHMOM XOpOllieM nyTH, ;:LO 1/10 
npH BXO;:Le B KpHBYIO rrpH IlbJJJbHblX pe.11bC8X, CM838HHbiX HecpTbiO, ITO· 
rrasrneif c KOJiec paHee rrpowe;:Lrnero noe3,14a. Cne.D.osareJibHO, UH<l>Pb! 
ra6.nHUbl 6-ol!eHb rpy6bie. npoxo11. napoao3a no crpe~Ke HJIH no ne

pee3JLY C CYXHMI1: IIO HapyJi<HO~IY BH.UY peJibC3MH corrpOBO)I{,ll3eTC51 
naJtermeM Ko9<PnuHeHra 1/Jk H npHOJIHll<eHHeM ero K UHcppaM cro~6ua 4; 
H.1060p0T, peJibCbl BblCOXlllHe IIOCJ!e CHJ!bHOrO JlOlK.!Ul H IIOKpblTble JierKOii 
p>KaBliHHOH npH l!HCrbiX KOJJecax rraposo3a ;:LalOr 6es necKa K09cjHI· 
u11eHrbl cnen~eHml, 6mi3KHe K UHcppaM cro.rr6ua 6 11~11: naJKe ~yqrne. 
npu xoporneM KsapueaoM necKe non see !lBH>KYI.llHe KOJJeca UHcppbl 
crOJIOU3 6 HeCKO~bKO IIOBblWaiOrCH; npH Me~KOM neCKe H3 paKyllleK 
C npHMeCbiO rJIHHbl TIO.l( Oll.HY Be!lylllyiO OCb rrpH EJia.JKHO·rpA3HbiX 

peJibCaX Uiicppb! CTOJJOUa 6 3Hal!HreJibHO IIOHH>KaiOTCH (llO IJ;H<l>p CrOJIO· 
ua 6 H p:a»ce HHJKe). 

3nr pesyJihT3Tbl H: rrpaKTHKa .li;Opor yKa3b!Baror Ha rrpaaH.nbHOCTb 
38,ll3 B3eM hi X paCI.JeTHblX K03cp11UHeHTOB CUeiiJieHHH ll.JJH Cpell.HHX y CJIO• 
BHA (npH OTCYTCrBHH CHera Ha pe.nbC3X). 

B ra6JJHUe 5 CAeJJaHo pa3JIHIJHe B K09cpHUHeHrax cuenJJeHHH napo
sosos, HMe!OIUHX pa3HYIO HepaBHOMepHOCTb KPYTliiiJ,ero MOMeHra H 
ypaBHOBelllt:HHOCTb. 3ro p33J!Hl!He OCHOBaHO Ha npaKTHKe, IIO.ll· 
TBepiKll.aercH ra6 .. '1Huefi 6 H BIIOJJHe nOHHTHO H3 c.ne;:LyiOmero coo6pa
JKeHHSI: 60KCOB3HHe H3lJHHaeTCH B MOMeHT COBTI8.UeHHH HUHOOJ!blllero 
MrHOBeHHOrO 3H3l!eHHH CHJ!bl TH\H, H311MeHblllero aepTHK3JibHOfO B03· 
JlefiCTBHH .llBH)I{YIUHX KOJieC Ha pe.nbCbl H HaH60Jiblliero 3H3l!eHHH rOpH• 
30HT8JibHblX CHJI MeiHJlY KOJ!eC3M!i H peJibC3Ml1: OT BHJISIHIIH H IIOJlep
fHB3HHSI. 3rH o6cro:.neJJbCrsa H HalllJJH ce6e orpameHHe B ra6Jmue 5, 
B rpy6oti KOHelJHO cpopMe, llOCKOJibKY OHH 38BHCHT He TOJlbKO OT THIIa 
M3WHHbJ, HO H OT MHOfHX 6o.nee MeJJKHX cpaKrOpOB. 

OrrblTbl BbiHBHJIH HeKoropoe noBblllleHue K03cpHUHeHra cuenJJeHHH 

c yMeHbllleHHeM cKopocrl1:. B npell.eJiax or 15 ll.O 5 KM/tt cpell.Hee yse
JJHlJeHHe pk 1 Ofo Ha 1 KMjtt. I1Hat:fe rOBOpH, eCJ1H rrpH 10 KMjtt K03cpa· 

l ,05 1 
UHeHr Cl.{eiiJieHHR 1h, TO npH: 5 KMjlf OH OKOJIO 

5 
= 

4
, 
75 

.3TO IIOBbl· 

!lleHHe ITOHlUHO H3 CJiell.yiOI.llHX C006paJKeHHfi. Bbillie Mbl rOBOpHJIR, 
qro 6oKCOBaHHe H3l!HHaercH ror ll.a, KOrll.a MeJJblJatiwwe ropH30Hra.n&
Hble ynopbl B pe,lbCaX Hal!HH310T cpe38TbCH KOJJeCaMH, He Bblll.epiKHB3SI 
CH~bl, C KOropofi KOJJeCa CTpeMHTCR yrHaTb peJibCbl. B .Uet!CTBHTeJibHO· 
CTH 1J3CTHLJHOe rrpOCK3Jib3biB3HHe (CO cpe33HHeM yrrOpOB·H3HOCOM peJJbCa) 
HeKOTOpb!X y~aCTKOB IIOBepXHOCTeH conpHKOCHOBeHHli KOJJeC C peJib· 
C3MH rrpOHCXOll.Hr HenpepblBHO ( oco6eHHO B KpHBblX): OCHOBHble YI.J8CTKH: 
nosepXHOCTeti conpHKOCHOBeHI-151 HOpM3JibHO npOXOll.HTCH 6e3 CKOJlbif\e· 
HHH, HeKOrOpble >Ke-CO CKOJib)KeHH:eM; npli 60KCOB3HHH >Ke BCe yqacTKH 
ITOBepXHOCTeH COITpHKOCHQBeHHH CKO.!Ib3SIT, C.'Je.[OB3TeJJbHO, CHJJa ynopa 
KOJieC B peJibCbl rrpH OTCYTCTBHH 60KCOB3HH5! EOCIIpHHHMaeTCSI CYMM0!1 
!lBYX poll.OB CHJ!: CHJI rpeHHfl CKO.!IbiKeHH51 npH OTHOCHreJJbHOH CKO
pocrH, paBHOfi HYJ!IO (B MrHOBeHHbiX UeHTpax apai.lleHHII), H CHJI Tpe· 
HH51 CKOJJb>KeHI1H npH OTHOCHTe~hHOfi CKOpocrH, 60J!bWeti HYJIR, HO 
M€Hbrneti cKopocnt JlOKoMonma (soo6me roaopH, 6JIH3KOH K Hy.r110). 
3TH HenpephlBHble npOCKaJib3bJB3HH.H, He3aMeTHble .l(J!51 rJI3331 .fl.B.llfllOTCH 
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cnencrsHeM Toro, qro KOJieco conpHKacaercH c peJibCOM noaepxHo
CTbiO nopHlJ.I\3 HeCKOJibKHX KB3lJ.p3THb!X M!MJIHMeTpOB, li3 KOTUpb!X 
TO.~bi<O He60.IIbill3SI 1J11CTb MO)i{eT He CI\OJib3HTb. 

npH yseJl H'i€HHH CI<OpOCTH JIOKOMOTHBa yBeJ!HtlHB3eTCS1 OTHOCH· 
T~JlbHa~ CKOpOCTb npocr<aJib3blB3HHfl KOJieC, a T3K K31\ KO:!tlJHUHeHT 

rpeHI:Ifl CKOJ!b/K€HHI1 yMeHblliaeTC!l C yaeJIH4eHHeM CKOpOCTH, TO JlOJJJKeH 
yMeHbWHTbCH H K03¢HuHeHr cuenJieHHH, HO a MeHhweA creneHH. YHe· 

JIH4eHHe K03¢HuHeHT<l cuenJieHHH npH yMeHbWeHHH CKOpOCTH Mbl H36JJIO• 

n.aeM, HO He BBOllHM B paC4€T no npaKTH4eCKHM coo6pa>KeHHHM; XOTH 
npH yMeHbWeHHH CKOpOCTH 1<05HjJYIU,IIeHT CuenJJeHHSI HE'CKOJ!bi<O yseJUI· 
t£HB8€TCJI1 33TO )f{HB35! CHJ13 n0€31I.a 3HaiJHTeJibHO yMeHbWaeTC!l, B 

pe3yJibT3Te lJero npH M3JIOH CKOpOCHI Ha flO}lbeMe CJIY43HHOe !<paTKO· 
apeMeHHue 60KCOBaHe 1J3LUe B,1e4eT 33 C060H OCTaHOBKY noe311.a, 4eM 

rop3311.0 6oJiee npO.ll0Jll!<HT€JibHOe 60KCOB3HHe Ha TOM >Ke fiO)l.'beMe, 

HO npH 60JibW€ti CKOpOCTH. 
B KpHBbiX (oco6eHHO npH axo.lle a KpHabre) K03cpHr.nreHT cu,enJ!eHiur 

aaMerHo nanaer, raK KaK 6oK01:10e CKO.IIb>KeHHe CKJJa.llbJsaercH no 3a· 

KOHY napaJI.IleJJorpaMa c npo.noJibHbtM no.llcKaJJb3biBaHHeM, a Hx pe3yJib· 

THPYIOI.Ua!l H Bbl3biBaer yMeHbWeHHe Ko3¢HuHeHra cu,enJieHHH. llHQJpbi 
B T30JIH!..l8X 5 H 6 OTHOGITC)I K KpHBblM !1311Hyca nopSI11.K3 600 0pH 
3H81JHT€JibHO ME'HbWHX pal!.Hycax paCIJeTHbiH K03¢HUHeHT cuenJJeHMH 
npMXOli.HTCH yMeHbWaTb flO MeCTHbiM ycJIOBHHM. 

HeKoropoe RJIHHHHe Ha K09¢HuHeHr cuenneHHH HMeJor nepe.llHHe 

H 31l.UHH€ flO.ll.llep>KHB310LU:ie OCH. 0pH H3Jill4HH CHJibl THrH 33,llHHe OCH 

Jl0KOMOTHB3 Harpy>KaiOTC!l 3a ClleT p<13rpy3KH nepe,nHHX OnpOKH.llbl· 
B310LUHM MOMeHTOM, paBHblM BeJIH4HHe CHJlbl T!lfH no CuenKe MeJK.llY 

naposo3oM H reHAepoM (n04TH pasHoti Fk), YMHO>K!;HHOfi Ha pacc-1 O!l· 
HHe or cuenKH 210 roi!OBKH peJJbca no aeprHKaJIH. npH orcyrcTBilH 
nO.llll.€p>l\11BaJOWHX OCefi HJIH CHMM€TpH4HOM HX pacnOJIO)f(eHHH cuenHOH 
BE'C J!OKOMOTHB3 He Ml'H!leTCH, a TOJibKO nepepacnpe.zr.eJIHJO fCfl ,llaBJie· 

HHH Ha OCH; K3111D.311 nepeliHHH nO.IIJlep>KHB810lll3!1 OCb npH pa6ore JIOI<O· 

MOniBa yseJJH4HBaer cuenHoti sec (nopH.nKa 2% Ha npe.lleJJe cu,enJieHH!I), 
J{8lKJI311 331lH1111 no.naep>KHB310lll311 ocb yMeHbwaer cuerrHo~ aec (raKjj{e 

nopsw.r<a 2%). To4HOe tl3MeHeHHe cuenHoro seca MO>KeT 6b1Tb nonc4H-
" T8HO TOJibi<O OTD.eJJbHO JlJIH 1<3}1{lJ.QH cepHM napOB0301l, TaK K3K 38BH· 

CMT OT CHCTeMbl peccOpHorO ll0JlBt'W11B3HH!1, :>KE'CTKOCTI:I peccop, paC· 
CTOHHHH Me>K.lly OCflMH H T. n. TipHHHM3H BCer)l.a cu,enHOH BeC !10 

CT3TH'leCKOMY B3BeWHB3HH101 Mbl .llOJI>KHbl KOMneHCHpOB3Tb era H3Me

HeHH!I COOTB€TCTBYIOlllHM H3MeHeHH€M K03~HU,MeHTa CUenJJeHHH. 8 pe-

3YJibT3Te, HanpHMep, npH np0411X paBHhlX YC"lOBHflX, napOB03 1-5-2 
,llO n/KeH l!MeTb KO~~HU,HeHr Cl.l,eTIJieHHH npHMepHO Ha 4% MeHbWe 03· 
poso3a 1-5-0. 

Her naHHbrx, yKasbraaJOnHIX Ha TO, 4TO ysenJ-tt£eHHe 4HCJYa JIBHJKY· 

LUHX ocei1 a OJlHOti paMe a npe}leJiax or rpex21o wecr11 conpoBO>KllaercH 
H3MeHeHIH'M K03~H[{H€HTa CuenJJeHH!1. XOT!l HeO.llHOKp3THO Bb!CK33bl· 
B3Jl3Cb eCTeCTBeHHaH Mb!CJib, 4 ro YB€JIH4€HI1e 4HCI!a llBH)KYI.UHX ocefi .llOJI· 

JKHO OOHH>KflTb K03~HUHeHT CU,eTIJ!eH11H, OC06€HHO B I< pHBbl X, 0)l.H3KO cpaB· 

HeH11e K03cp11U,HeHrOB cuen.lleHHH napOB030B C pa3Hb!M IJHCIIOM .118H>KY· 
llJ,I1X OCeH, HanpHMep 0-5-0 cepHH 3 H 0-4-0 cepHH J1)!(HU3, HJ!H 

aMepHI<flHCKHX rrapOB030B 2-6-1 H 2-4-1 He .llHeT llOJl.TBep>K,LJ,e· 

Hlill aTOMY npeAOOJIOII(eHI-UO MH KpHBblX pa.D.Hyca 60JibWe 500 M. 
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cocroHHHe aepxHero crpoeHHH nym 11 nepnocrll MeTaJIJia p eJibC 
OI<33biB3eT B.IIHRHI1e H3 K09till1llH€HT Cl(enJieHHil, a HMeHHO, C yseJIHtJe· 
HHeM npaBHJibHOCflf H lKeCTKOCTH peJJbCOBOrO nyrH, C yseJIH4eHHeM 
T3CpJI.OCTH MeraJJJJa peJibCOB 11 COllpOTHBJ!fleMOCTH ero HCTHpaH!l!O
K09tjJHuHenr cuerrJJeHHH noswwaerc51. UHcppbi n Ta6.rmuax 5 H 6 or· 
HOCfiTCfl K cpe.UHHM YCJJOBHHM HaCTOHlll.efO speMeHH M3fHCrpaJJbHbiX 
JIHHHfi CCCP. Ha MamcrpaJJHX CACW, npl-1 cnJIOWHOM lll.e6eH04HOM 
6aJJacTe, T5DKeJihiX peJibcax raepnoro MeraJJJia H npasHJibHo~ noaepx· 
}{OCTH peJibCa peaJIH3YIOTCH K03¢HUHeHTbl cuenJieHHH B cpeLI.HeM H<l. 
5-lOOfo Bb!We Hamero npH: O.lll1H3KOBOM fi0Jib3083HHH: neCKOM, He· 
CMOTp11 Ha 6oJJee BblCOKHe .!13BJieHHH OT OCH H3 pe.!IbCbl (25-30 m), 

Cnen,yeT OTMeTHTh, 'ITO K03¢11UHenr cuenJieHHR 3asHCHT 11 or 
H2rpy3KH Ha OCb. npH H31lleM sepXHeM CrpOeHHfl nyTH H3HBhlfO.llHeti· 
WaH C TOI!KH 3peHH51 K03QJifl{HeiiTa CQenJieHJUI Harpy3K3 Ha OCb Jie}){HT 
B npen,eJJaX npHMepHO OT 16 D,O 20 T. 0pH TIOHHlKeHHif HH)I{e 16m H 
nOBblW€HHH CB€pX 20 m K03tlJHUHeHT CUertJieHHH HeCKOJibKO llOHH· 
>KaeTCH. flpH yxy.llllleHHH COCTORHH51 aepxHero crpOeHHSI nyTH (rJiaB• 
HbiM 00p330M TBep.llOCTH H )l{eCTKOCTH peJibCOB) STOT M3KCHMYM ne· 
pe.lleuraercH s cropony MeHbWHX Harpy3oK, npu YJIY'lilleHlUI- B 
cropnny 6oJiblllHX Harpy3oK. 

OnhiT H npaKTHKa JI.Opor yKa3biBaiOT Ha noHHlKeHHe K03cPHUHeHra 
crten.neHHSI rrpli cuere na peJihcax, np11qeM sro nOHHmenHe B03pacraer 
C nOHH)l{eHHeM TeMrreparypbl, 01l€BHilHO BCJie.llCTBHe TOf01 ':ITO 3aTpy D,· 

HHeTCSI raRHHe CHera no~ .uasJJeHHeM KOJiec 11 cner, cnpeccosaHHhl~ 
B Jiell non; KOJiecaMH, crroco6crayer 6oKcoaaHHIO. 3ro noHH>Icenue 
K03¢1iUHenra cuenJJeHHSI YliHTbiBaercH yMeHbWef!neM npeP.eJihH&Ix 
cocrasos noe3JJ;OB npH cnere Ha peJJbcax (rr. 81). 

n u B3HTHH rroe3.ua c Mecra Ha nJioma.uKe u Ha HeKpyrhlx non'he· 
Max nop51.U.Ka 30fo0) IW3tlJHUHeHr cuenJJeHH51 acern;a Momer 6blr& no· 
Bbllll€H npOTHB p3CI!€THOfO 33 C lJ€T neCKJ, a B 9KCTpeHHhlX CJIYII3RX
H llO.llChlllKOfi ero Ha peJibCbl BPJ':IHYIO, He fOBOpH yme 0 B03MOlKHO
CTH C1l3Tb napOB03 HeCKO.IIbl\0 H<l33Jl. .ll.!IR H3MeH€HHH llO.JIOlKeHHH 
KpHBOillHrroa. Ha KpyThiX me no.uoeMax onacuocrb oophlea noeJ.n.a 
3acraBJJ5leT MaWHHHcros DblTb ropa3.llO ocropolKHee a peaJJH3a.UHH 

u 

npe.UeJihHOH CHJ!bl THrH, H npH rporaHHii Ha fiO.rt'beMe npHXO.llHTCH 
npHHHM3Tb K09tlJHUlleHT CUef1JI€HHll HHlK€, l!eM npH rporaHHH Ha flJIO

lll,3 .n~< e . 
.UJJH ycJIOBHH rporaHHH noe3.ua c Mecra npe.n;Jiar&eTCH cJie.LlyiO~aH 

cpopMyJia: 
0,67-0,0331m 

pkm= Fk (1 +a)= Fk 1 + 3,:J3 + I ,33tm- ' (20) 
r.zte: F,t- pacqernan crrJia T~rH Ha o6on;e npH Tporamm c MeeT a, 
fk- pactiernaSI CHJia T~m Ha o6ol.le; im- no.n.oeM B ThiCfii!HbiX, Ha 
KOTOpOM CTOHT nOe3.D,, 3ra tlJopMyJia .ll3€T yse.JIHtJ:eHHe CliJ!bl TflrH np!i 
TpOraHHH Ha TIJIOlll3A.I<e H3 200fo, Ha llOJl'beMe 20fo0 -- Ha JOOfo, Ha 
no.uoeMe 5%0 - ua 5% H Ha no.n.oeMe 200fou- Ha 0%. Ko3cf>!iu.HeHr 
10Qa npe.ucrasJieH B Ta6.JIHUe 18 (11. 80) B 3aBHCHMOCTH OT im. 

B ra6JJI1Ue 7 npHoe.ueHbl 3HalJeHHSI Fk no cuenJieHHIO .llJISI P or 
41 111 110 140m. no ¢opMyJie 19. 

18. CHna THrH D[) KorJiy. OrpaHal!eHHe CHJibl THrH: no KOTJIY (r. e. 
paOOTOCUOCOOHOCTb!O I<OTJia) 5!BJilleTCSI CJieACTBHeM TOfO, 4TO MaWHHa 
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napoao3a He Mo>KeT npo,noJI>KHTeJibHOe epeMSI pacxo.nosarb napa 

6oJib Ille, tieM .naer ero KOTeJr. 

MomHoCTh napoao3a (HH.nHKaropHaH, Ha o6o.ne HJIH Ha KpiOKe) 

8b!paJKaercH cpopMyJioit: 

N =F. V · I 000 = F · V .nC· (2l) 
75 • 60 • 60 270 I 

rrpH F H N rro.npa3yMeaa!OTCH op;HHaK08bie 3Hal!KH. MerpuqecKne JIO

wa.nr.Hbie CHJibl (75 !CZ. Mjc) 0603Hal!eHbl 6yK8aMH JJC B OTJ!Hl!He OT 

aHr JIHHCKHX (aMepHKBHCKHX) JIOWB,D,HHbiX CHJI, 0003Hal!aeMhiX 6yKBa

MH HP. 
113 3TOH cpopMyJibl CJie.zr.yer: 

F _ 270.Nk _ 270.NkU 270. V _ 270.Hz"' 
k- V - V U = UJNk' V - U/Nk· V ; (22) 

3.necb B l!HCJIHTeJib H 3HaMeHaTeJib BBelleH MHOJKMTeJJb U- paCXO.ZJ; 

napa B LJaC Ha M8WffHY rrapOB03a. U pa36HT HB .L\88 MHOlKHTeJJH: H HC

napfi101.1..{8H noaepXHOCTb HarpeBa KOTJia (BO)l.SIHaSI) 8 M2 H Z"'- pacXO.l( 

napa ua MBiliHHY napoao3a, orHeceHHbiH K 1 .M.2 HcrrapSI!Omeil nosepx

HOCTH B !JBC (HHTeHCHBHOCTb napoo6p330B8HH!I IIO M8lllHHe). 

E cJIH KOTeJI .n;aer a qac HeKoropoe KOJJHLiecrao napa U (r. e., Hz.v), 
TO, ecJIH 6bl pacxo.n; napa Ha CHJIY B !J3C UfNk 6biJJ O,II;HH3KOBbiM npH 

BCeX OOCTOllTeJibCTB3X pa60Tbl nap 08033, TO CHJl3 TfiTM, KOTopy!O 

MOIII.HO 6biJIO Obi IIOJIY!JHTb OT napOB033 6e3 nOHHlKeHHH ypoBHSI BO}(bl 

B KOTJie, cor JI8CHO cpopMyJibl 22 Oh!Jia 6bi o6paTHO nponopi(HOH8JibH3 

CKOpocrH napoao3a V; HHa!Je roaopn, 33BHCHMOCTb Fk or V npK 

)(8HHOM Z.n BbipalK3J13Cb 6bi paBH060KOJi rHnep60JJOJ1, OTHeCeHHOA K 

CBOHM 8CHMIITOTaM. Ho, TaK KaK UjNk He noCTOSIHHO l:I MeHSieTCSI C H3Me• 

HeHHeM CKOpOCTH V 1 OTKpb!THSI peryJISITOpa Q H OTCel!KH e, TO rrpa

BMJibHOJi o6paTHOfi rrporrop~HOHaJihHOC:TH: Me>K.IlJ Fk H V npH l(aHHOM 

:z .• He cymecrayer, xorSI ace lKe HpHBall Fk =I (V) rrpK .llaHHOM z.~~ HMeer 

rHrrep6o~uqecKuH xapaKrep. 

Y.haK, KOTJIOB3ll CHJia TllrH Fkl T. e. Ta CHJia TllfK F'K, 9HeprHIO JI,Jill 

KOTopoA MOlKeT IIpHrOTOBHTb KOTeJI, COr JJaCHO cpOpMyJibl 22 3aBHCHT 

OT V, Z.lj UjNh. U/Nk B CBOIO O!JepeJI.b (CM. n. 10) 33BI!CHT OT V, 8 H Q, 
CJie,noaareJibHo, Kar~oaall CHJJa rHrH Fk 3BBHCHT or V, z., 8 H Q. H3 

STHX !JeTh!peX rrepeMeHHbiX TOJibKO TpH He33BHCHMhl. JleHCTBHTeJih

HO, npe.llCT3BHM ce6e, !JTO rrpH KaKHX·TO onpe.n,e.neHHbiX 3H8lleHHSIX V, 
ZM, 8, Q -cymecrayer paBHOBeCHe MeJKliY pa60TOH KOTJ13 H Mail!HHbl, 

T, e. BeCb nap, npHrOTOBJJHeMb!it KOTJIOM, paCXO.llyeTCSI M3WHHOA, npu

lleM KOJIHI!eCTBO BO.Ilbl B KOTJJe H .zr.aaJieHHe napa He MeHSIIOTCII. npu• 
03BHM HJJH yoaBHM nepeBO,IJ;HblM BHHTOM OTCe!JKYj paBHOBeCHe pa60Tbl 

KOT J13 H M3IliHHbl HeMellJieHHO HapylliUTCSI: B nepBOM CJJyllae M3UHIH3 

oylleT Tpe6oaaTh napy 60JJbWe, l!eM .n;aer KOTeJI, BO BTOpOM CJiyqae

MeHhWe. CJJe.u;oaareJJbHO, e HBJIHeTCSI nepeMeHHoi:i, 3aaucHmeii or V, z.., 

H Q, a l<OTJIOBaR CHJI3 THfH Fk 33BHCHT OT rpex He3aBHCHMbiX nepeMeH

HbiX; V, Z.~~ H Q, 
3aaHCHMOCTh Fk = f(V, z.u• e) ,IJ;Jill napoao3oa .ZJ;8HHOH cepu11 MO

JKer 6h1Tb noJJy!JeHa a pe3y,1bTare cnel.lMaJJbHO nocraaneHHbiX onbiTOB 

(r Jia8a VI). IT pH raHHX onblrax noJJy!JaEOrCH rpa¢H!JeCKHe 33BHC:HMOCTH 

F11 =I (V, z . .J .llJJH HeCKOJrbKHX Bb16paHHblX orKpbiTHH peryJISiropa e, 
KaKOBh!e aaBHCHMOCTH BMecre H SlBJI£IOTCH 33BHCHMOCTblO F, =I (V, z.~~. e). 
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TAEJJHUA 7 
Cnna r~r11 Fk no cuenneHnJO 

!J!k 'Pk 
1 1 I 1 1 1 1 1 1 - - 5,5 -

4,8 5 5,2 5,5 6 I 4,8 5 5,2 6 
pk pk 

I 

41 8540 8200 7890 7 460 6830 91 18 960 18 200 17 500 16 550 15170 
42 8750 8400 8080 7 640 7 ooc 92 19 170 18 400 17 690 16 730 15 330 
43 8960 8 600 8270 7 820 7170 93 19 380 18 600 17 890 16 910 15 500 
44 9170 8800 . 8460 8 000 7 330 94 19 590 18 800 18 080 17 090 15 670 
45 9 33) 9000 8650 8 180 7 5001 95 19 BOO 19 000 18 270 17 270 15 830 
46 9590 9 200 8850 8360 7670 96 20000 19 200 18 460 17 460 16 000 
47 9800 9 400 9040 8 550 7830 97 :/0 210 19 400 18 650 17 640 16170 
4g 10000 9 600 9230 8 730 8000 98 20420 19 600 18 850 178201 16 330 
49 10210 9 80 I 94 0 8 910 8170 99 20 530 19 800 19 040 18 000 16 500 
50 10420 10000 9620 9 090 8330 100 20 840 20000 19 230 18 180 16 670 
51 . 10 630 10 200 9810 9 270 8500 101 21 050 20 200 19 42Q 18 360 16 830 
52 10840 lO 40Ll 10000 9 460 8 670 102 21 260 20400 19 620 18 5501 17 000 
53 11050 10 600 10 190 9 640 8 830 103 21 470 20 600 19 810 18 730 17 170 
54 11 25u 10 800 10390 9 820 9000 104 21 6fl0 20800 20000 18 910j 17 330 
55 II 460 ll 000 10580 10000 9170 105 21 890 21u00 20 190 19 090 17 500 
56 II 670 II 200 10770 10 180 9 330 106 22100 21 200 20390 19 270 17 670 
57 11880 11400 10960 10 360 9 5001 107 22 300 21400 ;.:o 580 19 460 17 830 
5~ 12 080 11600 ll EO 10 550 9 670 108 22 510 21 600 20770 19 640 18 000 
59 12 290 ]I 800 II 350 10 730 9 838 109 22 720 21 800 20 960 ~6 ~0~ 1 l~ ~~~ 60 12 500 12 000 11 540 10 910 )() 000 110 22 930 22000 21150 
61 12 710 12 200 II 730 11 09U 10 170 ll1 23140 22 200 21350 20 180 18500 
62 12 920 12 400 II 920 11 270 10 330 112 23350 22400 21540 20360 18670 
63 13130 12 600 12120 11460 10 500 113 23560 22600 21730 20550 18830 
64 13340 12 800 12 310 II 640 10 670 114 23770 22800 21920 20 730 19 000 
~5 13 55) 13 000 12500 11820 IO 830 115 23 980 23000 22120 20 910 19 170 
66 13 750 13 200 12690 12 000 II COO 116 24190 23 200 22 310 21 090 19330 
67 13 960 13 400 12890 12 180 II 170 117 24400 23400 22 500 21 270 19 500 
68 14170 13 600 13080 12 350 II 330 118 24600 23 600 22690 21 460 19 670 
69 14380 13 800 !3 270 12 550 II 500 119 24810 23 suo 22 890 21 640 19 830 
70 14 590 14 000 13 460 12 730 II 670 120 25020 24000 23 oso 21 820 20000 
71 14800 14200 13650 12 910 II 830 121 25 230 24200 23270 22000 20 170 
72 15 ooo 14400 1385C 13 090 12 001 122 25440 24400 23 460 22 180 20 330 
73 15 210 14600 14 04(1 13 270 12 170 123 25 650 24600 23650 22 3601 20 500 
74 15 420 14 800 14230 13 460 12 330 124 25860 24800 23850 22 o50 20670 
75 15 630 15 000 14420 13 640 12 500 125 260AO 23000 24 040 22 730 20830 
76 15 840 15 200 14620 13 820 12 670 126 26270 25 200 24230 22 9!0 21 000 
77 16 0~0 15 400 14810 14 ooo 12 830 1L7 26480 25 400 24 420 23 0001 21 170 
78 16 250 15 600 15000 14180 13 000 128 26690 25600 24620 23 2701 21 330 
79 16 460 15 800 15 190 14 360 13170 129 26900 25800 24810 23 46(1 21 500 
80 16 670 16 000 15390 14 550 13 330 130 27100 26 000 25 000 23 640 21670 
81 16 880 16 200 15580 14 730 13 500 131 27 310 262CO 25190 23820 21830 
82 17090 16 400 15 770 14 910 13 670 132 27 320 26 400 25 390 24000 22000 
83 17 300 !6 600 15 960 15 090 13 830 133 27730 26 600 25 5~0 24180 22170 
84 17 500 16 800 16 150 15 270 14 000 134 27 940 26 800 25 770 24 360 22330 
85 17 710, 17 000 16350 15 460 14 170 135 28150 27000 25 960 24550 22500 
86 17920 17 200 16540 15 640 14 330 136 28360 27 200 26150 24 730 22670 
87 18 130 17 400 16 730 158 .. 0 14500 137 28570 27 400 26 350 24 910 22830 
88 18340 17 600 16 920 16 000 14 670 13g 28 780 27 600 26540 25 090 23000 
89 18 550 17 800 17120 16180 14 830 139 28990 27 800 26 730 25 270 23170 
90 18 750 18 000 17 310 16360 15 000 140 29200 28 000 26920 25450 23330 
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EcJIH H3 KpHBbiX Fk =I (V, ZM) npH pa3Hb!X e Bb!Op3Tb H COBMe· 
CTHTb Te 3H3lieHHH fk, KOTOpble 51[lJIHIOTCH H3H60JibWHMH npH K3>Kll.OM 

V H z,,.. ro noJIY'IHM 33BHCHMOCTb Fk =I (V, z,..) rrpH uaHBbrronuetlwHx 
KOM6HH3UHHX e H (!. 3ra 33BHCHMOCTb H 11aer CHJJY THfH ITO KOTJiy; 
KpHBaH Fk =I (V) .li.JIH pacqeruoro z, .. HBJIHercH paci:JeTHbiM npene.noM 
CHJ1bl TSirH no KOTJJy. 06blllHO, HaHBbifOllHeHWHM OTKpblTH€M peryJJ51· 

TOpa C TOllKH 3peml51 pacxo.n.a napa H3 CHJIY • I:J3C 5JBMI£'TCSI IJOJJHOe 
OT!<pbiTHe ((l = ]) H T0-1bKO npH M3Jib1X z.u• KOf.ll,3 npHXO.D,HTCH npH BIJOJJHe 
or!<pbiTOM perymuope .n.asa 1 b orcellKH Me~brne 0,15--0,20 npH npo· 
CTbJX M3WHH X, HJIH MeHbWe 0,35-0,40 npH KOMnayu,u;, OK33bJB3eTCSI 

Bhlf0.D,H€e npHKpb1B3Tb peryJiflTOp. 
KpHBble Fk =I ( V, z_") .li.JIH 20 cepHti naposo3oa CCCP nPHBel{eHbi 

ua cpHr. 16-35, r.n.e OHH COBMemeHbi c KpHBbiMH Fk I (V, E) JJJIH 

(! = 1 H 0003fl3.lJeHhl UHcppaMH 20, 30, 40, K3K0Bble UHtlJpbi 0603Ha · 

lJ3IOT ZJ,. 
Ecmr, HanpHMep, napaeo3 cepHH 3 (cpHr. 32) pa6oraet npH z"'=z~30 

rajM2 ll, TO IIpH V = 14 KMjll p3BHOBeCHe Me>Kll:Y KOTJIOM H M3l!HI· 
HOA oylleT npH e = 0,3 ( 1 (l = 1 )j eCJIH )l{e CKOpDCTb 60J!bllle 14 KMjll, 
ro npH e = 1 n a= 0,3 zM 6y11:er 6oJibWe 30, qro noaJieqer yMeHh· 
weu 1-1e 3a naca BOJlhl e KOT Jie, 

OrpamP!eHHe CHJibi nnr no KOTJIY ropa3llO Meuee onpeJleJieuuo, 
qeM ITO M3WHHe. HJ[H Jl3>Ke nO CU:eiJ,1eHHIO, nOTOMy, lJTO KOreJI SIBJISI· 

eTCSI He TOJ!bi<O npeoopa30B3TeJieM H nepell.8T4HKOM 3HeprHH1 K3K M3· 
Wf'IH3 H KOJieCa C peJibC3MH, HO H 3KKYMYJIHTOpOM 3Hepnm, KOTOp3H 
33IJacaeTCSI H3 JierKHX Mecrax npocpHJJSI H )J.063BOil:HO flO.llaeTCSI B Ma• 
lllHHY H3 TRlKeJiblX MeCT3X 3ra B03MO)I(HQCTb BpeMeHHQrO nOBbiiiie· 

HHH npe11eJJa CHJ!bl THrH riO KOTJiy, nyreM 33HMOB y KOTJ13, T. e. YCI1· 
JieHHSI 113p000p330B3HHSI 33 Cl:!eT yMeHbllleHMSI llOll.bi B KOTJie, HBJIH· 
eTCSI Bf CbM3 BiDKHbiM CBOHCT 30~ napOB033. LJTOObl IJOK333Tb, K3KOe 
6 JiblliOe 3H3lJeHHe HMeeT CIJOC06HOCTb naposoro KOTJia 3KKYMYJIHp0· 
B3Tb 3HeprHIO B JJert<HX MeCT3X npoq)HJIH H 0T.ll383Tb ee B TH)l{eJibiX, 
B03bMeM llB3 npHMepa npoqJHJIH: 1) 33TSilKHOH nOll.'be\1 8°/rn H 2) 
qepell:yiOll.lH€CSI riOn'heMhl H CIJYCKH B 8°/00 ll.JIHHOH DO 3 KM. npHMeM, 
lJTO H3H60JJblliee Z,~~ 6P3 nOHH)!{eHHH BOllbi B CTeKJie paBHO 30 ICZ/M2 • ll. 
04eBHDHO, I.! TO llJIH 33THlKHOf0 IlOllbeMa, p3C4eTHblM ZJ

1 
H 6 y l(eT 

30 ICZ/M2 · 'l. 1J.JI11 3y6qaroro iKe IIpOcpHJJH paci:JeTHbiH Z,~~ MOJKHO npH
HHTb 6oJibllle. EcJJH Ha nonbeMax coaceM He Ka4aTb ao.ny, TO JLJIH 
npespameHH\1 B nap K3»<llOJ'O KHJIOrpaMM3 BOll.bl HY>KHO 6y.neT, rpy6o 
rosopSI, 500 r<aJJ. aMecTo 700, Tar< 1\aK 200 KaJI. yme 3anaceuo a r<O· 

tJioeoit ao.ne. EcJIH JKe r<arrar& npHMepHo Bll.BOe MeHbrne BOJLhr, rreM 
Tpe6yeTCSI ll:Jifl Il0ll.1l,E'p)!(3HH51 nOCTOHHHOrO ypOBHH BO.Llbl, TO HYlKHO B 
cpe.LlHeM 600 KaJI. aMecTo 700. CJie,u;oRareJJhHO, npH TOM me o6cJJy»<Haa· 

HHH TOriJ<H, HO npH yMeHbWeHHOH B)I.BOe flO,lJ,34.e BOll.hl B KOTeJI, z.,. 
a.Mecro 30 craHer paaHofi: 

30 • 700 
--= 35 ICZjM!.'t. 

600 

Ec.rm ncnapHIOtnaH noaepxHOCTb I<OT Jia H = 200 M, ro 33 1 MHH. 6y· 
.D;eT y6hiB3Tb 1:13 I<OT JI3 BO,lJ,hl 

l 200 . 35 
-. =58 KZ. 
2 60 

60     
НБ

 

УД
УН
Т 

 (Д
ІІТ

)



Ec.n1 cpe,nHHH c1wpocrb Ha no,n'beMe 15 !CAt/If, TO 3 K.+t no.noeMa 6yJiyr 
npotl,neHhl B 12 MHH. H y6biJJb BO.ilbl B KOTJie y KOHU3 llO!l'heMa 6y
.l(eT 58 X 12 = 700 KZ. EcJIH KOTeJI H K3 1leCTBO BO.Ubl 003BOJHlfOT cny
CTI1Tb 700 KZ BO.ilbl, TO Z.~e = 35 MOJKiiO I1pHH51Tb paC!JeTHblM H3 3311.311• 
HOM 3y643TOM npocpHJie, TilK K3K llO!lOJJHeHHe y6hlJIH JJefi{O 6y.n.er 
CJIC,'JaHO H3 cnycK3X, .11.J1H qero )l0CT3TOLIHO HMeTb cjJopCMpOBKY H3 cnycKe 
10 KZjM2 • 'l, B npe,nnOJIOJKeHilH, lJTO crryCK 6y.uer DpOH)leH B,UBOe CKOpee, 
T. e. B 6 MIIH. 

CpeJJ.HHli z.~~ 33 neperoH s rrepaoM cJiyqae paseH pacqerHoMy, r. e. 
30 (ec.1m nDll'beM Ha nporSili<eHHH scero neperoHa). Bo aropoM JKe 
CJJyqae (eCJIII fiO.ll'beMbi H cnyCKII 110 3 lOt !.!epe.l(yiOTCll H3 npOTSOKe· 
HJ.Uf acero neperoHa) cpe!l.Hl1tl Z,1 MeHbllle pacqerHoro, a H.).teHHO: 

• 

35·12+10·6 
---'----- = 27. 

18 

HraJ<, BO BTOpOM C JJyl.!ae p3C1IeTHbiH Z,~~ MOJKHO npHHRTb H3 150fo 
8blllle, !.!eM B nepBOM, npll'leM cpe!I.Hl1H Z,, 33 neperOH BO BTOpOM CJiy
qae OK33bJBaercH Ha 10°/0 HHJKe, 'leM B nepaoM. 

l13 paCCMOTpeHHll 3TIIX .ll.BYX npHME'pOB RCHO, 'ITO l10HHM3eTCSI !lOll 
pac1.1eTHbiM z.,. H qro noHHMaeTcH no!! cpe!!.HHM aa rreperoH z.~· Boo6me 

• roaopH, cpe.llHHH z.~~ MeHbwe pacyerHoro zM. 
50JibW8H )!{eCTKOCTb BO.llbl ( rOI.!Hee fOBOpH, YBJJeKaeMOCTb, 6poca

HHe ee 8 UHJIIIH.ll.pb!), yMeHblli3R B03M8)!{HOCTb 60JibWOrO 33ll3C3 BOll.bl 
s Kor.rre, yMeHb.waer pacqerHLJtl z .•• oco6eHHO Ha nepesaJJ11CTOM npo~ 
4JH.11e. Y8JieKaeMOCTL 80llbl B UHJJHH.LI.pw He no3BOJIHer .n.ocr11rarb 60J!b· 
WHX ¢JopCHpOBOK KO r Jia II He33BHCHMO OT K3'IeCTB3 DpOcpiiJIH. 

J.h 9TOf0 c.rre.nyer, 'ITO paCLfeTHbiH z.~~ JJ.OJJ>KeH 33BHCeTb He TOJJbKO 
or cepHH napoaosa, po.na H Ka1.1ecrsa ronJJHsa H cnoco6HoCTelt ro· 
nHJibiUHKa, HO H or xapaKrepa npo¢!11nSI H Kalfecrsa ~:~o.n.bl. 

1-13 3Toro raKJKe c;re.rr.yer, qro li.HTb on pe.rr.e 1eu Hhle sHa !JeH IHI pactter
HOro z.w ua see yqacrKH ceTH CCCP He npe.n.cra BJIHercSI BD3M OlKHbiM. 
,ll.JUI OpHeHTIIpOBKH JKe npH 8bi6ope Z,. CJJY>KHT ra6JJHL\3 8, KOTOp3H 
COCT3BJieH(l li.JJH HeKOTOpblX cpe!l.HI1X (11JJH HeMHOrO HHJKe Cpe!I.HIIX) 
ycJJOBHll. DpH xopoweM ronJIHBe, npaBHJibHOM o6opy.lloBaHHH ron~H. 
xopowefi ao.n.e, nepHOi!H'lecKoif nposepKe coana.ueHHSI ocefi KOHyca H 
tpy6bl, a rJiaBHOe- npH O!lbJTHbiX H 3iiHHTept'COB3HHblX B llOBbiWeHYIH 
CKOpOCTE'H napOB03HhiX 6pHf3!1.3X. MO)!{HO 3H3LfHTeJibHO nO.ll.H.HTb (no· 
p.H.n.Ka 20%) pacqerHbie z.., nporHB u11cpp ra6JI. 8, 

DpH H3J!HIJHH BOllOllOJlOrpeBaTeJIH HJIII HHJKei<TOpa MHTOro napa, 
UHcppbl, llOMei.UeHHble B T36JT. 8, yaeJJH'IHB310TCSI Ha 5-lOOfo (npHMep
HO 80fo ,nJJSI BO,D.O!JO.llOrpeaareJJH, 50fo )I.JIH HHJKeKTOpa MSITOfO nap~). 

fl.JISI cepHA napOB03081 He llOMeW~HHblX 8 T36JJ. 8, 3H31JeHHH Z.,. 
Bbl611p210TCSI no napOB038M, noMeiUeHHbiM 8 T8611. 8, IIMeiOIUHM, CXOJJ.
Hble TOni<K H CXO.llHble OTHOWeHHll noaepXHOCTH Harpesa K nJIOI.USJI.H 
KOJLOCHIII<OBOlt pewerKI1, 

DpH pa6ore na poso3a Ha npe.D eJJe cuenJJeHHR, s r Jiyqae ooKcoaa
HIItl z.~~ He y,naeTCH llO.IIY'IHTb T2KHM JKe, K3K H npH 60J!bllll1X CI<OpO· 
CTSIX H COOTBeTCTBeHHO MeHblllHX CHJI3X TSifH1 T3K KBK nprr J<3}!{.ll0M 
60KCOB2HHH npHXOliHTCSI ll0HHJK3Tb CHJJY THfH 1 OT4ero llOHII)!{3eTCSI H 
cKo JOCTb noe3.na. B pe3yJJbTa re qacrLJe 6oKCOBKII 3Ha'LfHTeJibHO no· 

Hl-l.lKaiOr z.,. EcJIH 6oKcosaHHe napoBoaoB npH .D.aHHOM Bece cocrasa 
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HBJIHeTCH XpOHHlfeCKHM HBJieHHeM, TO :'JTO 03H3lJ3eT, lJTO npHHHTblli 

K03tPHI{HeHT Cl{enJieHHH He COOTBeTcTByeT MeCTHh!M yCJIOBHHM (HerO.D.· 

HbiH neCOK HJIH neCOlJHHUbJ, nJIO>:Oe COCTOliHHe BepxHero CTpOeHHli 

nyrH If T. II.) H .lJ.OJI)I{eH 6b!Tb IIOHH>KeH, lJTO Bb.I30BeT nOBbJIIleHHe Z,~~. 

TABJJH.aA 8 
PaciJeTHbie anaqeHHII z,, 1lJIH naposoaou, He o6opyJJ.oBaHH&IX 

uonononorpesarenHMH 

:s: y r II H .... 
Tonnuso u 

0 
--· ::c 

I I I ' ll! 
"'"' ' ' 0 u ro ,.., y 0. :s: ..:~Sl::c 0 >=: .... - .... t: ro it ;:;; = Q)= >, c::roo:l ro :.: :.: r:( • 

"' o.v 0 ::! ro u .... >,t::t;Q) 
;:;; • :s: :s: ur:(- t:: 0. ,-., 

'-' Q) t; • II) :s: .a • 0 ....:: 
=· a: :::: Q) - = "' = ~ .a 3 u '..-',-_ :0 .... ::r: .... Q) 

0. - o:l M .... II) y = . ~ Q) ..0 
0 :s: :0 ;;; 0 = tQ I Cep1111 -& 0 13.) llJ :2 0 0.9'[:-o"' u = Q) "' :s: "' "" o,IO 

:r: 0 :t>, "':0:30: - :) 
t:(~ ><Sl::J:.: L....u t:: ~ :.: 

on, oa ' 35 32 28 23 27 ' 

Ill • 
! 

36 31 27 22 27 
b['l • • • • I' 40 38 32 26 33 
9 3r ' 3w, ::JY ' 911 
' • 40 38 33 27 35 

E • 40 37 32 26 32 
9'~ • 36 36 33 28 32 
HA ' HB' HY • 40 38 33 28 35 
yY 

• 45 40 35 28 37 
K, KY 40 38 33 27 35 
C, 6 I 40 38 33 27 35 
cY • 45 42 37 28 35 
JI 

I 

42 ' 
I - - - -

M. • 38 38 35 28 30 
<J>Jl CO CTOKt'pOM - 48 48* 35 -

' 

HC co CTOKepoM - 50 50* 35 -' . 

CJie.D.yer nMerb B BII.D.Y, liTO npHHHMaeMhle trHCJieHHhle 3H8tJeHIHl 

orpaHI11leHHJ1: CHJibl THfH no cuenJieHHIO, IIO M3IIlHBe H IIO KOTJIY liB· 

JUIIOTCH ycJIOBHbiMii pactJeTHb!MH. Ha npaKTHKe, KOHe!JHO, MO)I{HO Ha 

KOpOTI<Oe BpeMH Bh!HTH 38 paclleTHble npeJJ.eJJbl, a HMeHHO: Henpeph!B· 

HO IIOJlb3YHCb neCOlJHHUefi, MO)I{HO IlO.li.HHTb npe.D.eJI llO cuerJJieHHIOj 

cnycrno raiiKy nepeao.D.Horo BHHTa .D.O ynopa MO>KHO no.D.fiHTb npeneJI 

no UHJIHH.D.p8Mj 06paTHB OCOOOe BHHM3HHe H8 TOnKy, MO)I{HQ ITOllHHTb 

orpaH!il.J.eHHe no KOTJiy. Ho B nOBCe)lHeBHbifi paclJ.eT T31{He BpeMeH

Hhle HanpHmeHHH n naposo3a n napoB03HOf:i 6pnranhi npaHHM3Tb 

HeJlb3!I, OCT3BJJHH HX KaK HeKOTOpb!f:i aanac Ha C.Jiyqafl TIJIOXOH nOrQ.lJ.bl, 

fiOBblllieHHOrO COnpOTHBJieHHH noe3.D.3, HaroHa On03.1J.3HHH H npOl!. 

HeKOTOphlfi, XOTb H He60JiblliOH, 3anac B CHJJe THrH He06XO)J.HM BO 

scex cJiy!JaHx. B rex me cJiy!JaHx, I<orna .D.BH>KeHHe Ha yqacrKe 6JIH3· 

KO K npe.D.eJiy nponyCKHOfi CnOC06HOCTH, npHXO.lJ.HTCII 6b!Tb OCOOeHHO 

OCTOpO)I{HbiM B Bbl6ope pacl!eTHOrO K03qJH[ll1eHTa cuenJieHHSI '1/Y~ H 

lj>opcHpOBKH KOTJia Z,~~. 

* ,D;nll ypa.~bCKHX H HecneKaiOJUHXCR yrneli <l>,D;-38, VJC-40. 
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19. Pacxo)( napa Ha O)(UH xop; nopWHJI. Pacxo)l napa a KHJIOrpaM
Max Ha O.ll.HH (oJlHHOIIHhiil:) XO.ll rroplllHH, paoora10mero cae:HmM na· 
paM, u, rrpe.n:crasJieH ua ¢Hr. 36-55 JlJIH 20 cepm1 napoB030B CCCP 
8 3aBHCHMOCTH or V H s (HJIH s) llJIH Q = 1. UHQJpbi ua I<pHBbiX 

03aa L!aiOT orceiiKIL KpHBbie noJiylJ:eHbi OribtTHbiM nyreM. 
KpHawe u = f (V, e, Q) caMH no ce6e peJlKO HCnOJib3YIOTCH B 9KC· 

u 

nJI03T3l.I,HOHHOH npaKTHKe, HO, BD-rrepBbiX, OHM HBJISIIOTCH OCHOBHblMH 

u 
0.5 5 

P·1 

0.4 

, 

.. \ 

0.3~ t 

a2 
~{ 

~ ~ 
~~ 

at "{ 
-;;;;I 

u 
1.0 

0.9 

0.1 

0.6 

0.5 

OJ 

0.2 

O.f 

£¢ 
p~t 

\!" 

• \ 
~ 

0.3 .. ' .. 
\ qt 'az \ \ 

"'' 
\ 

~ ~ 

0 20 4/J cO tJO 100 V 0 10 20 JO 40 50 f 
tllar. 36. Dapooo3 E; u = j (V,e) 

npll e = 1. 
41Mr. 37. napoB03 E41; u = 1 (V,•) 

npM (! = l. 

SaBHCHMOCTHMH, CBs:l3biBai01IJ.HMH KOTeJI H M3WHHy, H C HX DOMOlUbiO 
DOJIYII310TCH npOH3BO.ll.Hbie 33BHCHMOCTH F =I (V' z), u (N =I ( v, s, e), 
pacxo.ll napa ua MawnHy ua KHJIOMerp =I (V, e, e); ao-aropbiX, no
JiyqeuHe HMeHHO STHX KpHBbiX u =I (V, e, e) HBJIHeTCH OCHOBHOi:t H 
HaHGonee rpy)l.Hofi 3a.llaiieff B HcnwraHHH naposo3a. 

OocrpoeHHe KpHBbiX F = f (V, zJ H3 OCHOB3HHH KpHBblX U=f (V, E1 e) 
H F =I (V, e, e) pa3o6paHo B n. 27. 

nocrpoeHHe KpHBbiX UJN =I (V, e, Q) Ha OCHOBaHHH KpHBbiX u = 
=I (V, s, Q) H F = f (V, e, e) pa3oopauo B n. 24. 
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Tax RaK Ha 1 uM npoucxo~HT 
2n · 109 2n8 • JOI' 

HJIH 
nD nD 

xo.noB rropwHetf, paooraroll(ux cae>KHM napoM (n- npl-i rrpocToR' 
M8WHHe, n~-TipH I<OMnayH)J.), TO l! 
.!lJifi no.JiytieHHH KpHBbiX pacxo.na 0. 
napa Ha MaWHHY napoao3a Ha 

6 

1 K.M Ha.no YMHO>KHTb 3Ha'leHHH 
u H3 KpHBbix u = 1 (V, e, e) Ha 
lJHCJIO xo.noa Ha 1 K.M no cpop· 
:t.tyJie 23. HanpHMep, ,!l;1fi napOB033 a 

~.5 

li 
0) 

1/C 

4 
~"' a ao 

I \ ' 

I 

\ 
OJ 

Q i\ 
J 

2 

\ 

~ ' \ \l ~aJ 
~ l"- ' 

\ " 
..... ..... a4 

I 0) l\ I .... 
I 
I 

0,1 I 

f:; 0.! a ~ 
' I 

• • 

I 
QJ 

v 

Ku 
PRf 

\ 

\l 
'o..4 o,s l -

\l\0.! 
.25 I 
\ 

\ I 

0,2 
1\ 1\. 

~'a: ";;;;;:: 

0 40 80 80 /00 0 20 ~ 60 &0 tOO V 
¢1Hr. 38. napOB03 HC; u = /(V,e) 

np11 (! = I, 
ct>Hr, 39. naposoJ KY; u= I (V,s) 

npH II= 1. 

<l>.ll rrpH Q = 1, s = 0,3 H V = 40, u = 0,39 (¢Hr. 48), a pacxo.n napa 
Ha M3llli1HY H3 1 KM paBeH 

2·2•JOB 
0,39 · n 

1500 
= 0,39 · 848= 331 K2(K.M. 

113 !JlopMyJibl 23 CJie.nyer, qro IIpH CKOpOCTH V KMI'l IIpOHCXO.llHT B li3C 
2n • I 06 • V 2 n . 1 oo • V 

li JI li ..::.;..:!B___:,.:;__,;_ 

nD nD 

XO,!l013 nopWHefl, pa60T3101UHX CBe>KHM napOM. 
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EcJnrtJacoaoii pacxo.n; napa Ha Mauumy U = Hz ... paa}leJH:ITb Ha llHCJIO 
xoJlOB nopiiiHeH, pa6ora10Il.lliX caeJKHM napoM no q>opMyJie 24, TO 
nOJJYlJHM ¢opMyJiy U B 33B11CHMOCTI1 OT V 11 z.~~: 

HnD z HnD 
U = • ... HJI H U = --- • 

2 · 106 n 'V ' 2 · 106 ne V 

I1s ¢opMyJI 25 cJie.llyer, qro u 
U • V = Z X IIOCT. T. e. U 11 V CBH· O.ti 
S3Hhl yp;BHeHI1eM paBH060KOH fH· 
nep60J!bl, OTHeCeHHOH K C~OHM 
3CI1MnTOTaM H Onpe.QeJIHeMOH Be~ 

JIHlJHHOH Z ~o~' dTO ypaaHeHHe ( ¢op· 
MYJIY) Jienm rrocrpourh, SHaH 05 
H1 D u n (n,) H aa)l.aaaBch zA,. 

Jl 
0.4 

(l=f 

1 

\ 
I 

0.3 0.3 

\I 
0~ ' ,4 

'0.3 ·, 2 0.2 0. 

'0.2 

........ 

0. f 

0 20 50 fOOV 0 

\n 
; 

\ a;, 

1\ \ 
1\. 

2() 

M 
p 01 
• 

I 

v. 

'{,02 
' 

""' .n 
"• I 

60 80 
¢Hr. 40' napOB03 Jl; u =I ( v' e) 

npn e = 1, 
«<>nr. 41. napOB03 M; U=/(V,e) 

npne=l. 

(25) 

D.JIH IIpHMepa Ha JieBOH CTDpOHe cjmr. 89 IIOCTpOeHbl KpHBbie U = f (V) 
rrapososa cepuH M .zvm z ... = 15, 20, 30, 40 11 50. 

no q>opMyJiaM JKe 25 MOJKHO OIIpe,ll.eJIIfTb Z~o~ ){JIH JII06oro 3Haqe· 
HHH u no KpHBhiM u = f (V, e, e); HarrpuMep )I.JIH napoaoaa <PD. rrpH 
e = 1, 8 = 013, v = 40, u = 0,39, a 

2 • 106 n z = u. . v = 0 39 
M HnD ' 

2·108 ·2 
295 • n. 1500 • 40 = 45 1UjM2 • IJ. 
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20. PaCXO):{ napa Ha J10W3AHHYIO CHJIY 8 'lac. 113 <}JopMyJJhl 22 CJie· 
n.yer, qro 

UJN" = 270 H :~K lCZ/fiC. 'l (26) 

no aroA !l>opMyJie, HMeH KPHBbie Fll =I (V, Z,~~) }.{JJH K3KOrO-JJH60 
rrapo8oaa, JierKo orrpe.n.eJIHTb UJN • .li.JIH .mo6oii KOM6HHaJJ.HH V H z"' 

a; 

113 

0.1 

HT 
p-1 

' 

'0.7 

' 
\ 1\. '{).0 

'~ v.4 

~'~ 
0,3...._ ... 

.Pur, 42. napoB03 HB jU =I (V,t) 
npH !_)= J. 

u 
0,5 

0.3 

0,2 

0.1 

, oo 
p·t 

~· 
' 

I \1 

~ 

~ 
~0.3 

I 

\} 
' 

0.~ ~ 
~""' 

J ... 

~ o soV 
IPHr.43. napOB03 Qo; U=/(V,e) 

upl! e=l. 

,t:lJtH roro )!{e rraposo3a. HanpHMep, )J.JIH naposo3a cJJ /( ( cp11r. 28) rrpR 
V = 30 11 z,~~ = 40, F.= 13 000. CJJe,llosareJJhHO, no ¢opMyJJe 26 

UfN.= 270. 295 30.
4
1°3000 = 8,2 KZjfiC. ll. 

11MeH KpHBbie F1 = f (V, Zh1) JierKo rrocrpoHTb MH roro >Ke napo
aoaa KpHBbie UfN" =I (V, z..J. n.~SI :noro 33.II.3€MCH IIOCJie.II.OBaTt:JibHO 
p33Hb1MH V (10, 20, 30 H T. ,11,.), orrpe,lleJJ5lt:M ,llJISI HHX f 1 ITO KpHBbiM 
Fll =I (V, z,.) ,llJJH HY>KHhiX z"', no,llCTllBJI5leM coorsercrsyiOmHe V, F1 

H Z,~~ B ¢opMyJiy 26, IIO,llC4HTbiBaeM UfN11 H CT3BHM T04KH Ha MHJIJIH· 
.rrterposKe 8 Koop,llHHarax UjN, u V. DoJiy4eHHhie T04KI1 )I.JIH o.n.aHa
KOBbiX zM coe.n.aHHeM nJiaBHhiMH KpHBbiMH. 
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Ha cpHr. 56, 57 M 58 rrpHae.ueHhi KpHBhie U fNw = f (V, z") ,IJ.JIH rra

poao30B 3Y, 3M H <f> Jl, 
flo.ucraBJIHH z.~~ Hs cpopMyJibl 25 B cpopMyJiy 26, rroJiyqaeM: 

UjN = 54 . J07 n, u 
" nDF 

" 
(27) 

)lJIH U[N; JierKo MO}!{HO 6wro 6br ar-.mecr11 coaeprneHHO raKHe >Ke 

¢opMyJihi, c 3aMeHoii F w Ha F;. l1 
H3 cpopMyJI 27 CJie,nyer, qro a.5 

u 
U(N = rrocr. aeJIMI!HHa X F · 

]J 

o.a.-T"'"'T"-...,.--.---r.o:-;;o,-, 

' p=t 
a1f--- :+- ~-=~---+--r----i 

0.5 

0,2f----+--+~~-l-------J 

0,3 
ati----J--+--+--+----1 

as 

0,2 

0. 1 

, 
1 

I 

c 
p=1 

. 

O.? 
.. 

I 

I ' 

\ ...... 
,az..... ~'--..."""~ 

' -
1 

0 tO 20 30 40 50 V 0 20 40 60 80 t!Jf) II 

¢Mr. 44. napoB03 Oe; u =I (V ,t) 
np11 e =I. 

<l>Mr. 45. napOB03 C; u =I (V,8) 
npH !! =I. 

<f>opMyJihi 27 .n.aror B03MO}!{HOCTb nocrpmrrb 33BHCHMOCTb UfN.::: 
=I (V, e} ,UJIH 3a,UaHHoro (?, ecJIH MMeiOTCH saaHCHMOCTM F" = f (V, s) 11 
u = f (V, e) ,n:Jm roro >Ke napososa H Q. .lVrH rrocrpoeHHH 3a,naeMC51 
DOCJie)J.OBaTeJibHO p33Hb1MH V (10, 20, 30 11 T. ,ll.) H pa3HblMH 8 (0,3; 
0,4 H T. ,n:.) H ,IJ.JISI Ka}!{,li.OH KOM6HHaUHH V H 8 orrpe,n:eJJHeM ITO KpH· 
BbiM f H U. ,Ue.>niM K8)1(,[biH pa3 ffl H3 lt, MHO>KHM 1!3CTHOe Ha ITO· 
CTOSIHHblH K09QJI1I.lHeHT ITO cpopMyJie 27 H CT3BHM TOIJKY Ha MHJI.!IH
MerpOBKe B KOOp.li,HHa T3X Uj N11 H V. floJiy'leHHbie TOlJKH .li:JIH O)]JlHli· 
KOBb!X 8 coe,n:HHHeM IJJiaBHbiMH KpHBb!MH. 
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3THM cnoco6oM, no <PopMyJie 27 nocrpoeHbi see onhiTHbie KpHsble 

UJN = f (V, e), TaK KaK Herrocpe,ZJ.crseHHoe orrpe.ll.eJieHHe U /N so ape

Mll. OllbiT3 3arpy.llHHTellbHO H HeTOIJHO (n. 67). 
3aBHCHMOCTH UJN

1 
= (V, s) npH (! = 1 npHB€,lJ.€Hbl Ha cpHr. 59-83 

.il,Jill. T€X )!{e 20 cepHJ1 napOB030B, ,lJ.JIH KOTOpbiX Bblllle npHBe)leHbl 

F. H u; .li.JIH napoaoaoa me C, 0 8 , ill 11 3 rrpHBe,ZJ.eHbi Kp11Bbte UfNr: = 
f (V, 8) 11 .li.JIH OTKpbiTHH pery Jill.

ropa, M€HblllHX liOJIHOfO. ll CY 
0. ,5 p=f 

' 

0. 4 
~t-

' 
l\ 

(). .J 1\ 
\ 

"a~ 
"'\! 

0. [t 
1,. 

' ]'..."' 
0. 1 

(),2 

-o.t 
;;;;;; 

0 20 40 60 ~0 100 v 
«flur. 46. flapoaoa CY u = f (V,e) 

npHe=lo 

Un¢phl Ha KpHBhlX 03HaiJaiOr 

OTCeqKH 8 HJIH 8
5

, 0oqTH BCe Kp11-

Bhl€ HM€IOT HCHO BbipaJKeHHblfi MH

HHMyM, T. e. H3HBblfO,ZJ.HefiiiiyiO 

11 
a4 ............. :-r-~.....--....--.,.......---, y!l 

p·t 

too 'I 
4>Hr. 47. napoB03 YY; u =I (V,s) 

npu e=l. 

CKOpOCTb. 3TOT MHHHMYM rrp:u Q = 1 y TOB3pHbiX rrapOB033X -rrp:u V 
OKOJIO 30 KMj'l DpH npOCTOH M3lllHH€ H OKOJJO 20 KMjll npH M3lliHHe 

KOMD3YH.ll; y D3CC3)!{HpCKHX rrapOB030B- npH V OKOJJO 80 KM/'l lipH 

DpOCTOti M3llll1He H 01\0JJO 50 KM/'l rrpH M3IIIHHe KOMnayH.Jl, 0apOB03bl 

MaJJ.'Ier KOMrrayH.ll. HMeiOT MHHHMYM np11 5-10 KAt/fl. DpH yMeHbiiieHHH 

OTKpblTHH peryJIHTOpa MHHHMYM y BCeX rrapOB030B nepe,li.BHraeTCH 

B CTOpOHY MeHblllHX CKOpocrefi Boo6me rOBOpH, fiOJIHOe OTKpbiTHe 

peryJiliTOpa ll.BJIHeTCH H2HBb!fO)J,HetillJHM (eCJJH, KOHeqHQ, rrapOB03 He 

6pocaeT BO.ll:bl B UHJJHH,ll.pbl), HO rrpH M3Jlb!X CHJI3X Tll.rH .llllH 60Jib· 

WHHCTBa cepHH rrapOB0308 BblfO,ZJ.Hee rrpHKpbiB3Tb perynHTOp, li€M 
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yMeHbiiiaTb OTCeliKY HIDKe, npHMepHO 0,2 ,II;J!H npOCThiX MaWHH H 0,4 
.l(JISI MailiHH KOMnayHJJ.. 

fJiaBHhlMH npHl!HHaMR yseJIH:lleHnsr pacxo.na napa Ha CHJiy-qac npH 
M3JibiX CKOpOCTSIX SIBJIHIOTCSI OTHOCHTeJibHOe yseJIHIIeHHe nponyCKOB 
napa qepes soJIOTHIH<H 11 nopi11HI1 
H: yseJIHlleHHe renJioo6MeHa co 
CTeHK3MH ~HJIHH.n:pa. Y BeJIWieHHe 
JKe pacxo.n:a napa Ha CHJiy-qac npH 
60Jibllli1X CKOpOCTSIX 06bSICHHeTCSI 
yseJIHlleHHeM TOpMOJKeHHSl napa Ha 
ero nyTH AO UHJ!HH.llpOB U yseJIH· 
4eHHeM IIOTepb OT tpeHHH B ,IJ;BH· 

li 
I. .0 

.9 

a .'S 

tJ. m 
IJ. ,0 

'5 a 

4-a 

0. J 

(J. ~ 

f 

C/JA 
~ 

-
-

~ 
0..5 

\ 
" \ 

-

b 
I "-c.~t 

0.~ 
• 

r"'-()2 

'"'(},! ... 

lJ 
1. 3 

f. 2 

1. I 

t.O 

0.9 

0.& 

0.7 

0.6 

0,5 

0,2 

0. t 

-

' 

, 

' 

11/ 
(J•1 

0.7 

--

\ 

a\ 

,\ 
0.5 

' 
--

1J.4 ~ 

KaJ -
~ 

? 

0 
(} 10 20 30 40 50 60 Jl 0 10 20 30 ~0 so l! 

«Pur. 48. Oaposo3 «t>Ll; u = j (V,t) 
npu e = 1. 

IPHr, 49. Oapoao3 Ill; u = 1 (V,e) 
npu £1 = 1. 

*YW.eM H napopacnpe.neJmreJibHOM MexaHH3Max. B rrapososax c rre
perpesoM napa c yseJIHl!eHHeM cKopocTH sospacraer H rreperpes (or 
yseJJHlJeHHH ~OpCHpOBKH KOTJ!a), liTO saMe,IJ;JJSieT OTHOCHTeJibHOe yse· 
JIJHemie pacx O.lla napa or ropMoJKeHJHI napa H or rrorepb B .UBHlKY
W.eM 11 napopacnpe,n:t:JIMTeJibHOM MexaHH3Max (raK KaK F; H F~ rra.l(a
lOT MeMeHHee). 
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21. rpa4JHlleCI{3.R HHTepnOJJ.Rl(H11. DpH rpacjwrqeCKOM H306pa}l{eHHH 

33BHCHMOCTH OJI.HOH ITE'peMeHHOH BeJIHl!HHhl, HanpHMep F1 , OT JJ;BYX 

.u;pyr11x rrepeMeHHhiX seJIJ11IHH, HanpMMep V H zM, a .u;ei1CTBHTeJibHOCTH 

IIpHXO.Ll.HTCH H306pa}l{aTb 33BHCHMOCTb 3TOH BeJIJ1ql!Hbl OT O.LJ.HOH 113 

.u;syx He3aBHCI1MhiX nepeMeHHbiX (Hanp. V) np11 pa3HhlX 3Hal!eHuHx 

apyrofi nepeMeHHOfi He3aBHCHMOH (zM). 8 T8KOM BHJl.e npHBeaeHbi rpa· 

cpHqecKHe 3aBHCHMOCTH F11 =I (V, z.~~), FK = f (V, s), u =I (V, c), UjN,. = 
=== f (V, e) npH Q = I. Ha rpacpHKe noJJyqaercH cro.1hKO KpHBhlx, CTOJih· 

IJ 
0,9 ut 
0,8 

(l=f 

0.7 

0,51---

0,21----·f---r-------t- -- ·: 0.3 
' 

O,tl----1---+---f--t---J 

0 10 20 J(j 50 v 
<I>Hr. 50. napOB03 Wq; u =1 (V,e) 

npll e = 1. 

u 
0.8 

bt1 
I 

f=1 a1 

0.4 

1},2t----+----t 

at~-f---1--+-~~1 

0 0~---;k--;f;;---.-'';:--..,-~-l /1 
10 20 30 lrO 50 

<l>llr. 51. napooo3 bJll; U =1 (V,e) 
npH e =I. 

KO B3HTO 3H3lleHHH BTOpOH He33BHCHMOfi nepeMeHHOH. JlJIH RCHOCTH 

H H3fJIHAH0CTH rpaqmKa, 33BHCHMOCTb npHBO.LJ.HTCH J{JIH He60Jibll10f0 

liHCJia 3HalJ:eHJ1H BTOpOH He33DHCHMOH nepeMeHHOH, Bbipa}l{aeMhiX Kpyr

JlbiMH IJHCJI3MH, Hanp. ZM = 20, 30, 40 11 50; B CJJyqae )!{e H8JJ;06HOCTI1 

KpHB3H AJIH Jiffi60rO 3H31JeHHH rrepeMeHHOH, He npHBep;eHHaSI H3 rpa· 

cPHKe, MO}I{eT 6h1Tb BCerp;a IIOCTpOeHa C IIOMOI.l.lbffi rpacpHlleCKOH HH

repnOJIHUHH. 3ror cnoco6 noKa3aH Ha cjmr. 84, Ha npHMepe nocrpoe

HHH KpHBOH KOTJIOBOH CHJ!hl THrH Fk ,llJIH rrapOB03a QB IIpH ZM = 27. 
6epeM KJierqaryffi 6yMary 11 crpouM Ha Heli c ¢11r. 24 ( 0 8 ) KpHBbie 

F11 = f (V, z,,), JIYIJ:llle B yseJIM!JeHHhiX B .n:sa pa3a Maclllra6ax, r. e. 1 000 
K2 = 20 MM H 10 KMjll = 20 MM. ¢Hr. 84 C,ZLeJiaHa BO B.LI.BOe MeHbllleM 

Maclllra6e, lleM cp11r. 24, .llJIH aKOHOMHU Mecra. P£;roM crpoHM 33BHCH· 

MOCTb f 11 OT ZM )l;JIH HeCKOJibKRX CKOpOCTeH, CKa)!{eM V = 10, 20, 30, 
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u 
0.3 

a 7 

5 

4 

J 

' 

0.2 

a1 

i 

. 

as 
' 

• 

\I 

\I 

' 

~ 

J 
P=t 

' 
af 

' 

0,, 
\ 

~ 
ft.0,2 ...... 

.... 
O.t 

"' 

qJllf. 52. napOB03 3; U = J (V,s) 
npH ~= l. 

ll 
a a 

0.7 

a ,0 

a ' 

4 

a 3 

0.2 

J!l 
' 

p~1 

0,5 

f--

I-

a~, 

:--

\ 
I~( 

I ' 

I \ '\[ 

I 
12{ 

\ ~ ...... 

~ 
...... 

(Jj 
' 

l!>ar. 53. napoB03 8Y; u = I (V,t) 
npH e=l. 
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~0 H 50 KMj'l.: no OCH 30CUHCC OTKJI3,nhiB3€M Z., B K3KOM-HHOYJI.b 
y)J.OOHOM M3C!!!Taoe, Harrp. 10 1C2/M2• 'l = 20 MM (Ha ~!>Hr. 84 M3CIIITa6 
li s lJ:eThipe pa3a Me~bllle), u nepeHo-

a7 OIM TOIJKII C JieBOH .Llll3rpaMMbl Ha 
J 11 

npasy:10. DyHKTHpoM noKaaaH XOJl 
1 f=1 rrocrpoeHIUI Kpasott F" = f (z.~~) .D.JIH 

(J.6f---+----'~.------f----j--r-l V = 20. lJepe3 ITOJiyiJeHHbie TQtiKH 
0.5 nposO)J.RM rrJiaBHhie KpHsble. BcH 

0,5 
IJ 

0.4 O.o 
9" 

~ p=l 
0.3 

a --1---

I 
oo!::---f,;---;!;;----:t;---;-;;-~ II o,t, ~~ \ 

tO 20 JO t,.O JO ' 

0.7 

<!>Hr. 54. napOB03 3!';; U=/ (V,e) ' f--~1---t--
npH e=l. 1 

I (Jfl 

I 

2~-+-~-r--+--~ 

211 Jl} so 
u 

<!>Hr. 56. napoB03 3Y'; =I (V,z ... ). 
N• 

I 

0,.31---, _,<+-- .--+---+---J 

I 
I 

I 1----', :-- :+----- ,-+--__,_,'! 
as 

0,3 
0, fl----+--+---t------"'o~ 

0 10 20 J(J 40 suv 
¢Hr. 55. napoB03 Blf; u = 1 (V, E) 

npH (l = J. 

9Ta orrepauHH H33hiBaercH rrepecrpot!Koti KPHBhiX B .11.pyr11x Koop.li.H
Harax. 06e .[(H:arpaMMbi, JieBaH II rrpaBaH, rrpe)J.CT3BJHilOT O.li.HY H TY 
:>Ke 33BHCHMOCTb F" =I (V, z.v), Ho nesaH .11.aer, a cyiUHOCTH rosop11, 
F.= f (V) .ltJIH HecKOJihKHX 3Hall:emrii: z .. (20, 30, 40 u 50), a rrpaaaH 
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Cef'un J 11 

I 

' i q~f ' I 

Z,.,:.2/J" Ill 
' 

8 

--- - ~ 

' 
-25 10• ' ' 

' 

:m j -•: T =· ~6{(1 
I 

2 ' 

10 20 JO 40 
u 

¢Hr. 57.napOB033M;--=f (V,zM). 
NK 

% !Jf( 

f6 
'/j 

f4 

fJ 

f2 

ff 

{0 

9 
8 

'1 

6 
s 
4 

J 
2 
f 

~ 

~ 
aJ 

~ 
CeP/ifl 5 

1 
-1\-

p 
at ./1 

' / 

1\. 
0.2 _..... 

..... 
o.~ ~ 

0.4 

'' 

8 

61---+--~--+---~~--~ 

~----+-----+------1--i CePilH cp 1/ 
f 1 

4~-+--~--+---~~--~ 

2~-+--~--~-+---r__, 

u 
If! Hr. 58. napOB03 IfiLl; =I (V,z,~~). 

N" 

* fJ /( 0 

17 
15 

15 

f4 

fJ 

12 

ff 

tO 

9 
(J 

7 

6 

5 

~ 

J 

2 

1 

, 
, 

\I r· 'fnl' ., 

f\ ~=1 

'a! 
~ 

.......... 

~' , 0~[ 
I' ' 

n J 

Ia: 
' 

0 
Q 20 40 50 {JO 700 v 0 'ii to 20 30 .40 oV s. 

u 
>$Hr. 59, napOB03 5j =/(V,e) 

N" 
npH e =I. 

u 
cllur, 60. napoB03 E<l> ;Nm =I (V,1) 

npH e= l. 73 
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.naer F., = f (z ... ) MH HeCKOJibimx 3H34eHHtl V (1 0, 20, 30, 40 11 50). 
4ro6bi nOJJY4HT~> Ha JJesotl .uHarpaMMe HYlKHYID HaM KPHBYID F. =I (V) 
.llJIH zM = 27, npoBO.UHM Ha npasoii .UHarpaMMe op.UHHary .UJIH z ... = 27 
H T04Kil nepeceqeHHH ee C KpHBblMY! nepeHOCHM Ha JJeByiO ,!I.HarpaM· 

My .11.0 nepeCelJeHHH C Op.UHH3T3Mll COOTBeTCTBYIDIUHX CKOpOCTefi. 4e• 
pe3 noJJylJeHHbie T041UI npoBO.UHM nJiatlHYJO KpHB y10. 0Ha ecTb F, = 
= j(V) .UJIH z,. = 27. U 

TaKHM lKe cnoco6oM MO>KHO no- rtflt 
crpoHTb KpHBble F'll = f (V) .UJIH z"' 
HeMHOrO MeHhllie 20 H:Jlll HeMHOfO 

60JJbllle 50. B 9THX cJiytiaHx (rpa-

Jl 
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CePH>t K.Y 
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~0.! 
O,J J-4 

a is 
;;;;;;;~ 

0 20 40 60 80 100 v 
u 

cl>Hr. 62. flapoB03 KY; = j (V,s) 
N• 

npu e =I. 

ci>ur. 61 
u 

naposoaMC; =i(V,e) 
N" 

npH Q= J. 

cPH4eCK3H 9KCTpanOJIH~MH) rrepecrpoeHHbie KpHBble H3)(0 npO)lOJDKYITb 

B )!{eJiaeMyJO CTOpOHy, COXp3HHl1 HX IIJI3BHOCTb H 33KOHOMepHOCTb 

o6ruero pacnoJiolKeHHl1. 

B 9TOH KHY!re IT04Tl1 BO BCex CJIY43HX B o603H34eHIHI rpaqHPie· 

CKOW 33BHC}IMOCTH O.UHOH nepeMeHHOW OT .UBYX ,npymx nepeMeHHhiX, 

Hanp., F, =I (V, z.~~). JiesaH qacrb o603Ha4eHHH ecTb To, 4To OTJIOJKe· 

HO H3 rpacf>HKe ITO OpJJ.HH3T3M (F" H3 qmr. 84), nepsaH 6yKB3 B CK06· 

K3X- TO, 4TO OTJIO)!{eHO ITO a6CUI1CC3M (V B JieBOH lJ3CTH QJHr. 84), 
BT0p3H 6yKB3- TO, lJTO HaJlni1C3HO H3 OT)leJibHbiX KpHBbiX rpacf>HKa 

(z,. s JJesofi 43CTH cf>f'fr. 84). CJJenosareJibHO, JJesblti rpacpHK qmr. 84 
o6o3Haqaeroi F11 =I (V, z,11), a npasbll1 F'll = f (z,1, V). OrcryrrJieHHH or 

STOfO o6ruero npaBHJJa .ll.OfiYIUeHbl (B pellKHX CJIY435lX) TOJibKO )l:JIH 

9KOHOMHH MecTa u .UJil1 cyMMapHoro o6o3Ha4eHHH HeCKOJJhKHX rpacpH4e· 

CKHX gasHCHMocreli c OJlHHMH 11 TeMH :lKe nepeMeHHbiMH. B cJJyqae 

rpacpH!IeCJ{QH 33BHCHMOCTH OT rpex H€33BHCHMbiX nepeMeHHbiX, Hanp. 
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5 :=I (V, s, e) ~a cpHr. 5-8, rrpHXO,l!.HTCH .rr.eJiaTb ylKe ~eCKOJibKO rpa

lf!HKOB Ka>K)J.b!H ,il.JIH onpe.rr.eJieHHOfO 3HaqeHH51 O,l!.HOH H€33BHCHMOH 

nepeM~HHOti (cpHr. 5-7), KOTOpaH B 0603HaqeHHH 33HHM3eT IIOCJie.llHee 

MeCTO (g). 
22. 06U(He DOJIO)I(eHH.R 0 DOCTpOeHHJI J<pHBbiX CHJ!bl T.RfH, paCXO]\a 

napa Ha xOA rropmu.R u pacxoAa napa ua JIC a qac JllUI ueucnbiTaHubiX 
cepuu napoB030B. ll.JJH mposo30B rex cepHif, Koropbre He no.rr.aepra

.nHcb cne~H3.1IbHOMY HCIIh!T3HHIO H He HMelOT OIIblTHblX .ll3HHhlX, Bblpa-
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u 
II>Hr. 63. napOB03 JJ; = f (V,e) 

N" 
np!i I!= I. 
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CmtB H 
{Jf 1 

\1 AA 
J,l 

""' 
liJ. I 18 -· 

I 

I 

0 20 40 60 rJ{) 1~ 

u 
!l>!ir, 64. napoB03 M; =I (V,e) 

Nn 
npH {l = 1. 

>KeHHbiX B BH,l!.e KpHBbiX, HJlKHbie KpHBbie MoryT 6b1Tb IIOCTpOeHbl 

Ha OCHOB3H HH HMelOIIJ.HXCli COOTBeTCTBYIDW.HX KpHBblX )!,Jill napOB030B 

)J.pyrotf cepuH. 

8br6op napOB033, OIIb!THb!MH KpHBb!MH KOTOpOrO C.JJe,nyeT BOCIIOJib· 

30B3TbCll .llJili IIOJiyqeHHli COOTBeTCTBYIDI~HX KpHBbiX .ll.MI napOB03a, 

Hx ue HMeiDw.ero, onpe.neJIHercll reM ycJJOBHeM, l.JTO o6a naposo3a 

.ll.OJDKHbl 6b1Tb O.llHH3KOBbl ITO npHHI.UWY pacniHpeHIHI napa (o6a C Ma

illHHaMM OD,HOKpaTHOrO pacmHpeHHfl, HJ!M ooa KOMrrayu.n:) H no po.n:y 

napa (o6a 6e3 rreperpeaa, o6a co cpeD,HMM neperpeBOM HJIH o6a 

C Bb!COKHM neperpesOM) H no B03MO.lKHOCTH 6JIJ13Kll ITO CBOI!M fJJ3BHbiM 

pasMepaM. B qanHOCTH peKOMeHJiyercH IIOJJb30BaTbCH: .UJIB na poao3os 

c O.U.HOKpaTHbJM pacillHpeHMeM napa 6e3 neperpeaa-KpHBhlMH napo

B03a 0-4-0 0; ,D,JH! napOB030B·KOMnayHD, 6e3 neperpeBa- KpHBbiMU 
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napoB030B 0-4-0 0 8 
, 1-4-0 m, 1-3-0 H8 

; ,llJ!SI napOB030B 

C O,llHOKp3THbiM paCIIIHpeHHeM napa C neperpeBOM-Kpl!Bb!Mii napo-

80308 1-3-1 C, 2-3-0 5, 0-5-0 3, 0-5-0 3Y' 1-3-1 CY' 
2-3-1 JI, 1-5-1 ¢)l; ,llJISI I13pOB030B·KOMnayH.ll C neperpeBOM

KpHBblM!f napOB030B 2-3-0 YY' 0-4-0 blq ' 1-4-0 llL11 
• 

2(} 
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u 
<Pnr. 65. napOBD3 HB; =I (V,e) 
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npH !!=]. 
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u 

<Pnr. 66. napoB03 oo; =I (V,l) 
Nil 

npH (:!= 1. 

EcJIH, KaK ero oobltJHO ObiBaer, crpo5ITCH HeCKOJibKO 33BHCIIMOCTei-i. 

Hanp. F11=f(V, &) npn e=l H Fn=f (V, z,~~), ro ,llJIH acex nocrpoeHnil 

CJ!e,llyer MCXO,llliTb H3 Kp!iBbiX O,llHOfO H TOfO .JKe Bbi6paHHOfO napO· 

8033. 

Onpe.lleJJeHHe orpaHirlJeHIHI CHJJbi THni no cuenJJeHHIO .llJIH HeHCrrhi

TaHHhiX napOB030B npOH3BO,llHTCH COr J13CHO n. 17. 
PacnpocrpaHeHHe onbiTHbiX Jl3HHblX c O,llHoro nap0803a Ha ,llpyroJ) 

OCHOB3HO H3 npe,llnOJIO.lKeHHlf1 liTO DpH O,llliH3KOBblX cpe,llHHX CKOpO· 
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CTHX: noplllHH (c), O.ll.HHaKOBblX OTCeriKaX (e HJIH 86) H O.ll.HHaKOBhiX 

OTKpbiTlU!X peryJI.!ITOpa Q COOTBeTCTBeHHO O.ll.J1HaKOBbl ,ll.JIH o6eHX 
u 

cep1m: 
s'YJAI, SYJ,.m H u / N • • 

l1Halfe rosopH, npe.ADOJiaraercH, liTO ,ll.JIH oooHx rrapoB030B rO>KJJ.e· 

craeHHhl 3aBHCHMOCTH S"JM=f (c, 8, Q) H U /N 1 =/ (c, 8, Q)-,II;JISI MalllHR 

~ z !r 'Oi 7 T 

f81 If I 
I 

F; 
17 

IIi 
-~ 

f6 ·-¥ ~ 

15 
'· ~ 

L o.i 
16 

14 

1J .. Lo. 0,5 
~J"" 

14 

.. .0 f2 

11 . CePUR 08 12 

f{} 
f= flzo 

.? 
I 

a I 8 
'l 

6 6 
$ 

4 
J 

2. 2 
f 

0 
0 ff) f(J 20 so ~of/ 

u 
<!>Hr. 68. napoB03 OB; = j (V ,e) 

N" 

u 
<I>Hr. 67. napoB03 OB; = f (V,e) 

N" 
l 

npHe=-. 
20 

npH (l =I. 

O.ll.HOKpaTHOfO paClllHpeHHli HJH! S'T},..m=f (c, 86, QJ H U /N 'll=f (c, 86, Q)
.II,JISI MalllHH KOMIT3JHJI.. B CJiyqae 3Hal!HTeJihHOH pa3HHUbl B TeMneparype 

neperpesa, BBOJI.HTCH norrpasKa Ha rreperpea, KoropaH He KacaercH 

nocrpoeHHH KpHBhiX F"= (V, s, g). 

23. nocrpoeuae Kpnsh!x F,=/ (V, s, g). TaK KaK F"=MsrJ.~~, ro Ha oc

HoaaHHH rrpe.rr.nOJIO>KeHHll 0 paBeHCTBe SrJ" HJIH sr;Mm )I.Jill HCXO.ll.HOfO 

H paccMarpnaaeMoro rrapoB030B npH O.ll.HHaKOBhiX c, e (s8) " Q, no

crpoeHHe KpHBbiX F,.=f (V, s) )I.JIH HYlKHOro Q CBO.ll.HTC!l K H3MeHeHIUO 

MaClllTaOOB aOCUHCC 11 Op.ll.HHaT KpHBblX F'll=f (V, e) HCXO.ll.HOfO rrapo· 
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B03a ,llJIH roro me Q. B ,li.3JibHeiiweM, 3H3liKOM 0 o603HalfaiOTCH pa3Mepb1 

HCXO,llHOfO rrapOB033, T. e. rrapOB033, KpHBbiMH KOTOpOrO Mbl IIOJib· 

3yeMCH rrpH rrepecrpoiil<e. 

Macwra6 a6cu11cc V KpHBhlX HCXO,li.Horo rrapoao3a CJie,llyer YMHO· 

H<MTb Ha Dl0 : D l 
Macwra6 op.il,HHar F

11 
KpHBbiX :Hcxo.rr.Horo rraposo3a CJie.!lyer yMHO· 

>KMTh Ha M: M 0 .ll.JIH MaumH O.ll.HOKpaTHoro pacrnHpeHHH H Ha Mmo: M0m
n;nH M3lllHH KOMfl8JH.ll.. 
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iflHr, 69. napOB03 C;- =I (V,e) 

N,. 
npn e= 1. 
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u 
~Hr. 70. napoB03 C; = 1 (V,e) 

NK 
1 

npn (] =-. 
10 

Ha qmr. 85 rrpOIBBe.!leHo .II:JIH rrpHMepa rrocrpoeHHe rrpe.!lTIOJIOlKH· 

reJihHhlX KpHBhiX FK=f (V, 8) JI.JIH e= 1 naposo3a 2-4-0 M no HMeiO

l.l\HMCH KpHBb!M f"=/ (V, 8) ,llJIH (l=l napOB033 1-3-1 cY. TOHKHe 

CITJIOWHble KpHBhle-cY, TOJICTbie-IIOJiyqeHHble HM>KerrOHCHeHHOJ1 ne

pecrpofiKOM rrpe,llnOJIO>KHTeJibHbie KpHBbie M. 
1 720 . 700 22 500 

0THOllleHHe Dlo: Dol= =0,93. OrHOllleHHeM: Mo= = 
l 850 • 700 15 800 

=1,42. CJienosareJibHO, a6cuHCCbi HYJKHO YMHO>KHTb Ha 0,93, a op,llH

H&Tbl-Ha 1,42. 83HTbl CKOpOCTH 20, 40, 60, 80 H 100 H npoae)J.eHbl 
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OPJUiH3Tbl (lliTpHXOBbie JIHHH:H), COOTBeTCTBYIOlU:He 9THM CKOpOCTHM, 

JMHO>Kei:IHb!M Ha 0,93. 3Ha 'leHHll F., COOTBeTCTBYIOlllJfe CKOpOCTHM 

20, 40, 60, 80 Jf 100 (KpyJKKli H3 TOHKHX Kp11Bb!X) YMHOJKeHbl Ha l,42J 
R ITOJTy'leHHhle BenK'lMHhl HaHeCeHhl Ha COOTBeTCTBeHHhlX nyHKTHpHbiX 

op.LU:IHarax (Kpy>KKK). Y.epe3 nony'leHHhie TOlJKH npose,ll,eHbi nnaBHhie 

KpHBbJe. )lJIX ITOJJJ'leHHll 60JTbllleH 33KOHOMepHOCT!1 H npaBHJibHOCTH 

1j ' 
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¢Hr. 71. napoBo3 0'; =f (V,e) 
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npH e= 1. 
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u 
¢Hr. 72. napOB03 YY; = f (V,s) 

N" 
e=t. 

KpHBbiX F11= f (V, e), r. e., B cyll(HOCTH, KpHBbTX F11= I V) JI)Ill HeCKOJib· 

KHX e npH Q=l, OHH nepecrpoeHw ua npasoti cropoHe rrr. 85 a KPHBble 

F.=! (s) ,li,JTfl HeCKOJibl<liX v np11 Q= 1. nepecrpOHKa npoH3BO,li,I1TCH 

raK me, KaK B cnoco6e rpatPuqecKoti narepJTOJTlll{VIH. 3TH nocneP.Hlfe 

Kp11Bble ,li,QJT)J{Hbl 6b!Tb llJI3BHbi; eCJII.f JKe OHH ITJl3BHbiMII He ITOJIYLJ.Ii• 

J!HCh, TO C.lle.n;yeT ,li,06HrbCll ITJI3BHOCTH, CJierKa H3MeHllll KpHBble 

f,=l (V) ,li,JIH HeCI<OJTbKHX 81 HO OCT3BJil1H HX ITJI3BHb!MH H rrpOXO,li,HIUHMH 

4epe3 H3A,ll,eHHbie TOYKH. 

B P.3HHOM npHMepe noJiy'lHJIOCh pacxom,ll,eHHe MelliP.Y npeP.IIOJIO>KM

TeJihHbiMH KpHBhiMH f 71= I (V, s} P.JIH e = 1 H P.eiicrBHreJibHbiMH, noJJy

'leHHbiMH O!IbiTOM (cprrr. 21). Pacxoml{eHue 3Ha'lHTeJibHO nprr M3JiblX a 
H yMeHbwaercll c y seJIH'leH!1eM E; npH s= 0,5 nepecrpoeHHaH H onblrHaH 

79 
    
НБ

 

УД
УН
Т 

 (Д
ІІТ

)



KpiiBhre noqrH cosrra.n:aiOT, PacxmK,neHIIe o6oHCHHercH npHoJIH3IITeJih

HOCThiO BbiiiieOrOBOpeHHOfO npe.n:nOJIO)I{eHHH 0 paBeHCTBe S npH O.UI:I
HaKOBbiX C, 8 H Q. 

B .ueikrBHTeJibHOCTH, g 3aBHCHT, KpoMe 9THX rpex nepeMeHHhiX 

C, 8 II Q, OT MHOniX .UPYHIX, H3 KOTOpbiX HaH60Jiee cymecrBeHHbl: 
1) nJioma.llb npoxo.aa napa qepe3 naposrrycKHhie mma 30JIOTHHKOBbiX 

KOp060K BO BpeMH HaiTOJIHeHIIH H BO BpeMH Bb!ITJCK3 II 06oeMhl napo· 

snycKHbiX H napOBblnyCI<HhlX KaMep 30JIOTHIIKOBb!X KOp060K If 2) nJIO· 
lll3Ll.b npoxo)la napa qepe3 peryJIH-

rop H .lliiaMerp II .n:.rrHHa naposnycK· ~~k 
HhiX II naposbmycKHhiX rpy6. OpH ''' 

16 MaJihiX 8 rrpesa.JIHpyer BJIHHHHe nep-

Boro <PaKropa. r. e. orKpbrTHif Kana- 11 
JIOB 30JIOTHHKOBbiX KOp060K, nOTOMY to 
qro conporns.JieHHe npoxo.n:y napa fS 
qepe3 M3JIO OTKpbiBaiOil..lHeCH OKHa 
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lflHT. 73. napOB03 cfl,n; = f (V,e) 
u 

~Hr. 74. napOB03 Ill; =I (V,.s) 
N" N" 

npH I?= 1. npH l! =I. 

30JIOTHHKOBbiX KOpOOOK HBJIHeTCH HaU60JibiiiHM H3 BCeX COllpOTH· 

BJieHIIH no nym napa I13 KOTJia .UO ,UbJMOBOH rpy6br; npu 9TOM, Oo'beM 

3QJIOTHHKOBb!X KOp060K OC06eHHO BJIHHeT H3 S IIpll 60JJblllHX V 
u MaJihiX 8, Op!i 60JibWHX e rrpesaJinpyer BJIHHHHe sroporo <PaKropa, 
T. e. peryJiliTOpa H rpy6, IIOTOMY l[TO 30JIOTHIIK0Bble OKRa OTKpbiBaiOTCH 

WHpOKO H HX 3HaqeuHe B COnpOTHBJieHHII npOXO.UY napa OT KOTJI3 

.n:o arMoccpepbt rra.n:aer. 
3Tli BTOpocreneHHhle <PaKTOpbl H HBHJiliCb npHl[HHOfr paCXO)I{.UeHIIR 

KpHBbiX F"=f (V, e) naposoaa M, nepecrpoeHHbiX c CY II orrhiTHbiX: 
naposoa M HMeer 30JIOTHIIKR roro )l{e .n:I-IaMeTpa, KaK H CY, a ,n.HaMerp 
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UIIJIHH.llpos MeHhllle CY (540 nponiB 575); naposo3 M HMeet ooJI&wwe 

oooeMbi 30JIOTHHKOBbiX KaMep. 

Mo»eHo 6hl.no 6bi ssecrH B pac- u 
4eT H arH sropocrerreHHh!e cpaK- %Jr 
TOpbl 1 HaiipHMep rrpe)l,IIOJIO»Cl!Tb, 

l{TO g Oli.HH3KOBO AJI51 .D:BYX na

pOB030B He IIpH O,lll!HaKOBbiX cpe,ll

HHX CKOpOCT5lX IIOpillHH, a IIpH 

O.D:HH3KOBbiX H3HMeHbllJHX CKOpO

CT5IX napa Ha nym OT KOTJI3 .llO 

LlHJIHH.D:pOB, HO 9TO 3H3l{l!TeJibHO 

ycJIO)!{HHJIO 6bi pacqeT H He .ll3JIO 

6bi OlllJTl!MblX npaKTHl{eCKHX Bbl· 

ro.n:, TaK K3K .l(JI5I ueJieH npaKTHKH 
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o6bil{HO rpe6yKJTC5I KpHBbie F
5
= f (V) JI:JISI HaH60JiblliHX pactJeTHhiX e 

(0,5-0,75), a )I.JISI 9THX s npHHHMaeMoe npe.n:noJio)!{eHHe o paseHCTBe s 
6 TRroable pacqerhl 11 ucnbiTaHI!R, 81 
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CXO.Il.Hb!X napOB030B npH O.Il.IIH3K08b!X C, 8 11 Q )laeT .l(OCTaTOtJHO TOl.Jd 

Hble pe3yJibT3Tbl. , 
24, llOCTpOeHHe KPHBLIX V fN .,.=f (V, 8, Q). Ha OCHOBaHHH npellflOJIO· 

)KeHHSl 00 OllHH3KOBOM paCXOlle napa Ha CHJIY·llaC Jl.liS! HCXO.Il.HOrO • 

H paccMaTpHsaeMoro napoao30B rrpii OllHHaKOBbiX c, e H Q, rrocrpoeHHe 
Kp11Bb!X U /N 

11
={ (V, e) llJISI. HYiKHOrO Q CBO,LI.HTCS! TOJibKO K H3MeHeHIUO 

Macrnra60B a6Cl.I,HCC (V) KpHBbiX U /N "=f (V, e) HCXO,LJ.HOrO napOB033 )I,JIH 

lffvx 
f:. '9 
i8 

1. 
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(; 
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'5 

f4 
1. 
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3' 

'{ f: 
{{) 

!) 

{) 
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00 

!7CePHH.9 
a q 1 

I • 
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4,2~ 

0.5 
I :J I. 

-!!:~ 
0.4 

fO 20 30 41) so I/ 
u 

ll>11r. 78. napOB03 3; =f (V,e) N,, 
npH I}= 1. 

zt H 

f8 Jl 

CtPUFIJ 
to a= ~.f 

f4 

' 
12 -\;;r'I~J 

! ' 
rr /I; F 4 • 

10 

8 
' 

6 

4 

2 

t 
f) 1o JO 40 501/ 

u 
II>Hr. 79. napoB03 3; =I (V,e) 

"'· 1 
npH I!= • 

8,5 

roro JKe e a onwrneHlHI D/
0

: 0
0
[, r. e. coseprneHHO raK JKe, KaK Me· 

HHeTcH MacrnrC16 a6cl.I,HCC rrp!i nocrpoeHHH KpHBbiX F,.=f (V, e, Q). 
Macrnra6 op.nHHaT, ecJII1 reMneparypbi neperpesa o6oHx napoe030B 
6JIH3KI1 Mem.ny co6oii HJIH ecJII1 o6a naposo3a-c HaCbiiiJ,eHHb!M napoM, 

He MeHSJeTC5l. 
Dpea.noJio)KeHHe o6 o.zr.HHaKoaoM pacxone napa Ha CHJIY·4ac nsyx 

napos030B c rreperpesoM napa, O.li.HHaKOBbilC rro pony MalllHHbi (o6a 
O,LI.HOKpaTHOrO paCillHpeHHH HJIH o6a KOM nayH,ll) )I,OCTaTOlJ.HO T01.f • 
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HO TOJJbKO B TOM CJJyiiae, eCJIH lfj.v, 
reMneparypbi neperpesa o6o11x rra · 16 x 
pOB030B npHMepHO 0AHH3KOBW. ~ 

OpH pe3KOH )l{e pa3HHU,e reMrre
parypw rreperpesa HeooxOAHMO ~ 
asecm uonpasKy s pacxoA napa. 1. ~ 

z. 

18 -... a 
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15 
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/0,' f= Yl2,5 
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'() 3D 4Q .:li 
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cl>Hr. 81. 

u 
napoB03 3Y; =I (V,e) 

N, 
6 

4 

2 

o to 20 30 4o .5oV 
u 

41Kr. 80. napOB03 3; =I (V,e) 
Nl( 

I 
npH I!= • 

22,5 

c AOCT3TOlfHOfi )I)IH OObJltHb!X 
npa!<THl!eCKHX LteJieii T04HOCTbiO 
MO)I{HO npHHllTb, lJTO K3M.ll:ble 5° 
nosbiiiieHHH rreperpeBa AaiOr I 0/

0 
9KOHOMHH s pacxo.lle napa Ha 
CHJJy-4ac. HarrpHMep, ecJIH y napo
B03a, )IJIH I<oroporo nepecTpausa
tOTCH I<pHBbie u f N ~· OMHAaerc!I 
neperpes Ha 20° Bhiiiie neperpesa 

npH (2= I. 

L~l CePu-p_ 911 

10 
rl' 

q~~ 
44 ~ :::=-::::: 

8 

' 

I 
2 

fj I c. .., 40 5 
0 

oV 
~Hr. 82. 

u 
napoB03 3M; = j (V,e) 

N, 
np» I! = 1. 
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HCXO.llHOfO napOB033, TO npH nepecrpofiKe Op,lll!H3Tbl KpHBblX U (N • 
,li,OJDKHhl 6hiTb YMHO>KeHbl Ha 0,96. 

:So.nee T04HO nonpaaKa Momer 6biTb aae)leHa cJie.llyiDll.lHM cnoco6oM. 
Ha qmr. 86 H3o6pameHbl '!e

Thipe rpynnhi KpHBhiX, npoHy
MeposaHH~X Cnpasa pHMCKHMH 
II.HcppaMH. B K3>K.llOH: rpynne 

·~ 'v CeP11Hi85 
19 p=t ID4 
18 

1/ 

ttl 
fj 

0,5 

14 
0.3 

'+f 
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12 ' 

•I ro 

11 -1-

I 1<7~ ~~~t7 .9 
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.~-
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J 
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1 

00 fO 

<l>!lr. 83. 

' 

20 30 n ~ 1o 
u 

OapoB03 0 q; =f (V,e) 
Ns 

npll e = 1. 

llHTb KpHBhiX, COOTBeTCTBYID· 
llU1X liHTeHCHBHOCTHM napoo6pa· 

y 

30B3HHll ZM=l5, 20, 30, 40 ll 50. ct>Hr. 85, nocrpoeHHe KpHBbiX F,.=/ (V,e,e). 
no OCH a6CUHCC ,li,J1H BCeX KpH• 
BhiX or.nomeHo orHoweHHe noaepxHOCTH Harpeaa neperpeaaremi H

11 

K HcnapliiDll.lefi rrosepxHOCTH Harpeaa H. 
fpynna KpHBbiX I (rro.uHHMaiDmaHCli an paso) H3o6pamaer aaaHcH

MOCTh reMneparyphi rreperpeaa B Kopo5Ke neperpeaare.nH t11 or OTHO· 
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WeHHH H ,JH ,UJIH pa3HblX z.~~, OTMet.IeHHhiX Ha KpHBbiX; M3ClllT30 Op,UH-
" J{3T ,UJIH 8THX KpHBhiX-Ha rrpaBOH CTOpOHe ,UHarpaMMbl. 

r p y II n a K pH B hi X II (cpeli.HHH H3 rpex orrycK3IOIUHXCH BrrpaBO) 
Hao6paJKaer aaBHCHMOCTb y.D:eJihHOro o6oeMa napa B Kopo6Ke rrepe-

r. 

01 I I l I I I I I I I I 
. Q 0,05 0,10 

I I I ! I I I I I I I I I I I I I I i I ~T 0 
15 0,2/J tJ,2J 0,3{} 0,35 1},40 

<I>Hr. 86. TeMneparypa neperpesa H orHoCHrenoHblil pacxoll napa Ha c11ny B 'lac 
Hn 

B SaBI!CHMOCTH or OTHOllleHH!I H H or Zj,. 

rpeaareJIH a npoueHrax or yll.eJihHOro o6oeMa cyxoro HaCbiiUeHHorc 
napa roro JKe .rr.aaJieHHH-OT OTHorneHHH HnfH ,UJIH pa3HhlX z.~~. MoJKHO 
CIIHTaTb, ttTO pacxo.rr. napa Ha CHJJY·l!ac rrpHMO rrporropuHoHaJJeH ero 
Y.l!.eJJbHOMY o6beMy, cJie.n:oaareJJhHO, KpHBbie rpynrrbi II H306paJKaiDr 
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33BHCHMOCTb OTHOCHTeJibHOfO paCXOll:3 napa OT OTHOUleHIHI H,jH, eCJIH 
flpHHSITh BO BHHM3HHe TOJJhKO H3MeHeHIIe y,n:eJibHOfO 06beMa OT ne
perpesa npH roM }l{e .n:asJiemm. 

Macuna6 op.rrHHar ,n:JJH 3THX KpHBbiX, a raK}l{e .li:JI5l KpHBbiX rpynn 
III H IV-Ha Jiesofi cropoHe .n:HarpaMMbi. 

r p y n a K pH B hi x Ill (sepxHHH 113 rpex onycKaiOmwxcsr snpaso) 
H306pamaer 33BHCIIMOCTb OTHOCHTeJJbHOfO pacxo,n:a napa Ha CIIJIY-43C 
OT OTHOilleHHSI H nf H, eCJIH npHHSITb BO BHHMaHHe TOJibKO yMeHbWeHHe 
rrorepb napa or renJioo6MeHa co creHKaMH UHJIHHApa H nopmHsr rrpH 
noshrrneHHH: reMrrepa rypbl rreperpesa. 

r p y n rr a K pHs hi x IV (HH>KHHH H3 rpex onycKaiOmrrxcH srrpaso) 
H306pa){{aer 33BH:CHMOCTb OfHOCHTeJibHOfO paCXO,Ua napa Ha CHJJy·qac 
OT OTHOWeHHSI HnfH, eCJIH IIpHHHTb BO BHHMaHHe H yseJirrqeHrre y,n:eJJb
HOro 06beMa H YM2HbU1eHHe liOTepb OT renJI006MeHa rrpM IIOBbiUieHHH 
reMneparypbl neperpesa. 

n p" Me p. H,JH = ,26; z.M=30. TeMneparypa rreperpesa (KoHel.£HO, 
npe,n:riOJIO}l{IITeJibHaH) 310°, paCXO,U napa Ha CHJIY·43C COCT3BJI51eT 69°/0 
pacxo,Ua napa napoB030M 6e3 neperpesa; yseJIH'-IeHHe yAeJihHOro 
o6beMa napa yMeHbUIHJIO ero pacxo.n: AO 78%, a yMeHhlliEHMe norepb 
or renJioo6MeHa yMeHbillHJIO pacxoA .n:o 88%; cyMMapHo: 78 X 88= 
=69%. 

PacxoJ.J. napa naposo30M c neperpesoM no orHorneHHIO K naposo3y 
6e3 rreperpesa .li:OBOJibHO CHJlbHO 33BHCMT OT Z,"' K3K 9TO BII,UHO H3 QJH:f. 86. 
Ho pacxo.n: napa naposo30M c neperpesoM no orHomeHHIO K napos03y 
TO)I{e C neperpeBOM fl04TH He 33BHCHT OT Z,"' no3TOMY npH nepecqere 
pacxo.n.a napa, ecJI H o6a rrapoBo3a c neperpesoM, MO}l{HO noJih30-
sarhcl1 O,UHOH cpe,n:Hei1 KpHBOH, COOTBeTCTBYlOIIJ;efi ZJ,=30. 

n pH Me p. nocrpOHTb KpHBbie u IN n=f (V, e) prr Q= lli:JIII napOB03a 
0-5-0 3Y, B3SIB 3a IICXO,UHblH napOB03 0-5-0 3 (QJHf. 78) . 

.llJIH 3 H niH= 0,27 (ra6.n. 3) OTHOCHTeJibHbiH paCXOA napa-0,68; 
li:JIII 3Y H ,.I H =0,34 OTHOCHTeJibHblH paCXO)I: napa -0 60; CJie,UOBaTeJibHO, 
pacxo.n: napa napoB030M 3Y cocraBJIHer: 60: 68=0,88 pacxo.n:a napa 
naposo30M 3. TaK KaK cpeJ.J.HHe cKopocrH nopwHH o6o11x naposo30B 
npH O.li:HH3KOBbiX V O,UHHaKOBbl, TO IIOCTpOeHHe KpHBbiX U (N 

11 
)l.JISI 

3Y CBOAHTCH K rroHM){{eHHlO Kp11BbiX U IN 11 .li:JIH 3 Ha 12%. HanpHMep, 
U /N 11 .llJIH 3 npH Q= 1, V =40, e=0,3 paseH 9,0, a npeAnOJIO}l{HTE'Jib
Hhrti u IN 11 .ll.TIH 3Y npM rex .iKe Q, V M s paseH: 9,0 x 0,88= 7,9. OnhiTbi .iKe 
)1.3Jll1 (cpH:r. 8 ) 7,8. 

c:l>Hr. 86 liBJIHeTCH pe3yJibTaTOM 0600LIJ;eHH5l OllbiTHbiX JJ:3HHhiX 0 pa3· 
HbiX naposo3ax CCCP,nporue,UmHx cneuwaJibHhle onb!Tbr s 1912-1929 rr. 
Bo scex 3THX rraposo3ax orcyrcrsosa.na KaMepa ,noropaHMH B ronKe; 
Tpy6bl neperpeBareJIH noMeiiJ;aJIHCb s }l{apoBhiX rpy6ax ,n:HaMerpa 
125(133 MM (ll1HpOKO-Tpy6HbiH neperpesareJJb) H OTCYTCTBOB3Jl nc,n:o
rpeB nHTaTeJibHOH BO.ll:bl. 

HaJIHIIHe KaMepbl AOropaHHH se,ner K noHH}l{eHHIO neperpesa 
npH TOM }l{e H n/ H li TOM }l{e Z,., T3K K3K ra3bl rrp!i KaMepe ,UOfOp3HH5I 
,n:ocrHraiOr neperpesareJibHbiX rpy6 c 6o.nee HH3KOt! reMrreparypcft. 
K rrOHH}l{eHHIO neperpesa Be,UeT H yMeHbilleHHe ,n:HaMerpa }l{apoabiX 
rpy6 (MeJII<Orpy6Hhlfi rreperpesareJib), raK KaK c yMeHhWeHHeM .n:HaMerpa 
:>KapOBhiX rpy6 yMeHbruaercH KOJIMIIeCTBO renJia, nepe.n:asaeMoe napy 
lfepe3 neperpesaTeJibHYlO rpy6y. 003TOMY KaMepa ,n:oropaHHSI H MeJIK0-
86 
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rpy6HOCTh neperpesareJIH KaK 6hr yMeHhiiiaiOT .n:eifcrayiOmyiD noaepx
HOCTb neperpeBaTeJIH. Ha OCHOB3HHH Ollb!TOB C KOTJIOM napOB03a Q>J__c 
HMeK>mero 11 6oJibWYIO KaMepy .!l.OropaHHH 11 MeJIKorpy6HbiH neperpe
aaTeJJb (.n:HaMerp }l{apoBbiX rpy6 82/88), MO}I{HO np11rrH 1< rpy6oMy 

u gaKJIIO'ieHH!O, lJTO HX CJMMapHOe ,lleHCTBH:e p3BHOCI1JibHO JMeHbllleHHIO 
nosepxHocrH neperpesareJJH .n:o 0,64 or ero .n:eficrsHre.JibHOH aeJIHIJHHbi. 
lb 3THX 0,64 npHMepHO 0,80 OTHOCH:TCH-3a ClJeT KaMepbl .ll0fOpaHI1H II 
npHMepHO 0,80- 3a cqeT MeJIKorpy6HocTH (0,80 x 0,80=0,64), EcJIH 
,U.eHCTBI1Te.llbHOe H,,/H y napOB030B ¢.1J. paBHO 0,50, TO llpHBe.lleHHOe 
H niH, T. e. TO qJHKTHBHoe H I H, Koropoe .n:asa.11o 6bl ror }l{e neper-

" n pes, lJTO .n:eHCTBHTe.llbHOe, HO npH 06b!lJHOM KOT Jie 6e3 KaMepbl ,llOfO· 
p3Hl1H H C ll1HpOKOTpy6HblM neperpeaaTeJJeM, paBHO 0,50 X 0,64=0,32. 
Op11 onpe.n:eJJeHHH npe.n:noJioi«ureJibHOro rreperpeaa H pacxo,lla napa 
no qJ11f. 86 CJ!ell.yer ll0Jlb30BaTbCH rrpHBe.U.eHHblM HjH. 

BJJHHHHe OO.li.Orpesa nHTaTeJibHOH BO)lbl BH.llHO 113 cpaBHeHHH pac
XO.ll.3 napa Ha CHJIY·43C IIpH O,!J.HHaKOBblX z,, napOB033MI1 3Y 113M (qJHr. 81 
11 82). Oaposo3 3Y 11CllbiTbiBaJICH c noaorpeHareJJeM nHrareJibHOH BO.llbl 
(nosepXHOCTHblH, C OTBO.li.OM KOH,!leHcara Hapyi«y), a 3~ -6e3 llOUOrpesa
TeJJH. Opaa.n:a, Pn y 3Y 12 amJw, a y 3\4 14 amM. II sra He60JibW8H pa3~ 
HHU3 B KO r JIOBQM )laBJ1eHHH ,!J.OJI)!{Ha ,ll,aTb He3HalJHTeJJbHOe yMeHbllleHHe 
pacxo.IJ,a napa nopHAKa 30fo. BnHHHHe )l{e ao.n:ono.n:orpeBa o6bHCHHeTC51 
TeM, liTO np11 OJI,H:H31<0Bb!X Z,u npH BOAOIIO.UOrpese noJiyiJaiOTCH 3H84H· 
Te.llbHO MeHblllH:e (npHMepHO H3 J 0%) HHTeHCHBHOCTM ropeHHH H, CJie,llO· 
BareJibHO, MeHblllHe reMneparypbi neperpesa. 

TeMnenarypa neperperoro napa s 30JIOTHHKOBOH r<apooKe t' OObiiiHO 
Ha 10-15° HHi«e reMneparypbi tn a Kopo6Ke neperpeBareJill. 

D,JTH rrapOB030B C npOCTOH MalllHHOH H ,!J.JIH napoB030B KOMnayH.ll 
I1pHBeJJ.eHhl O.li.HH H Te )l{e KPHBble; B ,!leMCTBHTeJibHOCTH, B 3ilBI1CH:MOCTH: 
OT OTHOllleHHH HnfH paCXO.ll napa napOB030M·KOMI13YH.!l MeHHeTCH He· 
CKOJJbKO MeHbWe, LieM pacxo.n: napa naposo30M c rrpocrotl MalllHHOH, 
a HMeHHO: ecJJH npH Z.,=30 pacxoa napa Ha CHJiy-qac npH H,fH =0 
I1p11MeM B 100%, TO npH H,jH =0,20 paCXO.ll napa ,li,JIH napOB03a•KOM• 
rrayH.U. paseH 780fo pacxo.n:a napa naposo30M-KOMnayH.ll. c H3CbiW.eHHhiM 
napoM, a pacxoJJ. napa .llMI naposo3a c npocrotf MalllHHOH paseH 77% 

u u pacxona napa napOB030M C npOCTOH M3!IHIHOH C H3Cbiii.I,eHHblM rrapOM 
(cpe.n:Hee-77,5°/0); npH H,JH =0,30 HMeeM COOTBeTCTBeHHO 6':JOfo .li.JIH 
K0Mll8JH,!l 1::1 63°/0-,llJIH rrpOCTbiX M8ll1HH (cpe.n:Hee-640fo), a np11 H,/H = 
=0.40 coorsercrseHHO 56% .li.JIH KOMrrayH!I. 11 520fo JJ,JIH npocrhlx Ma
WHH (cpeJJ.Hee 54Dfo). 80 BCeX C.llJl!aHX MOJKHO 110Jlb30B3TbCSI cpeJJ,HI::IMH 
BeJJHlJHHaMH no cpHr. 86. 

4ro KacaercH cpasHHreJibHoro pacxo.Qa napa Ha CHJIY·t~ac rrapo-
" u B03aMH: KOMnayH.!l H napOB033MH C rrpOCTOI1 M3ll1HHOI1, TO nepBbie 

pac XOJlYIOT M eHbWe llpHMep 0 Ha 1 0-15Dfo npH HaCbJII.I,eHHOM nape 
u Ha 5-10°/0-npH BbiCOKoneperperoM nape. 

25. llocrpoeHHe I<PHBbiX U=f lV, 8, Q).l13 cpopMyJJbi27 (n.20) cne.n:yeTl!TO: 

U =:nDFkUfN~= :n; • D.p. U /N = 
54nl07 54· 107 n 11 

• 

= :n: ·.!!_M · s~ · UjN 
54 · I 07 n .u " ' 

(28) 
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1t D M 
= · · · s1J"'m · u IN"' 

54 • 107 n6 m 
(29) 

06osHaiJaH pacx o)J; napa Ha O)J;HH xo.n nopiiiHH .UJIH napoao3a 
HMeiOmero Kp~~:awe U=f (V, e, e), IJepes U0 , a .li:Jill napoa03a, He HMeiO· 
UJ.ero 9THX KpHBbiX, qepe3 U, H )lOIIYCK351 TQ)!{)J;eCTBeHHOCTb )lJIH 060HX 
napoBu30B 33BHCHMOCTeii: S1J~~=t (c, s, Q) HJIH s1J,,tm= t (c, e, Q) H u /N s= 
f(c, h, Q), noJiyiJaeM: 

(31) 

npH O)LHHaKOBbiX C, 

Horo napoaoaa. 
B, H Q. HyJIHKOM 0603H8IJeHhl pa3Mepw HCXO.D:-

Jfl 

cl>OpMyJibi 30 H 31 paBHOClfJib· 
Hbi npe.nno.JIO:lKeHRIO, 4To u npo
nopuHoHaJibHO o6oeMy ~HJIHH.D:pa, 
pa6ora10~ero cae:lKHM napoM, H 
KOT JIOBOMy .U3BJieHHIO p,.. 

cl>OpMVJibl 30 H 31 ,naiOT CJie
.nyro~ee npaBHJIO: nocrpoeHHe KpH· 
BbiX U=f (V, s, Q) .DJISI HeHCTib!TaH
HOrO napOB033 npOH3BO.li:HTCSI ny• 
reM H3MeHeHHll MaCIIITa60B 9THX 
:lKe KpRBbiX .llJIH HCXO,UHOrO (HCTihi· 
T3HHOro) rrapOB03a, a HMeHHO: MaC· 
nna6 a6c~Hcc YMHO}!{aercH Ha 
Dl0 : D0 l, a Maciiira6 op.a.HHar npH 
MaWHHe O,UHOKpaTHOro paCIIIHpe· 

HHH-H3 dzlpk npH M3IIIHHe • 
do2loPr~o 

cf>ar. 87. nocrpoeHHe J(pHBbiX U = j (V,t,(l). KOMnayH)J;- Ha • 
dz,oloP~a 

Ha <fJHr. 87 .UJIH rrpHMepa npoH3Be.n:eHo nocrpoeHHe U=f (V, e) 
npli Q= 1 )J;JIH napoaosa M no HCXO)J;HOMY napoaosy cY. Tomme KpH

DI 
swe .nmr CY, TOJICTble-)I.JIH M. A6cun:cCbl 6b1Jm yMHO:lKeHbl Ba o 

D0 [ 

1 7ZO • 700 O 93 MDn0 22500 • 1720 • 2 O 88 = , a op.nHHathi-Ha = = . 
1 850 • 700 ' M0D0n 15800 • 1850 • 3 ' 

npe.n:nOJIOJKHTeJibHhle KpHBbie ).1;3JIH HeCKOJibKO MeHbWee U, IJeM 
TIOJiyiJeHHble OTibiTHbiM TI TeM (<fJHr. 31), T. e. TO iKe. lJTO CJIYIJHJIOCb 
H npH nepecrpoii:Ke KpHBhlX F,.= f (V, e) B rr. 23. EcrecrseHHO, liTO 6oJib· 

• • liiaH npe.n:noJiaraBWeH H llJIOlJ..J,a)Lb HH.UH!{3TOpHOH .li.HarpaMMhi TIOTpe-
60B3Jl3 II 6on&IIIero pacxoAa napa Ha xo)J; noplliHH. 
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flpH Bb!BO.Qe <!JopMVJI 30 !1 31 Mbl ,li.OnyCTHJIH T0)f{,li.€CTBeHHCCTb 

33BHCHMocreti u I N=f (V, 13, Q) .lJ.liH Hcxo.n,Horo H paccMarpHsaeMoro 

naposo30B. EcJIH rrpHXO.li.MTCH cpaBHI1BaTb rrapoB03hi co aHaiJHTeJibHO 

pa3HH~HMlfCfl OTHOIIIeHHHMH Hn/H, TO 8TO .li.OIIyW.eHHe .u.aer 3H31JH· 

reJihHYIO OIIIH6Ky, KOTOpaH .lJ.OJI)f{H3 6b!Tb HCII paEJI€H3 BBe,ll.eHHeM 

B tPOPMYJibl 30 H 31 TOro )f{e K09cpHU:Hei-LT8 H3 qJHr. 86, 0 KOTOpOM 

CK338HO B n. 24. HarrpHMep, eCJIH 611 KpHBbie U= f (V, 13, Q) CTpOHJIHCb 

,li.JUI 3Y C 3, TO Op.ll.HH3Tbl KpHBb!X U= f (V, 81 Q) H3.li.O 6b!JIO 6b! YMHO· 

>KHTb Ha 

MDno • O 88 d
2
l0P1 • 0 88 , HJIH ua , . 

M0D0n d0
2lp,.0 

XoTH rrapoBD3hi CY H M 6JIH3KH no rreperpesy (y CY H./H =0,36, 
y M Hn/H =0,34), HO see me, corJiacuo qJHr. 86, pacxo.n napa M ,ll.DJI

meH 61rTh 6oJibiiie pacxo a: a napa CY Ha 3% (0,60: 0,58= 1,03). ,llJIH 

60Jibiiieti TOIJHOCTH MOmHO 6b!JIO 611 II ,ll.HHTb KpHBble U Ha <lJHr. 87 
Ha 30fo, r. e. YMHO>KaTh op,ll.uuarbi KpHBb!X CY He Ha 0,88, a Ha 

0,88 · 1,03=0,91, liTO 6hiJIO 6bi 6Jmme K ,ll.ei'kTBHTeJibHOCTH. 

26. UocrpOeHHC HpHBbiX f,.=/ (V, z ... ) C IIOMO~biO I<pHBbiX f 1=/ (V, 2:_..) 
JJ,pyroro naposoJa. Cor JiacHo ¢opMyJibl 26 

U f N"=270 H z.~~ . 
V • F" 

TaK KaK: 

V=3,6nDc F =Mt: 
2[ I I ~'TJMI 

TO H3 tPOPMYJihi 26 CJie.ll.yer: 

z = U /Nn • 3,6nDcM~17.w= 3,6'1' , UjN , C, 

"' 270H2l 270 • 2 n 

MD 
Hl . SfJ.w· 

fl pe,ll.nOJIOJKHM, liTO li,JIH Oli,HOfO rrapDB033 HMeeM HeKOTO pyl{l BeJIH· 

IJHHY fk npH. HeKOTOphiX 3HalJ:eHHHX C, 8 H Q, OTB€1!3IOW.YIO HHT€HCHB· 

HOCTH rrapoo6paaosaHMH z .... .Um1 .ll.pyroro naposoaa (MCXOJI:HOro) HMeeM 

BeJIHIIHHY F ko np11 rex me c, B H Q, oroeiiaiOW.YJO HHTeHCHBHOCTH napo-

o6paaosaHHH z~.~a· MomeM HanHcarb: 

- 3,67! Uj MoDo g z ... D- 270.2. Nko. c. H l ot7Jto' 
0 0 

1-b .li:BYX IlOCJie.li:HHX tPDPMY JI CJie,ll.yer: 

z = UJNk , MDH0 l0 , ~'1 ... z 
.M Mo• 

U /Nko M0D~Hl ~o'l.oo 
(32) 

BOCITOJib3yeMCfl HaiiiHMH OCHOBHbiMH. npe.n:nOJJOmeHHf!MH. 0 paBeHCTBe 

UJNk H s1J.It (HJIM srJ" m .li.JIH KOMnayH.ll.) .ll.Jifl o6o11x rrapoBoaos rrpH O.ll.H· 

HaKOBb!X c, 8 11 Q. Tor,ll.a HMeeM: 

MDH0l0 nd2pk H0 

Z"'=M D HL • z .. a = · z .. o .li.JIH o.n:HoKp. pacw. (33) 
o o n0 d2

0PkoH 

Z = _M_D_H--"0-"l0_m0,_ • z = n,d.Zpk H0 

"' Mo • z.w .li.JIH KOMnayH.ll. M0D0Hlm n d2 p H 
BO BO kO 

(34} 
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!13 aroro aHaJill3a BhlTei<aer cJJeJLyiOmee npaBHJJO nocrpoeHHH KpH

BhiX Fk =I (V, Z-") no raKHM Me I<pHBbiM .UJIH 11pyroro naposoaa. 

MeHHeM MaCliiTa 6bl oc :ti a6uHcc H op.UHHaT I<pHBhiX F k =I (V, z ... ) raK :lKe 

H B TOM Me OTHOllleHHH, I<aK Mbl 9TO .UeJiaJIH B ll. 23 npH llOCTpOeHHH 

KpHBbiX Fk = f (V, s), T. e. a6cuHCCbl-B OTHOWeHHH D/0 : D0 l, opJlHHarw

B OTHOllleHHH 1}1 :M0 (Mm0 :M0m-jlJIH KOMI13YH.U), llOJiyLJeHHbie KpHBhle 

Fk =I (V) 6yJlyr He .U:JIH rex aHa'IeHHH z,~~, .UJUI I<oropbiX 6biJJH KpHBble 

HCXO.UHOfO napOB03a, a .li.JIH 3HaLJeHHH COfJJ3CHO cpopMyJiaM 33 H 34. 
KpHBhie .AJUI Hy:lKHbiX aHalleHHH z.~~ noJiyllaiOTCH r p a <P 11 q e c K o if Jmrep

nOJIHIIHeii. 

)l,JIH npH Mepa Ha cpHr. 88 npoH3Be.D;eHo nocTpoeHHe npe.urrono

:lKineJibHhiX KpHBhiX Fk =I (V, zAJ JLJIH naposo3a cep1m M Ha ocHo

aaHHH HMeJOll{HXCH HpHBhiX Fk =I (V, z) .DJIH naposoaa cepHH 0'. Ha 
JieBOit CTOpOHe JJ,HarpaMMbl llOCTpOeHhl TOHKiiMH JJHHHHMH 1<pHBhie Fk = 
=I (V, z.~~) .D;JJ!l CY; OHH B3HThi c <flHr. 26. Maclllra6 a6cuHcc H3MeHeH B 

OTHOllleHHH D/0 : D0l = 1720 · 700: 1 850 · 700=0,93. Maclllra6 opJLHHaT H3· 

MeHeH B orHoweHIHI M: M0=22 500: 15 800= 1 ,42. CrpeJIKOfi Ha cpHr. 88 
noKa3aHo, KaK nepeMecrHJiacb o.uHa H3 roqeK Kp!!BOH F k = I (V) .UJJH 

z., = 30 naposo::~a CY B cooTBercrsyiOmyio TO'IKY KpHBOH JL.IHI naposo3a M: 

CKOpOCTb yMeHblliHJI3Cb C 80 JJ,O 80 0,93= 7 4,4; CHJI3 THfH yseJIHqH

JI3Cb C 2 700 .li.O 2700 · 1 ,42= 3 8 0. 4epe3 IlOJJyl.!eHHble T3KHM 06pa30M 

TO'II<H npose,a.eHbl nJiaBHble (TOJICTble) KpHBbiE', KOTOpble H306pa)l{aJOT 

npe.nnoJIO:lKHTeJibHYJO aasHcHMOCTb F k = f ( V, z..,) .li.JIH naposoaa M; aHa

\.leHHH z.~~, KoropbiM coorsercrsy10r arH KpHBhie, noJiy'IeHbl YMHO)I{eHHeM 

coorsercrsyiOI.llHX aHa'IeHHfi z.~~ AJIH CY Ha: 

MDH0 l0 = 22500 · 17~0 • 197 • 700 = 1,01. 
M0D0 Hl 15 800 • I 850 • 260 · 700 

)l,JISI Bbinp3BJ!eHHH KpHBbiX H ,li.J!H llOCTpOeH!-IH KpH:Bb!X1 COOTBeT· 

CTByiOll{HX KpyrJiblM 3H3l.!eHH5lM Z.~~, Ha npaBOH CTOpOHe <flHr. 88 npOH3· 

se,a.eHa rpaQJHYecKaH HHrepnoJIHII11H. KpHBhie .UJIH I<pyrJihJX 3Ha'leHHH z ... 
He nepeHeCeHhl Ha JJe BJIO CTOpOHY TOJibKO IlOTOMY, 'ITO OHH IlO'ITH: 

CJIHJJHCb 6bl C H::tHeCeHHbiMfl Jll<e KpHBbiMH, Tal< Kai< p33HH113 Me)I{.UY 

Z,,. H Z.,.0 OK333JiaCb CJIY'I3HHO BCero B 10fo. 
B roM cJiy'lae, ecJin HeJih35l rrpe.nnoJJO)I{HTb TO)I{.ll.ecrseHHOCTh 3aBH

CHMOCTH UjNk = f (c, e, Q) .li.JJA o6oHx napoB030B B BHJl.Y 6oJibWoii pa3· 

HHUhi reMrreparyphl neperpesa, rrpH Bbrso,a.e <fJopMyJI 33 H 34 HeJih3SI 

COKp3ll{3Tb B cpopMyJie 32 OTHOUieHI-Ie U(Nk:UfN&o' 8 9TOM CJiyqae B 

I1p3Bb!X l.!3CTHX cpopMyJJ 33 H 34 TIOHBIHCH eme MH0}!{11TeJib 1 Bblpa)I{3101.UHH 

OTHOWeHHe paCXO.UOB napa Ha CHJIY·LJaC 11CCJie.l1yeMOfO H HCXOJLHOfO 

napOB033. 3TOT MHO:lKHTeJib (" Jie.11yer B3HTb H3 Jl.l13 rpaMMbl cpHr. 86, 
HarrpHMep, ecJIH HCXOJl.HbiH napoB03 HMeer Hn/H=0,27, a HCCJJe,a.yeMbiH 

HMeer H11JH = 0,34, TO noJiyYeHHbJe no cpopMyJiaM 33 H 34 3HalleHIHI z.v 
CJJe.n.yeT YMHOMHTb Ha 60/ 68 , T. e. Ha 0,88. 

B coorsercrs!nl co cKaaaHHhiM s n. 25 (rrocJJe,a.HHti a63aii), JLJI!l 

HaUiero npHMepa H3 <flHr. 88 Jl.J!H 60JihWeH TOYHOCTH CJJeJ,OB3JIO 6hi 

YMHOJKHTb 3Hal.!eHHHMH z.~~ He Ha I ,0 I, a Ha 1 ,01 I ,03= 1 ,Ot 
27. nocrpoeHue I<PHBLIX Fk=f (V, z ... ) C DOMOW.b!O 1\pHBLIX F11 =f(V, s,Q) 

H u = I (V, e, Q) Toro me napoaoaa. B rrepsoM cnoco6e, lUJIO)I{eHHOM 
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B&Ime, JVIH nocrpoeHHH npe.!l.nOJJOlliHTeJI&HhiX KpHBhix F11 = f (V, z.~~) JI.JIH 

33J1.3HH0f0 napOB033 6bJJJM HCIIO.Ilb30B3Hbl T3I<He 1Ke KpHBhle .!l.JlH HC· 

XO,llHOfO napOB033, IIOXOlliero H3 33J.3HHh!H. 

B cnoco6e, IB.IIOllieHHOM HHllie, .!l.Jill nocrpoeHHH KpMBhJX F11 =I (V, z.~~) 
napOB033 MCIIOJib3YIOTCH KpHBhle U=l (V, s, Q) H fk=f (V, E, Q) TOfO )J{e 

napoao3a. CJJeAoaareJJbHO, 9TH nocJJeAHHe KpHBhle (u 11 Fk no orceiJKaM) 

,nOJJlliHbJ 6b1Tb rrocrpoeHbl HJUI rroJJyiJeHbl orrhiTHbiM rryreM .no rrocrpo

eHJm KpHBbiX Fk =I (V, z,J 
PaccMorpHM 9TOT crroco6 Ha npHMepe nocrpoeHMH KpMBbiX Fk = 

=I (V, zJ AJIH napoaoga cepHH M Ha ocHoaaHMH KpHBhiX F k H B saaMcH-

~.,£----t-1 ', z 
1---h.,-, 11-+-+----1 

I 
-t--t--+---l 

60 &J 

«<>ur. 88. noCTpOeHHe Kp!iBbiX F~ = j (V,zM ). !f>ur. 89. nocrpoeane KpHBhiX Fk =I ( v. ZJI). 

MOCTM OT V, 8 H Q napOB033 M, rrepecrpoeHHbiX C COOTBeTCTBYIO~HX 
KpHBb!X rrapoao3a CY nocrpoeHHe C.!l.eJJaHo Ha cp11r. 89. 

Ha JieBoii cropoHe cpHr. 89 HaHeceHbJ ,n:ae rpynrrbl KPHBhJX 11. = f (V) 
)l.JIH napOB033 M. 0AHH KpMBbie, OTMeiJeHHble UHcppaMH 0,1 1 0,2 H T • .II.·~ 
npe.!I.CTaBJIHIOT 33BHCHMOCTb U= f (V, e) .!l.JIH (!= 1 .H HenocpeJI.CTBeHHO 

nepeHeCeHbl C cpHr. 87 1 r)le OIH! 6b!JJH IIOCTpOeHbl 1 HCXO.IJ.H H3 COOTBeT

CTBYIO~HX KpHBhiX rrapososa CY. )lpyrall rpyrrrra KpHBbJX, orMelJeHHbiX 

l.I,HcppaMM 15, 20, 30 H T. ,11., rrpe.II.CT3BJJlleT 33BHCHMOCTb U= j (V, z.~~) 
.l!.JIH napoaosa M, nocrpoeHHYJO Ha ocHOBaHHH !lJopMy Jihi 25: 

UV = n DHZ,v. = n · I 720 · 260 Z = O 230 z • 
2 • 106n 2 . 106 • 3 ,~~ ' M 

3a.ll3B3HCb ZM= 15, 20, 30, 40 H 50, ITO 9TOMJ ypaBHeHlflO paBHO· 

IIJJeqefi rH nep6oJJ&I JierKo nocrpoHrh u = j (V) .II.JJH JIJ06blx z.~~. OIJeBH,li,HO, 

IJTO TOIJKa IIepeCelJeHHH KpHBOll U = j (V) .li,JJH KaKOrO-JIH60 81 HanpHMep 
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'= 0,3, c KPMBOH u = f (V) .D.JIH KaKoro-Jiu6o z,., HanpMMep z,. = 40, .n.aeT 
ry CKOpOCTb, HanpMMep 85, npH KOTOpOH TIOJiyqaeTCH paBHOBeCHe MeJK.D.Y 
pa60TOH KOTJI3 11 M3IIIHHbl npH Bb16paHHbiX f H Z,.. 

Ha npaaoif cropoHe cpHr. 89 HaHeceHbi KpHBbre Fk =I (V, e) ,n:JIH 
(l = 1 naposo3a cepHH M, nepecrpoeHHhie c coorsercrsyiO!l{HX KpHBhiX 
naposo3a cep11n CY; 3TH KpHBbre B3HTbl Henocpe.n.crseHHO c cpnr. 85. 
Ha KpHBbiX fk=f (V, ~:) OTMeqeHbl TQqKH, COOTBeTCTBYIOII.(He TeM CKO· 
pocrs:~M, np11 KOTOpbiX npOHCXOJUIT nepeceqeHHH KpHBbiX u = I (V, zj 
{; KpHBblMll li = f (V, Z1,). 4epe3 3TH TOGKH npOBe.D.eHbl TIJ13BHb!e KpHBble, 
Korophre H3o6paJKaiOT 3asHCHMOCTh F k = f (V, z_,) .D.JJH roro JKe (), .D.JISI 
KOTOpOrO 6b!JIH B3HTbl HCXO.D.Hble KpHBbie. HanpHMep U npu E =0,3 H 
ZJI = 40 ITOJiyqHJIOCb npH V = 85, TI09TOMY roqKa f k• COOTBeTCTBYIO!l{3H 
$=0,3n V=85, .D.OJIJKHa npHHa.n.JieJKarb KpHBOi1 Fk=f (V) .D.JIH Z,~~=40. 
JlJIH noJiyqeHHH 6oJihiiiero KOJiuqecraa roqeK, rrpHH3.D.Jie:>Kaumx Kpu
BbiM Fk = f (V, zJI). HY:>KHO nMeTb KpHBhre u = f (V) u F k = f(V) ,nJIH 
6oJihiiiero KOJiuqecrsa s. Tio3roMy Ha o6eHx .n.HarpaMMax npose.n.eHM 
KpHBble U H fk He TOJibKO .ll.JIH e = 0,], 0,2 ... , HO H .IJ:JI5! e = 0, 15, 
0,25... flocJie.D:Hne Kpnshle B3HTbi c npaBbiX .n;MarpaMM ¢ur. 85 
H 87. 

3ror cnoco6 HMeer HeCKOJibKO aapnaHros, .n;aiO!l{HX o,nHH H re JKe 
pe3yJibT3Thl. 8hlllle OTIHC3H sapMaHr H3!160Jiee IlpOCTOH M rpe6yiOIII,HM 
3arpaTbi H3MMeHbiiiero KOJ!lflleCTBa MHJJJIHMeTpOBKM. 

HMJKe Kpan:o onucaH .npyroii sapnaHT, HecKOJJbKO 6onee Kporror· 
JIHBblll, HO He rpe6yiOIUHH TIOC1pOeHHH nmep6oJI U=f (V, ZJI). Ha OCHO· 
B3HHI1 !f:lopMyJJbl 25 H 3apaHee TIOCTpOeHHbiX KpliBhiX U=f (V, e) npH 
HeKOTOpOM Q .D.JIH TOrD rrapOB033, .D.JUI KOTOpOrO rpe6yeTCH TIOCTpOHTb 
KpHBble F~c=l (V, z..,), crpoHM KpHBhre ZM=f (V, e) .D:JIH roro JKe () H.IJ:JIH 
rex s, ,nJISI KOTOpblX TIOCTpoeHbl KpHBbie Fk=f (V, s). 

3a.zr:aeMCH HeKOTOpbiM z,. (Hanp. 2.~~=20) II ITO KpliBbiM ZJ,.= f (V, 1) 
onpe.n.eJIHeM C!<OpOCrH, COOTBerCTBYIOIUHe 9rOMy Z~ot rrpH rex orceqKaX, 
~JIH KOTOpblX ITOCTpOeHbl KpHBbie, HHaqe fOBOpSI, onpe,neJIHeM CKOpOCTH, 
np11 KOTOpbiX nepeCeKaiOrCH KpHBbie C a6CUHCCOH H306paJK3IOilJ.eU 
33~3HHb!H z.-..· 3TH CKOpOCTH-K3K pa3 re, rrp11 KOTOpbiX B nepBOM Ba· 
pHaHre onucbmaeMoro cnoco6a nmep6oJia u .D.JIH roro JKe z,. nepece
Kaercs:~ C KpliBb!Mll U= j (V, s). 3TH CKOpOCTH nepeHOCHM Ha rpacpHK 
F1c= I (V, s ), KaK u B nepaoM aapuaHTe, B aH.n.e roqeK 11 nposo.n.nM no 
HHM TIJI3BHYIO KpHBYIO, KOTOpaH ll HBJIHeTCH KpHBOH Fk=j (V) .D:JIH 33· 
.IJ:3HH b!X () U Z"' . 

.llJISJ yaenHqeHHH KOJIHI!ecrsa roqeK CJie.n;yeT rrocrpoHTb Kpnable 
z.., =I (V) n Fk = j (V) .D:JIH npoMe}!{yToiJHbiX s, MJIH nepecrpourb rpacjJuK 
Z, = f (V, e) B .zr:pyrHX KOOpP,MHarax, T. e. TIOCTpOHTb Z,. = j (s, V), .D:JIH 
rex V, .D.JIH KoropbiX 6biJIH nocrpoeHbi KpMBhle Fk = f (s, V). B rroc
Jie.n.HeM cJiyqae rro rpacjJHKY z"" = f (s, V) onpe.n.enHeM orceqKu (npo6Hble) 
.li.JIH 33.D.3HHOrO ZJ1 H CKOpOCTeH, .ll.JIH KOTOpb!X npoae.zr:eHbl KpMBbie; ITO 
rpacpr~Ky JKe Fk = f (s, V) onpe!!.eJJHeM Fk .D.JIH TIOJlyqeHHbiX orceqeK 
u 9rnx cKopocretl H nepeHOCI1M rroJiyiJeHHbie Fk Ha rpacpnK Fk=l (V, s) 
B BH.D.e ToqeK npH rex JKe CKOpOCTHX. 

Bo acex aapnaHrax groro cnoco6a norrpasKa Ha Heo.n:unaKOBOCTb 
reMneparypbr rreperpeaa napa .n.eJiaercH rrp11 rrocTpoeHHH KpHBbiX U= 
f (V, e) C KpHBb!X HCXO.D.HOrO rrapOB033; TIOBTOpHTb ee IlpH C3MOM TIO· 
crpoeHHH Fk=f (V, z.~~), KOHetmo, He HYiKHO. 
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B n. 18 6brJJo y)l{e yKa3aHo, qro KpHBble Fie= I (V, z.~~). nony'laeMhle 

B p23VJ!bT3T2 Cri2U.HaJibHO IIOCT3BJI2HHblX OITbiT08, HBJIHIOTCH Or¥I6aEO

lli.HMH I<pHBhiX Fk =I (V, z", Q). l1Haqe rosopH, (l H3 Hl!X HCKJIIOlJaercH 

TeM, qTQ Bb16Hp3IOTCH KpH8ble, .li.aiOWl:le Hau60Jibllll1e Fk. 
OpHMeHHH a nep80M cnoco6e HMeHHO aTH KpHBhre Fk = f (V, z ... ) 

HCXO)l.HOrO rrapOB03a, Mbl ilOJiyqaeM KpHBbl2 Fk = f (V, Z") )!.Jill llCCJie• 

.rr.yeMoro naposo3a. OpH sropoM lKe cnoco6e, rrpHMeHHH HpHBhre TOJihKO 

t:r.JIH (l= 1, Mhi nonyqaeM KpH8hie F~<= I (V, z..J )l.JIH Q= 1. 4To6&I HCKJIIO

qJHh (l, CJI2JI.083JIO 6bl C1(2JI3Tb ITOCTpOeHHH ){JIH H2CKOJlbKHX Q H 8bl-

6paTb H3 HHX .n.aromHe HaH60JiblllHe Fk. )lm1 6oJibiilHHcrsa cepHi1 rrapo

B0308, B TOM l!HCJie .LLJIH CY H M, (l= 1 HBJIHerc5~ HaHBhlro,n;HetimHM, H 

KpHBbie F" =I (V, zJ .UJIH Q = 1 cosna.rr.aror c KpHBb!MH F~c= I (V, z ... ) . 
.Ll:JIH HeKorophlx )l{e cepHil: napoB030B KpRBhie Fk= I (V, z_,) ,ll;JIH MaJihiX z ... 
H.llYT BbiiJle Kp!iBbiX Fk=l (V, Z,~~) )!Jill (l= 1. 

B HaiiiHX npnMepax nocTpoeHHe Fk =I (V, z") .n;JIH (l= 1 no sropoMy 

crroco6y .rrano TOT )l{e pe3y.n&rar, liTO a nocrpoeHHe KpHBhiX Fk = 
=I (V, z.~~) no nep80MY cnoco6y, noaToMy npa8aH .nHarpaMMa 4J11r. 88, 
fiOCTpOeHH3H .!LJIH Bblp3BHHB3HHH H rpa4JH42CI<OH HHTepnOJIHIJ.HH KpliBbiX, 

IIOCTpOeHHbiX ITO rrepBOMY CriOCo6y, llOC.IlJ>KHJl3 H li,JIH Bblp3BHHB3HHH 

KpHs~x cp11r. 89, nocTpoeHHhiX no BTopoMy crroco6y. 

BTopoil: crroco6 3Hal!HTeJihHO ycTyrraer rrepsoMy a rrpocroTe, HO HM 

rrp1UO.Lli1TCSI IIOJib30BaTbCH B TOM CJiyqae, eCJIH npaMeHeHHe nepsoro 

CIIOC06a BCTp2THT 33TPY.LLH2HHH H3·3a He06XO.LlHMOCTH 60JibiJlOH 9KCTpa

ITOJIHIJ.HH .LlJIH no.ny1I2HHH KpHBoti, coorserCT8YIOlll.2ti HY)l{HOMY z .... KpoMe 

roro, aroT cnoco6 uMeeT npHMeHeHHe npH nocrpoeHHH KpiiBhiX Fk= 
=f(V, z.~~) Ha OCHOBaHHH IIOJIYll2HHb!X OIIhlTHbiM rryTeM KpHBblX fb = 
=I(V, s, g) 11 u = f (V, s, Q) .LlJUl roro >Ke napoB03a, raJC KaK noJJyt~HTb 
Henocpe.n.crseHHO onbiTOM T01.[KH .UJJH KpHBh!X Fk =I (V, z.,., Q) He rrpe.ll:· 

CTaB.nSieTCH B03M0)l{HbiM. 

28. ):{BOHHa.R H TpOifHa.R T.Rra. CliJJa THfH JIOKOMOTI1Ba He MeHSl2TCSI 

OT T0f01 THHeT Jill OH COCT3B HJIH TOJIKaer ero. ECJIII B II023)1;2 pa6o-
" TaiOT HeCKOJibKO JIOKOMOTHBOB, TO CYMMapHaSI CHJJa Tllfli HX, )!.2HCTBy-

IOI11,3H Ha II023.LI, pasHa CYMMe ClfJI THrH K3li<.!L0f0 H3 JIOKOMOTliB08. HO 
BCJie.LLCTBHe HeH302)l{ROH HeCOrJiaCOBaHHOCTH pa60Tbl 6pHra.n. JIOKOMO

TI1BOB, XY.LIIIlHX yCJIOBMH pa60Tbl BTOpOrO H rperbero JIOKOMOTIIBOB 

lf 80 H302JK3HHe l!p23MepHbiX peaKUHH 1:1 o6pb!BOB B ll023,Lle paC112T

HbiH rrpe.rr.e11 CHJ!bl 'l'S!fli, ,n;etiCTBYIOIII.2H Ha noe3,Ll, npHHHM32TCH npH BCeX 

QKOpOCTS!X He paBHbiM CYMMe pacqeTHbiX npe.rr.eJIOB CHJJbl TllrH K3)1{,11;0f0 

JIOKOMOTHBa a or.rr.eJibHOCTH, a HecKOJibKO yMeHhiilaercH, HMeHHO no cJie

.ll:YIOlll.efi <Pop My Jie: 

(35) 

r .rr.e: F cyMMapHbiil paclJeTHbiH npe.rr.e.n CMJihi TS!rlf n pH KaKof%-JJH60 

CKopocrH, F1, F 2, F 3 - pacqerHbie npe.rr.eJI~ CHJibi rHrH rrepsoro (roJIOB· 

HOfO ), 8TOpOrO II Tp2Tb2f0 JIOKOMOTHBOB, a a H b- K03<lJ!1U.I:I2HTbl, 

3aBHCS!llLH2 OT pa3M2Ili,2Hli5l BTOpOrO ll TpeTbero JIOKOMOTliBOB 8 IIOe3,Lle: 

a = 90, PCJIH BTOpOH JIOKOMOTHB CU2IIJI2H H2II0Cpe.LLCTB2HHO C rDJIOB

Hb!M JIOKOMOTHBOM; 

Q = 0,80, eCJJH BTOpOif JIOKOMOTHB l1B.~H2TCSI TOJIKai{OM ( CUeiJ.1I2HHbiM 

HJIH HecueiiJI2HHblM C COCT3BOM), 1-lnH H8XO,LlHTCH cpe.ll,H COCT3B3; 

b = 0,80 BO BCeX CJIYlJ351X TpOHHOH TS!TH. 
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HanpHMep. ecJIM eo rJiaee noe3Jla napoB03 3 c paclleTHb!M Fk no 
B 

cuenJieHMJO 15 200 Kl, a e xeocre naposo3 0 c pacY:eTHbiM Fk no cu:en-
JieHMJO 8 750 K2, ro pacqerHbiti npe)leJI Fk o6o11x napoeo3oB no cuen· 
JieHHIO paeeH: 15 200 + 0,80 · 8 750 = 22 200 KZ. 

B cnyqae l!eTBepHoti TllfH, CMJia THrM Y:eTBeproro JIOKOMOTMBa F • 
BXO.llHT B CyMMy C K03qlHu;MeHTOM C = 0,80. 

npH H3JIHl!HH 6JiaronpHHTHbiX MeCTHbiX ycJIOBHH KDEHpHu;HeHThl a, b M C 

Moryr 6b!Tb nOBh!IIIeHbi enJIOTb JJ.O e)lHHHUbi. DpHMepoM B03MO.lKHOCTH 
IIOBbiiileHHR 3THX K03<!JHUHeHTOB HBJIHeTCfl rpOHHaH M Y:eTBepHaH THf3 
H3 ropHb!X y'laCTKaX C KpHBbiMM M3JibiX paJlHYCOB: IIpH paCIIOJIO>KeHHH 
naposo30B a rpex Mecrax (e ronoee, B cpe.1111He 11 B xsocre) O.llHH H3 
HHX, C60KCOBaBWHH B KpHBOH HJIH Ha llOKpblTOM CM a3KOH MeCTe nym, 
MO>KeT 6b!Tb BCer .a a llO,ll.,ll.ep.lKa H ,ll.pyniM H na pOB033MH, H3XO,li.HJ..UHMHC5.1 
B 6onee 6naronpHHTHhlX ycJIOBHHX. 

29. PacqernaJI cuna T.Rru u !IJaKrop cQenneuu.R B CAClll. B CAClll 
,!IJI!I pacqera CHJlhl THni ynorpe6JIHIOTC!I .11pyrae <!JopMyJihl 11 CllOC06bl, 
'IeM e CCCP, cooreercrseHHO HHhiM ycnoBIHIM pa6oTbr napoeo3oe. 
0CHOBHhle H3 3THX <!JopMyJI M llOHHTHH CJie,ll.yer 3H3Tb ,li.JIH npaBHJib· 
HOfO llOHMM3HHH aMepHK3HCKOH THfOBOH JIJ1Teparypbl. 

AMepHKaHcKaH accOI . .{HaUHH >KeJie3Hb!X ,li.Opor peKoMeHLI.yer cJiell.yiOW.He 
l}lopMJJibl ,!IJIH onpe,ll.eJieHHH pacl!erHot! CHJibi THrH (rated tractive force) 
Ha 060)le npH TporaHHH C Mecra: JJ,JHI napOB030B C MaillHHOH O,li.HO
KpaTHOfO paCIIll1peHHH 

F= II 

JI,JIH napOB030B-KOMll3YHLI. 

F = nnd21![Pu S· 
11 2DOD (m+ I) 

06e lPOPMJJibl npHBe)leHhl K HOpM3JibHbiM o603H31JeHH51M 11 H3Mepe
BH51M CCCP. Koaq:mQHeHT ~ npHHHMaercH no cneJJ,yJOru;eif ra6.JIHI.{e: 

Haw6oJJbllla 
orceqKa 
fJI3BHhiX 

OKOH 

0,90 
0,80 
0, 70 
0 60 
0,50 

30JIOTHI1 KO BOe 

3ep KaJIO 6e3 .no· 
nOJIH l1TeJI bHblX 

BnyCKHI>IX OI<:OH 

0,85 
0 80 
0,74 
0,68 
0,60 

30JIOTHYIKOBOe 3epK3JIO C 
l!OnonmnenbHbiMM anycK
HblMYI OKHaMH, )l310IUYIMI1 
orceqKy ne MeHbwe 0,8 

-
0,80 
0 78 
0,77 
0, 75 

flOJJ. .IJ;OllOJIHHTeJihHblMH BIIYCKHbiMH OKH3MM IIOHI1M310TCH MaJieHb· 
KHe OKH3 B JIHI.{e 30JIOTHHKOBOH KOpo6KH (BTYJIKH) nOp51JJ,K3 300MM2 JJ,JBl 
o6JierqeHHfl rporaHI1fl rroes)la c Mecra rrpH raJ< Ha3hiBaeMoti orpa· 
HHI.JeHHOti orceqKe. TaKHe OKHa HMeJOTCR y rrapoB030B CCCP 1-5-1 <Pll 
11 1-4-2 HC, y Koropbrx npeJJ.eJibHa51 orcel!I<a r .JI3BHbiX OKOH npH 
crryru;eHHOH ratfKe nepeBO)lHOrO BHHT3 paBHa 0,6. 

B CAClll Her noHHTHH, cooreercreyiOru;ero HarneMy IIOHHTHJO o 
K03lPHI.{HeHre Cl..(enneHHH. floJJ. repMHHOM .<PaKrop cuenJieHH!I • (factor 
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of adhesion) ITOHHMaeTCH O.l!J!H FI3 CTpOHTeJibHbl X K09tfJ11UHeHTOB napO· 

g038, a HMeHHO-OTHO!lleHHe cuenHOfO Beca napOB033 K CHJie THfH nO 
u 

!\118WHHe npH TpOr3HHH C MeCTa, Bbll!HCJieHHOH no Bbi!llenpHBe.ll.eHHbiM 

!fJopMyJiaM. .LJ..nH o6ecnel!eHHH 6oJib!llOti CH:Jibi THrH: no MalllHHe npu 

rporaHHH C Mecra 8MepHK3HUbl T3K Bbi6Hp310T pa3Mepb1 M3llll1Hbl1 l!T06bl 
cpaKTOp cuen.neHHH 6bi.JI He 6oJibllle 4,0-4,2. 

PaciJer JKe cocrasos noe3.li.OB npoH3BO.li.H:TCH He no ¢aKropy cue

DJieHHH, a DO OllbiTHbiM noe3.li.K3M. no9TOMY aMepHK3HCKHH cpaKTOp 

cuen.JieHHH BOBCe He HBJIHeTCH BeJ!HqHHOti, o6paTHOH HallleMy .K03qJH• 
u;HeHTJ cuenJieHHH. 

KpoMe BbllllenpHBe.ll.eHHbiX cpopMJ.II CHJibl THfll H TIOHHTHH 0 cpaK• 

rope cuen.JieHHH, B CACW Her .11.pymx peKoMeH.li.OBaHHblX HJIH Bb!We){· 

lllHX BO BCe06I..Uee ynorpe6JieHHe pacY.eTDB CHJlbi THrlf. 
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FJIABA III 

COUPOTHBJJEHME llOE3):(A 

30. Onpe~eJieHH.R H ofi~He tlJOPMYJibl. noll conpOT!iBJieHHSIMH ,ll,BiilKe

mno JIOe3,lla DOHHM3IOTCSI npoeKUJIH Ha HanpaBJieHHe, npOTHBOIIOJIOlKHOe 
" ,QBHJKeHHIO nOe3,ll3 1 BHelllHHX, He ynpaBJISieMbiX l:JeJIOBei<OM CI1JI1 ,lleH-

CTBYIOIII,HX Ha TIOe3,ll. Y rrpaBJISieMble l:JeJIOBeKOM 11CKYCCTBeHHbie COnpo

TI1BJieHHl1-TOpM03Hbie CHJibl, BBOllHMbie flO Mepe H3.ll.06HOCHI, B nOHSITHe 

COIIpOTHBJieHUSI noe3)l3 He BXO.ll.HT. TaKJKe He BXO.IJ:SIT B DOHHTI1e COTipO

TI1BJieHHSI nOe3,ll3 11 CI1./Ibl 11HepU!ili. 

CHJihl COnpOTHBJieHHH HCXOllHT OT peJihC, B03llyXa li UeHTpa THJKeCTii 

3eMJIH (npoeKUHH Ha HanpaBJieHHe, npOTHBOIIOJIOJKHOe li:BHJKeHHID rroea,lla, 

CMJI nporSimeHHSI 3eMJIH). CHJJbi conpor11sJJeHHH Moryr 6hiTb noJIOlKH

reJJhHhle, eCJIH OHH HanpaBJJeHhl IIpOTHB JlBIDKeHHSI IIOe3,ll3, H OTpHU3-

TeJJbHble, ecJJH HX HanpaaJieHHe cosna.n:aer c HanpasneHHeM JlBHJKeHHH 

rroe3.n:a. OrpMuareJihHbiMH MOryr 6hiTh TOJJbKO CHJJbi conporHBJieHHH 

OT crrycKa (yKJIOHa), T. e. COCT3B./IliiOliJ.I1e CHJ!bl TSIJKecnr Ha cnycKe, H 

CHJJa or norryrHoro serpa. 

rosopli o noJJHOM conporHsJieHHR noe3.n:a, MO}f{HO rro,llpaayMeaarb 

TpH pa3JIH!.JHbiX llOHliT!ili, DO,ll,06HO TOMy, KaK fOBOpS! 0 CHJie Tllfll 

JJOKOMOTH:sa, MO)I{HO no.n:paayMesarb F11, Fk HJIH Fi. 3TH rpH paa.Jmq

HhiX no HliTHH -CJieJlyiO I.l.(He: 

1) nOJJHOe conpoTHBJieHHe co c. T as a, r. e. saroHOB rroe3lla W n• 

paBHOe CllJJe TlifH Ha KpiDKe Fn B CJJyiJae paBHOMepHOfO li:Bil}f{eHHSI 

noe3.n:a npH OTCYTCTBIIH TOpM03HOH CHJ!hl. CJie,llOBaTeJihHO, B JI.aHHOM 

CJiyiJ.ae Mbl HMeeM JJ:eJIO TOJibKO C COCT3BOM, a JIOKOMOTHB Mbl pac• 

CM3TpHBaeM, K3K llOCTOpOHHee TeJIO, H3 KOTOpOro HCXOllliT BHeWHHH 

no OTHOUieHHIO K COCTasy CHJI3 T51rH Fn; 
2) nonHoe corrponm.neHHe no e Sll a K a I< pH .ll. a cue n JI e H H hi x 

n o so a o K Wk, pasHoe ).(eficrBHTeJJhHOif owe THrH Ha o6olle Fh 
B CJiy4ae paBHOMepHOfO JlBIDKeHH51 IIOe3ll3 npH OTCyTCTBHH TOpM03-

HOH CHJihl. CJie.n:osareJihHO, JJOKOMOTIIB paccMarpHsaercH cosMecrHo 

C BafOH3Mii, 11 B Wk BKJIIOIIaeTC51 COIIpOTI1BJieHHe JIOKOMOTHBa KaK 

IIOB03Kil; BHeWHe~ JKe CHJIOH TlifH HBJI51eTC51 Fk. ECJIH np11 W n Mbi He 

MMeeM ,lleJia CO BCeM JIOKOMOT!iBOM, TO IIpH Wk Mbl He HMeeM )leJia 

TO./IbKO C conpOTHBJieHHeM MalliHHbl JIOKOMOTI-!Ba; 

3) noJiaoe conporHsJJeHHe no e 3 Jl a W;. pasHoe HH).(HI<aropaoii cu.ne 

TSirM F1, B CJiyqae paBHOMepHOfO ,li,BHlKeHHH noe3,ll,a IIpH OTCYTCTBHH 

TOpM03HOH CI1Jihl. B W; Mhl IJ;OJI}f{Hbl BKJI!OliHTb, KpOMe COnpOTHBJieHHH 

sarOHOB, T3Kllie COnpOTHBJJeHHe JIOKOMOTHBa K3K IIOB03KI1 H COTipO· 

THBJienue MaiiiMHhi JIOKOMOTHBa. Kor ).(a Mbi onpe.n.eJIHJIH nu.n.uKaTOPHYIO 

CHJIY Tllflf F1, Mhl OTHeCJIH ee K 060JlY JJ;BH}f{Y!UHX KOJieC, HO HCKYC

CTBeHHO He Bbl1JJIH H3 aee COIIpOTHBJieHHll M3lliHHbl JIOKOMOTIIB3; 
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renepb Mbl ,lJ.OJDKHhl BKJIIOl!HTb B Wi 3TO conpOTHBJieHHe M3lliHHbl 
JIQKO M OTHB3. 

]l.IIH pacqeTOB MOJKeT 6b!Tb npHHHTO :11060e H3 anrx rpex ITOHHTHti 
Q COilpOTHBJieHHH ITOe3,U3, HO DpHHHTOe ITOH5ITHe 0 COnpOTHBJieHHH 
nOe3)l.3 )l.OJIJKHO Beer )l3 eOOTBeTCTBOBaTb npHHHTOMY ITOHHTHIO 0 CHJ!e 
T5Ifl1. f1 pH H H M a H )!. JI H p a C IJ e T 0 B C H JI y T H r H fk, M bl .II: 0 JI JK H hi 

s3HTb eonporHBJieHHe rroe3.n:a Wk. 
flollrH see eHJihl conporHBJieHHH, .n:etlcrsyronvre Ha e.a.HHHUY no· 

)J.BHJKHoro eoerasa (saroH HJJH JIOKOMOTHB), nponopuuoHaJihHhi ee aecy; 
noaroMy e THfOBh!X pacqerax eonporHsJJemre aeer.a.a npe.n:craBJIHereH 
a nu.a.e npOH3ae.n:eHHH .n:nyx MHOJKHreJJeii: seca noe3.n:a HJIH napoao3a, 
saroHa {s TOHHax) H conpomaneHHH (a KHJlOrpaMMax), .n:eticrsyrolll,ero 
Ha KaJK.n:yro TOHHY ero aeca. ConponraJJeHHe B KHJiorpaMMax: Ha TOHHY 
H33biaaercH y.n:eJJhHbiM conporHBJieHHeM M o6o3HaqaercH 6yKaoti w 
C pa3JIHl!HbiMM 3H31JK3MH, ITOK33biB310ll!,HMH1 0 K3KOM HMeHHO y,n:eJ1bHOM 
COIIpOTHBJJeHHH H,LI:eT pellb. 

0603H3l!3H y.n:. CODpOTHBJieHHe B3f0HOB 11epe3 W" B K2 Ha TOHHY 
sec a aaroHa, a sec cocraaa (earoHOB) IIepe3 Q m, HMeeM: 

wfl = Qw". (36) 

0603H3l!3H y.n:. CODpOTHBJieHHe JIOKOMOTHBa (napOB033 C TeH.n:epoM) 
K3K TIOil03KM, T. e. 6e3 yqera CHJI rpeHHH B M3lllHHe, 11epe3 W' B KZ 
Ma TOHHY seca JIOKOMOTliBa (napOB033 C TeH.n:epoM) p m, HMeeM: 

Wk = Qw" + Pw'. (37) 

0603 H343H y.a.. COilpOTMBJieHMe M3lllHHbl rrapOB03a npH OTKpbiTOM 
pery JISITO pe 

B KWJIOrpaMM3X Ha TOHHY Beca napOB033 C TeH.n:epOM, HMeeM: 

Wi = Qw" + Pw' + Pw,.. (38) 

JlJIH y.a.o6craa pac11eroa conporHaJieHHH w" H w' npe.n:craBJIHeM Kam.n:oe 
a BH.ZI.e cyMMhl rpex cJiaraeMbtx: 

ll>
11 = W 0

11 + i + W /' .li:JIH B3f0HOB, (39) 

w'=wo'+i+w,' .llJIH naponoaoB. (40) 
B ar11x cyMMax nepaoe cnaraeMoe ecrh y.a.. corrporHaJJeHHe ua 

npSIMOM u ropH30HT3JibHOM nym; nropoe cnaraeMoe ecrb y .a.. corrpo
TMBJJeHHe OT YKJIOH3 (IIO.llbeMa HJIM cnycKa); OHO O.llHH3KOBO ,LI:JISI BCeX 

• u 

nOB030K; rperbe CJiaraeMOe eCTb y.n:. eonpOTMBJieHHe OT KpHBOHj OHO 
IIpHHHM3eTCSI O.llHH31WBbiM .li:JIH napOB030B H BCeX B3fOHOB, T. e. 
W/ = wr" = W

7
• nepnoe cJJaraeMoe- ocHOBHoe: OHO acer.n:a cyruecrsyer 

H acer.n.a nOJJO»<HTeJibHOe, r. e. seer.a.a Hanpas.neHo a cropoHy, npo
THsonoJJOJKHYIO .llBH»<eHMIO noe3.n.a. Bropoe cJiarae~we (i)- .n:o6aso~tHoe; 
ua ropH30HraJibHOM nyrH OHO paHHO HYJIIO, ua non.beMe-noJJOJKH
TeJibHoe, Ha cnycKe -orpHu:ne.JibHoe. TpeTbe cJJaraeMoe-roJKe .n:o6a-

u 

BOl!HOe; OHO paBHO HYJIIO Ha npHMOM nyTH H ITOJIOlKHTeJibHO B KpliBOH; 
orpm.{are.JibHbiX 3Ha1IeHHii W7 MMeTh He MOJKer. 
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31. npoacxo)I(JJ,euue conpotHBJJeHH.R ua np.RMOii ropu3ouruu. Conpo

THBJieHHe ITOS030K Ha npHMOM ropH30HT3JibHOM peJibCOBOM rryni CJI3· 

raeTCH 113 MHOfHX COilpOTHBJieHHfi, HBJIHIOIUHXCH CJie,n:CTBHHMH pa3H006-

pa3Hb!X rrplf4HH 1 KOTOpbie y,n:06HO 06'he,LJ:HHHTb B CJie,n:yiOIUHe IlHTb 

rpynrr: 
1) rpeHHe B rueliKaX oceti; 

2) rpeHHe KatJeHHH Ha o6o,n:e KOJiec; 

3) TpeHHe CI<OJ!b>KeHHH Ha OOO,LJ:e KOJiec; 

4) rrorepH MI1BOH CHJ!hl OT y,n:apoa 11 KOJie6aHHH; 

5) conpOTHBJieHHe B03JI:YlllHOH cpe,n:bi. 
HHMe BKparu;e ITOHCHHeTCH, OT tJero 33BHCHT 9TH CJiaraeMhie CHJ!bl 

corrporHsJieHHH. ,llJIH roro, qro6hi cJiaraeMbie OIJibi MO}f{HO 6biJIO 

aJire6paHtJeCI<H CKJI3,LJ:b!B3Th MelK,n:y C060H H C CHJIOH THfH, HX BCer,n:a 

CJie,n:yeT npHBOJJ:HTb K T3KOMY BH,n:y, lJT06bl rryTb, npOXO,LJ:HMbiH CH.JIOU 

a HanpaaJieHHil ee ,n:eficTBIIH, 6biJI paaeH rryn1, npoxo,n:HMOMY noe3,n:OM. 
1. T p e H 11 e a Ill e liK ax o c e u Hrpaer 

I 

I 

(J 

HaHOO.IIee CyiUeCTBeHHYIO pOJih B COIIpOTH

BJieHHH TIO,LJ:BH>KHOfO COCT3Ba Ha rrpHMOH ro

p!i30HT3JIH, Ecm1 Ha llleili<y ocH ,IWBMT CHJia p 
($Hr. 90), TO npH apau~eHHif KOJieCa IIORBJIH

eTCH CHJia rpeHHH prp, HanpaaJieHHaH neprreH

JI:HKJJIHpHo K cw.ne p B cropoHy, rrponiBorro-

.noMHYIO .llBif)!{eHiflO, H rrpHJIOMeHH3Sl OT ITO,n:

llllfiiHHK3 K llleHKe; rp~K09<}lHIJ;HeHT rpeHHH 

MeM,n:y ruetii<oti H no,n:umnHHKOM. MoMeHT 
" CHJ!bl rpeHHH prp, COilpOTHS.IIHIOIUHMCH spa-

meHHIO KO.Jieca soKpyr ero ocH, paseH prpr, 
¢Hr. 90. ConporHBJieHHe 

u 

rpeHHH B llleHKe. 
or r,n:e r-pa,n:HyC llleifKH. ,llJIH npeO,n:QJieHHH 

::JTOfO MOMeHTa He06XO,LJ:HMO rrpHJIO}!{IfTb OT 
u u 

p3Mbl K UieHKe CHJIY a, KOTOpaH C CHJIO!f a 
OT peJibCa K KOJiecy ,LJ:OJI}!{Ha COCT3BHTb MOMeHT, paBHbiH prpr. J1HalJe 

rosopH, aR = prpr, r,n:e R ecrh pa,n:Hyc KoJieca. Cw.Jia a, rrpHJIOMeH· 

HaH OT paMbl K llletiKe B CTOpOHY JI:BHMeH!UI OC!f, eCTb lJ3CTb CHJibl 

THrH (HJIH CH.Jlbl HHepUHH, H.~H OTpHUaTeJibHOfi CHJ!bl COIIpOTHBJieHHH), 

a CH.Jia a, rrpH.IIOlKeHHaH OT peJihCa K KOJiecy, eCTb lJ3CTb ( CJiarae

MOe) COIIpOTHB.JieHHH e,n:!lHHIJ;hl IIO,LJ:BHMHOfO COCTaBa, 33BHCfliUee OT 
u u 

TpeHHH B ,n:aHHOH IIIeHKe. 

HraK, 
pqr prpd a- - . - R- D I 

CJie,n:osare.JibHO, conpOTHBJieHHe OT TpeHHH B llleHKax OObllfHbiX oyKc 

CKOJib351lll.ero TpeHHH np51MO npOrrOpU!iOHaJibHO Harpy3Ke Ha llleti:Ky, 

,LJ:HaMerpy IIIe~ KH H K03<fJHU!leHTy rpeHHH H o6paTHO nporrOpUHOH3JibHO 

,n:liaMerpy KOJieca. 

OrHoweHHe ,n:HaMerpa Ko.1eca K ,n:HaMerpy llleHKH a HaUIHX saroHax 

or 7 .l{O 10, cne,n:osareJibHO, ecJIH sec aaroHa rrpHH51Th paaHbiM cyMMe 
u 

Harpy3oK Ha ero llleHKH, ro y,n:enbHOe conporHBJ1euHe saroHa or rpe· 
u 

HH51 B llleHK3X W111 pasHa: 

W1a......_.!O~Orp=l25rpKZfm (41) 
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KoacpHl\HeHr rpeHIUI cMa3aHHhiX reJI cp B ycJIOBHHX pa6orhi 6yKc no· 

)lBH)KHOfO COCTaBa B CBOJO 04epe,nb 38BHCIIT OT 04eHb MHOrHX cpaKTOpOB: 

CKOpOCTII, BS13KOCTH CM33Kii, COCTOHHHSI riOBepXHOCTeit ruei:IKH II no.n· 

U!HriHHK3, TOJilli;HHbl C,1 OH CM33Klf, y.u.e JibHOfO ,ll3BJieHHSI Ha IIIeHKJ 
ECJIH B3fOH CTOHT, CJIOH CM33KH 04eHb TOHOK, llOTOMY 4TO OHa 

Bbl.ll3BHJI3Cb BO BpeMH CTOHHKH; nosepXHOCTb llO)I,IIHillHHK3 MeCT8MH 

,naJKe MO)Ker Henocpe.ncrseHHO KacarbCH nosepxHOCTH weti:KH, CMa3Ka

xono.u.HaH 11 noaroMy o6nanaer 6oJibWOH BH3KOCThJO. B pe3ynhrare 

K03cpr!I..LHeHT tpeHHH B cpopMyJie. 41 04eHb BeJIHK-rpy6o J'OBOpH, pa3 

a .n:ecHTb 6oJihrne ero cpeJI,Hero 3Ha4eHHH npH V = 10 20 KMjll. 

B rerrJiyiO noro.n:y OH HeCKOJJhKO riOBbiWaercH, rai< KaK yMeHbwaercH 

BH3KOCTb CM83KH; rrpH MOp033X JKe CHJibHO riOBbiWaeTCH, T3K KaK weih!a 

rrpHKJiei-!BaeTCH K riO.llillllriHHKY TOHKHM CJIOeM 04eHb ryCTOH CM33KH. 

KaK TOJJbKO saraH rpoHyJicH, K03qJHl(HeHr cp HeMe.nJieHHO rra.naer, raK 

KaK rrepBbiH )Ke C.llBHr Hapywaer ycraHOBHBrneecH cuenJieHHe llaCTHJJ, 

CM33KH, a pa6ora rpeHHH qacrHU CM33KH npeapaw;aercH B renno H 

B nepBbie me o6oporw rrOBhirnaer reMneparypy CJIOH cMa3KI1 H no

HHJKaer ee BH3KOCTb. no Mepe yseJIHtleHlnl BpeMeHH, ripOTeKrnero OT 

MOMeHra rporaHHH aaroHa, reMneparypa CMa3KH H sceii 6yKchi no

Bbiiilaercl1 OT npeapameHHSI B TellJIO pa6orh! CHJI tpeHHH, BH3KOCTb 

CM33KH ll0HHJKaeTCH1 B pa6ory BXO,UHT CBemaH CM33Ka, CJIOH ee Me)K).ly 

wetiKOH H llO,!l.llliillHHKOM yseJ111liHBaeTCH H K09cpHI~HeHT cp llOHR

>KaeTCli. 

np11 YCT8HOBHBWeMCH COCTOHHHH K09tlJHl.{HeHT rpeHHH CHallaJJa 

6blcrpo na.naer or V = 0 npHMepHo .u.o V = 10 KM/'l, 3areM Me.D.JieHHo 
ll3)1,3ET ,UO = 20-40 KMjll H ,na.1ee H3liHH8ET ME)I,.IJEHHO llOBhllll3TbCH. 

np11 CKOpOCT51X ll0p11,!1.K3 10-20 /Utjll K09cp1IUHeHT rpeHHSI rp OKOJIO 

0,00.5-0,01, qro no cpopMyne 41 .naer conporHBJJeHHe or rpeHHSI 

B rueAKax rropH.llKa I KZjm. npH rporaHim: c Mecra K09tlJHUHeHr rpe

HHH 33BHCHT OT speMeHH CTOHHKH: llOCJie HerrpOJI,OJI>KHTEJJbHOH CTOHll.KH 

(MHHYTbl) OH riOpHllK3 0,05, TOr.lla K3K llOCJJe llJIHTeJibHOH CTOHHKH 

(43Cbl) yaeJ1HqifB3ETCH ,UO 0,10-0, 15. 3TH UHtlJpbi OTHOCHTCH K JIETHeMy 

BpeMeHH; 3HMOIO OHH eme BhiWe. 

KoacpHl\HeHr rpeHHH yaeJmqJ.IaaercH c yaeJJH4eHHeM BH3KOCTH CM33KH, 

HO npaKTH'IeCKH no HMeer Mecro TOJibKO np11 xoporneM yxo.ne 3a 

6yKC3MH, llOTOMY 4T0 npH CM33Ke C M3JIOH BH3KOCTblO B >KapKoe BpeMH 

fO)I,a CJIOH CM83KH MOmeT 6b!Tb H8CTOJibKO TOHOK, liTO 6y .ner npOH

CXOllHTb qacrHqHoe KacaHHe acyxy10 roqeK wefiKH 11 no.nrnHnHIIKa 

(npH He BriOJIHe fJI3)1,KHX llOBepXHOCTHX), liTO IIOBJielJeT 33,UHpbl llleHKH 

H 3H34HTeJihHOe yseJIHlleHHe COIIpOTHBJieHHH. Ho BO BCHKOM CJiyllae, 

npH CM33K3X C 04eHb 60JJblliOH B513KOCTb!O (taK H33biB3eMb!X TBep,UbiX 

H llOJJYTBep,UblX) COllpOTHBJieHHe 3H3411TeJibHO 60Jibll1e, lleM ripH 06hi4· 

Hb!X, HO 33TO Oll3CHOCTb 38,UHpa ruetiKH MeHbille, KOHe4HO npH XOpO· 

WeM IIO)I,BO)I,e CM33KH K rpyiiJ.HMCH llOBepXHOCTHM; npH IIJIOXOM }J{e 

llO.llBO,Ue rycroti CM33Kli (HanpHMep HH>KHHH ll0,!1.343 C llJIOXOH llOk 

6HBfWH) npH pasroHe llOCJie ,UOJlfOH CTOHHKH rnetiKa MO)KeT llOJJYliHTb 

33,l.lHpbt paHbrne, 4eM CM33Ka pa3orpeercH 11 Hatnrer nocrynan no,ll; 

IIO)J,IllH llHHK. 

KoacpHl\HeHr rpeHHH yMeHbrnaercH c yae.JIH'IeHHeM y.neJihHOro .nasJie

HHH. 3ro 06ll{Hti 33KOH llJIH rpeHHH CM833HHbiX 11 HeCM33aHHbiX TEJI. 

Ho aro HBJiem:~e HMeer Mecro Ha npaKTHKe ro.JibKO rrp11 xopoweM 
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co.zr.epJKamm 6yKc; 8 rrpornaHOM cJiyqae, aa,ii.Hpbi rnethm Moryr aHaliH· 

TeJlbHO IIOBbiCHTb K03qJHUHeHT rpeHf'IH rrp11 yaeJIIFieHHH Harpy3KH. 

HaKOHeu, rJia)J.KOCTb H rrpaBHJibHOCTb noaepxHocreil: rnetlKH H no.u.

liiHTIHHKa BJIH!IeT H3 K03qJH1:.{!1eHT TpeHHll He TOJibKO yMeHbliieHHeM 

rpeHHH MelK.llY 3THMH liOBepXHOCTliMH ll CM113KOH, HO H JMeHbliieHHeM 

B03MOlKHOCTH 3a)J,Hpa. 

EcrecraeHHO, liTO KOHCTPYKU:HH 6yKCbi H Meer 6oJibmoe 8JIHHHHe Ha 

K03lPHUHeHT rpeHHH; OC06E'HHO B3JKHO 06ecrrelleHHe liO.ll3l!H CM33KH 

TIOA liO)J,illHliHHK H rrpe).J.OXpaHeHHe yreqKH CM33K11 H 3arpli3HeHIUI ee 

a 6yKce qepea HerrJIOTHOCTH aa.u.Hero 3araopa 6yKc~. 
Dpu p o JI H K o a hi x liO.lf.liiHliHHI<ax co-

~---~ npOTHBJieHHe OT rpeHHH CKOJibJKeHH!I 

8,. 
B rueMK3X 33MeHHeTCSI 3H3l!HTeJJbHO MeHb

liiHM COllpOTHBJieHHeM OT rpeHHH Kal!eHHH 

pOJIHKOB. 

Hau60JibliiYIO Bhrro.u.y ).J.aiOr poJIHKOBhre 
~ A, no)l,IIIIIITHHKH npu rporaHIIH c .Mecra (oco-

0 ' Q 6 ) LJ eHHO B XOJIO,llHOe apeMSJ ro,n:a H npH-

MaJiblX CKOpOCTHX. 

p: A Dpu rporamm c Mecra corrpoTHBJieHue 
-:_:_:-~:~:.~~ -· OT TpeHHH B pOJIHKOBbiX 6yKC3X COCTa-

--...m'-- BJIHeT, BCero OKOJIO 10% OT COOTBeTCTByiO-

cllHr, 91. Conpontsneaue or nepe- w.ero corrporua .. 1eHHll B o6bil!HbiX 6yKcax 
KaTbiBaHIHI. TpeHH!l H TIOl!TH He 33BHCHT OT npO.llOJI-

JKHTeJibHOCTH CTOHHKH: npll CKOpOCTHX 

10-30 KM/tl-OKOJIO 20-300Jo; .ll3Jiee C llOBbiliieHHeM CKOpOCTii CO

npOTHBJil'HHe OT pOJIHKOBbiX 6yKC crpeMHTCH np!iOJIH3HTbC5! K CO

npOntBJleHl110 OT 6JKC rpeHHH. 

2. TpeHH e KaqeuaH Ha o6o.u.e KOJiec. Dpii rrepeKaTbiB3HIIH 

KOJieca no peJincy KOJieco s.naBJIHBaercH a peJibC (cpar. 91) H corrpa

KacaercH C HIIM H3 HeKOTOpoti 083JibHOti IIJIOW.a.D:H nopHAKa HeCKOJib· 

KHX MM2• nepeKaTbiB3HCb, KOJieCO rOHIIT nepe,n: COOOH ynpyryiO BOJIHY 

H3 rOJIOBKe peJibCa; T3K3H JKe BOJIHa, MeHbWHX pa3ME'pOB, CJie,IJ,yer 33 

KOJiecoM. 8 peayJibTare 9Toro HecHMMeTpli'IHOro a.n:asJIHBaHHH roqKa A 
npHJIOlHeHaH pasuo.n:eficTBYIOW.eti AB peaKu,Hti peJibCa Ha KOJieco cMe

w.aercH HecKOJibKO snepe.u. Ha aeJIHl.JHHY m.LI.orrycTHM, qro sra pasuo

.aeticrayiOW.aH rrpoxo,IJ,HT 'lepea ueurp Koneca, nepeHeceM ee a ueHrp 

11 nonyqHM CIIJIY A1B1. Pa3JIOlKHM ee ua .II.Be cocraaJIHIOIUIIe: p 1 H 6. 
CocrasnHIOW.::IH P1 AOJIJKH3 6biTb pasHa uarpyaKe or KOJieca Ha peJibC p 
H ,n:oJilKHa ee ypasuosecHTb. CocraBJJHIOIUan lKe 6 HBJIRercH CHJIOH co

nporHBJieHH!I .nsHmeHHIO or rpeH HH Ka 'leHJ-IH Ha o6o.u.e KOJieca. BaRB 

yp-HHe MOMeHTOB CHJI OTHOCHTeJibHO TOIJKH A, TIOJiyqHM: 

6 = p 2m, 
D 

a 8 KHJIOrpaMMax ua rouuy aeca, npHxo.n:Hw.erocSJ Ha KOJieco: 

2-tOOO·m 
Wn=----. 

D 
(42) 

B .n:eikraHreJibHOCTH aemrtmHa w 11 HeCKOJibKO OOJihiiie no .llBYM 

npHilHHaM: 1) cuJia AB npoxo.n:ar He llepea ueHtp KOJieca, a HeCKOJihKo 
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OTKJIOHeHa Bnepe.ll, H 2) B TOl!KaX KaC3HHll KOJieCO H peJibC OT1J3CTM 

CiKHM310TCH, OTIJaCTH p3CT51niB310TCll, BCJie.llCTBHe qero npOHCXO,!J,HT rpe

HJ1e CKOJib/l<eliHH, yseJIHIIH:Ba!Orn;ee Wn B cpopMyJie 42. 
HraK, y.n:eJibHOe co!1pontBJieHHe or nepeKaTbiB3HHH KOJieca no 

peJibCY 06paTHO nponOpUHOH3JibHO .llHaMerpy KOJieca H yMeHbW3eTCll 

c yseJIHqealieM JKeCTKOCTH l10BepXHOCTeH KOJieca H peJibCa (BeJIHIIHH3 m). 

BeJIHqHHa wn- nopH,ilJ<a 0,3-0,5 Kzjm. B MOMeHT rporaHHll c Mecra OHO 

60J1bllle, T3K 1{31{ B,lJ,3BJIHBaHHe KOJieCa B peJibC )J.OCTI1raer CBOeli H3H-

60JibllleH BeJIHIIHHbl H KOJiecy npHXO,lJ,IiTCll KaK 6bl npHnO,ZJ,HHM3TbCll 

H3 yrJiy6lleHHll, TOf.ll3 K3K npH )J.BIUKeHHH llOJIHOe B,!J,3BJIHB3HMe He 
u 

ycnesaer npOH30HTH 3a Kp3TKOBpeMeHHOCTb!O, 

3. T p e H He c K o JIb >K e H H sr H a o 6 o .u. e K o JI e c. CKOJib>KeHHe, 

TOLJHee rOsOpH, llO,!J,CK3Jlb3biB3Hiie O.llHOBpeMeHHO C nepeK3TbiBaHHeM, 

eCTb CJie)J.CTBHe HeCKOJibKHX npHl(HH: KOHHl(HOCTH llOBepXH OCTeH K3-

T3HH5I KOJieC, HepaBeHCTB3 Jlli3Merpos KQJieC O,!J,HOH H TOH >Ke KOJieC

HOH napb! HJIH CnapeHHbiX KOJieCHbiX nap y JIOKOMOTHBOB, HenpaBHJibHOH 

ycraHOBKH I<OJieCHbiX nap H BHJISIHHH B3rDHOB. 

BcJJe)J.CTBHe K 0 H H. 'i H 0 C T H KOJieca KOJieCO npHHY>K.U.eHO KaTlHbCH 

no peJibcy oKpy>KHOCTliMH pa3Horo JJ.HaMerpa. Ho Ka'leHHe 6e3 CK0.1b-
" JKeHHH B03MO>KHO TO.JihKO OAHOH OKPY>KHOCTb!O, nonoMy TO'IKH KOJieca, 

C0llp11K3C3lOLUiteCH C fOJIOBKOli peJibCa, HO He JieJKarn;He Ha 9TOli OK

py>KHOCTH, ,!J,OJI>KHhl Henpepb!BHhiM npOCK3Jlb3biBaHHeM )J.OrOHS!Tb (TO'IKH, 

npH H3)J.Jie)I{3UJ;He OKp y>KHOCTH MeHb'Uero )J.HaM erpa, lleM K3Tfl Ul.3SICH 

ot<py>KHocn) HJIH noa>KHL1.3Th (ro'IKH, npHH3J1.JIE>>Karn;He oKpy>KHOCTH 

6oJiblllero )J.HaMerpa) TOllKH, npHHa)J.nemaw.He KaTHI.l.{etlcH OKpymHOCTH. 

3ro corrporHsJieHHe nopHaKa 0,1 Kzjm npH MaJihiX cKopocrHx. OpH 

TporaHHH C Mecra OHO 3Hal(HTeJibHO 60Jibllle, npH 60.JibiiiHX CKOpOCTHX

HeCKOJilKO MeHbWe. 

He p a Be H C T B 0 .ll HaM e T p 0 B KOJieC O.UHOH H TOH JKe KOJieC

HOH napbl HJ!Ii cnapeHHbiX KOJ1eC y .~OKOMOTHBOB, npOHCXO,!J,HI.l.{ee 

Or HenpaBHJibHOH 06TOllKH HJIII OT HeO,ZJ,HH3KOBOrO H3HOC3, Beller 

K TOMy >Ke, liTO H KOHfll(HQCTb 6aH,ZJ,a>Ka, T. e. K HenpepblBHOMY ll0)1.

CK3Jib3biBaHH!O KOnec BO BpeMH HX KatteHHH. 

f1pe.n:craaHM ce6e, tiro .U.HaMerp o.u.Horo KO.Jieca MeHollle )J.HaMerpa 

.npyroro KOJieca TOH >Ke OCH Ha 0,1°/0, HaiipMMep 1000 MM II 999 MM, 
C.JielloBarellbHO, 0,001 · 0,5 nynr, npoxo.nuMoro o6oHMH KOJiecaMM, npo

XO.U.HTCH ci<O.~bJKef!HeM. EcnH 6h! secb nyTb o6oHx KOJiec npoxo)J.HJICH 

CKOJib>KeHHeM BMeCTO nepeKaTbiB3HHSI, TO 9TO CI<OJib>KeHHe .li.3JIO 6bl 
CHJiy COnpOTHBJieHHll 1 000 cp Kz{m, r)J.e (j)- K03cplil.{HeHT TpeHHSI CKOJib

}l{eHHH KOJieca no peJibcy; s HarneM >Ke cJiyqae co nporHsJieHHe pa BHO 

1 000 cp • 0,001 · 0,5=0,5 cp KZjm. 0TH0CHTeJibHali CKOpOCTb 9TOrO CKOJib· 

meHHH npH nocrynareJihHOii cKopocrH KOJieca V pasHa 0,001 · 0,5 V, r. e. 

BecbMa MaJiaH. EcJIH npHHHTb cp .U.Jill arHx yc.JIOBHH 0,2, ro conponmJie

HMe OK3lKeTCli paBHbiM 0,1 KZ/m. 
Bpe.n:Hoe BJIMHHHe HepaseHcraa ,n:H:aMerpos KOJiec OJ1.HOli H rofi >Ke 

OCH 3Ha 4HTeJibHO yMeHblllaeTCH KOHii'IHOCTb!O KO.JieC (KOTOpaH CaM a 

HBJIHeTCSI npH'-IHHOH HenpephiBHOrO IIO)J.CK3Jib3hiB3liHH), T3K K3K KOHH-

4eCJmSI KOJiecHaH napa scer.ll.a crpeMHTCH saHHTb raKoe noJio:KeHHe, 

DpH KOTOpOM KpyrH KaTaHitSI 060HX KOJieC O,!J,HH3KOBhl. 

Hen p a 8 H JIb H a H (KocaH) y c r a H o 8 K a K o JI e c H hi x nap 

BCJie,ZJ,CTBHe HeTOllHOCTll C60pKll HJJH 33e,ZJ,aHH51 IllK80pH51 H CKO.Ilb3YHOB 
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TeJie>KeK se.neT K TOMy, liTO KOJieCHaH napa CTpeMHTCH KaTIITbC5I He

CKOJibKO B60K, a peJibCbi HenpepbiBHO B03Bp3IIJ.3IOT E'e CO CKOJib>KeHHeM 

Ha npaBHJihHbifi nyTh. K poMe roro, Ha6eraJOll.Uffi Ha peJibC rpe6eHb 

O.llHOfO KOJieca rpeTbSl 0 rOJIOBKJ peJibCa. 

Ecmr raHreHc yrJia nepeKoca o H 0,001, liTO, HanpHMep, coorser

crayeT rrpOAOJibHOMY caBIIry O,ll,HOfO 60KOBOfO WBeJIJiepa ABYXOCHOfO 

saroHa npOTIIB .n,pyroro Ha 2 MM (npH paCCTOSIHHH MeJKllY IUBeJI.ne

paMH 2 000 MM), IIJIH raKOMY IIOBOpory TeJielKKH, rrpH KOTOpOM O,[I,Ha 

OCb YXO,ll,HT B60K OTHOCHTeJibHO )lpyroJ:i Ha 2 MM (npH paCCTOHHHH 

Me>KAY OCHMII 2 000 MM), TO Ha KalKJI.blli Merp npo,UOJibHOfO nepeMe

lli.E'HIHl KOJieC npHXO.UHTCH 0,C01 M HX nonepelJHOfO CKOJiblKeHI:IH. 

CJie.lloBareJJhHO c:Hna conporJIBJieHJIH pasHa 1 OCO ({! • 0,001 Kzjm. Op1:1 ({l, 

paBHOM 0,2, CHJia COIIpOTI:IBJieHHH 0,2 K2jm. 
K 0 JI e C H a 5I II a p a KaK C KOHHlJeCKI:IMH, TaK If C li,UJIHH,ll,pHlle-

CKHMll (Hanp. CHJibHO H3HOWeHHbiMH KOHH!JeCKHMH) noaepXHOCTSlMH 

KaTaHHH KOJieC, KaTHTCSl C B H JI 5I H ll eM, T. e. BO BpeMH ,li,Bif)l{eHHH ne

peMeiUaeTCSl Ha HeKOTOpyro BeJUPIHHY TO B O,li,Hy, TO B .npyryFO CTO

poHy. XapaKrep :nora BllJIHHVlH npH KOHYllJeCKHX M UHJIMH.llpHlJeCKHX 
• KOJiecax pa3HhiH. 

0pH KOHH!JeC!OIX KOJiecax ,li,BHIKYIU3SlCH KOJieCHaH napa CTpeMHTCH 

ycraHOBHTbCH B nonepeliHOM HanpaBJieHHH T3K, liT06W KpyrM KaTaHIIH 

060HX KO.JieC 6biJJH O.Il,HHaKOBhl. Ho H3 3T0f0 IIOJIO>KeH:HSl paBHOBeCJUI KOJie

CHYIO napy Bb!BOAHT HenpaBMJJbHOCTH nynr; BhiBe.lleHHaH H3 pasHoseciuJ, 

OHa CTpeMHTCH BepHyTbCH K HeMy, H60 KOJieCO C 60JJblllHM KpyrOM Kara

HHH onepe>KaeT 11 nocreneHHO CABHraeT KOJiecHyJO napy a cropoHy 

KOJieCa C MeHbillHM .Il,HaMeTpCM K3T3HHH, OTlJerO o6a .Il,113MeTpa ypaB

HHB310TCH. 0pH.Il,H B nOJIO>KeHHe paBHOBeCHH, KOJieCHaH napa HE y,ll,ep

>KHB3eTC51 a HeM, a c pa36era nepexo.nHT Ha .npyry10 cropoHy, aareM 

CHOBa B03BpamaeTCH H T. .D.. 0oJJylJaFOTCH 33TYX310IUHe KOJie6aHHH, 

noroMy qro 3aryxaHHIO cnoco6crsy10r cHJibi rpeHHH. Ho scJie.ncrsHe 

lJ3CTOrO neticTBHH pa3JJHliHbiX 60KOBbiX CHJI ( 0C06eHHO npH IIJIOXOM 

CO,ll,epJK3HHH H HeyCTOH qHBOCTH nyTH) He ycneBa!OT 33TYXHYTb O,ll.HI1 

B0.1Hb!, K3K H3lJHH3IOTCH ApyrMe, H KOJieC!i3H napa C KOHlilleCKHMli 

nosepXHOCTHMH K3T3HHH (jJaKTHlleCKH H.Il,eT no IIJiaBHOH BOJIHHCTOH JJH

HHH (¢Mr. 92 A). BHJIHHHe aener 3a co6ott CKOJib>K.EHHe, KaK rrpo.noJib

HOe (BCJJe,li,CTBI1e HepaBeHCTB3 KpyroB K3T3HHH), T3K 11 nonepelJHOE 

(scJie,li,CTBHe nepeMelll,eHHH KOJiec nonepeK nyr11), H KaK pe3yJibTar

CHJIY conpOTHBJJeH:HH. 

C YBE.'IHlleHHeM rrpOAOJibHOH paCTHrHB310Ili.EH CH.~bl IIO Cli,EIIHbiM 

npH60paM (Hanp. H3 nO.Il,'hEMe) CHJ13 COilpOTHBJJeHI:IH OT BHJIHHHH YMEHb

lllaeTCH, noroMy liTO y1teHbwaercn caMo BI1JIHHHe, a npH npononbHOM 

C:JK3THH IIOE3,lla (HanpHMep Ha cnycKe) CHJI3 COnpOTHBJieHHH OT BHJIH

HHH yaeJJHliHBaeTCH, a T3K>Ke yseJli:IqHBaeTCH B03MO>KHOCTb KOCOrO 

IIOJIO>K.EHHH OCEH H TpeHHe rpe6HeH 0 fOJIOBKII peJibC. 

KoJiecHaH napa c li,HJIHH,ll,pHllecKHMH HJIH c CHJibHO H3HOllleHHb!MW 

KOHHlJECKHMH noaepXHOCTHMH K3TaHHH Be.UeT ce6H HHaqe, 0Ha HE 

CTpeMHTCH 33HHTb K3KOe·TO cpe,UHee IlOJIO>KeHI:IE paBHOBeC HH, a 60KO

Bb!MII ynapaMH nepei\H,ll,b!BaeTCH TO B O,llHy, TO B ,ll,pyryJO CTOpOHY 

(¢Hr. 92 E). B TOM cJJyllae, ecJIH li.HJIHH,llpH ecKHe nosepxHOCTH He 

BnOJIHe O.Il,HH3KOB0f0 .Il,I13MeTpa, KOJieCH3H napa 6y.IJ.eT CTpeMHTbCH Ka

THTbCH C I1p:H>K.3Tb!M K peJJbCY rpe6HeM KOJIEC3 MeHblllero .I1,113Merpa 11 
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TOJibKO CHJibHbie 60K0Bble y.zr.aph! B 3TO KOJieCO OT Heiip38HJJbHOCTeii IIJTH 

6y!LJT speMeHaMH rrepe6paChiB3Tb KOJJeCHYIO napy Ha KOpOTKOe BpeMH 

8 nporusonOJJOJKHYIO cropoay (r{Jur. 92 B). 
B peayJJhtare, KOJJeca c o6bil.JHbiMH KOHHl.JeCKHMH nosepxHOCTHMH 

}(3T3HHH OK33h!B3IOTCH CIIOKOHHee H3 XO.UJ H .1I.3IOT MeHbllle COIIpOnt:

BJJeHHe .1I.BHJKeHHJO, l.JeM UHJIHH,lLpHl.JeCKHe, OC06eHHO, eCJIH yqeCTb He· 

TOl.JHOCTb 06TOl.JKH. 

CHJia corrpont:sneHHH or BH>'IHHHH Ol.JeHb nepeMeHaa u M02Ker 6wrb 

oueaeHa B 0,05-0,2 KZ/m. 
4. f1 0 T e pH JK H B 0 tl C H JI hi OT y.zr.apOB H KOJie6aHHH Ha CTbJK3X, 

HepOBHOCTHX rrynl: B IIpOqJHJie H IIJI3He, B 6yKCOBh!X HanpaBJIHIOliJ,HX, 

a peccopax, cuerrHbiX H y.rr.apHbrx npH6opax, or JibiCHH Ha KOJiecax 

I{ T. II. 33BHCHT fJI3BHbiM o6pa30M OT COCTOHHHR peJibCOBOfO IIJTH H 

!IOBepXHOCTefi K3T3HHH KO/IeC. flpH K3}1(.1I.0M y.zr.ape npOHCXOJI.HT IIOrepH 
• 

JKHBOH CHJibl e..QHHHUbl liOJI.BHJKHOfO COCT3B3, K3KOB3H IIOrepH )LDJI}I(Ha 

6h!Tb BOCDOJI!IeHa pa60TOH CHllbl THfl{ JIOKOMOTHB3 33 nepHOJI. )LO CJie

P,JIOliJ,ero y.zr.apa. Cne.n;oRareJJbHO, corrporHsneHit:e or norepb JKHBOH 

CHJih! cJie.uyer orrpe.ueJIHTb KaK no

croHHHJIO qJHKTHBHYIO CMJiy, npH.IIO

JKeHHJIO K IIOe3,ny B H3IIp3BJieHHH, 

rrpOTH BOIIOJIO>KHOM ero ,lL8H}I(eHHIO, 

pa6ora K3KOBOH CHJibi Ha HeKOTOpOM 

nyrH noea.rr.a pasaa cyMMe norepb 

JKH80H CHJibl OT y.zr.apos Ha TOM me 

nyrrr. 

fJI3BH3H rrpH4HH3 B03HHKHOBeHHH 

y.11apos- penhCOBbre c r bi K H. CHna 

y .zr.a pOB B CThlK3X 33BHCHT, KOHel.JHO, 

A 

j I . 
• ' f--..,._-Il 
' 

I I 

I 

«PHr. 92. BHJIRHHe aaroHOB. 

OT BeJIHl.JHHbi 3330pOB Melli.LLJ TOPU3MH peJibC1 HO B ropa3,QO 60Jibiiiefi 

CTe neHH OT H3HOilleHHOCTH 1\0HUOB pe.IJbC H HaKJI3JJ;OK H OT COCTORHHH 

wnan H 6anacra no.rr. CTbiKaMH. AHaJIOrHl.JHbie y napbr rrpoHcxo.zr.Hr or 

Herr pasHJihHOCTH pen he 8 rrpoqmne H rrnaae. TH2KeJible peJibChr u xo· 

polllee co.II.eplliaHHe sepxHero crpoeHMll nyn1 3Hal.JIHeJibHO yMeHblllaiOr 

corrporHBJieHHe or y .n;apo8. 

CJie)lyiOiuett no BalliaocrH npH4HHofi y,napos H8JIHIOTCH JibiCHHh! u: 

npOLJHe 113bHHbi Ha liOBepXHOCTHX K3T3HHR KOJieC, npOHCXO.lLHIUHe OT 

H3HOC3 npH He 0.1I.HOpOJI.HOM Matepu:aJie H OT CKOJibJKeHHH KOJieC IIO 

peJibC3M !IpH CHJibHOM rOpMOJKeHHH. 

K aroi:J: llie rpynrre corrponiBJieHHit Mbi oraoci1M nor e pH 8 cue rr

H bi X H y .1I. a pH bl X !I pH 6 0 paX rrpH H3MeHeHHHX BeJJHl.JHHbl nepe

!(3Baer.10fi ITO HHM CHJibl. norepH 9TH npOHCXOJJ;HT OT tpeHHH KpiOKOBOfO 

creplliHH s era po3erKe H HanpasJIHIO!UHX, 6ycpepHhiX creplliaeit B cra

KaHax, 6yr{JepHbiX rapeJIOK .zr.pyr 0 .upyrCJ, OT HefiOJIHOti OT){3l.JH npy

lKHH3MH pa6orw, 3arpaqeHHOti aa HX cJKaTHe. 3rH rrorepH soapacraiOr 

.11,0 3HaliHMbiX BeJIHl.JHH npH M3JihiX CKOpOCTHX npH II3pOB03e C 60JJb

WOH HepaBHOMepHOCTbiO CHJibl THrH, KOr.n;a H3l.JHHaerCH ,n.epraHbe

npe)L803BeCTHHK OCT3HOBKH IIOe3JI.3. 

5. C 0II p 0 T H B J1 e H He B 0 3 .1I. y Ill HO H C p e .lL bl. flpH .llBHJKeHHH 

TeJia B CIIOKOMHOM B03.ll.JXe rrpOHCXO,QHT CJie,n.yiOW.He OCH08Hble 5!8Jie

fUiH. Y JI06080H II08epXHOCTH B03.1I.YX ClliHMaeTCH, y TblJIOBOH-paape

IKaetcH, a y 6oKosoli nosepxaocnr B03.n;yx rpetcH o teJio H Y8JieKaercH 

103     
НБ

 

УД
УН
Т 

 (Д
ІІТ

)



HM c co6ofi. O,uaoapeMeHHO y Bceti noaepxHOCTH re.lla rrpoHcxo,unT 

3BBHXpHBaHHe B03Jlyxa. B peayJihTare, B03JlYX npHJiaraer K I<B)t(JIOH 

TOl!KeiTOBepxHOCTHTeJJ8CHJI~,H8ITpBB.lleHH~enpoTHB)lBHJt(eHHHTeJia.Co
npOTHBJieHHe B03JIY X8 )lBHJt(eHHIO, BO· nepBbiX, B03pacT8eT C yaenMqe

HHeM ITOBepXHOCTH TeJia, npHl!eM OCHOBHOe BJIHS!Hile HMeeT JI060BBH ITO

aepXHOCTb, MeHbwee -TbiJIOB851, H eme MeHbWee- 60I<OBaH; BO·BTOpbiX, 

M8JIO OIUYTIIMO npH CI<OpOCnlX rropHJIK3 10-20 KMjtt., HO 6blCTpO 

B03p8CT8eT C yqeJJHl!eHHeM CKOpOCTH (TIOlJTH rrpOnOpUHOHBJibHO KB8)1.

pary CI<OpOCTH); B-rpeTbHX, CHJibHO 38BHCHT OT <IJOpMbl rena: l!eM 

rna}!{e noaepxHocrh rena (oco6eHHO 6oKoBaH), reM MeHbwe conpo

THBJieHHe B03)lyXa. 
B rroea)le K3}!{)la51 e)lHHHU8 HMeeT H JI06oayro, H TbiJIOBylO, 11 6o

KOBYIO noaepxHocrH, H BhiCTynaromHe q:acm co acex cropoH. Opw 
M8JiblX CKOpOCTHX, IIOpH)lKa 10-30 KM/tt., 9T8 60J!blll8H IIOBepxHOCTb 

ITOe3)l3 C03)l8eT rrpBKTHlJeCKH HeOIII.YTHMOe COTipOTHBJieHHe B03JJ.yxa, HO 

npH CI<OpOCTHX nopll,!lKB 80-120 KMjtt. COITpOTliBJieHHe B03)lyxa 51B

JI5IeTCl1 HaH60JihWHM cJiaraeMbiM acero corrponmr.eHHH Ha npHMoit ropu-

30HTBJIH. 003TOMy, ecJIH H8 fJI8)li<OC'Tb OL!eprBHHH TOBBpHbiX BBfOHOB 

MO>KHO He 06pamaTb BHHM8HHSI:, TO IIpH npOei<THpOBBHHH ITBCCB)I(HpCKHX 

B8fOHOB, OC06eHHO npe,!lH33H8lJeHHbiX ,UJIH CKOpb!X TIOe3)lOB, Hapy>KHbiM 

OllepTBHMSIM CJJeJiyer IIpH,!lBB8Tb B03MO)KHQ 60JJbiiiYIO fJIB)lKOCTb H XO

porno 06TeKaeMyiO <IJOpMy: ycrpaHHTb HJIH yMeHbiiiBrb BCe l!'bl)lBIOIIIHeCH 

lJBCTH H8 Kpb!We l1 HB 60KOBblX CTeHBX, Hanp. BeHTHJHlTOpbl, B03)ly

XOOTOOMHble aaiUHTI<H y OKOH, pa3Horo po,!la H8K.Il3.lli<H, cv.pyrnllTb 

see yr Jibi H pe6pa, craaHTb 3Bl<pbiTbie nepexO)lbi Me>K.ilY saroHaMH. 

,U.m1 npHMepa cJie)lyer yKaaarh, liTO 3aKp~Thie nepexonhr Me.lK,ny sa· 

roHaMH, yHH4TO)K8lOIII.He TOJibi<O He6onbWHe qacrH Jio6osbiX H TbJJIO

BhiX ITOBepXHOCTeH B8fOHOB, np11 06bll!Hb!X paCCTOHHHHX ME}f{lly B3fOHBMH 

ITOpll)lK3 1200 MM )l3IOT npH CKOpOCTHX ] 00 I{Mjtz yMeHbWeHMe COnpo

THBJJeHM!I TIOe3)l3 H8 npHMOi1 rOp1130HT3JIH IIOp51.ll.K8 5-lOOfo; npH 

CKOpOCTRX 10-30 KM/tt. BJIHllHHe 3THX 321<p~Tb!X nepeXO)lOB HeOIII.yTHMO. 

Be rep npaKTHl!eCKH seer .na yseJIH4HBaer conporHBJienHe B03.Llyrn

Hoii Cpellbl. TOJibKO B pe.ll.KHX cnyllaHX, K0f)l3 Berep ,nyeT TOI.JHO 

D HBnpaaJieHHM )lBH}f{eHHH nOe3,na, paCITOJJO)KeHHOfO HB npllMOH, OH 
0 

yMeHbWaeT COnpOTHBJieHHe BCl3.llYWHOH cpe,!I.bl I1 )l8)Ke MO)KeT C)lEJJ3Tb 

ero OTpHUBTeJibHbiM, T. e. HanpaaJieHHblM B CTOpOHY )lBH)KeHHH llOe3,!13. 

flo60BOM nerep yaeJJHY.HBBeT conpOTHBJJeHHe IIOe3,!13 OT B03JIYill• 
u 

HOH Cpe,!lbl, ITOTOMY liTO CKOpOCTii Berpa H ITOe3.ll8 CI<Jl8)lb!B810TCR; 

TO'-IHee fOBOpR, npH T3l<OM CJIO)t(EHHH (H BblliHT8HHH npH TIOTIYTHOM 

Serpe) CKOpOCTb BeTpa CJJe.nyer BBO)lHTb C HeKOTOp~M K03ciJHUHeHTOM, 

MeHblllHM eJIHHHUbl, IIOpH)ll<3 0,8, llOTOMY liTO npo,nonbHblH Berep M8JJO 
u 

BJIMHeT Ha CKOpOCTb HH>KHeH llOBepXHOCTH IIOe3)L8 OTHOCIUeJibHO 
CMe}f{HQfO C HeH B03)Ly:xa. 

6oKoaoti aerep ysenM'-IHaaeT conpOTHBJieHne noe3)la, ao-nepabJX, 

BC:JJe)lCTBHE: yBeJIHI.JeHHSI 60KOBOrO tpeHHH B03.llYX3 H 33BHXpHB8HHti 

Me}f{.llY B3fOH8MH; 80· BTOpbiX, IIOTOMY1 liTO C)lBHraer )lBH>KYIII.MitCll 

TIOe3!l B60K, OTl!EfO nonyqaeTCH HepaBeHCTBO Kpyroa K8T3HH51 KOJieC 

O)lHOH H TOH )Ke OCH 11 )lB)Ke rrpMJieraHHe rpe6HeH K f0JIOBK8M peJibC 

c rpeHHeM 3Hal!HTeJibHOH CHJibl. Ha ciJHr. 93 H3o6pa)KeH o nJJaHe Baron. 

EoKmwi1 aerep, .uaaR Ha saroH, coa.naer ne6onbiiiY'O nonepe4HYIO rHJIY 

OA, KOTOpaH, ITOKa BarOH CTOHT, He MO}l{eT C)LBHHYTb ero s60K H 
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nplDK3Tb rpeoHH KOJJeC O,ti.HOH CTOpOHbl B3fOH3 K fOJJOBK3M peJibC 

Ho, KOr,lla saraH npurnen B .llBiilKeHiie no.LJ; BJJllHHHeM npo.uoJibHOif 

CH.IIb! OB (Hanp. CHJibl THrH), ro CHJJa OA, CKJJa,llhiBaHCb c CHJJoii OB, 
)laer paBHO.!leiicrsy!Ol.l.lY!O CHJIY OC, no.n; BJJHHHHeM KOropoli saraH 6y

)ler .lLBHr3TbCH Bnepe.u H O.lLHOBpeMeHHO nepe.llBHr3TbCH BOOK ,llO TeX 

nop, noKa CHJJa OA He 6y.uer ypasHoserneHa CHJJOii, nOHBJJSI!OllleHCH B pe

syJihTaTe Hepi:!BeHCTB3 KpyroB K3T3HI:IH 1 HJIH (npH ,llOCT3TOIIHO 60JJb· 

rnoii CHJie OA) noKa rpe6HH He rrplllKMJTCSI K peJJbCaM. 

npaKnPieCKH 6oi<osoi1 serep oKa3biBaer conporHBJieHHe noe3.llY 
,., u u 

He MeHbiiiee, II eM JIOOOBOH TOH lKe CKOpOCTH, a TI pH .ILJIHHHOM IJOe3,ne 

113 nopolKHHX saroHoB-3H3IIHTeJJbHO 6oJJbiiiee. TaK KaK npH ,nBHlKeHHH 

TIOe3,D.3, BBH.ILY H3JIHliHSI KpHBbiX, serep JI!OOOfO HarrpaBJJeHHH MOJKeT 

6b!Tb OOKOBbiM, TO H3 npaKTHKe npHXO,D.HTCH 06bJliHO He ,ll.eJJ3Tb pa3· 

JIHliHH B H3np3BJJeHHH Berpa. 

Ha OCHOB3HHH MHOPOIIHCJieHHb!X OTibiTOB MOJKHO rrpHHHM3Tb, liTO 

.li.OITO.IIHHTeJJbHOe COrrponmJieHHe OT Berpa, .li.Y!Ol.l.lero CO CKOpOCTbiO OT 

10 .llO 15 M/c (or cselKero .n;o KperrKoro),-or 0,5 .llO 1,0 1ajm; or 

seTpa, .llJIOLI.lero co cKopocrhiO or 15 .li.O 

20 M/c (or Kpemwro .li.O otieHh Kpem:oro 

H IIITOpMa) -, OT 1,0 .llO 2,0 KZ/ m. 
3rH UHlflpbi- HeKoropbie cpe,llHHe. DpH 

THJKeJibJX rpyJKeHblX B3fOH3X OHH ITOHHIK3-

fOTCH; npH: .lLBYXOCHbiX TIOpOlKHHX TIOBbJUia

IOTCSI: npH TIOpO>KH 11X BarOH3X C OTKpblTbiMH 

,IJ;sepHM H no BhiUiaiOrcH eme 6onee. 

A ·--· . - -·--· --- -- C 
• 

0 !J 

<flRr. 93. C.llBHraHHe ..llBHlKY
~erocll oaroHa s6oK r11JJOH 

oerpa. 

B Ta6 .. '1Hue 9 npe.n:crasJJeHa npuHRTaH B CCCP MereoponorHtiecKall 

mKana CHJJhl aerpa. 

HaJBaHne oerpa 

- -

0 WTHilh 
I THXHfi 
2 JT erKHM 
3 C.11a6t.~fi 
4 Y MepeHHblit 
5 CBeamli 

6 CHJJbHbiH 

7 KpenKHH 
8 O'!eHb KpenKHH 

9 UJropM 

} 

10 CHi! bHbi ti IllTOplol 
11 )f{ecTOKHM UIIOpM 
12 YparaH 

TABJIHl!A !J 

B e T e p 

LleiicroHe oerpa 
CKOpOCTb 

B M}C 

THWHHa, llbiM H.D.eT npSIMO ooepx . 0 
0TKJlOHSieT llbiM1 OO'ITH 11e 'IJBCTBJeTCR '!eJIOBeKOM 

WesenHT JJHCTbll. • • • • • • 
lJleseJIHT He60J!b UIHC BeTKH. , , • • • • • • • . 
Kone6ner 6onee 3H3'111TeJJ&Bbie serKH, AJISI qenooeKa 

Henp HHTeH • • • • • • • • • • • • • • • 

Kone6ner 60JibUIHe oerKn, CJibJUieH no ..lleiicrBHSIM 
Ha )10M3 H np. • • • • • 

Kone6ner ae6oJibiune craonbl • • • • • ••• 
Kone5ner l!epea&H. 3al!epamoaer qenoseKa, H.JlY-

mero nporHs eerpa •• , • • • 
Cpblsaer lKeJie3HI.>Je JIHCTbl Kpb!UIH . 
OopoKHJ1biBaer .nepeiJbR, • • 
aeucrsyer pi!3pywKTeilbHO 
nonnoe pa3pyweHne • 

• 

i{ ~- 3 
4-5 
6-8 

9-10 

11-13 
14-17 

18-20 
21-24 
25-28 
29-33 r4 H 6onee 

rb H3JJ01KeHHOrO BbiUie 0 npHpO.lle COIJpOTifB.neHliH TIO,ti.BlliKHOrO 

c:ocraaa Ha npHMoii ropll30HT3JIH cJie.uyer, qro Kalitl(aH H3 aJieMeHrap-
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HbiX nplfllHH COTipOTHBJieHHH1 T. e. K3JK.Zl8H .9JJeMeHrapHaH CJJaraeMaH 

CJMMapHOH CHJibl COnpOTHBJieHHH, 33BHCHT OT MHOJKeCTBa cpaKTOpOB, 

H3XO.ll:HlllHXCH B CJJOlKHOH 33BHCHMOCTH MeJK.n:y C06ofi. 

nJJ!I II.eJJeti npaKTHKH 6b!JIO 6hi COBeprneHHO HelKH3HeHHO H .n:alKe 

HeOcyiUeCTBHMO yrmTbiBaTb ace 3TH MHOf01HICJieHHbie cpaKTOpb! B OT

.n:eJJbHOCTH. fl03TOMJ npHXO.ll:HTCH .ll:OBOJ!bCTBOB3TbCH cpe.n:HHMH cyM

MapHb!MH Be.JIHl!HHaMH COnpOTHBJieHHH, IIOJIJIIeHHbiMH B pe3yJJbT3Te 

M3CCOBOf0 Ollb!THOfO H3MepeHHSI HX. flpH 9TOM 113 BCeX cpaKTOpOB 

Mhl OT6HpaeM TpH fJI8BHb!X He33BHCHMhiX: 1) po.n: IIO.ll:BHlKHOfO COCT3Ba, 

2) CKOpOC!b H 3) BeC B3f0H3, H TpH .ll:063BOl!HhiX He33BHCHMb!X1 4) TpO

f3HHe c Mecra, 5) rel\meparypa 11 6) serep; corrporuaJJeHHe rosapHbiX 

aaroHoB Mbl orrpe.n:enHeM B KHJiorpaMMax Ha TOHHY seca saroHa B 3a

BHCHMOCTH OT rpex BbJilleyKa33HHbiX OCHOBHhiX cpaKTOpOB .ll:JJH IIOCTO!IH

HbiX rpex BhirneyKa3aHHhiX .n:o6aaoiiHhiX cpaKropos: HeKoroporo ycra

HOBHBrnerocH .ll:BHJKeHJ-IH 11p11 TeMrreparype He HHJKe -10° H npH 

cuJie serpa He Bhrrne 10 M(c. B cJJyqae rporaHHH c MeCTa, Mopo3a 

H CHJihHOrO Berpa Mbl BBO.ll:HM norrpaBKY B conpOTHBJieHHe. 0CT3Jib

Hbie; 60JJee MeJJKHe cpaKTOpbl Mhl He Jl!HThiBaeM; 06b!lJHO OHM 60Jiee 

HJIH MeHee KOMneHCHpyiOT .n:pyr .n:pyra no 38KOHY 60JJbillHX l!HCeJJ, HO 

npH He6JiaronpuHTHh!X JCJIOBHHX MOryr CyiiJ,eCTBeHHO IIOBbiCHTh ConpO· 

THBJieHHe, a rrp11 6JiaronpH!!THhix-noHil3HTh era. B pe3yJihtare, corrpo· 

THBJieHHe Ha rrpHMOH rOpH30HT3JJH, Bbll!HCJieHHOe B 33BHCHMOCTH OT 

rpex OCHOBHhiX cpaKropos, r. e • .n:JIH onpe.n:eJieHHoro po.n:a .11 aeca aa

roHoa H onpe.n:eJieHHOH CKOpOCTH B teiiJIJIO, THXYIO rroro.n:y, B .n:eif

CTBHTeJJhHOCTH H3MeHHeTCH Ha 10°/0 BBepx H Ha 10% BHH3 B 33BHCH

MOCTM OT HeyiiHThiBaeMhiX <lJaKTOpOB (Hanp. K3IIeCTB3 CM33KH, JierKMX 

33.ll:HpOB meeK, 33e.LL3HH!I IllKBOpHeH), npniieM 06b!IIHO OK33hiB3eTCH 

HeB03MOJKHhiM 06bHCHHTb1 K3KHe HMeHHO cpaKTOpbi IIOBJUISIJIH H3 

yMeHhrneHHe uJiu yaeJJHIIeHHe conpotHBJieHHH. PeJKe 6bJBaiOr c.1yiiaH, 

Kor.n:a yseJIHIIeHue conporHBJieHHH .n:ocruraer 20% u eme peJKe

Kor.n:a JMeHhilleHHe COTipOHIBJJeHHSI .!LOCTHraeT 20%; HO B 9THX CJIJ· 
lf3HX 06bll!HO MO:lKHO Bb!HCHHTb rrpHIIHHJ. 

nJJH COnpOTHBJieHH!I TIO.ll:BHJKHOfO COCT3Ba 6bi.IIO rrpe.!LJIO)!(eHO Ol!€Hb 

MHOrO cpopMJ.II. 3.n:ech npHBO.!LHTC!I TOJJbKO Te ~OPMYJJbl, KOTOpbie HC· 

nhlT3Hbl B ycJIOBHHX CCCP, npH 3TOM ,!I.JIH KaJK.LLOro cJiyiiaR npaKTHKH 

npuBO.!LHTCH TOJibKO o.n:Ha, Han6onee no.n:xo.UH!l{a!l cpopMy .11a. Bee an1 
cpOpMyJJbl- .!LJIH 06hll!HhlX IIO.ll:IIIHIIHHKOB TpeHHH. 

32. Y.[{CJILHOe COllpOTHBJJeHHe TOBapHLIX B8fOHOB ua npHMOH ropH30H

T8JJH W/'. n.IIH TOBapHblX B3fOHOB, eCJIH 3apaHee HeH3BeCTHb! 

po.n: H Bee B3f0H3, npHHHMaeM, liTO W 
0

11 
33BHCHT TOJJbKO OT CKO

pOCTH no cJJe.n:yiOmeH: npocrei1rueil cpopMyJie: 

wa'' = 1,5 + v = 1,5+0,05 V, 
20 

(43) 

II v r.n:e wo -a KMJIOrpt~MMax Ha TOHHY seca aaroHa, a -B KHJJOMerpax 

B qac. flpu V, MeHbilleM 10 KM(q, CJie.n:yer npHHHM3Tb wo" 
T a K H M JK e, K a K .ll JJ H V = 10 KM(q, 3ro npaBHJIO OTHOCHTCH KO 

BCeM cpopMyJJaM .ll:JISI W0" 3ra cpopMyJJa HH0f.ll:3 H33biB3eTCH cpopMJJIOfi 
J33JI.ll:BHH3. 
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ECJIH po,n: R BeC B3rOHOB IBBeCTHbl, TO CJie,n:yer IIOJlb30B3TbCSI 

6oJiee TOlJHbiMH <JlopMyJiaMH: 

n Jl Sl .ll: B y X 0 C H bl X B a r 0 H 0 B T 0 B a p K 0 r 0 II a p K a: 

w' " - 1 4 + 0 04 + 0J 2 V 0 - I l I (44) 
q 

f)le q- sec saroHa 6pyrro (nOJIHblfl sec saroHa) s TOHKax. 

3ra <JlopMyJia, K33biB3IOW.aSICSI HHOr.LI;a <Pop My JIOH XapbKOBO-HHKO· 

JI3eBCKOH >KeJie3HOH .ZLOpOrH1 npe.ZLCT3BJieHa rpa<JlH1JeCKR Ha <JlHr. 94. 
Do HeKOTOpbiM Ollb!T3M, OHa .ll3eT HeCKOJibiW npeyMeHbWeHHbie 3H3LJe

HHSI COIIpOTHSJieHHH IIO- Uf 
pO>KHHX B3fOHOB npH M3· (} 

JI~X CKOpOCTSIX, HO 33 l~4+~~++~~++~~4+~Q44+~ 
HeHMeHHeM .ll0CT3T01JHO 

H3.lle)I{Hb!X .ll3HHblX .llJIH t+t+++t~+++t~+t:ttl:+~::t+~~jj· . f{)-
ee HCIIpaBJieHHH, OHa 6 ~+++-1 
ocraercH s crMe. , _,. .tlj, 

EcJIH sec K3}!{.lJ:Oro 5 ...,. .,__, 
;of~ 

,ll. B yx OCHOfO saraH 3 He· l::j=t~ttti~i-ttt~~i-~+-++-++---hH- lA"T::' 
f'1 r • 

113BeCTeH, HO H3BeCTHO, ::!::!71 
LJTO saroHbl rpylKeHble ~ ~ · 'L .<++-. +-+++. 

=+. tP=tttP:~; 11JIH lfTO saroHbl nopo>K- --. ~ -~ 

f{He, TO }l}ISI TOB3pHI.IX j ~=++++~~i.' 
.li:BJXOCHbiX r p y )!{ e- . ~ 

I 

H bl X sarOHOB: ; 

W 0" = I , 4 + 0, 05 V, ( 45) 2 ~+~1--F-t-+-++++++++++-1-++++++++++-+--++1++-l 

a )l.JISI TOBapHbiX .n:syx- ~!tE=S=tt!t~:tttt=m=tt!t~ttS 
OCHblX II 0 p 0 }I{ H !1 X sa· f f= 
fOHOB: HH~++HH~++---HH++++---++-+4+-++---HH+++H 

W0"=1,4+0,08V. (46) 

<t>opMyJibi 45 11 46 10 20 3/} 40 50 60 lO V 0 

R BJIHIOTCSI CJie.ZI:CTBHeM 

cpopMyJibl 44. 
¢lur. 9-1. TosapHble .llByxocHbJe sarOHbi, W1

' 0 = j (V, q). 

)lJISI TOBapHbiX 11 e T bl p eX 0 C H bl X Bar 0 H 0 B (Ha TeJJt')l{Kax): 

111 "- v + 65 
""O - • 

12 + 0,55 q 
(47) 

3ra <JlopMyna IIpell.crasneHa rpa<JlHLJeCKH aa q:mr. 95. 0Ha IIpe.zvw

}!{eHa u nposepeHa VlHcnHyroM PeKoHcrpyKII;Im TSim HKnC Ha ocHo

saHHH OllbiTOB, npOH3Be)J;eHHhiX B CACill YIJIJIIH!OHCKHM YHHsepcHreroM 

H31l, lJeTbipeXOCHbiMH TOB3pHbiM!1 B3fOH3MH 1 OTJI!ili3IOIII;H:MlfCH OT H3llilfX 

B XO.l!OBOH ti3CTH MeHbWlfM )LH3MeTpOM KOJieC. Ho yMeHbiiieHHe COil· 

POTHBJieHHH or ysem:IlleHHH JJ.HaMerpa KOJiec (nopSI.ZLKa 0,2 Kzjm) npu

MepHo KOMIIeHcHpyercH yseJIHlleHHeM conporlfBJieHHH or 6oJiee nJioxoro 

Ka~ecrsa peJibcosoro nyru. 

!13 cpasHeHHH rpa4J!1KOB cpHr. 94 !195 BH.J.HO, liTO npH O.llHH3KOBblX 
M3JiblX CKOpOCTl1X (V =I 0-20 KM/1[) If II pH: O)I;HH3KOBbiX M3Jib!X .ll.3BJie· 

HI1HX Ha OCb (110pSI.ILK3 4 -7 m) .!LBYXOCHble B3f0Hbl HMeiOT MeHhlllee 
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COIIpOTHBJieHHe, lJeM tJeTblp€XOCHh!e. 0pHlJHH3MH 8TOro HBJISIIOTCH: 

M3JI3H 6a3a ITOBOpOTHbiX TeJI€lKeK IJeTblp€XOCHbiX B3f0HOB, ll03BOJIHIO· 

liJ.3SI HM npH CB060JJ.Hb1X 60KOBbiX CKOJih3YH3X Jieri<O Bp3lll.3ThCH Ha 

WKBOpHS!X H 33HI1M3Tb KOCOe llOJ!OiK€HHe Ha npHMOM nyn1 (CHJia rpe

HHH rpe6HeH 0 peJihCbl He 33BI1CI1T OT Harpy3KH Ha OCb), 60llblli3SI 

H<eCTKOCTb H OlJeHb MaJJO€ 33TYX3HHe UHJIHH.llpHt1€CKHX XO!lOHbiX peccop 

H ropa3)1.0 60JJbllii1H npOUeHT TOpM03HbiX B3fOHOB C rpeHHeM KOJJO!lOK 

0 KOJieCa npH OTITJlll,eHHOM COCTOSIHHH TOpM033. 00C.IIE')l.H5HI IIpHIJHHa

H3JIH411€ ropM03HhiX KOJIOJI.OK-npaKTHIJeCim rJiasHaSI. TpeHHe KOJIOJJ.OJ< 

acerJJ.a llMeer Mecro B ll3CTH ropM03HbiX aaroHOB noeaJJ.a .na~~<e np11 

yJJ.oaJieraopHreJibHOM coJJ.epJKaHHH ropM03Hofi nepeJJ.a•ur. Oco6eHHO 

yaemiiJJiaaercH OHO 

~n IIpH HeHCIIp3BHOCTJI 

7 mm++m+!=~~+J:m++P+m::P::+=J TOpM033 (llO)JJOpMa-
, 15 2KHB3HI111) O!lHOfO HJIH 

rn~++~HH~++~hH~++~~· HH+-i* H€CKOJihKHX B3f0HOB 

6 '(J B ll0€3.ll€, Hli.YI.UeM H3 

3BTOM3THIJeCKOM TOp-

51-++++++-1++++-14-+-H-
'S Moae. 4eM nerqe sa· 

t-H++t-H++H: ~ J.H .,m · ~ 
1 35 K3)f{li.YIO TOHHY ero 

4 O npHXO JJ.HTCH COITp0-

5 THBJieHHH OT rpeHHH 
l I .50 I ~ ~ L* m ~'-W KOJIO!lOK 0 KOJIE'C3 H 

J .,...r ... ~. ~.orr~ ~ , '
1 

= ~~o I , r~, , G ~L fl rpe6HeH Q peJibCbl. 

H-+~ ~ :f;}, ~ t$-r-m J. • . 'p48~ DpH 60JihlliHX cKopo-

2 -$ ~F-Et!tttttitttj a CTHX conponiBJJeHHe 
q:::..f+++-~l-+-1-++-f+++-f+++-+-H ~ 0 T rp eHH H KOJI 0 !l 0 K 11 

rpe6Hefi yMeHbll!aer

CH, a 60JJbWee KOJIH· 

lJeCTBO rrpOM€2KYTKOB 

Me2K!lY saroHaMH rrp11 

0 10 20 30 4(} 50 60 70 V li.BYXOCHbiX B3fOH3X 
BE')l.€T K ITOBbl ill eHHIO 

<Pur. 95. ToBapHble 1./eTblpexocHI.Je !larOHbl; w"o =I (V, q). HX conpOTHBJJ€HHSI OT 

B03!lyxa. 

EcrecraeHHO, 4TO, no Mepe yaeJJHl!emm npou:eHra ropM03HhiX cpe,n:H 

JJ.BYXOCHbiX aarOHOB, Cpe)l.Hee y.lleJibHOe COnpOTHBJieHHe HX 6y )l.eT ITOBbi

W3TbCH, OC06eHHO npH M3Jib!X ,ll3BJieHHHX Ha OCb H M3Jib!X CKOpOCTHX. 

I13 cpaBHeHHH qmr. 94 Jl 95 CJie!lyer T3K)I{€, lJTO llBYXOCHble B3f0Hbl 

BblfO)l.Hbl npH M3Jib!X Harpy3K3X H3 OCb H M3Jib!X CKOpOCTHX; IJeTbipex· 

OCHble-npH 60JiblliHX Harpy3K3X Ha OCh H 60JlblliHX CKOpOCTHX. 

EcJJH sec Ka>I<JJ.oro t~eTblpexocHoro aaroHa a cocTaae (HJJH cpeJJ.HHH 

sec IJeTbipexocHoro aaroHa a cocraae) HeHaaecreH, HO H3BecrHo, t~TO 
B3f0Hbl rpyJKeHbl€ HJIH lJTO B3f0Hbl nOp02KHHe, TO li.JJH T 0 B a pH bl X 

lJ e T hip eX 0 C H hi X r p y 2K. e H hi X B3fOHOB 

W0" = 1,5 + 0,02 V, (48) 
a .lf:JJH TOBapHbiX lleTb!peXOCHbiX nOpOiKHHX B3fOHOB: 

w0"=2,5 + 0,04 V. {49) 
<f>opMyJJbl 48 H 49 HBJISIIOTCH CJ!f.')l.CTBHeM <lJopMyJibl 47. 
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,UJUI rneCTHOCHb!X BarOHOB (Ha TpeXOCHbiX TeJie}!{Kax) CJie.n:yer IIOJJb· 
3083TbCSI TeMH }!{e cpopMyJI3Mlf, IJTO lf ){JI!IIJeTblpeXOCHhlX C O){lfH3KOBb!M 
.n:asJJeHHeM H3 OCb, T. e. C 33MeHOll q Ha 2/ 3 q. 

¢opMyJibi 43-49 rrpe.n.crasJieHbi a BHJI.e ra6JIHUhi 10, a cpopMyJihi 43, 
45, 46, 48 H 49 rrpe.zr.cra aJJeHbi rpacpHIJeCKH Ha cpHr. 96. 

B ra6JIH~e 10 H Ha 

'5 liJ:.." l!!/ 
24-- "01 0 

cpHr. 96 rrpe,'I,CT3B.'IeHhl If 2 
,npyrHe cpOpMyJibi-)I,JISI TO· 
sapHbiX naposo30B. HoMep, 
CTOH ~HH y Kp II BOll, CO
OTBeTCTByer HOMepy cpop· 
MYJibi s reKcre 11 s ra-
6JJHUe 10. 

3T!I cpopMyJJbl HMeiOT 
u 

CHJIY ,li.Jl!l CKOpOCTeH He 
HHJKe 10 KMj'l, ycTaHOBHB· 
rnerocsr .liBHJKeHHSI, npH 
reMrreparype He HH>Ke-10° 
11 rrpH serpe He BbiWe 
10 MJC. Opli Heco6Juo.n.eHHH 

u 

3TliX YCJIOBHH .IJ;OJIJKHbl BBO· 
.IJ;HTbCH IIOIIp3BKH COfJI3CHO 
n. 40-42. 

33. YAellbHOe conporu
sneuHe nacca)l(HpCKHX saro
HOB Ha npRMOH rOpH30HTa
JIU w0". Jl JJ H n a c c a >K 11 p· 
CKHX JI.BYXOCHhlX II 
T p e X 0 C H hi X aarOHOB: 

w"=16+03VV+ 90 = 0 
I ' I 000 

=1,6+0.027V+ 
+ 0,0003 V2• (50) 

3ra cpopMyna HHor.n:a 
Ha3blaaercsr cpopMynoii Ha
.n:a.nsr . 

.UJIH nacca)KHpcinix qe
rwpex OCHb!X If rneCTIIOC• 
Hb!X aarOHOB Ha TeJie>KK3X: 

w"-14+ v V2-
0 - ' 50+ 5000-

W/~W$ 
-KCfm 

22~ 
2f 

zor 
19 

{5 

"'' 71 

10 
.u 
loJ 

14 

tJ 

1.?~ 
11 

9 

6 

1 "V 
5 

s 
4 

-J 

2 

f 

0 fO 

TiliPHiii 
52 c< /]' "" 

~ 

' ~ 
~ ' 

I ~ 
[ y 
~ I ~ 

7 
~ 

52+36 

J1 

A' 

' .. 46 

t= ,. 
~ 

L ' 18 

I 

20 30 50 

= 1,4+0,02V + 
+0,002 V2• 

¢1Hr, 96. Y .ll.ellbHOe COllpOTHBJieHHe TOBapHbiX BarOHOB 

H napOB030B, 

(51) 

3ra cpopMyJia HHOfJI.a E33hiBaeTCH cfJCpMyJIOfi JlOMOHOCOB8. 
06e ¢lopMyJJhl noMe~emo~ B ra6JIHUe 11 H npe.n:craaJieHw s BH.Ue 

KpHBbiX Ha cpHr. 97. 
Bee nacca>KnpcKoro saroHa MaJio MeHHercsr B 3aBHCHMOCTH or roro, 

rpyJKeHb!H OH HJIH nopmKHHH, n09TOMY sec BaroHa B cpopMY•lbl 50 If 

5} He BXO.l{HT. Ho 33TO CKOpOCTb CH.IIbHO BJJli5leT H3 conpOTliBJieHHe, 
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:;; 

= 

0 

'-

al 

lXI 

-.a 

"' 
0 

Ill 

0 

p, 

"' c 

TASJIHIJ,A 70 
Yl(eJJbHOe COnpOTHBJieHue TOB3pHbiX aarOHOB H DapOB030B Ha opJIMOM 

ropu30HTaJibHOM ny:-T_K __________ _ 

PoA rosapnoro no-

)J,BHlKHOro cocrasa 

B cpe.11neM 

nopOlKHIIe )l,BJX-

OCHbie 

rpylKeHble ABYX-

OCHble 

,llsyxocubie B 3a-

BHC11 MOCTH OT BCCa 

aaroua q 

nopolKHHe 

lfetb!peXOCHble 

fpylKeHbie 

~eTbipeXOCHbJe 

4eTbipexOCHble B 

3aBIICIIMOCTH OT 

aeca aaroua q 

KaK noB03KH 

I 
' 

II) MaumHbl 6e3 
p, 

p33.11BHlKHbiX 0 
!-< 30JIOTHHKOB --" MawHHbi npH >. 
'- pa3.11B lllKHbl X II) 

A 30JIOTHHKaX 
::; noB03KII H 
0 

MawHHbJ 6e3 "" -.a pa3)J,BHlKHbiX ,.., 
:.: 

HoMep cjlopMJJibl a re

KCre u ua cp11rype 

If ljlopMyna 

43 wo" =I 5 t 0,05V 

46 W0" =I ,4 + 0,08V -

45 wo"=1,4t0,05V 

4[ w0" = 1 4 + 
I 0 32' + 0,04+ , v 

I q I 

I 
I 

I q = 5m 
I q =10m 

q = !5 m 
' 
I q =20m 

q =25m 
q =30m 

49 W0" = 2,5 4- 0,041' 

48 wo" =I ,5t 0,02V 

47 v +65 WIt_ 
0-

12 t0,55q 

q =20m 
q =30m 
q=40m 
q=50m 
q =60m 
q =?Om 
q =80m 

52 w0' =I ,5 t 0,051/ 

55 w.1 =I ,5 t 0, 3V 

56 W3=1,5 T O,lV 

52+ ll'o' t lV3 = 3,0t0,35 V +55 

30JIOTHI1KOB 
<':1 

noao3K11 1t 1~2+ IVo' t lV3 = 3, 0+0, 15V "' 
:s: MaUIHHbl npH t56 
A 
c pa31{BHlKHbiX: 

30JIOTHHKaX 

I 

YAeJibHOe CODPOTIIBJieHHe 

(a K2/m) ua npHMOM ropH30H• 

TaJlbHOM DJTII )!JlR p83HbiX 

cKopocrerr V 

10 20 30 40 50 60 

2,00 2,50 3,0 0 3,50 4,0 0 4,50 

2,20 3,00 3,8 0 4,60 5,4 0 6,20 

I, 90 2,40 2,9 0 3,40 3,9 0 4,40 

I 

' 

2,44 3,48 4,5 2 5,56 6,6 0 7,64 
2' 12 2,84 3,5 6 4,28 5,0 0 5, 72 
2,01 2,63 3,2 4 3,85 4,4 7 5,08 
1,96 2,52 3,0 8 3,64 4,2 0 4, 76 
I ,93 2,46 2,9 8 3,51 4,0 4 4,57 
I ,91 2,41 2,9 2 3.43 3 9 3 4,44 

2,90 3, 30 3, 7 0 4,1 0 4,5 0 4,90 

I, 70 1,90 2,10 2,3 0 2 5 , 0 2, 70 

3,26 3,70 4,13 4.5 7 5,0 0 5,44 
' 

2,63 2,98 3,33 3,6 9 4,0 3 4 39 
2,21 2,50 2,79 3,0 9 3,3 8 3,68 
1,90 2,15 2,41 2,6 6 2,9 I 3, 16 
1, 67 1,89 2,11 2,3 3 2,5 5 2, 78 
I ,49 1 , 63 I , 88 2,0 8 2,28 2,48 
I ,35 I , 52 I , 70 I ,8 8 2,05 2,23 

I 
2,00 2,50 3,00 3,50 4,00 4,50 

4,50 7,50 10,50 13,50 16,50 19,50 

2,50 3,50 4,50 5,50 6,50 7,50 

6,50 10,00 !3,50 17 ,co 20,50 24,00 

4,50 6,00 7,50 9,00 10,50 12,00 
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-..0 

= 
0 

<-

"' 
co 

-..0 

"' 

0 

al 

0 

0. 

0:: 

c: 

TABJJHL(A 11 
Y,liCJII>HOe conpOTHBJICHHe nacca)I(HpCI(HX BaroHOB H napOB030B Ha npJIMOM 

ropH30HTaJJI>HOM nyru 

HoMep ljlopMy.~hl Y .neJJbH. CODpOTHBJJeHHe (B Kcjm) 
Poll nacca)!{HpcKoro 8 TeKCTe H Ha H3 DpHMOM ropH30HT8JibH. DJTH 

DO.IIBH)!{HOrO 
ljlury pax 11 ljlopMyna ,D:JIH p33Hb1X CKOpOCTefi V 

cocraBa 
~ <l>opMyna 20 40 60 80 100 120 

./lBJXOCHbie H rpex- 50 w0"=1,6+ 2,26 3' 16 4,30 5,68 7,30 9,16 
OCHble t0,027V t 

t 0,0003V" 

l!eTbipexoCHbie H we- 51 wo" = 1,4 + 1 1,88 2,52 3,32 4,28 5,40 6,68 
CTHOCH. (Ha reJielK~.ax) + 0,02V t 

+ 0,0002V2 

' 

KaK noB03KH 53 W0'= 1,3+ 1 '90 2,90 4,30 6,10 8,30 10,90 
+ 0,02V + 
+ 0,0005V3 

I 

<I) 

0. 

0 MawHHbl 6e3 pa3- 57 W3 = l ,5 + 2,50 4,30 6,90 10,3014,5019,50 
+ 0,03V + ' 

f-o llBHlKHblX 30JIOTH. 

+ 0,001 V2 
0: 

o; 

>, 

"' MawHHbl np11 pa3- 58 w,=1,5t I , 82 2,38 3' 18 4,22 5,50 7,02 
<I) 

.QBHlKHblX 30JJOTH. tO,OIV+ 
0. + 0,0003V2 

::;: 

0 

f-o noB03KH 11 M3WHHbl 53+ W0' + W3 = 2,8+ 4,40 7,20 II ,20 16,40 22,80 30,40 
:c 6e3 p83llBHlKHbiX +57 + 0,5V + 
0. 30JJOTHHKOB + 0,0015V-
:.: 
o:l 

"' 
noB03KH II MaWIIHbl 53+ w0' + W3 = 3,72 5,28 7 ,48'10,32 13,80 17,92 

:>: npH p83,!lBHlKHbiX +58 = 2,8t0.03Vt 
t1. 30JJOTHHK3X + 0,008V2 

t:: 

' I 
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fl03TOMY B cpopMyJiaX CKOpOCTb BXO)J,HT H B rrepBOti H 80 BTOpoif ere· 
nemt. 

obiJIO obi TOl.JHee HMerb 33BHCHMocrh or Harpy3KH Ha och 11 .li:JISI 

nacca:llmpcKHX Baro HOB, rro.rr,o6Ho rmvry, KaK aro c.n.eJiaHo )JJISI roaapHhlX, 

HO IIOKa ern.e HeT )J,OCT3TOlJHO Ha.D,eiKHblX U11cpp0BbiX )18HHbiX )J,JJSI pac-

l.J .11 I 
nacCaJICHPCK!fe 

jj 

Z4 _Wq' lJJO 
I _lJ/o+lllJ ' 

•57 

a 
/(~ 

2f 

20 

f$ II 

18 

f7 
/I 

f5 

A-
.... 

T:J ~ 
~ 

f4 ~ 

fJ ~ 
o4 

I~ 

~ Tt: 

(f -t 53 

fO~ 
lL g 

8 ~ 
7 v jJ 

5 tp' ,r 

5 J:1' 4 
.;..-r~ 7 

! .A" 

2 

1 

0 fQ 20 JO 4-0 so 60 70 40 90 100 f10 !20 VK.if1t 
<I>nr. 97. Y JteJJbHOe conpoTHBJieHHe naccalKHPCKHX 

BarOHOB 11 napOBOJOB, 

lleTHOfO yMeHbilleHHSI 

y .rr,eJJhHO ro con poniB-

Jiemur naccaiKHpcKoro 

aaroHa c yBemtlleHHeM 

Harpy3Kif Ha OCb, XOTSI 

H3JIHY:He T3K0f0 BJIHHHHH 

HecoMHeHHO. To'lHO raK 

JKe 6b!JIO 6bi TOtJHee 

BBecrn K03qntuneHr c V2 

11 B cjJOpMyJih! COIIpOTHJJ· 

JieHHH TOBapHblX B3f0· 

HOB, HO 3TO YCJIOiKHHJIO 

6hr pacqeTbr, a yroLJHe

HHe .rr,aJieKO He BblillJIO 

Obi sa npe.rr.eJihl TOlJHO

cn:l cjJopMyJJhi. 

K cpopMy.l!aM 50 u 

51 OTHOCHTCH BCe CK3-

33HHOe B ITOCJJe)[HeM ao-

33Ue rrpe.!IhiliYIUero rra

parpa¢a OTHOCMTeJJbHO 

H3HMeHhllleit CKOpOCTH 

(1 0 KM(tt), YCT3HOBHBWe

fOCH .D,BHiKeHHH, TE'MIIe

parypbl HeHI1JKe-10o 11 

aerpa ue 6oJihrne 1 Q,wj c. 

34. Y .!J.CJihHOe conpo

THBJienue naposo3a (c 

TCH.!J.epOM) KaK DOB03KH 
u 

Ha DpRMOH ropH30HTa~H 

Wo'· no.rr, CO ripOTiiBJie

HHeM naposo3a I<aK no

aosKn npaKTHl!eCKM no

HHMaercSI conpon-IBJie

HHe rrapos03a (c reH.n.e

poM) CO CHHTblMH Be,Uy

IUH M 11 .11: hi illJI aM M. ,llJUI 

HeKOTOpbiX Cepafi HC· 

cJie,u;osaHHhlX rrapoaoso B OflbiTHhiM nyreM nonytJeHhi cneuHaJihHhle 

33BHCHMOCTH !V0' OT CKOpOcnr, HO ,li;JIH npaKTHlJeCKMX ue,~eti C .lJ,OCTa

TOlJHO~ TOlJHOCTh!O MOiKHO p2.3.D,eJIHTb Bee rrapOB03bl Ha ,li;Be rpyrrnhr: 

TOB3pHbie H I13CC3iKHpCKHe H IIOJib30B3TbCH CJie.D,yiOII.J.HMH cjJOpMyJiaMH. 

,llJIH TOB3pHb!X rrapOB030B: 

w0'=1,5+ V =1,5 + 0,05 V. 
20 
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3Ta clJopMyJia O,lU!HaKOBa C cpOpMJJIOtl 43 .Zl:JIH TOBapHblX BarOHOB. 
nJIH II3CC3iKHpCKllX napOB030B: 

w0' = 1,3 + 0,02 V + 0,0005 V3
• (53) 

3Ta cpopMyJia H33biBHeTCH HH0f.11.3 cpopMJJIOH Jle6e.nesa. 

K <fJopMJJI3M 52 I'! 53 OTHOCllTCH Bee CKa33HHOe B IIOCJie,llHeM 3033Ue 

n. 32 OTHOCllTeJibHO HaHMeHbiiiefi CKOpOCTH (10 KM/Il), JCT3HOBllBIIIerOCH 

.n:sHiKeHH!I, reMneparyphl He HIDKe-10° H aerpa He 6oJibiiie 10 Mjc. 
35. Y.l{eJibHOe corrporHBJieHHe MamHHbl napoao3a. flo.n; y.n;eJibHblM 

CODpOIHBJleHHeM M3lll11Hhl napOB033 IIOHHMaeTCH BeJIHlJiiHa: 

Fi-FJJ 
• p 

flpH pa6ore naposo3a c or K phi r hiM perymiTopoM ara aeJIHIJHHa, 

0003HalJaeMall W "'' MallO 33BHCHT OT CKOpOCTH, HO .llOBOJibHO CJIUeCTBeHHO 

aaBHCHT or seJIH'IHHhl CHJibl F11 • flpu Be.lleHHH pacqeroa no Fk, ara 

BeJIHlJHHa, K3K yiKe Jl!TeHHaft npH orrpe,lleJieHHH fk, HHr.ne He .llOJI.lKH3 

BB0.11.HTbC5! B paciJeT. 

Kor.na naposo3 H.ller c 3 a K p bi r hiM peryJIHropoM, ro Fi H F" He 
paBHhl Hymo, a orpHQaTeJibHbi, r. e. HanpaaJJeHbi a cropoHy, rrporuEo

noJIOli\HYIO HarrpaaneHHIO .UBHiKeHIHI noe3,n:a. OrpHuare.JibHOe 3HalJeHHe F, 
HBJIHeTCH CJie.UCTBHeM OTpHUHTeJibHOH ITJIOIU3.11.H: HHJJ:HKaTOpHbiX )];Ha· 

rpaMM B pe3yJibTare rrepeKaiJHBaRHH B03.llyxa B UHJIHH.n;pax. F", paa

Hoe F;-Pw .. , roiKe orpHuareJibHoe H no a6coJIIOHOA seJIHlJHHe 6oJihiiie F. 
ECJIH: 6b! Mbl BBOl!,HJIH B paClJeTbl npH 33Kpb!TOM peryJIHTOpe OTpHUa

TeJibHhle 3H3l.!eHH5! CHJibl THrH, TO cpopMy Jlbl 37 H 38 6hlJIH 6bi npaBHJibHbl 

If .UJIH xoJiocroro xo.n;a naposo3a. Ho, IJTOObi He HMeTb ,lleJia c orpHu;a

reJibHOA CHJIOH THnf, YCJIOBHMCll Cl!H:T3Tb ee IIOJIOiKHTeJibHbiM COnpo

THBJieHHeM MaUIHHhl, a CHJihi F; 11 Fh ycJioBHMCH ClJHTaTb p3BHhiMH HyJiro, 

liTO C <fJH3Hl!eCKOH TOI!I<H 3peHHH ,n:aiKe H rrpaBf1JlbHee. fl03TOMy .11.JIH 

xo.na naposo3a c aaKphiTbiM perym!TopoM rrpHHHMaeM, qro F, = f;=O, 
a cpopMyJibl 37 H 38 3aMeHHeM cpopMyJioH: 

Wk = W; = Q w" + P w'+PW8= Q w" + P(w' + w,), (54) 

r,n:e w. ecrb corrpon!BJieHHe MaiiiHHhi napoao3a np11 33KpbiTOM peryJIH· 

rope B KHJIOrpaMM3X aa TOHHY seca rrapoao3a c reH.nepoM. 3Hal!OK • 

HanOMH:HaeT 0 CliOBe 3aKpb!Th!J!. 

W
8 

3aBHCHT rJiaBHbiM o6pa30M or ycrpoiicrsa rreperrycKHhlX np116opoa 

Ha Llf1JIHH.llpax, rai< KaK corrponrB.JieHH:e or rpeHmi a .UBH.lKJ~eM H 

napopacnpe.nemneJibHOM MexaHH3Max npH aaKphiTOM peryJIHrope MeHbiiie 

corrpoTHBJieHHH rrepeKaliHB3HHH B03JLyxa B UHJIHH,n:pax. Bsu,ZI.y roro, 

liTO Ha napOB03aX O.llHOH H TOR .lKe cepHH MOryr CTOHTb pa3JIHlJHble npH-

60pbi XOJIOCTOrO XO,lla (B03.11.YIIIHbie KJiaiTaHa, napOB03,li,YlliHhie KJI3ll3Ha, 

6afirrachl pa3HhiX CHCTeM, p33.11.BHiKHbie 30JIOTHHI<H), TO npHBOl!,HM 3,lleCb 

<fJopMJJibl W
8

, .!(310ll.lHe rrpHOJIH31!!TeJibHbie, HO BllOJIHe ,.UOCT3TOlJHble .11.JIH 

acex rrpaKTHl!eCKHx pacqeroa seJIHl!HHhl .ZI:JIH l!eTbrpex rpyrrn rrapoaoaoa: 

TOBapHbiX H naCC3}!<H:pCKHX, C rrepenyCKHb!MH npH60paMH MJIH KJI3II3-

H8M1! If C pa3,.UBHiKHb!MH 30JIOTHHK8MH. 

A JI H r o B a p H hi x rr a p o s o 3 o a 6 e 3 p a a .n; a H iK H hi x 3 o JI o r

HH K 0 B: 

W3 = 1,5 + 0,3 V, 
8 T!lro&hle pac~eThl H HCru.r.TaHHR. 

(55) 
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Jl Jl H T 0 B a pH bl X nap 0 B 0 3 0 B C p a 3 )1, B H }!{ H bl M H 3 0 JI 0 T H H· 
J< aM H: 

(56) 

JlJIH II3CC3}1{HpCKHX rrap0B030B 6e3 pa3,LI.BH}I{Hb!X 

3 0 Jl 0 T H H K 0 s: 
W3 = 1,5 + 0,03 V + 0,001 V2• (57) 

JlJUI OaCC8}1{HpCHHX rrapOB030B C pa3)1.BH)KHh!MH 30· 

JI 0 T H H K a M H: 

W3 = 1,5 + 0,01 V + 0,0003 V2• (58) 

<t>opMyJihl 55-58 npe)I.JIO}I{eHbi l1HcrHryroM T51rH HKnC. B erHx 

cpapMyJiax, TaK }l{e KaK H B COOTBeTCTBYIO!llHX cpapMyJI3X .l(JHI B3f0HOB, 

A 
' 
\ . -.... ' .. 
' -.. --· >-. -·· 

' ' I 

D 
K ....... 

i 
B 

' ' ' 

\ ~ ' ' ~ ' . .- 1--- .... '-.) f•L_ ... --··· " 
.• ...... J 

c 

<llHr. 98. ConpoTHBJJeHHe or YKIIOHa (no,ll'beMa 
HJJH cnycKa). 

npHHHT3 JIHHeaHaH 3aBHCHMOCTb 

OT V .l(JIH TOBapHOfO IIO.l(BHJK

HOfO COCTHBa H BTOpOrO I10pH.l\

K8-.l(JISI IIHCCaJKHpCI<OrO IIO

)I.BH}){HOfO cocrasa. 

36. YAeJibHOe conpoTHBJieuHe 
•v 

noe3Aa ua rrpHMOH ropH30HTaJIH. 

llJJH roro, tJ:ra6bi B .n.anbHeli

weM He HMeTh )I.eJia C p33HbiMH 

QJOpMyJiaMH yJJ.. corrpOn!BJieHHH 

rroe3JJ.a rrpH pa6otJ:eM H xoJio

CTOM XO,ll.e rrapOB03a, 6y.n.eM 

IlO,ll. W0 IIOHHMaTb yJJ.. COIIpOTHBJieHHe nae3.l(3 Ha npHMOH rOpH30HT3JIH, 

OTHeceHHae I< Becy Bcero rroeJ.D.a, B npe.n.rraJIO}J{emm pacqera no Fk, 
r. e. 6e3 yqera w.~ rrpu OTKP biTOM peryJIHrope, HO c yqeroM W6 rrpH 

3aKphlTOM perym11ope. 

npH OTKpb!TOM peryJIHTOpe: 
p IV I + Q IV II• 

0 0 • , 
P+Q 

(59) 

rrpH 38KphlTOM peryJIHTOpe: 

W _ P(IVo'+w~)+Qwo" 
o- P + Q • (60) 

37. YAeJILHOe conpOTHBJieHHe or YI<JIOHa (nOA'beMa HJIH cnycKa) i· 
KpyrH3Ha YKJIOHa aJieMeHra npoqmJJH H3MepHeTCll oruomeHHeM B03Bhl" 

IDeHHH O,ll.HOfO IIYHKT8 H3JJ. JJ.pyrHM K paCCTOSIHHIO Me}){,ll.y HHMH. 3ra 

BeJIHtJ:IfH8, YMHOJKeHHHH H3 ThlC5ltJ:y, 0603H3lJ3eTCH 6yKBOH i H Bbip3-

}){3eTCH B Tb!CHlJHblX (0Jo0), 06bilJHO C O.l\HHM 3H8KOM IIOCJie 38IISITOH. 

llHQJpOBOMy Bb!pa}){eHHIO BeJIHtJ:HHbl i rrpH,naeTCH 3HaK +. eCJHI HMeeTCH 

B BH.l\Y IIO,ll.'beM, H 3HaK -, eCJJH HMeeTCH B BHJI.Y crryCK. Ha rrpl!Mep, i = 
= 6,20Jo0 03H31J3eT cnycH, y i<OTOparo H3 ] 000 M )I.JIHHbl BbJCOTa 

fOJIOBKH peJihCH HH,ll. ypOBHeM MOpH (OTMeT1<8) yMeHblllSeTCH HH 6,2 J\t. 
Ha qmr. 98 ll3o6palKeHa e,ll.HHH~a no,II.BH}){HOro cocraBa BecoM q m 

ua rro)l.oeMe AB, xapaKTepu3yJOr~eMCH reM, lJTO Ha I KM ero ,ll.JIHHbi 

pa3HOCTb Bblcor BC = h M. AC- ropH30HTaJib. OtJeBH)lHO, BC, H3Me-
• 

peHHOe B Merpax, paBHO ITO,II.'beMy l B ThlCl1tJ:HbiX: 
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Bee q, li3o6pa>KaeMhrii: orpe3l<OM DE, pasJiaraeM Ha ,n:se cocrasJIHIO· 

IUJU: o,n:Ha H3 uax, DE{, napaJIJieJibHa uanpasJieHH!O JJ:Bii>KeHHH, r. e. 

JIHHHH AB, a ,n:pyraH, DL, nepneHJl.HKYJIHpHa eMy B seprHKaJlhHOH IIJIO· 

cKOCTH. CHJia DL ypasHose!IIasaercH uopMaJibHOH peaKrvreii peJihc, 

a criJia D [{ HBJIHeTCH corrporHBJienHeM or no.a.oeMa, .n:o6asol£HbiM 

K ocuosuoMy conponiBJieHHIO Ha npHMo.H: roprrsoHra.nw. 

YlMeeM: 

Dl{ Dl{ BC . 
- - =! 

AB I DE q 

f. e. y.aeJibHOe COllpOTHBJ!eHHe OT nO,ll."beMa· KaK pa3 p3BHO i. TaK K3K 

ITDJI. COnpOTHBJieHHeM Mbl nOHHMaeM npoeKUH!O BHeliiHefi CHJihl DE Ha 

HanpasJieHHe, npOTHBOIIOJlO>KHOe Jl.BH>KeHHIO IIOe3)l.a, TOy ,QeJlbHOe COnpo

TlfBJieHiie or ITOJl."heMa pasHo i rr no seJmqrrHe H no snaKy. 3ro corrpo

THBJieHHe i HRJifleTCH Jl.063BQqHbiM K COnpOTHBJieHH!O Ha npHMOH ropH· 

30HTaJIH W0• EcJIH, HanpHMep, w0 = 2 Kc(m, a i = + 9,2°/00 (noes.rr. MJl.eT 

no IlO,ll."beMy), TO yJl.. C011pOTHBJieHHe H3 9TOM 1101l"heMe paBHO 2+( +9,2)= 
= ll,2 K2jm, ecJIH >Ke i =-9,20fo0 (noe3,n: HlleT no crrycKy), TO y ,n:. conpo

THBJieHHe Ha 8TOM crrycKe paBHO 2 + ( -9,2) = -7,2 K2/m. 
38. YAeJibHOe conpOTHBJieuue OT 1\PHBOH w r· flo,n conporHBJJeHMeM 

OT KpHBOH ITOHHM3eTC!I pa3HHU3 Me}f{Jl.Y yJl.. COITpOTI1BJieHHeM eJl.lillHUbl 

no,n:BH:}f{Haro cocrasa, npoxo,zum1;ero KpHBY!O (3aKpyrJieHrre nyr11) H 

«.n:yw:ero no ITPHMOMY nyr11:. 3ro .11:o6asoqaoe conporHBJiem!e s Kpuaoit 

seer ,na cyiii..ecrsyer H seer .11:a ITOJIO}f{HTeJihHO. 

LJ.o6aBQliHOe COITpOTHB.JieHH:e eJJ:HHH:Ubl TIO,QBH:}f{HOfO COCTaBa B HpH

BOH HBJ!HeTCH CJie,QCTBH:eM nonepel!HOfO CKOJJb}f{eHHH 6aH,Q3}f{eH ITO 

peJibC3M, TpeHHH rpe6Hefi: 0 pe.nbChl 1 rpeHHH 6ypTOB IIO,Q!IIH!lHHHOB 0 

WefiKH OCefi H yBeJIHl!eHHll npO.li:OJihHOfO CKOJib}f{eHHll 6aH,Qa>Keti: BCJie,Q

CTBHe HepaseHCTBa KpyrOB H3T3HHH KO.JieC OJJ:HOM H TOH }f{e OCH B pe-

3YJibTaTe KOHHIJHOCTH 6aHJI:a}f{eti. KpoMe Toro, y saroHOB ua reJie}f{Hax 

npH BXG,Qe B KpHBY!O H npH: Bb!XOJI.e 113 KpHBOH 'npOHCXO,QH:T IIOBOpa· 

4HB3HHe TeJie>KeK H: TpeHHe lliKBOpHefi H 60KOBbiX CKOJlb3yHOB. 

Y ,neJibHOe conporH:aJieHHe or HpH:sofi He MomeT 6hiTb Bbrpa}l{eHo 

T3K >Ke TOqHO, HaK y,n:eJibHOe COnpOTHBJJeHHe OT yKJIOH3, IlOTOMY liTO 

33BH:CHT OT oqeHb MHOrHX npHl!HH: paJJ:Hyca KpHBOH, CKOpOCTH:, paCCTO· 

HHHH Me)KJI:Y OCHMH, l!H:CJia ocefi, pa36era OCeH, B03MO}f{HOCTH TIOBOpOTa 

OCeti: .ll:pyr OTHOCHTeJibHO JJ:pyra, 3330pOB Me)!{.ll:y rpe6HHMH 6aH.l{3>Kefi 

H f0JJOBK3Mii peJibC, CTE'neHM 113HO!IIeHHOCTH 6aH.l{3}f{eM, CHJJhl ITO 

CIJ.eriHb[M H y.ll:apHbiM npn6opaM II T. II. noMHMO 8TiiX 60Jiee HJIH MeHee 

llOJI:JI:310III:HXCl1 yqery o6CTOHTeJibCTB, oqeHb 60JJhlllee BJIHHHHe HMe!OT 

CJIYIJ3HHbie llBJieHHH: 3aKJIHHHB3HHe TeJie}f{KH BCJJe)lCTBHe ITJIOXOfO ycT

pottcrsa CKOJib3YHOB HJIH IlJJOXOH 'CM33Kii HX, BJiara liJIH: CM33K3 Ha 

rpe6HHX H: f0JIOBK3X peJibC, CBHHl!eHHOCTb CTH>KeK H T. !1. 

flonoMy. rrpH pactieTe seJiwlHHbi y.n:eJJ&Horo corrporHBJieHHH or 

KpHsoii rrpHHHMaercH BO BHHMaHHe TOJibKO r nasHaH H JierKo ITO,QJI:a

IOLUa!lcH yqery npHqHHa -pa,n11:yc Kpwsoif, no cpopMy Jie: 

, 1 11 750 f v• = w = w = Kc1 m 
r r r R ' 

(61) 

r..qe R ecrb pa,n:11:yc Kpnsoi1 s Merpax. Ec.JIH paJI:Hyc KpH:soti Bb!pa>KeH 

B Ca>KeHHX (R.), TO W, = 350: Rc Kcjm. 
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L(JIR J.lafHCTp3JibHblX .n:opor YCHJieHHOfO H H0pM3JibHOfO THDOBt 

c npe~IMymenseHHhlM o6paLI.J,eHHeM saroHOB Ha asrocuenKe 6e3 6oKo

BbiX 6ycpepOB COnponiBJieHHe OT KpHB9H .llODYCKaeTCH DpHH11M3Tb He
CKOJibKO MeHbllHIM, a IIMeHHO: 

630 w --,.-- R (62) 

<PopMyJibi 61 II 62 npe.n:craBJieHhl rpatflwieCKH Ha qmr. 99. Corrpo

THBJieHHe II3pOB030B OT KpHBb!X (lV/)i BblllJe .[3B3E'M0f0 cf;OpMyJiaMH 

61 II 62, ~ CODpOTIIBJieHHe B3fOHOB OT KpHBb!X (w,")-HeMHOrO HlDKe, 

cne.n:osareJibHO, cpopMyJihl .n:a10r cpe.n:Hee y.n:. conpoTHBJieHHe .llJIH scero 

DOe3.n:a. .lJ.JIH KpHBblX, IIMeiOIUHX pa.UHYC MeHbllJe 200 M, QJOPMYJibl 

61 H 62 .ll3IOT HeCKOJibKO rrpeyMeHbilleHHbie 3Ha'-leHHH W,, OC06eHHO 
DpH DOpO}!{HHX B3f0H3X II M3JlblX CKOpOCTl!X. 

llt. z 
4 

3 

2 

' 

1 

~ 

200 

' 

.Jt_ -H 
~~~ 
~ ' - -

400 &00 ?00 f000 1, 14/JO rouo frJOO 

<i>Hr. 99. Y ,nellbHOe conpOTHBileHHe OT KpHBoif. 

OcHOBHhlMH rrpH'-IHHaMII .n:o6aaoqHoro corrporHBJieHHH B Kpl!BbiX w v 

IIBJJHeTCH .ll063BO'-IHOe CKOJib}!{eHHe KOJleC no peJJbC3M H TpeHHe ll!KBOp

HeH li 60KOBb!X CKOJ!b3YHOB TeJJe}!{eK npH BXO.lle B Kp_HBYIO li npH BbiXO.lle 

R3 Hee. cllOpMyJibl 61 II ()2 npe,nnOJiaraiOT, '-ITO K03¢HIJ,HeHT rpeHIIH 

CKOJJb>KeHHH ecrb BeJJH'-IHHa rrocroHHHasr. B .n:et!crBHTeJJbHOCTM, K03cpii

l(HeHr rpeHHSl KOJieca no peJJbCY yMeHbillaeTCH C yseJIH'-IeHHeM CKOpOCnt 

H (IIpH IIMeiOlll,HX MeCTO .llrlBJleHHHX) yMeHbill3eTCH C yseJJH'-!eHHeM .ll3BJie

HHH. 0D3TOMy, Wr rrpH M3Jib!X CKOpOCTHX 60Jibille, '-!eM npH 60JibllJHX
1 

H npH DOpO>KHHX Bai;'OH3X 60JJbllle, '-!eM DpH rpy}!{P.HblX. 

EcJJH ao eCTh ueHrpaJibHhiH yro.JI KpHBOH, paBHh!H yrJJy ITOBDpora 

nyTH (cpiir. 1 00), a S,-.llJIHHa KpiiBOH B Mer pax, TO: 

ao = 360 • s, = 57 3 s,. (63) 
2n R ' R 

no.n:cTaBJIHH R M3 cpOpM j.libl 63 B cpopMy Jib! 61 II 62, HMeeM: 

750 l:la0 

w .. = R = --- (HopMaJJbHaH cpopMyna); (64) 
s, 

llfi 

630 lla• 
W, = -- = (crreiJ,H3JihH3H cpOpMyJia). 

R •, 
J 

(65)     
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<PopMyJibl 61, 62, 61 11 65 ;:mar ~ooaBOlJHoe corrporRaJieHHe~roll 
• 

'13CTH noe3~3 1 KOTopaH H3XO~HTCH B KpHBulf 1 B KHJIOrpaMM3X Ha TOHHY 

8eca 9TOH lfacrH noe3~8; HO, IJT06hi He MMeTh ~e.11a c lf3CTbiO seca 

noe3Aa, Mbl pacnpocrpaHHeM conporMB.1eHHe or KpHsofi na sech noe3~~ 
r. e. C'iMTaeM wr B KHJIOrpaMMax Ha TOHHY aeca acero· noe3~a o~HMM 

H3 cJie~yiOW.HX rpex crrocoooa: 

1) Bne 33BHCllMOCTH OT ~.IJHHhl KpHBOH CliHTaeM, LITO tPOPMYJibl 61 
U 62 ,ll,3IOT y Jl.. CO!lpOnlBJJeHHe BCerO noe3JJ.3 OT KpHBOH B KHJJOrpaMM3X. 

ua roHHY aeca noe3~a. B cJiylfae KoporKofi KpHBOH paclferHoe conpo· 

THBJieHHe noJiylfaeTCH HeCKOJibKO 60JJbWe JJ.eMCTBHTeJibHOrO. 3TOT pac· 

qeT conponiBJieHHH or KpHBoli npHMeHReTcH npu pacqere npe~eJihHoro 
aeca COCT3B3 (II. 75) 3KCnJI03THpyeMb!X JJ.OpOr. TaK K3K H3MepeHHE' y~. 
COIIpOTMBJieHHR (1<HJIOrp3MMbi·Cl1JI3 H3 Tb!CHlJY KHJIOrpaMMOB·CHJia) 11 113· 

MepeHHe KPYTH3Hbi yKJJOHa (niCHlfHble) MareMaTMlJeCKH ro>K~ecraeHHhl, 
TO 06blttHO yAeJibHOe COIIpOTHBJJeHHe OT KpHBOll 33MeHHeTCH tPHKTHB· 

.HbiM yaeJUILieHHeM nO,Il,beMa (HJill yMeHbWE'HHeM cnyCI<3) B npe~eJJax 
KpHBOU. 3tor tPHKTHBHbifi npHMOU / 

yKJIOH ik, ~aiOIUHH raKoe 1Ke conpo- ~~---./~~· 
TliBJieHHe, K3K H .zr.efiCTBHTeJibHblli yK- '7~.-A;:iiii:'Hil:::-K-:-::M-::;lo~ii-;:S1 • • 
JIOH COBMeCTHO C KpHBOH, H33biB3eTCSI · !lrMifMUotl ' s 
npHBeJI.eHHblM llO,Il,beMOM HJIH npHBe,ll,eH· ', : tr'•Jl..J · Rt 
Hb!M cnyCKOM: 

r.n:e W.,. Bb!IJHCJIHeTCH 110 tlJopMyJie 61 
HJili 62. TaK KaK w~ scer,~I,a noJIO)!{H· 

' . ' ', fJ!.I 
~- ·- .. ~ ,.,.., 

If "'~o. .... I ... -.... ~ 

<1'11r. 100. Yron KpHBOli. 

TeJibHO (HJIH HYJib), a i nOJI01KHTCJibHO IIpH IIO,Il,beMe H OTpHI.J;aTeJihHO 

IIpH cnycKe, TO a6COJIIOTHble BeJIHlfMHbl ik ~Jl51 crrycKa ll IIO,Il,'beMa, 

B006IUe rOBOpH, He COBII8,ll310T. 

2) JlJJH roro, qro6hl con porHBJieHHe HJJ.yi.I.J;ero no nO,Il,beMy noe3.n:a 

He yseJIHqHB3JIOCb npH BXO.lK.UeHHH ero B KpHBylO, nO;lJ.'beM M01KeT 6bJT~ 
TaK nocrpoeH, liTO B KpHGbiX Kpyru3Ha no,ll,'beiv a yMeHblllaeTCH na ae

JIHlfHHY conporHBJieHHH or KpHsoit Ope~eJibHbie rrOJJ.beMbi crp051IUHXCli 

.n:opor npoKJI3,1l,biBarorcH HMeHHO raK. YMeHbWeHHe IIO;ll.be:v.a rrpoH3BO· 

;lJ.HTCH He TOJJbKO B rrpe,ll,eJJax C3MOli 'KpHBOH, HO H H3 H€KOT0pb1X pac· 

CT05:1HHHX no o6e ee CTOpOH,bl, BO H30e)!{3HHe COBl13Jl.f'H~H nepeo(IOMOB 

npotlJHJili C H3li3JI:lMH KpHBbiX. 0pH H3JIHIJ11ll T3KHX K 0 M n e H CH p 0· 

BaH H b1 X K,PHBhiX COnpOTHBJieHMe OT HHX l10.ll.ClJHTbiB3eTCH no tlJopMyJiaM: 

w.::... l3a0 750 
BMeCTO • , r 

R ~ lk 
(67). 

llao 630 
W= BMeCTO --

' .. 
lu R 

(68) 

• 
f,ll,e ~~-~JIHH3 KOMIIeHCHpyiOW.ero KpHBYIO CMHflleHIIOfO IIO,Il,beMa. l1 
tPOpMyJJ 67 H €8 BCer)Ja HeCKOJibKO 60T.bille S,. !J>opMyJJ 64 H 65, II03TOMy, 

eCJUI ,ll,JIHH3 IIOe3Jl3 MeHbllle .D:JIHHbl KpHBOH, TO np11 H3XQ)!{)J.€HY!ll BCero 

noesna B 11 pHBOtl ero conpoTHBJJenae 6y .ll.er HecKOJibKO 60Jibwe pac~ 
'ltTHoro, 3aro np11 scrynJICHHH B Kpr:syiO H rrpH Bblxo.n:e H3 Hee co

nporusJieHHe 6y,~I,er necKoJibKO MeHbW~ pacLierHoro. 
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ECJIH HeCKOJ!bi<O KpHBblX paa,n:eJieHbl KOpOTKHMH rrpliMbiMH BCTaB-
• K3MH, TO BMeCTO KOMITeHCHpOBaHHli 1<3lK,l{OH 113 3THX KpMBhlX B OT,n:eJib-

HOCTH, l.!TO IIOBeJIO 6hl K 60JiblliOMY KOJIHl.!eCTBY nepeJIOMOB IIpOQJHJili, 

,n:onycKaeTCH KOMITeHCHpOB3HHe KpHBb!X COBMeCTHO O,l{H006p33HbiM 

yr,feHbilleHiteM IIO)('heMa B rrpe,n:eJiaX BCeX KpHBblX, rrp5!MbiX BCT3BOK 

MelK.li.Y HHMH H I<OpOTKHX rrpliMhlX YII3CTKOB 33 Kp3HHHMH KpHBblMH. 

B 3TOM cJiyl.!ae yMeHbllleHHe no,n:neMa H pasHoe eMy corrpoTHBJiemte 

Or KpHBbiX ITO)(CtiHTb!BaeTCH K3K cpe,n:Hee, a HMeHHO, ITO QJOpMyJiaM: 

13.l'a0 750 
W = BMeCTO-,. R ' l:c 

11L'a0 

w =-r t,, 
630 

sMecro , 
R 

(69) 

(70) 

r,n:e lk-,n:JIHHa scero KOMrreHcHpyiOrn.ero KpHBble CM!lriieHHOro no,n:neMa, 

a .2ao-CYMMa yrJIOB KpHBbiX B npe,n:eJiax CMHriieHHOro rro,n:neMa. 

<t>opMyJJhl 67-70 nMeiOT rrpHMeHeHHe npH pacqere rrpe,n:eJihHoro seca 

cocrasa ,n:JI5! crpomi~HXCH }l{eJie3HbiX ,n:opor. <t>opMyJia 66 ,n:JIH npHse

JJ,eHHoro IJOJJ,beMa ik = i + W7 COXpaHHeT CHJIY H B )!3HHOM CJJyqae. 

f1pH KOMITeHCHpOB3HHH KpHBblX ITO QJOpMyJiaM 69 H 70 MOfYT 6hiTb 

3H3l.!HTeJJbHbie MeCTHbie IJOBhlilleHHli COIIpOTifBJieHHH 33 Cl.!eT 3H3 lJHTeJJb

HblX MeCTHbiX IJOHH}I{eHHH COIIpOTHBJieHHli. f1D3TOMY KOMI1eHCHpOB3HHe 

KpHBblX ITO QJOpMyJiaM 69 H 70 H I10JI130B3HHe HMH .LJ:JIH onpeJJ,eJieHHli 

i~; .li,OIIyCTHMbl, eCJIH MecrHbie npeBbiiiieHliH COIJpOrHBJJeHHH He npeBOCXO

JJ,HT 0,1 Kz(m npH pacl.!eTHb!X no,n:neMax ,n:o 7Dfo0, 0,2 K2jm-npH pac

qerHbiX rro,n:neMax or 7 ,n:o 10%0 II 0,3 Kz/m-rrpH paciieTHbiX rro.an

eMax 100fo0 H Bblllle. JleticrBHTeJibHOe MeCTHOe COI1pOTHBJieHHe IIO,n:CIJH-

3000 
rbJB3eTCH B rrpe,n:ITOJIO)KeHHH ,l{JIHHbl ITOe3,n:a . + 150 M. 

II; 

3) TipH paciiere speMeHII xo,n:a noe3.llOB II eo ocex rex cJiy1mtx, 

KOr,n:a MeCTHble He60JJbiiiHe rrpeBbJUleHIIH COilpOTHBJieHHli H3,ll cpe,n:HHM 

He HMeiOT 3H3l.!eHH51 1 W r OITpe,n:eJIHIOTCH ITO QJOpMyJiaM 69 II 70, HO 

BMecro lk 6epercH .llJIHHa roro yqacTKa, B npe,n:eJiax Koroporo BbiBO

.lHTCH cpe.n.Hee w,. (n. 91). CyMMa i + w,. Bbll.!HCJieHHaH raKHM o6paaoM, 

o6o3H3l.!aercH qepe3 ic. 
KaK y>Ke Bb!J.Ue yKa3biBaJIOCb, pac11er corrporiiBJieHIUI or KpHBoti no 

He06XO){HMOCTH IIpHXO.UHTCH ,n:e.JI3Tb 110 rpy6b!M QJOpMyJiaM, He ytmrbi

BaiOlllHM MHOrHe nepeMeHHbie cpaKTOpbi. 8 peayJibTare, Mbl He.li,OOUeHH

BaeM COI1pOTH6JieHHe or KpHBblX npH .llBYXOCHb!X B3f0H3X C 60JibillOH 

6a3ofi, He,n:OOUeHHB3eM IlpH M3JibiX CKOpocrHX H IIOpO)I{HHX BarOH3X 

H nepeoueHIIB3eM-I1pH 60JJbl.UIIX CKOpOCTliX H rpylKeHblX BarOHaX. 

KpoMe roro, MLI He.aoouemmaeM conporHB.~eHHe qerbrpexocHbiX oaro

HOB Ha KOpOrKHX KpHBb!X, pa3,lleJieHHblX KOpOrKHMH !IpHMblMH BCT3B· 

K3MH, B rex CJJYl.!3liX1 KOr ,rr,a COCraB pacrroJJaraeTCli O,llHOBpeMeHHO H3 

HeCKOJibKHX KpHBbiX, H, HHatie fOBOpH, KOr,n:a B COCTaBe O,n:HOBpeMeHHO 

y HeCKOJibKHX BBrOHOB IlOBOpatiiiB3IOTCfl TeJielKKH, BXOtJ:HI.UHe B KpH

Bbie H BblXOJlliUI.He 113 KpHBblX. 

Ha <Pnr. 101 H 102 npe,n:craEJieH xapaKrep H3MeHeHHH corrponm

.leHHH OT KpHBOH IJOe3.ll.3, npOXO.llHlllero KpHBYIO HeKoropoti ,llJ!llHbl, 

B 'leTbl pex cJiy!JaHx: 
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A. n By X 0 c H bl e Bar 0 H hi; rr 0 e 3ll K 0 p 0 q e K p 11 B 0 fi. Corrpo-
u 

TMB~eHI1e Or Kp11BOH B03pacraeT Or HY~H B MOMeHr BX0Jl3 B Kp11BYIO 

rO~OBhl JlO MaKCHMyMa B MOMeHT BXOJl3 Ha KpHBYID BCero II0€31{3, 

ocraeTCH IlOCTOHHHblM llO MOMeHra Ha'laJia BblXOlla 113 KpHBOH 11 3areM 

y6bmaeT .li.O HYJIH B MOMeHr BbiXOlla IlOCJiel{Hero BarOHa 113 Kp!iBOH. 

5. nsyxoCHbie BafOHbi; rroe3ll JlJIHHHee KpHBOiL Corr-
u 

porHB~eHHe Or KpHBOH B03pacraer OT HYJIH B MOMeHr BXO,ll.a B KpMBYIO 

fOJIOBbl .li.O M3KCHMyMa B MOMeHT BbiXOlla H3 KpHBOH fOJIOBbl, OCraeTCSI 

nocrOHHHb!M JlO MOMeHra 

BX0ll3 B KpHBYIO XBOCra 

11 3areM y6hlsaer llO HY~H 
B MOMeHr BblXOJl3 IIOCJiel{-

u 

Hero saroHa H3 KpHBOH. 

B. 4 e r b1 p e X 0 C H bl e 
B3f0Hbl; TIOe3Jl KO· 

p o q e K p 11 B o fi. B MO

MeHT BXO.ll,a fOJIOBbl no

es.n_a B KpHBYIO conpOTHB

JieHHe 6blcrpo B03pacraer 

H3 HeKoropy!O BeJIH'liiHY, 

TaK KaK HaiJHerCH IlOBOpa

'lHBaHHe Te~emeK OrHOCH· 

TeJibHO paM B3f0HOB. flo 

Mepe BXO.ll,a nOe3JI:3 B KpH

BYIO conponiB~eHHe Me.n_

JieHHO aospacraer ns-sa 

rpeHHH Me)J(JlY B03pacTaiO

I..UHM KOJJH'leCTB0~1 KOJleC 

H peJibCaMH, ,ll.O M3KCifMy

Ma B MOMeHr BX0Jl3 no-
u 

CJJe,llHeH reJJe)J{KII B KpH· 

Jl!!JXOCHble 
dorOHbl 6 

[ 

--. ffpuooR 

!f>Hr. 

-

101. ConporHBJieHHe B KpHsoii; llByxoctme 
saroHbJ. 

-----------~---~-----------c 
[ I 

i!Mlb!PUOCI!ble r 
8oroHbt ;:::::-=--=--~--------------

c=======j-~c------~5 

syro. KaK roJJbKO rroc~e,u;- "' '¥11f. 102. ConporHnneHHe B Kpimoii; 
aaroHbl, 

'lerblpexoCHbl e 
HRH reJJe)J{Ka noaepHy~acb, 

conporHBJJeH11e 6hicrpo rra-

.naer Ha ry )J{e BeJIH'li:IHY, Ha KOTOpy!O OHO B03pOCJIO rrpH BXO,ne B 

KPHBYIO ro~OBhi, raK KaK rrpeKpamaercfl rroaopa'lHBaH:He reJie)J{eK 

OTHOCHTeJibHO paM B3fOHOB. floKa BeCb noe3,n H3XO.!(HTCH B Kp11BOH, 

COrrpOTIIBJieHHe IIOCTOHHHO, HO B MOMeHT Haqa~a BbiXOll3 fOJIOBbl 

noe3Jla H3 KpHBOii BD3pacraer (HaiJaJio noaopaiJHBaHHH reJie)J{eK); 

.naJJee, no Mepe BbiXO.ll.a noes.ll.a Ha rrpHMyiO, Me,nJieHHO y6biBaer 

H cpa3y na.naer .no HY JIH B MOMeHr Bhlxo.ua H3 KpHsoti rrocneJJ,Hero 
aaroHa. 

r. 4 e r hi p e x o c H hie B a r o H hi; n o e 3ll .n. JI n H H e e K p "B o fl. 

B MOMeHr BX0ll3 rOJJOBbl noes.na B Kp11BYIO COrrpOTHBJieHMe 6b!CTpO 

Bospacraer Ha HeKoropyJO BeJIH'lHHY (Haqa;ro noaopaiJHBaHHH re;re)J{eK). 

naJiee COrrpOTHBJieHHe MeJJ,JieHHO B03pacraer llO MOMeHra Ha'laJia Bbi

XOJJ,a ro~OBbl IIOe3l{a H3 KpHBOH. B MOMeHT HaiJaJia Bbi.XO.D,a fOJIOBhl 

noe3,na H3 KpMBOfi conporHMeHHe onHTb 6hlcrpo sospacraer {HaiJaJio 

Il0BOp3'lHB3HIUI TeJie)J{eK npH BbiXOl{e H3 KpHBOH), ,n:aJiee OCTaerCH ITO· 

CTORHHh!M, nal{aer B MOMeHT BXO,ll.a XBOCTa rrOe3,ll.3 B KpHByJO, Mel{

.leHHQ rra.n_aer TIO Mepe yMeHbWeHHH H3XO.ll.HIUeflcll B KpHBOH tJat'TM 

119     
НБ

 

УД
УН
Т 

 (Д
ІІТ

)



noes.z:r:a H 3areM cpa3y nanaer no HYJIH nocJie roro, KaK BCTaHer B Hop

MaJihHOe llOJIO)I{eHHe llOCJiel(Hlili TeJie)!{Ka. 

Y .U.eJihHOe COrrponm.1eHHe OT KpHBOH tieTb!pexOCHOfO B3rDHa C HC• 

npaBHbiMH reJie)!{K3MM, y)l{e sornell,lllero B KpHBY!O, MeHhllle ynenhHOro 

COrrpOTHBJieHHli .llBYXOCHOrO BarOHa, HO npH BXO,lle B KpHByiO H rrpH 

Bhixo.ue H3 KpHsofi y.z:r:eJihHOe conporHBJieHHe qerbipexocHoro saroHa 

60Jibllle, tieM .z:r:ayxocHoro. ConponmJieHne nosopatiHBaHHEO reJie)l{eK 

Qb!CTpO B03pacraer C yMeHhllleHHeM CI<OpOCTI1 HH)I{e 12-10 KMjl!. flo

STOMy, KOr.z:r:a ITOe3.ll H3 tieTbipeXOCHhiX B3fOHOB H3XO)lUTCH O.llHOBpe

MeHHO B HeCKOJibKHX KpHBbiX, H O.llHOHpeMeHHO npOi!CXO.UHT IIOBOpa

l.ii1B3HHe TeJie)!{eK B Ka>K)lOll nepexO,UHOfi Kp HBOH, TO npH M3JIOH CKO

p0CTI1 ITOe3,ll3 CYMM3pHOe y,neJihHOe COllpOTI1BJleHHe OT KpHBblX MO)I{eT 

OK333TbC!I 3H31IHTe>1hHO Bblllle paCCLfHT3HHOfO ITO cPOpMyJiaM 61-70. 

39. Y~eJILuoe conpoTHBJieHHe noe3)(a. Ool.L\ee BbipameHue. flpH pac· 

qere ITO Fk ITO)l y ,UeJibHbiM COIIpOT.I1BJieHHeM ITOe3,Ua IIOHHM3eTCH BeJIH

liHH3: 

(71) 

B :nofi cl>opMyJie, rnrrpoKo rrpHMemreMotl: s )l3JihHeHllleM, s CJiaraeMOM 

W0 (rr. 36) C06paHbl BeJIIItiHHhl, 33BHCHlli.He OT CKOpOCTH, HO He 3aBH

C!Illi.He HBHO OT npOqJHJili, a B CJiaraeMOM ik (rr. 38) Co6paHbl BeJHi'IHHbl, 

He 33BHC51lli.He OT CKOpOCTli. flpH pacqere COCT3BOB IIOe3.llOB ik paclfeT

HbiH (HaH60Jiee TSDKeJibiH) o603H3LfaeTCH i11• flpH pacqere BpeMeH!{ XO)la 

no cnpHMJieHHOMY npocpHJI!O (rr. 91) ik 3aMeHHeTCH qepe3 ic. 
40. ]:{ooaBO'IHOe conpOTiiBJICHHe OT Berpa, we. KaK yme Bh!llle ObiJIO 

yKa3aHo, cpopMyJioi wo' 11 W
0

" .z:r:a10r HeKoropoe cpe.nHee y.z:r:eJibHoe conpo· 

THBJieHHe B 6e3BerpeHHYID DOfO)l,Y MJIH rrp11 HecHJihHbiX Berpax .llO 10 Mfc, 
rrpl{ KaKOBhiX ycJIOBHHx .11 rrpoH3BO.llHJIHCh HCflhiT3HHH .UJIH onpeAeJieHHli 

w; H W/ 1
• B npe)l,eJiaX CKOpOCTH Berpa OT 0 )l,O 10 MjC BJIH!IHHe 

serpa Ha conporHaJieHHe rrpaKrHL!eCKH Heomyri1Mo. flp11 60Jibllleft me 

CKOpOCTH Berpa B cPOPMYJibl W/ 11 W/' CJie.z:r:yer BBO.lli1Tb rronpaBKY ITO 

cpopMyJie: 

w, = 0,005 (v- 5)a tufm, (72) 

Hso6pameHHOti: rpa¢HI.JeCKH Ha cprrr. 103. 3.z:r:ecb W
6 

ecrb nooasotJHoe 

CJiaraeMoe, KOTOpOe .ll0JI)I{H0 BKJI!Oti3TbCH B W
0

, a V-CKOpOCTb BeTpa 

B M/C, He33BHCHMO OT ero HanpaBJieHH!I. <f>OpMyJia-rpy6aH H ,naer 

TOJihKO IIOpR)l,OK UHcPp, DOCKOJibKY He YtiHTbiBaeT HarrpaBJieHH€ Berpa, 

po,n 11 Harpy3KY BafOHOB, ,UJIHHY IIOe3.z:r:a; IIp€'.QJIO)!{eHa l1HCTHTYTOM 

THrH Ha OCHOBaHHH co6crseHHoro onhrra H orrbrra .nopor. 

41. ]:{ooaBo'IHOe conporuuJieHHe or HH3I(OH teMneparHpbi w H' KaK 

Bblllle 6hiJIO YK333HO, cPOPMYJibl wo' 11 wo'' )l,aiOT y.ueJibHOe COll!JOTHB 

JieHHe rrp!I TeMneparypax so3,nyxa shlrne-1 0°. flpn Mopo3ax conpo

THBJieHHe B03pacraer 33 CtieT yae,1HlfeHHH BH3KOCT!1 CM33Kl1 B 6yKC3X. 

Tip!I pOJIHKOBbiX f!O)llliHDHHK3X yseJIHtieHHe COllpOTHBJieHHH He3H3tiH

T€JihHO; ITPH o6wmorx no,nrnHrrHHKax rpeHHH yseJIHtie~me W0 otieHb se

JIHKO rrp11 Mallh!X CKOpOCTSIX H MeHee 3H31.JI1TeJJbHO npH 60JiblllHX CKO

p0CT5IX. 

Ha cpnr. 104 H306palKeH xa paKrep BJII1HHHH HH3KOti reMrreparypor 

Ha conpoTHBJieHHe ITPH pa3HhiX cKopocrHx. EcJIH cnJIOlliHaH HI:DKH5lH 

l<pHB3H 11306pamaer y)leJibHOe COIIpOTIIBJieHHe W0 ITO O)lHOH H3 cpop-    
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wyJI 43-53, r. e. JJ.JIH ycraHOBHBrnerocH .U:BH>KeHHH npH THxofi rroro.n:e 
H TeMneparype BbiWe 0", TO cpe.llHHH CriJJOWH3H I<p!iB3H H306pamaeT 
w, npu rex me ycJJOBIHix, uo npH reMneparype-20•, a aepxHHH KpH
aaH-npH re-Mneparype-40•. Bee rpH KpHBble-npHME'pBbie a ,ZJ,a!OT 
TOJlbKO nopH.l{OK ll,H.!flp. B npe.n:eJJaX MHHHMyMa COnpOTHBJieHHH K3lli.ll3R 

iii 
5 ! 

~ J/ 
I ' 

J 

2 

f 

10 20 30 
«<lur. 103 • .l{o6aoo'!HOe conpomanenue or oerpa. 

KpHBaH rrpose.n:eHa roncrofi JIHHHetf: o renny10 rroro.n:y-or 10 KMjq 
.l{O 20 KM/'l, npH-20" OT 15 KM/'l JI:O 25 KM/'1. H rrpH 40"-or 20 KMjtt 
AO 30 KM, 1l. CJJenoBareJJbHO, c noHH)f{eHHeM reM neparyphi BhlrO.llHO no
BhlUI3Th CKOpOCrH. HH)f{HHH nyHKTHpH3H KpHBaH H306pa>KBeT xapaKrep 
COnpOTHBJJeHHH npH pOJiliKOBblX 6yKC3X, npaKTH'IeCKH He33BHCH!llefO OT 
TeMneparyphl lC He3H31U!TeJihHblM nOBblllleHHeM npH llOHH)I{eHHH TeMne
parypbl). 

DpH H3IIIHX 06bJl1Hb!X CKO· w;·,.:o----r-----r----,-.---, 
pOCTllX Ha npe.lleJibHblX llO.ll'b· 
eMax (.U:JJH roaapHbiX noea.n.oe) 
Or 10 KM/ll .llO 15 KMjlJ yae-
J!HlJeHHe COnpOTHBJJeHHH OT 
HH3KOH TeMneparypbi flO.lllJHHH• 
ercll CJie.n:yiOlll.ei1 <J>opMyJie, npe.n:- & 
JJaraeMoti I1HcrHryroM THm .llJIH 
o6hiiJHoro no.n.BH)f{HOro cocraaa 4 
C 6yKC3MH rpeHHR, H3 OCHOB3· 
HHH MHOfOJieTHero ODbiTa: 

WH=0,002 t2 K:?/.m, {73) v 
H3o6pa)KeHHOH rpacp1111ecKH Ha «<»ur. 104. BnHRHMe HM~J<ol\ reMneparypbl H& 
~Hr. 105 JlJJR ycTaHOBHswerocH conporMsneHne • 

.llBH)f{eHHH, T. e. Kor .n.a 6yKm y)f{e uarpeJIMCb H MX reMneparypa nepecrana 
riOBbiW3TbCH, c!JopMyJia 73 .l(aer HeCK0;1bKO npeyaeJIHlJeHHble peayJib
T3TbJ, T. e. <J>opMyJia 73 HME'er HeKOTOpblH He60JibliiOH 33IT3C H3 He 
BTIOJIHe YCT8HOBHBWYIOCH TeMneparypy oyKC H t-13 cnyllaHHOe lTOHH)f{eHHe 
CKopocr» .liO 7-8 KM/'l. TeM He MeHee, npM ornpasJJeHHH co craHllHit 
lTOCJJe CTO.HHKH 60Jiblile llOJiyqaca, BO BCeX CJJyqa.HX TOl!HhlX p3CIJeTOIJ 
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K conporHsnemno noeJ.n;a Ha nepab!x 3 K.M cne.n:yer npHoasHTb eme 

0,5 K2/m. 
l1raK, HanpHMep, ecJTH s nerHJOJO rHXYJO noro.lly corrporHBJieHHe 

npH ycraHOBHBllleMCH .li.BH}I{eHrlll, np11 CKOpOCrH 10-15 KM/ll paBHO 

2 Kcjm, TO npH rex }l{e yc,JOBHHX TIOCJie .D:JIHreJibHOH CTOHHKH, Ha nep· 

Bh!X rpex KHJIOMerpax OHO paBHO 2,5 K2(m; npH 9THX }l{e YCJIOBHHX, 

HO npH TeMneparype -20°, OHO paBHO B Cpe.LI.HeM 2 + 0,5 + 0,8 = 
= 3,3 Kcfm; rroc.ne npoxo.rr.a uecKOJibKHX KHJIOMerpoa .rr.ooasoK 0,5 ·yMeHb· 

rnaerc11 .11.0 HYJIH H W0 craHOBHTCH paBHhiM 2,8 K2/m. 

% 
5r---r---,--,,--,---,---.---.---.--~---

3~--r---~--+---+---+---+---4-~+---r-~ 

2~--r-~--~--~--~---+ 

' 

-10 -20 -JQ 

Cfl11r. 105. }J.o6aao11uoe conpornsJieH!Ie or uusKoli reMneparypbl. 

42. ;::t:ooasoquoe conporusneuue npu rporauuu c Mecra. B MOMeHT 

rporaHHH C MeCTa COIIpOTUBJieHHe JIOKOMOrHBOS H saroHOS 3H3lfHreJihHO 

BbiiiJe, l!:eM BO speMH .li.BlDKeHHH, 'ITO HBJIHeTCH CJie.li.CTBHeM 60JiblliUX 

CHJI COIIpOrHBJieHHH B OCeSb!X llleHKaX 11 COnpOTHBJieHHH nepeKarhiB3· 

HHIO KOJieC ITO peJibCaM B MOMeHT TporaHH!I e.li.HHUIJ,bl IIO.li.SH}I{HOrO 

cocrasa. floBbillleHHOe conporHBJJeHHe B IIJefiKax npoHcxo.rr.Hr or 
0 u 

TOHKOrO CJIOH CM33KH: Me>K.LI.Y llleHKOH H UO,lJ.IIIHIIHHKOM H OT IIOBbillleH-

HOH BH3KOCTH XOJJO.D:HOH CM33KH; IIOBblllleHHOe }l{e CODpOTHBJieHHe 

rrepeK3Tb1BaHHH KOJJeC I!pOHCXO.li.HT OT B.11.3BJIHSaHHH KOJieC S peJibCbl. 

B nepsbre MOMeHTbi nocJJe ocraHOBKn, corrpoTHBJieHne npH rporaHHH 

C Mecra TOJibKO HeMHOrHM rrpeBhllllaer HOpM3JlbHOe COIIpOrHBJJeHHe 
0 u 

SO speMH .li.BH}I{eHHH, HO C K3JK.li.OH MHHYTOH CTOHHKH CO!IpOTHBJieHHe 

IIOBhiiiJaercH (reM cKopee, qeM HHJKe reMrreparypa), .rr.ocrnraeT csoeti 

H3H60JibllleH BeJJH'ljHHhl MIIHYT qepe3 20-30 IIOCJie MOMeHTa OCTaHOSKH 

If .11.3Jiee OCT3eTCH IIQ'ljT!f IIOCTOHHHb!M. 

llo6asoqHoe corrporHBJieHHe np11 rporaHrm oqeHb seJIHKO 11 co

crasJIHer npHMepHo 15 Kcjm s npe.n:rroJioJKeHilH, qro see saroHDI noe3.n;a 

11 rrapOB03 C TeH.rr.epOM TporaJOTCH B O.LI.HH H TOT JKe MOMeHT. B ,ll,et!

CTBHTeJibHOCTH 3TOrO HHKOr .11.3 He 6bJBaer, TIOroMy I!:TO, K3K 6bl CH!!bHO 

HH 6hiJI pacTHHYT noe3.LI., see }l{e e,li,HHHU:bl ero (rraposo3, TeH,u;ep, 

Ka>K.rr.wt! saraH) rporaJOTCH rrocne.rr.oaareJibHO, a KaJK.rr.aH rpoayawaHCH 

e.rr.HHHU3 HeMe.LI.JieHHO yMeHbiiiaeT CBOe COIIpOTifBJieHHe. 
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no3TOMy, JI.06a BO'IHOe COTipOTHBJJ€HH€ npH TporaHHH C M€CTa 
JI.OBOJJbHO HeonpeAeJJeHHO, T8K KaK 38BHCHT OT CTeneHH H8THHYTOCTH 
HJIH CJKaTOCTH CU€TIHhiX H y.uapHbiX npH60pOB. noace,UHeBHhlfi Oflb!T H 
Cll€UH8JibHbie l!3MepeHHH CHJJbl THfH rrpn: rporamm YK33b!B310T Ha TO, 
'ITO .rr.o63BOIJHoe conporHBJJeHHe npH rporaHHll c Mecra o6hi'IHhiX rosap
Hb!X IlOe3,LI,OB Ha BHHTOBOA CTHJKKe yaeJIH'IHBaeTCSI C yBeJIHI.JeHHeM 
KPYTH3Hbi no.uoeMa, no cJJe.uyromeii: !lJopMyJJe, .uaromeit HeKoropbie 
cpe.UHHe uM¢pbi: 

(74) 

Y seJJM'IeHHe aroro .uo6aBO'lHoro conporHBJieHHH c yseJIH'IeHHeM 
KpyrH3Hbi DO.ll'heMa BnOJIHe nOHHTHO, raK KaK Ha KpyrbiX no.uoeM3X 
noea.rr. CHJihHO pacrJHHBaercSI; npH TOJJK311e me aaJLHHSI 1!3CTh noeaJLa 
CIKHMaercii. TaKoe cocroHHHe noea.ua aacraBJIHer 6paTh ero He nocre
neHHO (saroH aa saroHoM), a cpaay. KpoMe roro, npH rporaHHil Ha 
no.uoeMe aa.UHJIH qacTh cocrasa MOmer oi<asarbcH eme B npouecce 
ornycKa ropM030B. HeMe,UJJeHHO rrocJie rporaHHJI c Mecra wm rra)J,aeT 
)1,0 HYJISI. 

HanpllMep, eCJHI riOe3)1, OCT3HOBHJICH Ha TIO.ll:'beMe ik=9,20fo0, TO li.JIJI 
roro, 1JT06bl rpoHyTh ero c Mecra Ha.uo npHJIOJKHTh ycmme B cpe.LI.
HeM He M€HhiiJe 2+9,2+2+0,3 · 9,2= 14,1 Jc2jrn, rJLe nepsoe CJiarae
Moe eCTb W

0 
rrpH CKOpOCTH 10 KMjfJ.. B CJiyiJae MOpoaa-30° IlOTpe6y

eTCH yme ycHJIHe 14,1 + 1,8 = l5,9 Jczjm, a npH TaKOM IKe Mopoae 
c serpoM 15 Mjc, norpe6yercH ycHJIHe 15,9 + 0,5 = 16,4 K2/m. 

EcJIH )!{e rroeaJL npocroHJI 6oJihiiJe noJiyqaca, TO so scex cny11aHx 
Ha.uo npH6aBHTh )J,JIJI rporaHHJJ eme 0,5 K2jm. 

n p II M e p. KaKOBa )1,0JI)!{H8 6hiTb CHJia THrH ,UJU1 rporaHHH TIOe3.[3 
c MeCT3 Ha rrpHMOM no.rr.oeMe B 20fo0 npH 6easerpeHHOM Mopoae- 20" 
H ,UJ151 TIOCJie.LI.yJOlll,eii: )1,3'111 eMy yci<opeH11Jl: B 10 KMjfJ. 33 MHHJTY, T. e., 
11T06b! 11epe3 O.UHY Mimyry era CKOpOCTb 6biJia pasHa 10 KMjfJ. • 

.LlJIR rporaHHJI c Mecr3 norpe6yercH 2 + 2 + 2,6 + 0,8 = 7,4 K2jm, 
a JLJISI nocJieJLyiOlll,ero ycKopeHIHI 2 + 2 + 0,8 + 0,5 + 5 = 10,3 K2jm. 

B )J,eii:cTBI1TeJibHOCTH, 33JLHHe saroHhi rporaiOTCH c MecTa IJepea 
HeCKOJibKO CeKyH.LI. (HHOf,U3- )J,eCJJTKOB CeKyHJL) TIOCJie rporaHHH rrepe.u
HHX, ll Ha 9TH nepBbie CeKyH.!Ihl norpe6yeTCH CHJia, Cp€iiHHH MeJK.IIY 
7,4 Kcjm H 10,3 Kcfm. 

43. Ba)I{HOCTb u B03MO)I{HOCTb yMeHbllleHHH conporHBJJCHIIJI DOI'\BH)I(
uoro cocrasa. C MexaHnriecKoif TO'IKH apeHI1H, BCH ra rerrJioBaR 3Hep
fHH, KOTOpaH IIOJIY'!8eTCH B TOTIKe napOB033 HJIH B UHJIHH,Upax BHYT· 

u 0 

peHHero cropaHHH renJiosoaa, 11JIH Ha ueHTp3JihHOH 3JieKrpuqecKOH. 
b 

CT3HUHH rrpn 3JieKTp11'1eCKOH TSire,-BCH 3T3 TellJIOB3JI 3HeprHH MOIKeT 
6b!Tb p83,UeJieHa Ha )J,B€ 'IJCTH. nepBaR 60JibiiJaJI lJ3CTb B BH.Ue TellJJO· 
sofi .lKe 3HeprHH, HO y)i{e o6ecueueHHOH, p3cceHsaeTCJI B oKpylKaiOII.LYIO 

" cpe.[y Henocpe,UCTBeHHO JIOKOMOTHBOM HJIH H3 I~eHTp8JibHOH CTaHUHH . 
.Llpyr3R IJ3CTb, MeHbillaJI, CH3 qan3 npespam3ercJI a MexaHHIJeCKYID 
pa6ory, a 3aTeM sce·raK11 TO)!{e B o6ecueueHHYIO TeTIJIOBYIO 3Hepn!IO, 
pacce.HB8IOIUYIOCH B npocrpaHCTBO. 

CJie.lloBaTeJibHO, yMeHhiiJHTh pacxoJL ronJinBa H3 nepe.usn.lKeHHe 
T10e3li.OB MOIKHO )l.BOJlKHM nyreM: 11JIH T10Bblill3Th K09qJHUHeHT OOJ!e3· 
HOrO )J,eikTBHH J!OKOMOTHB3 (CHJ!OBOH CT3HUH11), HJIH yMeHbiiJ3Tb COTipO· 
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THBJieHHe nO.!I.BH>KHOro cocrasa. 06a nyrn coaepmeHHO paaHoueHHbl. 

Y BeJII14HB, HanpHMep, K09tPHUHeHT IIOJie3HOrO .LI.eiicTBHSl JIOKOMOTHB3 

H3 200fo ( BMeCTO 0,05 c,neJiaTb 0,05 HJIH BMeCTO 0, 0 C.!J.eJI31 b 0, !2), 
Mhl COKpaniM p3CXO.ll. TO!I.IHB3 H3 20%; yMeHbWHB o6mee CO!lpOTHBJie

Hl-Ie noli.BH>KHoro cocrasa Ha 20% (HanpHMep, BMecro cpe.LI.Hero 33 

neperoH, BKJI1043SI CO!IpOTHBJieHHe OT llO.ll.'heMOB H KpHBbiX, 4 KZ/m, 
C,l(eJI3Tb 3,2 KZ/m), Mhi C0Kp3THM pHCXO.ll. TOfiJIH:B3 Ha Te >Ke 200fo. 

PenJibHOe 11 3H34HTeJibHOe rroHH>KeHHe conponmJieHHH MO>Ker 6blrh 

.!I.OCTHrHyTO CJiel{JIOIUHMH llHTb!O fJI3BHb!MH: cpe.li.CTB3MH: 

I) yMeHbmeHH:eM KOJ1HIJecraa 11 Kpyrrr3Hhi raK H33brsaeMhiX apeJI.HbiX 

crryCKOB, H3 KOTOpbiX COCT3Bbl npf1XO,l(HTC51 TOpM0311Tb BO H36e)KaHHe 
v 

pa3BHTHSI IJpe3MepHbiX CKOpOCTeH, T. e. HCKJCCTBeHHO yaeJIH4HB3Tb 

C011pOTHBJieHHe noea.n:a; OC06eHHO .li.JIHHHble If Kpyrble C!IJCKH, He liO.ll.

,li,310IUHeCSI 4JH3H4eCKOMJ JMeHbllleHHIO, CJieJI.yer .9JieKTPHtPfll.{HpOB3Tb 

c peKynepaur~eif, T. e. c rrpeaparueHHeM pa6orbl HCKyccraeHHoro corrpo

THBJreHHH (ropMO)KeHHH) B 3JieKTpH4eCKY!O 3HeprHIO, K3K 3TO C.!l.eJiaHO 

c CypaMCKHM rre~esaJioM 3aKaBK. )K. a.., 2) yJiyl!weHHeM Ka4ecrsa Hepx

Hero CTpOeHHH rryrH: liOBbiiiieHHeM rrpaBHJibHOCTif If )KeCTKOCTif pe!lbCO

BOH KOJieH, CB3pKOH CTb!KOB (K CQ)K3JieHH!O Tpe6y!Oli.leH Cnei..{H3Jib

HOfO aepX'12rO CTpOeHffSI IJYTH ,ll',JIH npOTIIBOlJ.eficTBHfl pacnopy peJib

COBOH KOJielf OT rrepeMeH TeMneparypb!) me6eHOl!HbiM 6aJI3CTOM; 3) 
IIOBbiiiieHHeM cpe,l(Heif Harpy3KH H3•0Cb, KOHel!HO 8 pa3yMHb!X npea.e

JI3X, He npeBocxOJUI 18-~0 m rrpH cymecrayiOmeM rryrw; 4) yrropH

JJ.04eHHeM 6yKCOBOrO X03HHCTB3 If BBeJJ.eHHeM pOJIHKOBbiX nO,LLIIIHIIHH

KOB; IIOCJie,LL!lee OC06eHHO B3)KH0 .li.JIH TOBapHoro nO,LLBH)KHQrO COCTa· 

Ba IIpH paBHHHHOM npotlJHJie B XOJJOJI.HOM KJIHM3Te (Tp0f3Hife C MeCra 

H MaJible CKOpOCTH), HO rpe6yeT 60J!bllll1X nepBOH343.1JbHbJX 33Tpar; 

5) YJIY'IIIIeHHeM Hapy)KHbiX oqepraHHH nO.li.BH)KHoro coCTasa, r. e. 

JHH'ITO}KeHHeM Bb!CTJ03EOIUHX 43CTefi, BBe,ll.eHHeM 33Kpyr .lleHHbiX rop

UOB y Kpbiiii, yMeHbiiieHHeM npOMe)KyTKOB Me)Kny B3f0H3MH, BBen.e

HHeM 3aKpb!ThiX nepexo.n:os; yJiy'lweHue Hapy)KHbiX 04epraHIHi (o6-

reKaeMOCrb) HMeer 3H34eHH:e TOJib!{O ,ll.JIH ll0]1.8H)KH0f0 COCTaB3 60Jib

II10M cKopocnt:. 

ITOHH~eHHe conporHBJieHHH nO.li.BH)KHoro cocrasa rrMeer ocooeHHO 

60Jibwoe 3Hal!eHHe .li.JIH a.opor paaHHHHoro npotlJHJIH. 4eM 3Y6'1aree 

npocpR,1b, TeM MeHbiiiY!O pOJib Hrpaer conpOTHBJICHHe W0 (Ha npHMOH 

rOpH30HT3JIH), OC06eHHO TOBapHOrO llO,ll.BH)KHOrO COCT3B3 1 nOTOMY 'ITO 

H3 IIO,LL'beMaX nepseHCTBJIO!UJIO pO.IIh Hrpa2T COl1pOTHBJieHHe OT llO,ll.'h· 

eMa, a Ha cnycKax rosapHhle (a.a H nacca~HpCKHe) noea,ll.a Bee paBHO 

npHXO.!I.HTCH TOpM03HTb, 
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FJJABA IV 

TOPM03HASI CHJIA UOE3J(A 

44. OnpeAeJieHHH. TopM03HhiMH CMJI3MM H33hiBaEOTCH noJIO>IUITeJibHhie 

npoeKUMH. ua uanpaaJJeHMe, nporHaonoJIOJKHoe .D.BMJKeHMIO noea.D.a, 

BHeWHHX, Bbl3biB3eMbl){ ITO Mepe H3.D.06HOCTH If ynpaBJIHeMbiX l!eJIOBe

KOM CIM, ,l:\etl:CTBY!OIUHX Ha II023Jl., To H3M60Jihiiiee 3H34eHMe CYMM~ 
TOpM03HbiX CHJI, Ha ITOJIYlleHHe KOTOpOH B CJiyllae H3)!.00HOCTH MOJKHO 

u u v 
Ha.D.eJKHO p3CCl!HTbiB3Th, H33biB3eTCH pacl!eTHOH TOpM03HOH CHJ!Oll 

noea11.a. 06hil!HO JKe ee H33hiBaJOr ropM03Holt CHJIOH noe3.D.a, rronpaay

MeBaH ee uaH60JJbiiiee pacqeruoe 3HalleuHe. TopMo3Hbie CHJJhi Bbi3bl

aa!OrcH HCKJIJ04HTeJibHO C IIOMOII.lh!O peJibC CJie.llyJOII.lHMM rpeMH Cl10· 

C003MM: 1) npHJK3THeM TOpM03HbiX KOJ!Oli.Ol< K KOJieCaM HJIH K )l.HCK3M 

H3 OCHX; 2) npeapall.leHHeM rrapOBOH M3llllfHbl napOB033 B H3COC (KOHTp· 

nap) HJIH npeapall.leHHeM MOTOpOB 9Jiei<TpOB033 B reHeparOpbi TOK3 

(peKynepai..J.HSI); 3) 33KJIHHflB3HHeM OCefi 03lllM3K3MM. 

1--h 3H!X crroco6oa o6Il.leyrrorpe6HreJihHbiM Hl:lJIHercH rOJibKO nep

Bblfi CIIOCOO, BCJiellCTBMe B03MOJKHOCTH IIOJiylleHHil OlleHb 60JiblllOH 

TOpM03HOrl CHJibi rrpH H3H\feHblllHX peaKUMliX MeiKJI.Y B3rOH3Mll IIOe3.ll3 

u H3JiiJIY4lllei1 peryJJHpyeMocrH. BapHauroM rrepaoro cnoco6a HBJIHercH 

rrpHJK3THe TOpM03HblX l<OJIO)l.OK He K KOJicC3M, 3 K CIIeU.H3JibHbiM IIIKll· 

B3M HJIM .LIJICI<3M H3 OCHX (Harrp , B Tp3MB3liX). 

Bropotl crroco6 a cJJyttae rrapoao3a neiiieB no nepaoual!aJibHhiM 

aarparaM (He rpe6yer rrouM HMKaKoro norrOJIHHTeJJbHOro o6opynoaa

HHR), uo nopor B aKcnJioarauMH, raK I<aK paccrpaHaaer MaiiiHHY rrapo· 

B033; KpOMe TOrO, STOT CIIOC06 MOlKeT IIpHMeHHTbCH TOJJbKO KpaTKO· 

BpeMeHHO, II CHJI3 ero OrpaHII4eHa CU.eiTHbiM BeCOM rrapOB033 1 TOr )!.3 KaK 

TOpM03Hafl CHJJ3 IIpH rrepBOM CIIOCOOe orpaHHileHa BeCOM, npHXO· 

ll.llll.lHMCH H3 BCe OCH, CH30lKeHHhle TOpM03Hb!MH KOJJO,[\K3MH. 

Bropoii cnoco6 B cJiyl!ae 3neKrposoaa c peKynepau.Hefi OlleHb 

Bbrroneu B 9KCITJioaraU.HH Ha llJIHHHhiX KpyrbiX cnycKax, rpe6yEOII.lHX 

li.JIHTeJibHOrO CHJibHOrO ropMOlKeHHll, T3K K3K pa6ora TOpM03HOH CHJibl 

npeapall.laercH a 3Hep 1110 aJJeKrpH4ecKoro roKa, aoaapall.laeMyJO ua 

oJJeKTpocrauu.HJO. Ho ou rpe6yer cneu.HoJihHoro o6opynoaaHHSI 3Jiei<rpo

B030B H 3JieKTpHtteCKMX CT3HUMH H IIp3KTMqeCKH rrpHMeHHM TOJibKO Ha 

.U.JIHHHhlX KPYTbiX cnycKax. rrpu qeM B 9TOM cJiyqae ropMOJKeuHe rop

M03HbiMH KOJIO.llK3MH RBJilleTCH BCIIOMOraTeJibHbiM .li.JIH QCTaHOBOK Ha 

CTaHI . .\HHX H 33II3CHbiM H3 CJiyqaif IIOp4H 3JieKrpHlleCKOrO 06opy.llOBa
HHH. 

TperHfi crroco6 acnencrarre rpynuocru ocyru.ecraJieHMH, ueua.QeJK· 

liOCTH, IIOp4H KOJieC H peJibC, npHMeH!IeTCil TOJibl<O Ha MaHeopax H 

liHOr .a,a K3K npe.QO>: paHHTellbHOe cpe.li.CTBO IIpll OCT3HOBKe nOe3.Qa H3 
no.n.beMe. 
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45. TopM03H8H CHJia 1(81( pe3ym,raT H8)1(8TIUI TOpM03HhiX I(O.!IOJ(OI(. 

Ha qmr. 106 H306pa)f{eHo KaTHW.eecH anpaso Koneco c ua}l{aroti Ha 

Hero KOJIO)l.KOH. OrHocMreJibHDe pacrroJIO)f{eHHe KOJIO.D;KH, rro.n;aeCK!i 

H KOJieca H pa3Mepb1 OTHOCHTCll K )l.BH:lKYI.l.lHM KOJ\eCaM rrapOB03a 

cepHH 3. 
Ha no.naecKy .neficrayer auyrpeHHSISI no ( rHollleHiuo K e.nHuwue 

no.n;BH)f{Horo cocraaa CHJia KL =A, Mcxo.n;str.uaH or ropM03HOfi nepe

JJ all H. EcJIM KOJieco crour, ro pa,n;HaJibHaH paauo)leticrayromaH CHJia 

MN =X, ypaauoseUIHBaiDmaH CHJIY A oruocHreJibHO TOIJKH onophl 0, 
JierKO H8XO)I.HTCll H3 ypaBHeHHH MOMeHTOB CHJI A H X OTHOCHT€JibHO 

TOl{KH 0: 
Xb =Aa, 

OTKy.na: 

X=A a 
b 

Ho, eCJIH KOJieco apamaercn, a TOl!Kax KacaHHll KOJIOliKH " 6aH

.u.aJKa IIOHI::JilliOTCil OIJibl tpeHHSI, B pe3J.(IbT3Te KOTOpbiX B DO)I.BeCKe 

IIO?.BHTCH )1.063B01JH3SI CHJI3 (.U.06aB01JH3ll- K CT3THl!eCKMM CHJI3M), 

paCTllrHB3IOI.I..l3H (KaK B HallleM IIpHMepe) HJIH C:lK3M310I.UaH IIO.D;BeCKy. 

3ra )1.063B01JH3SI CHJI3 B IIOJ(BeCKe B03)l.eHCTByer Ha KOJIO.UKY C CHJIOH 

MP, KoropaH, CKJia!LhlB3HCh co crarHIJeCKoti CHJIOfi H3)K3THH MN, 
H3MeHHT ee B )l.P.:HaMHIJecKyro CHJJY MR. flepeHOCHM 3TY CHJIY MR 
B TOliKY S, IIOliJll3eM CI-lJIY ST H pacKJI3J(b!BaeM ee ua pa,I(I:IaJihHJIO 

CHJIY SF (1I.eHCTBHT€JibHJIO CHJJY H3JK3THH) H raureHII.H3JibHYIO CHJIY 

rpeHHH SE. 
OIJeBH.UHO, IJTO SE =SF· rpk, r)le rpk- K03QJHI.(Heur rpeHHH KOJIOli.KH 

o KOJieco. C ,11.pyroti cropoHbi, H3 rpeyroJibHHKa ST F CJieAyer, IJTO 

SE =SF tg a. CJie.ncaareJihHO, tg a= rpk. 
MO)f{HO BhiBecrH, liTO: 

cos a a cos a 
Xrpk A fPk 

SE= 
cosP b cos {J (75) -

cos a c D cos a c D 
I =t= rp~ I =f rp" • • 

cos p b D+2d cos p /} D+2d 

r..ne: 

cos a I 
(76) --

cos p I +cp,.2 D 2 

CfJ~: 
t:p.,. 2 D+2d 

3uaK MHHYC B 3H3MeHareJie OTHOCHTCll K CJJY'I310, H306pa:lKeHHOMY Ha 

¢!Hr. J 06: KOJIO..li,Ka nepe..n KOJI€COM, a T01JK3 e- nepe,ll TOl!KOH 0 (no 

..li,BH}I{€Hl-1IO KOJieca); H3MeHeHHe O)lHOfO H3 9THX .UBYX YCJIOBHH BJielleT 

H3Meueune 3HaKa • 

.[LJIH BhlBO..ll,3 QJOpMyJl 75 H 76 npe..li,CT3BHM ce6e CH343JI3, 1JTO OCh 

BpameHHH IIO.D;BeCKH 0 nepeHeCeHa B TO'IKY e (QJHf, 106), T. e. IJTO 

CHJibi MN H MP cocrasJIHJOT MeJKAY co6ol1 npHMOi1 yroJI; CHJibl )!{e 

ST, SF H SE ocraJlllCh npe)f{HHMH. 3ro H3o6paJKeHo Ha Q1Hr. 107. 
01 ecTb HOBaH och apameHHH no)l.BeCKH; BMecro CHJJbi MP craJJa CHJia 

MP1, BMecro CHJJbl MN craJia CHJia MN1• 
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Donpe>KHeMy, SE=SF fJ!k· SE=SF tga H tga=rpt. ,lJ.aJJee, SF= 
=STcosa HST=MR= MN1

• 

cos p 
CJie)losareJibHO: 

M cosa 
SE = N1q\ · --. 

cos p 
H306pa>KeHHOMY Ha qnrr. 106, BepHeMCH onHTb K o6meMy cJiyl!aiD, 

cos a 
f{ onpe)leJIHM BeJIH'HI:HY qepe3 K03cplil . .lHeHT rpeHHH rpk, )I.H:3Merp 

cos{J 
I 

£, 

n 
¢1Hr, 106. TopM03H3Sl CHJia KaK pe3yJibT3T H3lK3TMll TOpMOlHOlf 

KOJIO.UKH (napOB03 3). 

KOJJeca D H TOJIIUH:HY KOJIO,li,KH (or nosepXHOCT!i rpeHHH ,11.0 lli3pHHpa) d. 
v(J TpeyrOJibHIU{3 MSSl CJJe)lyer, qro: 

sin i.. S1SM =sin a; 
sin p D 

• 

sin a D+2d' 

. p . D sm = sm a · ; 
D+2d 

cos (3 = 1- sin2 a 

cos a 

cos {J 

cos a --;:----=::::======-. 
1-sin2 a 

I 

D )2 

D 2 
• , 

D+2d 

D+2d 
1 

YMHOmHM l!HCJIHTeJJH H: 3HaMeuareJJH Ha If TIO,li.CT3BHM 
sin a 

• sm a 
-- =tga=rpk. 

cos a 
-

cos p 

cos a 

I --;:::=========== , HO 
1 D 2 

-
sin2a D+2d 

'-ITO H npHBO,li.HT HaC K cpopMyJJe 76. 

I + tg 2 a 1 +9'!1: - -
1 

- - ' sin2 a tg2 a rp!k 
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BbiBe.ll,eM IJ>OPMYJlY 75. nJIH li3CTHOro CJlyllall, 11306pa>KeHHOrO Ha 

«(>Hr. 107, Mbl BhiBeJI!1, liTO 

SE=MNlq>k cosa • 
cos p 

OIJeBH.UHO, liTo .li.JIH o6o611\eHwH HY>KHO eeJIHIIHHY MN1 BbipasHTh 

>tepe3 BeJIHIIHHY X =MN o6UJ,ero C•1YIIJH. 

MN=MN1+MP1 ·..:... 
b 

CHJia MP1 npuJio>KeHa K KOJlO,n;Ke, a CHJ!a SE npHJIO>KeHa OT KOJIO,li,KH, 

C.Jle,li;OBaTeJibHO, H3 KOJIO,!J;KY ITO 33KOHY ,n;efiCTBHll H rrpOTHBO,ll;eHCTBHB 

41ar. 107. TopMoaH&H CHJJa traK pe3ynbrar HaJI(aTHH rop
M03HOi1 KOJIOAKH (qaCTHblll CJIY'lali). 

Jl,eiicrsyer CHJra SE', paBH:lH CHJie SE H nponiBOnOJIO)I{HO eH: Hanpae· 

JleHH3H. CyMM3 MOMeHTOB Cr.JJ, ,ll,eHCTBYIOlllHX Ha KOJIO,QKy, OTHOCH· 

TeJJbHO ueHrpa KOJieca sl. npHBOAHT K YP<lBHeHHIO: 

MPl . D+2d = SE. !}__ 
2 . 2 l 

O'l'CJO,lJ,S 

MP =MN cosa • D 
1 l(jlk cos D D+2d 

CJie,n;OBaTeJib HO: 

M -M cosa c D X= N=MN1+ Ntq>k ·- · = 
cosp b D+2d 

1
- cosc c D 

=MN1 + p, cos{J • b. D+2d • 
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Ecnw no.ncrasHrb seJIHqHHY MN1 a <PopMyJiy 

M cosa 
SE = NIIf't: ' 

cos p 
TO M no.ilyq]M qJOpMyJiy 75. 

HerpyJLHO JLOKa3aTb, tJTO rpeyroJibHHKMSS1 anoJIHe onpe.n;e.ruteTCH 
D D 

TOJibKO BeJIHt)l:IH3MH ~"' 2 H 2 + d. ll.eficTBHTeJibHO: K orpe3KY ssl, 
D 

paBHOMY 2' npOBeJJ;eM B TO \IKe S JIHHHIO TM ITO.il yr JIOM a= arC tg (jl k 

M 33CelJeM .9TJ JllfHHIO H3 TOt)KH Sl .l(yrofi pa,!Uiyca D + d; IIO.'IY411M 
2 

rpeyroJihHHK MSS1• OrciOJJ;a cJieJJ;yeT: 

1) Ec.n If K09ctJH TJ1eHT rpeHIUI lf'k He MeH!IeTCH, TO paCITOJIOlKeHHe 

T0t)Kli S (TOlfk:H IIpHllO}!{eHHH paBHO)letiCTBYIO~efi .l(3BJieHl:lfl KOJIO)lKH 

H3 KOJieCo) He 33B~CHT OT CH.IIb! H3.>K3THH KOJIO)LKH. 

2) npH yseJI!fqeHHH K03cpHUHeHT3 TpeHHH !Ji,., liTO MO>KeT 1'5biTb rrpH 

yMeHbUleHIH! CKOpOCTif HJIH rrpH 33MeHe MarepHaJia KOJIO)lKH, TO'IK3 S 
yAa.JIHeTC!I OT cpeJJ;Hefi JIHHHH KOJIOAKH. 

3) On;HocropoHHHll: M3Hoc KOJio.a;KH yseJIHl!HBaeTCH ([JpH aeH3MeH· 

HOM Hanp3BJJeHHl:l Bpalll,eHHH KOJieca) C yBeJIHt)eHHeM K0.9cPHLtHeHT8 

rpeHHil tp11 H TOJ!ll.lHHbl KOJIO,lll\1-! d, 
4) HaKliOHHOCTb KOJIO.lJ.KH K Bbraopa·maamno yaeJIHl!HBaeTCH c ysem.f· 

l!eHHeM K03tlJHUHeHTa TpeHl:IH !Jik H TOJIIll,HHbi KOJIOJI.KH. JlJJH ooecrre· 

t)II83HHH KOJIO.LI.KH OT BhiBOpaqiiB3HH!I BCer,lla JI.OJI}!{HQ Ob!Tb C06JIIO.ll.eHO 

ycJioaHe, 'iro6bi rroJionHHa BbiCOTbi KOJIO.LI.KH 6brJJa He MeHhwe BblCOTlrl 

TpeyrOJibHHKa MSSv npoaeJI.eHHOH .H3 TOt)Kl:l S. 
2d cosa 2d cosa Dpn gJ,~,=0,2 .H = 0,3 =0,99; npH cpk =0,4 u =0,4 = 
D cosP D cosP 

2d 
= 0,96; TaK KaK ({'11 pe.llKO npeahlrnaeT 0,3, a peJI.KO OhlBaer 6oJibUJe 

D 
cos a 0,3, TO BO BCeX CJIY43HX MOJI<HO rrpHHHM3Tb 
cos p 

CJiyqae ~DpMy Jia 75 rrp HHHMaeT BH,ll: 

S E = ___ xrr'""'k'----. 
c D 

1-+-rn-·-
''kb D+2d 

paBHblM 1. B aroM 

(77) 

D 
CHJia rpeHHH SE .LI.aer MOMeHT OTHOCHTeJibHO OCH KoJJeca SE 2 . 

3TOT BHyrpeHHHH MOMeHT, HMeSI BHelllH!OIO onopy B peJibCe (B MfHO· 

BeHHOM uearpe Bpalll,eHfiH KOJieca), C03JI.aeT BHeWHIO!O TOpM03HYIO CHJIY 

S1£ 1, paaayiO CHlle TpeHHH S£ H Harrpaa,1eHHYIO or KOJieca 11epe3 rnet!Ky 

OCH Ha paMy e.lJ.HHHIIhi rrO.llBH>KHoro cocrasa. KoJieco, cJie.li.OBaTeJibHO, 

liBHHeTCH IIpOMelKJTOI!HbiM TeJIOM, nepeJI.a!Oll.lHM BHelllH!O!O CIMy, ITOJIY· 

lJaiOlllYIOCH 6Jiaron;apH H3Jif14HIO npOJI.OJibHOro yrropa B penbce. Ha .9T01' 

ynop s peJihce KOJieco .ll.eiicrayer c rrpOJI.OJibHOii CHJIOil S2E2 (pasHot'l 

CHJie rpeHHH SE), crpeMH~eticH yraaTb peJibC a cropoHy JI.BmKeHHSI 

noe3.n:a. 

QqeBH.li.HD, liTO eCJIH paMa earoaa (HJIH JIOKOMOTHBa) JI.eiiCTByeT 

Ha KOJieCO C MOMeHTOM SE • D , TO, o6paTHO, KOJieCO ,lleHCTByer HS 
2 
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paMy C TeM >Ke MOMNITOM, HO H8npaBJieHHhiM B o6paTHYIO CTOpOHy. 
TopM03HYIO CH.IIY MO>KHO npe,!I;CT3BI1Th ceoe npliJIO>KeHHOH He OT OCeBOH 
ruetlKI:I K rro.D:lliHllHHKy, a oT peJihCa K KOJlecy • .llJIH aroro, paccMarpH
saH e.UHHHllY 110li.BIUKH0f0 COCT3B31 K3K Dli.HO UeJIOe, rrepeHOCHM Ha 
KD.lleCO MOMeHT, .LI.eMCTBYIOlii.HH OT KOJieca Ha paMy; KOM6HH3IJ,Iill TOp
M03HOM CHJ!hl 51£11 ,!l;eHCTBYIOIU.eti OT rneHKH, C 3THM MOMeHTOM ,uaer 

TOpM03HYIO CHJJy 52£3 TOH lKe BeJIM!JHHhl, ,!l;efiCTBYIOlii.YID OT peJJhCa, 
H Oli.HDBpeMeHHO YHI14TO>K3eT MOMeHT. 

T0 1lHOe EbipalKeHHe TOpM03HOH CHJihl KO.I!Oll.Kii no <jJopMy.lle 75 
H rrpH6JJH>KeHHOe Bbipa)!{eHHe no cpopMyJie 77 a o6hll.!Hb!X pacqerax 
33MeHlleTCH OOJiee 11pOCThlM ( CT3THlleCK11M): 

A_!!_ <pk =X <fk· (78) 
b 

T c D 
aK KaK seJJH!Jima rpk • - · B rrpHMeHlleMhiX KOHCTPYKUHHX 

b D+2d 
Dl.!eHh MaJI3 no cpaBHeHHIO C e,D_I:IHHUeti, TO OT6paCb!B3HHe ee 11p3KTH· 
!JeCKI1 He MeHlleT cpopMyJibl 77, ,U3B3H BMeCTe C reM TO YJJ.06CTBO, 4TO 
p<'c4eTHaH ropM03HaH CHJia AJIH xona srrepe.D: 11 Ha3a.D: noJiy4aercH 

" . 
O,!I;HHaKOBOH H He 33BHCHT OT TOJilii.HHhl TOpM03HOH KOJIO!I.Kii. 

003TDMY p3C4eTH3H TOpM03H3ll CHJI3 O.UHOrO KOJieCa paBH3 npOH3Be· 
.D:eHJ110 craTHl.!ecKoro Ha>KaTHH KOJIO.LI.KH X Ha K03cpHuHeHT rpeHMH fiJk· 

Pa3HHIJ,a, .n.asaeMaH cpopMyJiaMH 78, 77 H 75 .LI.Jill naposo3a 3 np11 
HOBb!X (npoeKTHb!X) KOJIO.UK3X npH V =50 KMj'l (pacl!eTHblfi cpk=0,15), 
C.Jl e,D,y 10 lii.3H: 

130 

Do cpopMyJie 76: 
cos a 1 -----;:============== = 0,995. 
cos fJ 

0' 15 
1 + 0,152 

0' 152 

I 320 2 

1320 + 2. 145 

00 cpOpMyJie 78 (I1p.l:lf5JIHiKeHHO~ npaKTHl.!eCKOfi): 
a 345 

A -<p~c =A · 0,15 = 0,207 A= lCOOfo. 
b 250 

Do cpopMyJie 77 (npH6JilllKeHHOJi .ll.liHaMHlleCKOfi): 
a 

A-lP b ~ 0,201A 0 207A -------____ ___;,=.:.___;__ ___ = = 
c D 120 1320 

l-cpk. • 1-0 15. '-----
b D+2d ' 230 I 320 + 2 • 145 

1-0,059 

= 0,220A = 1 060fo (nepe,!I;HHft XOA); 
a 

A-lP 
___ b_k--= 0 205A =0,195A =940fo (sa.zr,HHA XO.zr,). 

1 +IP.t . .E._. _D_ 1 + 0,059 
b D+2d 

no ¢opMyJie 75 (TO'!HOH ,ZJ.HHaMHI!eCKOft): 

a ccsa 
A -IPk--

____ b __ co_s-'-[J-=- 0,207A · 0,995 

cos a c D 1 =f 0,059 · 0,995 ' 
1 TPk · -· --

cosp b D+2d 
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I.JTO )l.aer 0,219 A, r. e. 1060fo, Jl)I?I nepe.rr.uero xo,ll.a M 0, 194A, r. e. 

940/o JlJIH 33JlHero xo)l.a. 
DpH H3HO!IIeHHhiX ropM03HbiX KOJJOJlKax T04Hoe BbipaJKeHHe rop

M03HOii CMJ!bl eme 6JIHJKe K BblliHCJJeHHOMY no 06bi4HOH <!JopMyJJe 78. 
DpH )l.sycropoHHeM ropMoiKeHHH ropM03HYIO cn.1y KoJieca 6 y )!.eM 

rome o6oaHa4aTb ynpomeHHO~ <!JopMyJJoit X rp., HO IIOJl senli4HHOH X 
6yJleM nOHHM3Tb CYMMY H3JK3Tii~ Ha KOJieCO o6eHX KOJIOJlOK. 

8 roM cJJyiJae, eCJm KOJJOJli<a Jleil:crsyer ue ua nosepxuocrb Kara

HHH KO.JieCa, a Ha cneUH3.JibHblfi lllKHB, yi<pen.JieHHhifi H3 OCM, TOpM03H3H 

CHJ13 npH TOM JKe H3iK3TMH KOJIOJlKH yMeHblllaeTCSI B OTHOllleHHH )I.Ha~ 

MeTpOB IllKMBa H Kpyra KaTaHHH KOJieca. 

46. l{o31f!uu:ueur rpeuH.R ropM03HOii KOJIO.r.J<H rpk. Koa!PHUHeHr rpeHMH 

KOJIO)I.KH 0 KOJieCO rpk 33BHCHT, T3K JKe K3K H 60JiblllHHCTBO SIBJieHHH 

B IT pH p OJle, OT MHOrHX np HIIMH. 3an;a 4a TeXHHKH- BblSICHIHb r JJ3BHbie 

npHIIHHbi M or6pocHTb BropocrerreHHhie JlJIH ynpomeHHSI HJIH .name 

JlJHI npaKTH4eCI<oit soaMOJKHOCTH pacY:eros. Ko3tPHUHeHr rpeHHH KOJIO)I.KH 

fJ!k CHJ!bHO 33BHCHT OT CKOpOCTH, a HMeHHO, yseJJHliHBaerCSI C yMeH.b· 

wemreM CKOpOCTH; 3TO -fJI8BH3H 33BHCHMOCTb, 

KpoMe TOfO, cpk 33BHCHT OT yJleJibHOfO Jl3BJieHHSI KOJIOD.KH Ha KOJJeco: 

c yMmommueM yoeAbTW~o oae.wwR TWJrjjuqumm mpetwfl yee.rw. 
r.tueaemcR: no 3TOI1 npH4MHe .n.sycropouHee ropMomeHwe KOJieca BbHOJl

Hee O)tHOCTOpOHHero, He rOBOpH yJKe 06 OTCYTCTBHH npH llOCJie)I.HeM 

ropH30HT3JibHOf0 JtaBJieHHH Ha OCb, 33KJIHHHB3IOIJJ.ero 6yKCY B 6yK· 

COBb! X Hanpa BJISIIOIJJ.HX l!JHI M3rM6310IJJ.ero HXj Pk 3aBHCHT T3KiKe OT 

npO,li.OJiiKMTeJibHOCTH H3JK3TMH KOJIO,li.KH H3 6aH)l3JK: B nepBbie MO· 

MeHThi nocJJe npuJKaTHH rpk 6oJibllle, a aareM HeCKOJibKO yMeHhiiiaerca 

acJieJlCTBHe npHII1JJH¢loBKH KOJIOli.KH K 6au)l.amy; rpk 3aBHCHT or ycJio

BHH norOD.bJ: BJiara ero yMeHblllaer. KoHcrpyKUHH 6yKc M yxo,ll aa 

HHMH raKJKe oKa3hiBaiOr BJIM51HHe Ha cpk: npH nJioxoti KoHcrpyKUHH 

6yKCbl H.JIH rrp11 IIJJOXOM YXOJle 3a ee 3311HHM 33TBOpOM CM33K3 113 

6yKCbl CTeKaer Ha crynHUY KOJJeca, ueHrpo6eiKHOH CHJIOH pa3HOCHTCH 

Ha 6aH,ll3lK, CM33biB8eT ero If IIOHHiKaeT cpk· 
)lJJH pacqeros Pk npHHHMaercH aasHCHIUMM TOJJbKO or r JiaBHoro 

H JierKo yqHTbiBaeMoro o6croHreJihcrsa- cKopocrw noe3Jla V, BBHll.Y 

TOro, tiTO BCe OCT3JJbHble tP3KTOpbi rpk He U0Jl)I.310TCSI yiJery. 

)lJni He6.naronpHHTHbiX YCJIOBHH K03¢JHUHeHr rpeHHSI KOJlO.LlKH 0 6aH• 

1{3.)!{ IIpHHHM3eTCSI no tPOPMJ.Jie: 

cpk=0,2 -0,002 v + 0,0000065 V2• (79) 
Opll CKOpOCTHX ,n.o 80 Kl'lljtz MOlKHO UOJib30B3TbCH 6o.nee npocrofi 

qJOpMyJJOH: 

rpk=0,2-0,00l5V. (80) 
.llJJH cpe.ZI.HHX YCJIOBHH K03cpHUHeHT rpeHHSI MO.IKHO CtiHT3Tb Ha 20% 

BI:.Ime, no <!JopMyJiaM: 

cp1,=0,24- 0,0024 V + 0,000008 V2, (81) 
fPk=0,24- 0,0018 V (,li.O 80 KMjr.t). (82) 

0pll 6JiaroTiplHITHblX YCJJOBMHX K03tPHUHeHT rpeHHSI rpk MOiKHO 
Cl!liT3Tb Ha 50% Bblllle, nO tPOpMyJJaM: 

cpk=0,3- 0,003 V + 0,00031 V2, (83) 
cpk=0,3 -0,00225 V(.n:o 80 KM/tt) (84) 
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no.zr. He6JiaronpHHTHbiMW YCJIOBHS!l\.1!1 IT0HHM3lOTCSI f JJ3BHbiM 06pa30M 
33TSI>KHbie CITJCKH: C CHJibHblM HarpeaaHHeM KOJIO.li.OK H KOJJeC 
If ropeHHE:'M CM33KH, IIOIT3.!1.8iOII.lei1 B pa3>KH>KeHHOM COCTOHHHH li3 6yKC 
Ha noaepXHOCTH K3T3HHSI KOJieC, H 60JiblllHe y .UeJibHbie ,li,3BJieHHSl Ha 

KOJIO,ll.KH (Hanp. rpy>KeHbiH pe>KHM B03,li,YlllHOfO TOpM033 npH O.li.HO· 
CTOpOHHeM TOpMO>KeHHH). 

!{ml 33TH>KHbiX crryCKOB CBhlllle 20% 3H3'-!eHHH K09(jJHUHeHTOB TpeHIUl 

ITO tiJopMyJiaM 79 H 80 ,li,OJ1lKHbl 6biTb nOHI:UKeHW Ha 5o/o, a ,nJISl 33TH>K· 
Hb!X crrycKoB CBbillle 250fo- Ha I OOfo. 

Pacqer no ¢opMyJJaM 81 H 8 2 MO}KHO .li.Onycnnh TOJibKO .D.Jill cnycKOB 

He Kpyqe 15°/60 . 

Pacqer no cpopMyJiaM 83 H 84, K3K oomee npaBHJIO, He JlOnycKaercst. 

B ra6JIHUe 12 npe.zr.craBJIEHhl IIHCJJOBbie BeJJHIIHHbi rpk no seeM llleCTH 

cpOpMy.naM .li.JHI pa3Hb!X CKOpOCTefi V. 
Ha cpHr. 108 aTH me cpopMyJJb! npe.li.CTaBJJeHbi rpacjmtJeCKif. Urr4Jpbi 

y KpHBbiX 0603H31..[3KJT l:IOMep cpOpMyJJbl B TeKCTe H B ra6JI. 12. 

TABJIUUA 12 
l{oaiJIHQUeHT TpeHiffl I(OJIO,I:IKU 0 I(OJieCo lfk 

~ qt•Jibl 

79 80 81 82 83 84 

v 

0 0,200 0,200 0.240 0,240 0,300 0,300 
10 0.180 0,185 0,217 0,222 0,271 0,277 
20 0,162 0' 170 0,195 0,204 0,244 0,255 
30 0,145 0, !55 0.175 0,186 0,219 0,232 
40 0,130 0,140 0,157 6,168 0,196 0 210 

51] 0,115 0' 125 0,140 0,150 0,175 0,187 
60 0,103 0' 110 0, 125 0. 132 0,156 0 165 
70 0,092 0,095 0.111 0' 114 0,139 0,142 
80 0,082 0,080 0,099 0,096 v' 124 0,120 
00 0,073 - 0,089 - 0, Ill -

100 0,065 - O,C80 - 0,100 -
110 0,059 - 0 073 - 0,091 -
120 0,054 - 0,067 - 0,084 -
130 0 050 - 0,063 - 0,079 -
140 0,047 - 0,060 - 0,076 -

Ha CTOflHKe K034JHI.tfieHT rpeHHfl fPk MO>KHO cqfiT3Tb BO BCeX CJiyqaf!X 
paBHbiM 0,5. 

47. flpeAeJJ Ha>l<aTHSI TOpM03HOH KOJIO)lKif Ha KOJieCO. np11 rrocrerreH· 
HOM JBeJIHIIeHJHI H3)1{3TJUI 2X KOJIODOK H3 KOJ!l'Ca OCii 6yJieT nporrop· 

UHOH3JibHO yaeJJHGHB3TbCH H TOpM03H8H CHJI3 2X rpk 3TOH OCII, KaK 3T0 
rpacpHIIeCKif npe.UCT3BJieHO H3 4JHr. 109. Ho TOpM03H3H CHJJa OCH 6y.zr.eT 
yBeJIHIIH B3TbCli 'l'OJibKO ,li,O rex rrop, noKa peJitCbl 6y .llYT B COCTOfl Hlil-1 
.ua B3Tb rrpo,n:oJJbHbiM ynop, r. e . .li.O rex nap, noKa CHJJa 2X cpk (.llJ151 
060HX KO.IleC OCH), rrpHJIO>K€HH3H OT KOJI€C K peJJbC3M B Hanpa· 

BJieHHH ,li,BHiKeH!UI I10e3)1.3 He COpBeT T€X M€JibiJ3fiWI:lX HepOBHOCiefi, 
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I{QTOpb!MH CUertJHIIOTCll peJibC H KOJieCO. KaK TOJibKO CHJia 2Xcp'f 
npeB30fi.LI.eT rtpE')leJI CUennemHI KOJieC C peJJbC8MH, KOTOpbiH 0603H81Jl!M 

4epe3 2llrp0, cuenJieHne npeKparHTCH, KOJieca nepecraHyr spar.u.arhCH 
H 38CKOJib351T no peJib· 
caM, 38KJIHHeHHble 
I{OJIO.li.KBMH. CH.~a 
2Xrpk (Ha ooa KOJieca) 
npona,lleT Ir 3aMe
HHTCH CHJIOH TpeHHH 
CKOJ!bJKeHHH KOJieC no 

penbcaM 2n rp1c· n
.Jl3BJieane KOJieca Ha 
peJibC B KHJIOrpaM

M3X; rp0 - K094JHUH> 
eHT TpeHHll CKOilb· 
JKeHHH KaTHr.u.erocH 
I{OIIeca no penbcy, 
KOTOpblfi C 'II H T a eM 
paBHbiM K03cjJfHJ,HeHTJ 
rpeH liS! CKOJib )!(eHHl1 
KOJleCa, TaK KaK B 
TOM H .llpyrOM CJ!yqae 
TQq({H K3C3HHH KO

JieCa Ir peJJbca Ha
xo.li.HTCH B nOKOe .LI.pyr 
OTHOCHTeJibHO .llpyra; 
gl- K03<lJHUHeHT rpe· 
Hifll CK JlbJKeHHH 38· 

n 

I 

~ ~ 

r\'J4 
~ ·" J\ 

1"\ 1\. 
['\~ 

I' ~ ' t--...., 
~~ 1 

60 
!f>ar. 108. Ko3¢HUHeHT rpenn11 KOJJO.IlKI1 o KOJieco, 

~k=i (V). 

... 
~ 
I 

s 
~ 

&3 

79 

KJmHeHHOfO KO.JJeca no peJibCy; rp0 rrpBKTH1JeCKH He 38BHCIH OT CKOpOCTH; 
rp scer)la MeHbllle, lleM IJlo· H yMeHblllaercH c yse.rn1qemH'M ci<opocrH. 

CneD.osareJibHO, so H36eJKaHHe yMeHbllleHHH ropM03HOfi CHJibi, He 
roaopH yJKe o Bbi6DHHax Ha 6aHD.alliax, Heo6xo)lHMO. IJT06bl X rpk 6bJJIO 
BCer,lla M€HbWe fl rp0, HJII1 IJT06bl K 0 a 4J HUH e H T H a IK aT H Sl K 0 Jl 0 ,li.IO{ 
Ha KOJieco 

X -=0 
n 

:~ 

~ 
' 

Haxame KOJJOi!Off? X Kc 

<!JHr, ] 09. 3a KJIHHHBai!He KOIIfC TOpMOJIUIM H KOnO,IlKaMH. 

OhlJI MeHblll€ rp0/rpk. 3ro orHorneHne cp0/rpk-BeJIH4HHa D.OBOJibHO Heorrpe
lH:'JIE'HHaH. Ha qmr. 110 npeD.cTasJieHbi npHMepHble npeJJ;eJibl HO.JJe6aHHH 
I<03cpHUH€HTOB rto H rpk, 06a I<03cPHUHeHT3 CHJibHO 33BHC T OT COCTOHHHSI 
noeepxHocreii peJibcos, 6aH.llallieti H KOJIOllOK: KpoMe roro, cpk yse.rrH· 
4HB3eTCH C yMeHblll€HH€M CKOpOCTH, CJ!e.llOBBTeJibHO, HaH60JibW8l1 
DITBCHOCTb 38KJIHHHB3HH51 HMeeT MeCTO npH CKOpOCT51X 1 6JIM3KHX K HYJilO. 
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T1 .1'< 0,35 
pH MaJihlX CKOpOCTHX COBlla)leHHe MaKCHMJMOB rpk 1::1 Cf!o )laeT u O 

35 
= 

' 
= 1, a COBIIa)leHHe MlfHHMYMOB cpk H Cf!o )laeT 0 < O,IO =0,67, flpH CJ· 

0,15 
XHX 6aH)lamax H qi1CTbiX CYXHX peJibC8X K09cpHUHeHT H8}1{8THSI 0 MOmeT 

6b!Tb H Bbiiiie 1 (reopeTJ11IeCKH- )!.0 °• 35 
= 2,3 npH COBITa)leHHH MaKCH· 

0,15 
MJM8 rp0 C MHHHMYMOM cpk), a npH CMa3aHHbiX peJibC3X KOJieca MOryr 

33KJIIIHHTbC5! H npH 0 MeHbllleM 0,67 (reopeT!PJeCKH- )lame npH 0 = 
0 10 = ' = 0,29 np11 coana,n;emm MHHHMyMa rp0 c MaKCHMYMDM cpk). TaK 
0,35 

KaK O.ll.HO rpyw:eeCH TeJIO, HMeHHO 6aH)lam- o6w:ee npH K03cpHUHeHT8X 

rpk H rp0, TO COBITa)leHHH M8KCHMyMa C MHHHMYMOM rrpaKTHYeCKif He 

6biBaer, HO ace me .naJKe rrpH o = 0,5 HeJibJH 

6b!Tb rapaHTI:IpOB3HHbiM OT CJiyqaeB (npaB· 

.na, pe.li.I<Hx) saKJIHHHBaHHH KO.Ilec. OpH 

QqeHb MaJiblX CKOpOCniX (MeHbiiie 5 KM/!l) 
K03cpHUHeHT rpk MOmer 6b!Tb 3HatiHTeJibHO 

Bblllle 0,35; IT09TOMY 33KJIHH11BaHWH KOJleC 

a~ 1+------+----i---.---o 
B MOMeHTbl nepe,LI. CaMOH OCTaHOBKOH ITO

e3,LI.8- 06blqHOe HBJJeHHe, C KOTOpbiM npH-

1 I w ·
11

·. , , 
1 

, "

1

., 
1 

• • XO.lli1TCfl MHpHTbCH. TaK KaK, c o.n.Hofi cro-
! i. Jo 1 • ! I' i !I i. p Hbl, TOpMU3Ha5! CHJia nponopUHOHaJJbHa 

·!I!' 1 
11111, ! ~~ o, a c ,LI.pyroi1 cropOHbl, tieM BbiUie o, reM 

' ! I ' II i I ! I ! I i 
.•• 

1 
. . . · ·• 1 ; 1 i 

1 
• 1 ! , 

1 
1 liaw:e rrpoHcxo)lHT 3HKJIHHHBaHIBI Ko.nec, 

, ' · ' ' , : I 1 
' ro rr p a K r 11 q e c K 11 M rr p e .ll. e n o M o 

, , . I .' i I ' . ' 

'HI!+ : IT pH M a Jl bl X C K 0 p 0 C T l'l X Sl B JUl eTCH 
,,,; 07 09 • '. '--1 • -,:.,. ' ,. 

¢111!'. 110. np!lMepHbie npeneJibl 
KOJie6aHHfi K03~11UHeHTOB TpeHHR 

IPk H rpo· 

flp11 60JiblllHX CKOpOCT51X 1{03cpHUH· 

eHT HamaTHH 0 MOmer 6biTb 3HaqnreJJbHO 

ITOBbiiiieH 6e3 onaceHHH 33KJUIHHBaHMH 

KOJJeC, T3K K3K IIpH 60JiblllHX CI<OpOCT!IX fPm 

oqeHh Ma.n. HarrpHMep, ,LI.JIH roro, qro6bi 

TOpM03Ha51 CHJI3 OCH np11 V = 100 KM(I./. H 

npH V = 5 KM/!l 6b!Jia O,li.HH8K0Ba, HymHO 

6blJIO 6bl IIpH V = 100 HMeTb Ha)K8TMe KO· 

.JIOJJ:KH Brpoe 6o.nblllHM, qeM npH V = 5. B o6bil!HhiX ropM03ax Her ra

Koro 3BTOM3Ta, KOTOpbiH npii TOpMOmeHHH CaM ITOHH/Ka.n 6bl H3)!{aTI1e 

KOJIOli.OK ITO Mepe liOHH:meHHl1 CKOpOCTH noe3.n,a, Il03TOMY BO IB6e)f(a· 

Hlfe 38KJIHHHB3HMH KOJieC HaH60JiblllliM 0 IIpH ITOJIHOM TOpMOJKeHim 

npH npoeKTHpOBaHHH ITO)!.Bl:f)!{HOfO COCTaBa I1pHXO,li.HTCH npHHHM3Tb He 

6oJibllle 0,7- 0,9. 
B crreuKa.JibHbiX ropMo3ax .UJIH ci<Ophlx rroe3.LJ.OB, Harrp. KyHue-

KHoppa, BeCTMHraysa, HMeiOTCH asroMaTbJ, rroHH!K3IOW:He Ha)!{aTHe 

KOJIO.li.OK H3 KOJieCa rrpH ITOHH)I{eHHH CKOpOCTH 33TOpMOmeHHOrO ITOe3,LI.a, 

B T3KHX TOpM033X HaH60.JibiiiHfi d 6biBaeT He MeHbllle 1,4 H l10HI1· 

maercH K MOMeHry ocraHOBKH noe3.na npHMepHo .no 0,8. B nocJieAHI1e 

ro.Ubi CACW yme orKasaJIHCh or rai<l:IX asroMaros H IIOUIJIH Ha CKOJih

meHHe KOJieC rrpH 3KCrpeHHblX (C IlOBbiiiieHHbiM )l3BJieHI1eM) TOpMO· 

meHHllX. fepM8H11SI }l{e H3b!CKHB3eT M8TepHaJibl C MeHbWefi 33BHCH· 

MOCTb!O K03cpHIJ,HeHT3 rpeHJ151 OT CKOpOCTM, qeM CTaJib II l!yryH, C 
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rtepeXO)J.OM H3 TOpMO>KeHHe CITeUH3J!bHh!X )J.HCKOB Ha OCHX (KaK B B3f0H3X 

nocJJeJJ.HMX BhlliYCKOB MOCKOBCKOfO Tp3MB3H). 

K03cPHUfleHT H3}!{3THH 0 KOJIOJJ.KH Ha KOJJeCO BCer.na OrrpeJJ.eJHieTCH 

)lllll nOpOH<Hero l10.1(BH}!{H0f0 COCT3B3 ITOTOMy, lfTO 33KJIHHHB3HHe 

J{OJJeC H3H60Jiee BepOHTHO npH DOpO}!{HeM COCTOHHHM, HCKJIIOlfeHHe 

cOCTaBJIHIOT J!OKOMOTHBhi, .1(3BJieHHe Ha OCb KOTOpblX 6epeTCH )J.JIH 

pa6oqero COCTOHHHH J!OKOMOTHB3, 

803.1lJU1HbiH TOpM03 y TOB3pHb!X B3f0HOB MO)!{eT 6biTb ycrpoeH 

raK, tir06b! )(lUI rpyiKeHOfO B3f0H3 MMeTb 60JJee Bb!COKHH o, lfeM )I.JIH 

nopo}!{Hero. B raKOM cJiyqae rrpH rropo}!{HeM pelKHMe pacqerHoe o
o6WIIHO 0,7- 0,8, a rrpH rpy}!{eHoM pe>KHMe- B npeJI.eJiax I ,2 -I ,5. 

OpaKrHlfeCKll )J.JISI napOB03Hb!X OCefi He npeBOCXO)I.HT 0 = 0,4-)J;JIH 

c6epe}!{eHHSI 6aH.!laiKel1, p:JJH reH)l,epoa .u.onycKarorcH o .u.o I,O, HMeH 

a BHfty, lfTO reHJJ.ep nopO}!{HHM B pa6ore He 6hrBaer. 

48. Pacqer Ha>Kanm ropMu3HbiX I<OJIOJI:OI<. OpH pylfHOM ropM03e 

H3H60Jiblllee H3}!{3THe KOJIOll.OK CH.llbHO 33BHCHT OT COCTOHHHH TOpM03• 

HOH nepe11.3lfH If or )l,HCIJHITJIHHbl II QlH3HlJeCKOH CHJ!hl ropM03HJ!blll.HKOB, 

8 QT)l,eJihHblX CJJYlf3HX K03¢HIJHeHT H3>K3THSI 0 MO}!{eT npeBOCXO

t(HTb 1,0 OT T3pbi B3f0Ha, HO B cpe.uHeM 3HalfHreJipHO HH>Ke • .lJ.Jili rO

sapHbiX ITOe31I.OB H3 pyt~Hb!X TOpM033X, B rex CJIYlf3liX, KOr)l,a Her ITOJI• 
• u 

HOM ysepeHHOCTH B XOpoweH CJJbllllHMOCTli CHrHaJIOB C napOB033 H 

J<Of)Ja Ha YXO.U 3a TOpM03HOll nepe)l.alfefi He o6paw.aerCSI )!0JI}!{H0f0 BHH

M3HHfl, pacqeTHOe H3}!{aTHe KOJIOiJ.OK Ha 6aH)l3}!{1i BarOHOB npHXO.U.HTCH 

rrpHHHMarh He 6oJiee 0,5 or rapb! BaroHa. HarrpHMep, npH rape 

.n,syxocHoro saroHa 7,2 m, Ha:lKarHe Bcex ero KOJIO)lOK, He3aBHCHMO 

or seca rpysa. npH He6JiaronpHS!THbiX ycJJOBHSIX B cpe)I.HeM pasHo 

7 200 • 0,5=3 600 KZ, T. e. I 800 K2 Ha OCb; eCJIH .9TOT BarOH HlleT 33rOp• 

MO)I(eHHbiM IIpH CKOpOCrH 50 KMj'l, TO ero TOpM03Ha5! CHJI3 paBHa 

3 600 rpk = 3 600 0, I 50= 540 KZ, eCJIH cpk IIpHH5!Tb ITO cpopMyJJe 82. 
B rex CJIYlf3flX, KOr)l.a ropM03H3SI rrepe)l.aqa ITOll.D.ep}!{HBaeTCSI B MC· 

npaBHOM COCrOHHliH H CJibllllHMOCTb CHfHaJIOB YilOBJJeTBOpHTeJJbH3li, 

cpe)l,HHI1 pacqerHb!H K09cpHUHeHT H3}!{aTHli KOJIO,llOK TOBapHb!X B3fOHOB 

MO>KHO npHHHM3Tb B 0,6 OT rapbi B~f0H3, lfTO llJIH )l,ByXOCHOfO HOp· 

M3JibHOrO B3f0H3 )1.3eT H3}!{3TMe 3 600 • 0,6 = 2I6Q KZ H3 OCb • 

.lJ.ByXOCHb!e BarOHbl C JI.BYXCTOpOHHHM TOpMO}!{eHHeM )1.3IOT H3>K3THe 

1\0JIO)lOK HeCKOJibKO 60Jibllle, lfeM HOpMa.llbHbie B3f0Hbl, HO )JJISI yrrpO· 

I.UeRHH pac4eros, )l.JIH Bcex roBapHbJX sarOHOB Ha PY'IHhiX ropMo3ax 

MO}!{HQ npHHHM3rb H3lli3THe Ha OCb B ] 800 KZ rrp11 He6JiaronpHllTHb!X 

YCJJOBHHX 1:1 2160 KZ npH cpeftHHX pacYerHwx ycJIOBHRX. 

lJ,onycKaerCH npHHHMaTb K03cpV!IJHeHT Ha}!{3THli B 0.6 OT T3pb! B3fOHa 

Ha py'4HOM T0pM03e, a n p 11 BITOJIHe If Cnpa BHbiX ropM03aX-B 0,75 OT 

Tapw (T, e., COOTBeTCTBeHHO, 2 !60 TCZ H 2 700 IC2) HpH pacqere Ha ocra· 

HOBI<y oropsasrnelicSI qacrH cocrasa, raK KaK B aroM cJiyqae orna)l,aer 

BOnpoc 0 CJ!b!IliHMOCTH CHrHaJIOB. 

B OCr3,1bHblX CJIY43liX Hll}!{3rHe ropM03HblX KOJIO)I.OK Onpe.U.eJIHeTCH 

pacqeTOM, HCXO)I.H H3 CJie)l.yiOlUHX npe.U.ITOJIO >KeHHfi: 

npn pyiJHbiX ropMoJax ycHJJHe Ha pyKOHTKY pasHa 32 tcz, a IIOJIHhlli 

K03cpHUHeHT ITOJie3HOf0 .U.eHCTBM5! 0 50; 

UpH B03.ll.YillHhiX T0pM033X K03¢HUMEHT ITOJie3HOf0 ,'letiCTBHH nepe• 

.zr,aqn paaeH 0,90, npH tJeM B cJiyqae ropMo3a Becnmray3a .n.aaJieHHe 

8 T0pM03HOM UHJIHH.U.pe paBHO 3,3 am.M, a B CJiyqae 3BTOMaTif'IeCKOf0 
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npllMOJiet\crsyroll.l,ero- no ero Jleti:cTBHTeJibHO~ eeJIH\llHte (o6hli.JHO 

3,5 amM). 
Pacller HalKanm KDJIOJIOK CBD.U.HTCH K noJiclJery nepe.u.arO'lHOro tJHCJia 

ropM03HOll nepe.1wm. TopM03HaH nepe.u.aqa Bbli10JIHHer rpH 3a.u.aqu: 

1) nepe.u.aer CHJIY OT HCTO'IHHK3 ee .ll.O TOpM03Hb!X KOJIO,!!;OK, 2) MeHHeT 
ee BeJIHl!HHY (yMHOJKaer Ha nepe.zr.aTOII· 

HOe l!HCJIO) If 3) pacnpe.u.eJJHeT CHJIY H3 

ace ropM03Hbre KOJIO.UKH. no.n; nepe.u.a· 

r-·-
• 

~ 
~ 
~ r;f=~ 

~~ 
~--·-

u 

T04Hb!M l!MCJIOM TOpM03HOH nepe.U.ai.JH 

!IOHHM3eTCSI l!HCJIO, llOK83blB310ll.lee, BO 

CKOJlbKO pa3 CYMM3 H8iK3THit BCeX TOp

M03HblX KOJIOilOK H3 KOJieca 60JibWe 

CHJihl, npMJIOIKeHHOti K pyKOHTKe rep-

ro M033 HJJH K llOpWHIO TOpM03HOrO UK
~ JlHH)lpa B rrpe.n,nOJIOiKeHI-HI OTCYTCTBHSI 

~ rpeHHH B MeX3HH3Me nepe,n;a'IM H OTTH• 
= :! rHB810Jl.lHX npylKMH, 

o }J,JJH npHMepa npHBO,!(HM pacqeT H3· 
'"' ~ JI<3THSI TOpM03HblX KOJlOllOK l!eTb!peXOC· 

~ Horo reH.1Iepa 3 .ll.JIH pyqHoro H B03-

~ .LI,YWHoro ropMoJa H napoB03a 3. 
~ Ha cjmr. 111 H306pallieHa cxeMaTH-

1;! li~CKH ropM03HaH rrepeJJ;al!a qeTblpexoc· 

~ Hbro reHnepa. UHcppbi, HanHcaHHbre y 
v lJJieq pb!l!afOB, HBJIHIOTCSI pa3MepaM H 

~ nJiel! pbll!arOB MellittY .llBYMH 6JIIU1<8HWII· 
~ MH aaJIHKaMH. UM¢phl, HanHcaHHble y 

~ T5l r, 03H3 l!310T nepe.naTOl!Hble l!HC.Il3 ,!(0 

8 STHX Tar: C 6yKB3MH n p -pyqHQrO TOp· 
::2 
§' M03a, C 6yKB3MH n. 6.-B03JlYWHOrO 

E-- ropMo3a • .Umr onpeneJieHHll nepe.llaroq

~ HOrO l!HCJ13 ,!(0 KOJlO.llOK K3lK.llOtl OCH -""' npe.l(riOJiaraeM, "::TO Bee OCTaJibHble KO· 
• 

~ JIO,ll;KH H8JI<3Thl )1.0 OTK338 1 "::eM H36era· 

-a- eM Bse.u.emlll B pacqer l10.1IBHlliHbiX 

OTIOp. ,llJIHHbl liJieq CHJI He SIBJIHIOTC51 

BOOJ!He onpe,neJieHHblMH, l109TOMY HX 

OTHOWeHIHI C"::HTaeM paBHblMH OTHOWe· 

HH51MH COOTBeTCTBY!OIUHX liJieq pb!Ya· 

roa. HaJ«aTHe Ha rrapy KOJIOJlOK KalK· 
u 

.ll.OH OCH CI!HTaeM p3BHbJM CHJ!e, nepe-

)l.310LUeilCH ITO COOTBeTCTBY!Ol.UeMy TpH· 

3Hr JIIO, T3K I<3K B .ll.3HHOM CJJyqae liJie"::li 

9TIIX CHJI OTHOCHTeJibHO O!IOpbl TIO.UBeCKH npaKTHl!eCKH OllHH3K0Bbl. 

06r.uee nepe.ll3TQtjHOe !JHCJlO PYKOHTKH Ha BCe 1\0.I!O.LlKH .U.JIH pyqHOfi 

rrepe11.aqH pasHa: 180 + 180 + 268 + 268 = 896. CJie.u.oaareJibHO, .!lJIH 

TOrO, IIT06b! rrpH6JH:I3HTb see 'leTblpe naphl KOJIO,!(OK K 03Hll3lliaM 

Ha 1 MM a cyMMe, r. e Ha 1/~ MM KalKJlyiO napy, PYI<OHTKa ropMo3a 

.!(0JilKH3 npOHTH nyTb 896 MM. 
06wee pacyerHoe HalliarHe KOJIOli.OK npH pyllHOM ropMo3e pasHa: 

32 • 896 • 0,5 = 14 350 Ki!, l!TO COOTBeTCTByeT HalKaTliiO KOJlOAOK CeMH 

136     
НБ

 

УД
УН
Т 

 (Д
ІІТ

)



ocea roa:lpHbiX saroHos Ha py'lHbiX ropM03ax (14 350: 2160 ~ 7). 8 cJiy· 
~Iae pact:~era ua ae6JiaronpHHTHbie ycnoBHH (o= 0.5) 14350:1800 =B. 

JlJIH B03.D.YWHOrO TOpM033 npeAaTOl!HOe l!HCJIO .llJIH K8>K,llOit OCH 
pasHa I ,63, a .D..nH Be ex t:~eThrpex oce.H: 1.63 · 4 = 6,52. npH 12 .niOit· 
MOBOM T0pM03HOM IU:!JIMH.llpe H .D.8BJieHJ1li B HeM 3,3 amAl CHJI3 110 WTOKy 

n • 30 52 • 3 3 
nopWHH paBHCl '

4 
' =2 410 KZ. 06~ee H3>K3TIIe KOJ!OJI.OK Ha 

6aH.D.8>KH npH K09cp!HIHeHTe TIOJie3AOrO ,lleHCTBHH pb1'll8}){H0it nepe.llBliH 
B 0,9 (BKJ!l01J8H H yMeHbWeHHe O!Jlbl 0TTHrHB8IOW.11X npy>KHH) p3BHO: 
2 4] 0 • 6,52 · 0,9 = 14150 KZ, l.J.TO rrpaKTH4eCK1:1 O,llHH8KOBO C H8lK3THeM 
npH py'llHOM ropMose (14 350 Kc) H cooTBercrsyer pacl!eTHOMY Ha.JKa· 
THIO ceMH aaroHHbiX oceli Ha pytJ:HbiX ropMosax. 

Ha cp11r. 112 H3o6pameHa oeMaTHIJeCKH TMnHqHaH ropM03Hast ne
pe!lat:~a napoaoJa, MMeHHO napososa 3. UHcppbr oKono pbJqaroa-pac
CIOHHHe MeiKAY COCe.!I.HHMH B8JIHK8MH; UlHppbl C 6yKBO.ti n-nepe· 

0 0 0 

7.1 

<flnr. 112. TopM03Hall nepe.n.a11a naposo3a cepHH 3 . 

.nnottHhre ttliCJia. HcTOI.fHHK CHJihi-.D.Ba 13-.D.JOHMOBbiX (330 .M.M) ropMoa
HbiX l.lHJIHHJI.P8, paCnOJIOiKeHHbiX ropH30HT3JlbHO ITO .D. 6y .!IKOH flO 60I<3M. 

596 
flepe.!l.aTOtiHoe rmcJio aepTHKaJibHblX pbiiJaroa paBHO =3,31. Or r .naa-

180 
HOH ropH30HT8JibHOH THrH Ha K8JK.l1YJO H3 1111TH TOpM03HbiX OaJrOK 
nepe.11aeTCl1 1/ 5 CHJ!hl; CJie.llOBaTeJibHO, CYMMapHOe rrepe.l18T04HOe tHfCJIO 
.D.O BCeX ITHTH 6a.nOK paBHO 3,3 [. no.noeCKH KOJ!O.llOK ,ll,a!OT rrepe.D.U.TOIJ· 

345 
HOe 1JHC<10: 

250 
= 1,38 (CM. II. 45), CJie.ll.OB3TeJibHO, OO~ee nepe,n:aTOtt-

HOe lJHCJJO: 3,31 • 1,38 = 4,57. 06mee paCIJeTHOe H8JK8THe KOJIO,llOK paBHO 
21r · 302 • 3,3 • 4,57 • 0,9: 4=23 200 K2, T. e. 3KBHB3JIE'HTHO H2)K3THIO KOJIO· 
.D.OK 11 sarDHHbiX ocefi Ha py4HbJX ropMo3ax (23 2CO: 2160 = 11). Dpn 
pacqere Ha He6.naronpHHTHble YCJIDBHH 3KBHB8JIE'HT paBeH ]3. 

no.ao6Hbltl JKe IlO.li.CIJeT ,li.JlH napOB038 Ill npl1BO.li.HT K Bh!BO.[y, lJTO 
CYMMapHoe HaJKarHe scex ero mecrH Ko.no.nm< npH .nnyx rpHHa.lluarH
.D.IOHMOBblX l.lHJIHH)lpax paBHO 215C0 K2, T. e. 3I<AHBBJJeHTHO 10 BarOHHblM 
OCHM Ha py4HbJX ropM03ax c H<J)KaTHeM 2160 K~. J].JJH napoaosa E¢-
30000 K2, a llJIH reH.aepa EcP-19500 K2. 

B c.nyYae o6opyncaaHIUI napososa H reH.nepa asrOHOMHhiM npRMO· 
u 

lleHCTBYIOIUHM TOpM030M p8C4eTHblM l!.aBJieHHeM B TOpM03HhlX UHJIHH• 

137     
НБ

 

УД
УН
Т 

 (Д
ІІТ

)



,n;pax MOlKHO npHHHTb 3,5 amM, T. e. H3 70fo Bhlllie, liTO ,n;aeT CYMM3pHbi~ 
3KBHBaJieHr ropMD3HDH: CliJihl naposoaa 9 H IIerb!pexocHoro reH.I~:epa 
(11 + 7) · 1,07 = 19 B3fOHHb!X OCeti Ha pyl!Hb!X TOpM033X C H3}1{3TlieM 

2160 KZ. 
49. TopM03Ha.H CHJia H TOpM03HOii 1(03!}1H~HeHT IIOC3Aa OT AeJ:iCTBH.fl 

TOpM03HhJX KOJIO,llOI(. TopM03H3H CliJI3 noe3).!.3 OT .D;eiiCTBliH TOpM03Hb!X 

KOJIOJJ.OK BA pasua cyMMe TOpM03HbiX CHJI Xrpk scex aaropMO.lKeHHb!X 

KoJiec rroea,11;a: 

(85) 

r.D;e Xn- CYMM3 H3.lK3TliH BCeX KOJIO)I.OK JIOKOMOTHBa (BKJIIOtiaH reu

,n;ep ), a X
6

- CYMM3 Ha}KaTHH BCeX KOJIO).l.OK B3f0HOB. 

Y ).!.eJibH3H TOpM03H3H CliJI3, B KMJiorpaMM3X Ha K3)KllYlO TDHHY seca 

rroe3.n.a P + Q, pasHa 

b Bk Xe + Xn J 
k = p + Q = p + Q p + Q rpk KZ m. 

Y .n:oouee BbipaaHTL b8 s .npyroM BHJJ.e, a HMeuuo: 

bk = 1 000 (&1 + lf2) rpk KZjm, 
r.n.e: 

(86) 

(87) 

(88) 

3.n.ecb {}1 H33b!B3eTCH mopM03Hb!M K03rjJUIJUCI-lmOM COCTaBa li ITOK33hiB3eT, 

KaKyiO ll3CTb seca TIOe3).!.3 B KHJIOrpaMM3X COCT3BJIHeT CYMMa H3)f{3THti KO· 

JIO)J.OK H3 B3fOHHhle KOlieCa B KliJIDrp3MM3X; ff2 Ha3biBaeTCH TOpM03Hb1M 

K03cj)liUlieHTOM JIOKOMOTliB3 (napOB033 C TeH)J.epOM) ITO KOJIO.D,K3M H IIO

K33b!Baer, KaKyro qacrL seca rroea,11;a B KHJiorpaMMax cocraBJIHer cyMMa 

H3)K3THH KOJIO.llOK ua 6aH)J.3}!{H JIOKOMOTHBa ( napOB033 H Teu.n.epa) 

B KH.norpaMM3X. 

n p liMe p. noe3.!1. ao rJiase c rraposo30M 9 HMeer cocras 1500 m; 
B COCT3Be HMeiOTCH 8 )I.ByXOCHblX B3f0HOB CTaporo HOpM3JibHOfO T!ill3

1 

ua pyquLIX ropMoaax. Onpe.ll.eJIHTh pacqeruyro y .n.eJihHYlO ropMoauylO 

ClMY noea,n;a. 

P=125; Q=1500 m; X 9 =16·2160=34500 I(Z; 

34500 
Xn = 2160 · 19 = 41000 KZ; {}1 = = 0,0212: 

1 000 (15DO + 125) 
41 

ODD = 0 0252· bk = 1 000 · (&1 + {}2) • rpk = 
1000(1500+125) J ' 

= 1 000 (0,0212 + 0,0252) IP~c = 46rp" Kcjm. 

flpH V, uanpMMep 30 KMjtt, bk = 46 · 0,186 = 8,5 Kcjm. EcJJM npM 

T3KOti CKOpOCTM ITOe3.D; 33TOpMO}KeH Ha cnycKe 12°/00, TO ero y,n;. CO

npOTMBJieHHe wk oKoJio 2,5-12 = -9,5 K2jm. Cor JJacuo aroMy pac

ll:ery, rroe3.n. ue ocrauoaHTCH, raK KaK paauo.u.ei1cray!Olll.3H CliJia paaaa 

1 Kc/m M )J.et'!cra yer B cropouy JJ.BHlKeHHH. 

HanOMMH3eM, qTO pacqeT OTHOCHTCH K cpeiJH.UM YCJIOBHHM. 

50. TOpM03H3.fl CHJJa U TOpM03HOit J<03!}Jlil.!lieHT UOC3,lla OT )(CHCTBHfl 

KOHTpnapa, flOHHTJ::!e 0 CI1Jie KOHTpnapa 3H3J!OrHIIHO IT0H51Tli!O 0 CHJie 

T51fl:f, TOJ!hKO CHJia KOHTpnapa HanpaBJJeHa B CTOpOHy, npOTHBOITOJIOJK-
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Hyro HanpaB.IIeHnro )I.BinKeHIHI JIOKOMOTHBa. TaK JKe, KaK H cnJia rnru, 

Cl1Jl3 KOHTpnapa orpaHHlleHa pa3MepaMH M3lliHHbl 1 pa3MepaMH KOTJia 

H cuenHhiM aecoM napoao3a. DpH pac11ere CHJibi KOHtpnapa npHHHMaeM 

sO BHHMaHlle TOJibKO orpaHHlJeHae TIO M3lllliHe H l!O CUeiiHOMy Becy; 

orpaHHlleHHe no KOTJIY He YtJI1ThiBaeM a npe)I.TIOJIOJKeHHli K paT K o

B p eM e H H 0 f 0 .!!. e ii C T B H H KOHtpnapa. 

CHJia KOHtpnapa Bn no Ma!liHHe Ha o6o)I,e )I.BHJKYIUHX KOJiec onpe-

1);eJiaeTCll <!JopMyJioii, aHaJiorHIIHOfi <!JopMy.1e Fk no M3lliHHe: 

(89) 

r)I.e M- MO.ll.YJib CHJibi THrH napOB03a,-TO JKe, lJTO H npu pacqere 

cHJibi THrH; sn- HH.ll.HKaropHbiH K03<!Jnuneur KOHrpnapa, aHa.norHII· 

HbiH §; 1'Jn- MeX:aHHlleCKHH K03qJHQHeHT nOJie3HOfO .LleHCTBml Ma!liHHhi 

np11 KOHtpnape. 

nJIH y.zr.o6CtBa paClleTOB )I.ef:!CTBHe KOHTpnapa 33MeHHeM .zr.efiCTBHeM 

JI:06aBOIIHbiX ¢HKTHBHbiX TOpM03HhiX KOJIO,ll.OK, npMHHM3H1 liTO: 

Bn = M 2rpk, (90) 

r.zre (/Jk- K09cflHUHeHT TpeHHH KOJIO.ll.KM 0 6aH,ll.3JK. 11HatJe fOBOpH, ClJH· 

raeM, liTO Sn ?Jn = 2rp&, liTO npaKTHlleCKH 6JIH3KO K HCTHHe. 3aMeHOH 

<!JopMyJibl 89 Ha <!JopMyJiy 90 Mhl BMeCTO npHMeHeHHH KOHTpnapa KaK 

6hl H3JK3JJ.H H3 6aH,ll.3JKH CQel!HblX KOJieC .ll.06aBOIIHblMH TOpM03HblMH 

KOJIO..UKaMH c cyMMapHhiM HaJKaTHeM 2 M KZ. B .rr.eifcTBHTeJibHOCTH, CHJIY 

KOHtpnapa MOJKHO IIOJIYIIHTb HeCKOJibKO 60Jibllle, tJeM ,11.aer paclleTHaH 

4JopMyJJa 90. 
Y .rr.eJJbHaH ropM03HaH CHJia Kourpnapa (ua 1 m seca no e 3 .Ll a) 

pasHa: 

B 2Mm b = n = -rk Kzjm. 
n P+Q P+Q 

(91) 

DOllOOHD TOMy, K8K Mbl ,ll.eJiaJIH B npeAbi.li:YITieM naparpa¢Je C .zr.eii

CTBHleJJbHhiMH KOJIO.llK3MH, 0603H311HM OTHOllieHHe B006pa)!{3eMOfO H<l· 

lK3THH KOJIOAOK 2 M K2 K Becy IIOe3,ll.3 1 000 (P + Q) qepe3 fJ-3, T. e.: 

2M 
--- ~ 

100\,(P+Q)- 3
' 

r,11.e ff3 - TOpM03HOH H09¢JHUHeHT KOHTpnap::I. Tor.rr.a: 

bn = 1 000 &3 rpk Kef m. 

(92) 

(93) 

npe.zr.en CHJibl KOHTpiiapa no cuenJieHHIO BblpaJKaercH <PopMynoit: 

Bn <: 1 000 Pk 1fJk, (94) 

8H3JIOrHlJHOH <!JopMyJie )lJIH npelle.Jia OIJibl THrH Fk no CUertJieHHIO, HO 

K03<!J 11UHeHT cuenJieHHH 1fJk npH KOHtpna pe npHHHMaeTcH npa pact~eTax 
paBHb!M 1/9, IIT06bi rapaHTHpOB3Tb OT 33K.I111HHB3HHH KOJll'C H:JIH Bpame· 

HH.R HX B o6paTHYIO CTOpOHy. B TOM CJiyqae, eCJlli O.ll.HOBpeMeHHO H3lKH· 

M310TCH TOpM03Hbie KOJIO.ll.KH H3 ,ll.BHiKYIUMe OCH 11 rrpHMeHHeTCH KOHTp· 

nap, o6w.aH p3CileTH3H TOpM03H35! CHJJa .li,BHJKYLUHX KOJieC napOB033 

He .ll.OJIJKHa IIpesocxo.zr.aTb 1/9 ero cuerrHoro seca, BbipameuHoro s KHJIO· 
rpaMMax. 
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n p 11M e p. Onpe.neJIHTb T0pM03HYIO CllJIY KOHTpnapa Bn napOB03a 
QB npH CKOpOCTH V = 40 KMjtt H TOpM03HOH K09Q:>HLJ,UeHT KOliTpnapa lJo3, 
ec.rra napoao3 HlleT ao rnaae cocraaa aecoM 800 m: 

M=16000; Pk=0,168; 
Bn =2M Pk = 2 · 16 800 · 0,168 = 5 640 KZ, 

liTO MeHbllle npe.nena no cu2nJieHIUO, panuoro: 1 000 P~ 1/8 = 

= 1 000 · 52,5 · 1/ 9 = 5 840 1<~; fJ 3 = 2
M = 

1000 (P + Q) 
2. 16800 = = 0,038; b11 = 1 000 03 Pk = 38pk = 6,4 KZ/m. 

1 000 (95 + 880) 

OIJeBHllHO, liTO ecm:r pacclJHTbiBaTb TOJJbKO Ha OllHH KOHrpnap, ro 
aror noe3JI. npH V = 40 MO.JKer 6b!Th ocraaJieH Ha cnycKax He Kpyqe 

W + b11 = 3,5 + 6,4 = 9,9"" lOOfoo. 

C ll Jl a K 0 H T pIT a p a, K a K IT p a B H Jl O, B p a C 4 e T He B B 0· 
,ZI, H T C >I, C O,ll,HOit CrOpOHbr, IIT06bl He Y33KOH>ITb ~lTOfO BpE'.D,HOfO ,l!J!B 
napOB03a CITOC06a TOpMO}l{eHHH1 a C .UpyroH CTOpOHbl, IIT06bi OCT3BHTb 
B pyl{aX MaWHHHCTa HeKOTOpblH 3anac TOpM03HOii CH.IIbl. 

51. TopM03HaR caJia noe3~a. Oo~..qee aLipameuue. TopM03HaH Cl:IJia 
noe3,ZJ,a 

(95) 

Y JI., T0pM03H3>I CHJJ'3 nOe3,!J,3 (B KHJ10rpaMM3X Ha TOHHY aeca nOe3,lla): 

b = b,. + bn = 1 000 (&1 + ~2 + 83) g:>k = 1 000 0. <pk "Z/m, (96) 

rJI.e 0.- ropM03HOfi Kosqmu.HeHr noes.na; 

{} = 0. + 0. + 0. = X6 + Xn +2M , 
1 2 3 

1 000 (P + Q) 
(97) 

KaK yme Bbiiiie yKa3biBaJIOCb, aeJIHlJHHa 2 M oobJlJHo or6pacbi· 
aaercH. 

TopM03HOfi K09¢HuHeHT noeJ.n:a {}- acer.n:a ,1Ip06b, MeHbiiia>I e.n:lf
HHU.bi. B TOM CJlyLJ.ae, eCJJ!I Bee OCH noe3.U3-TOpM03Hble II K03cp111.(11eHT 
H3lK3TH>I KOJ!O.UOK 0 y BCeX OnHH3KOBJ TO 0 = 0, l1Ha4e fOBOpH, H3H· 
60.IIbllli1H B03MO}l{Hb!H fJ npH 100% TOpM030B B IT0€31lt', He npOHCXO.UHT 
0.8. 06bi4HO OH 3H3lJHTeJibHO MeHbrne: B naccamHpCKHX ITOe3.1I3X-He 
6oJJt~e 0,5, B TOB3pHbiX-He 60JTee 0 2. EcJJH BeJIIILJ.HHY TOpM03HOf0 
K09qJHU.HeHTa fJ YMHQ)I<HTb Ha 100 m, TO IIOJIYI.JHM 1111CJIO TOHH H3)1{3-
TH51 TOpM03HbiX KOJJOD.OK Ha K3.lK!.lble 100 m Beca nOe3D:3 (c J!OKOMO· 
THBOM). HanpHMep. {} = 0,129 03H3t,iaeT, LITO Ha K3>K)lble 100 m aeca 
nOe3.D,a npHXO,li.HTCH 12,9 m H3.lK3THH TOpM03HbiX KOJIOD:OK. 

140     
НБ

 

УД
УН
Т 

 (Д
ІІТ

)



fJJABA V 

YPABHEHHE nBHJHEHHSI llOE3]:{A H EfO HHTEfPHPOBAHHE 
52. Onpe)(eJieliH11. no.n: ypaaHeHHeM ,n:BHJKeHJUI noe3,n:a IIOHHMaerCll 

3H3JIHTHLJ.eCK3H 33BHCHMOCTb MelK,ll,Y YCKOpeHHeM noe3,ll,3 (T04Hee, ero 

UeHTpa TH>KeCTH) B ero llOCTynare.JibHOM ,ll,BHlKeHHM H TeMH CHJ!3MH, 

,neMCTBYIOlllHMH Ha noe3,ll,, KOTOpbie BJIHHIOT Ha ero IIOCTyrraTeJibHOe 
" ~ u 

ycKOpeHHe, T. e. ClfJIOH THfH, COIIpOTifBJieHHeM H TOpM03HOH CHJIOif. 

f10.ll lfRTerp!ipOB3HHeM ypa BHeHHH ,li.BIDKeH!fll noe3,II.a IIOHHMaeTCH 

ero npeo6pa30B3f'!He B 33BHCHMOCTH (aHaJH:ITHl!eCIO.fe H.JIH rpacjHtl.fe

CKHe) MelliAY llpOH,!leHHbiM nyreM, nporeKWHM apeMeHeM, 113MeHeHHeM 
" " " CKOpOCTH H ,II.eHCTB YIOllleH CH.JIOH. 

53. Bomog ypasuenun JJ;BH)I(eHHH noe3)J.a. HaH6oJiee rrpocrofi w Harmw 

Hh!H CIIOCOU Bb!B01l3 9TOrO ypaaHeHHH CJie,!lyiOll.lHM: 

YcKopeHHe cao6o.n:Ho na,n:a10mero reJia, r. e. npH ,!leficrBHli CI1Jihl 

B 1 m Ha Macey BeCOM y IIOBepXHOCTli 3eMJIH B 1 m, paBHO, KaK H3BeCTHO, 

9,81 M/C 2 (MeTpOB B CeKyH.llY sa ceKyHn:y). l1Ha'Ie fOBOPH, sa K3}!{Jl.YIO 

reKyHJJ.Y cKopocrh aroro reJJa yBeJiwn1BaercH Ha 9,81 M/C. Qqealil!,HO, 

"'TO 33 O.ll,HH lJaC ero CKOpOCTb yaeJJH4HBaeTCH Ha: 9,81 · 60 · 60 Mjc, T. e. 

(nepeBOllH CKOpOCTb , M erph! B CeKyH,uy" B , KHJIOMeTpbl B ttac") H3; 

9.81 • 602 • 602 .M/1!=9,81 • 602 • 602 : 1 000KMjtl.CJJe.ll,OBare.rrbHO, ycKOpeH.Me 

TeJia 11pH .ll.eHCTBHH ClfJ!bl B 1 m H3 Macey, BeCHI.l.f.YlO 1 m, p&BHO B 

CHCTeMe MeTp·CeKyH.ll3 9,81 M/C 2, a B CHCTeMe KI1JIOMeTp·l!3C 

9,81 • 60l. 602 = 127 000 KMjl/.2. 
I 000 

EcJIH me Macca rena ocraHeTcsr rrpemHeH, a crrJia yMeHbl!lHTCH 

s 1 000 pa3, r. e. ec.'IH Ha Kam,n:yJO TOHHY Beca TeJia ,!let'!crayer CMJla 

B 1 KZ, TO YCKOpeHHe 6y,II.er. 

_12_7_00_0 = 127 KMjll2. 
I 000 

3ro ycKopeHHe HMeer Mecro a HarrpaaJieHHH .ll.etlcrBHH Cfi.Jihl He3a

BHCHMO OT TOfO, ,.QeHCTByer Jill CHJ13 aeprMK3JJbHO, rop1130HT3JibHO HJII-i 

H3KJ10HHO. BeJII!LJ.HHa ycKopeHHH 127 KM/tz 6b!Jia Obi coaeprneHHO TOl!Ha 

H )(Jill rroes,!la np11 }l.etiCTBHH H3 Ka}!{JJ.YIO TOHHY ero Beca CHJ!hl B 1 KZ, 
eCJJH 6bi noe3,!l He HMeJI apamaiO~lfXCSI M3CC (KOJieCHbiX nap, cnapHHKOB 

Y JlOI<OMOTHBa H T. II.), KOTOpb!e rpe6y!OT CH.Jlbl He TOJibKO ,ll,JJSI IlOCTy

nareJJbHOfO ycKopemm, Ho 11 ..Q./Ill rrponopuuoHa.JibHOro eMy spama· 

Te,1bHOrO ycKopeHH5!. 003TOMY ycKopeHHe DOe3.ll,3 npH ,[\eHCTB IHI Ha 

HerO CHJ!hl B 1 KZ/m MeHbWe 127 KMjtz2 H paBHO: 

,. - 127 KMI"2 !=l- , .. , 
l+y 

(98) 

rD.e y eCTb nonpaaKa Ha yci<opeHHe apamaJOtnHXCfl Mace 
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Jien:o .!I.OKaaarb, liTo: 

E J 
J?2 

Y= M ' (99) 

r,11.e M- M3CCa ITOe3A3, 2 ~! - CYMM3 TIOJIHpHbiX MOMeHTOB HHepU.HH 

sparn.aJOIIJ.HXCH 'IJ:acreii (KoJieCHhiX nap), )l.eJieHHhlX Ha KBa)l.par pa.n;nycos 

KpyroB K3T3HHH KOJieC. 

neJ:lCTBHTeJlbHO, KHHeTH'IJ:eCKaH ~lHeprHSJ )l.BH)KJIIJ.eraCH TIGe3)1.3 paBHa 

MV2 juJ
2 
_MV2 ]V2 _ V2 M j 

2 + 2 - 2 + 2 J?2 - 2 + J?2 ' 

v 
r..zr.e w- yr JIOBHH cKopocrb spamaromHXCII Mace, paaHaH R • C.!Je)l.osa-

reJibHO noea.n; se.n;er ce6H a rrocrynareJJhHOM .n;BH)KeHaa raK, KaK ecJIH 

Obi ero Macca 6biJia He M, aM+ 
1 , r. e. OOJihWe a 
J?2 

J M+ J 
-~!!_R.:__a 

= 1 + = I + y pas. 
M M 

EcJIH .>Ke Mace a a 1 + y paa 6oJI&llie, TO ycKopeHHe ,n;aJI)KHO ObtTb 

a I + y paa MeHbrne. 

no,n;CLJeT C no cpopMy J!3M 98 11 99 ,ll;JIH pa3HbiX THITOB nO,ll;BIUKHOrO CO

CTaBa ,!laeT CJie.ll.y!OIUHe BeJUllJHHhi: 

ToaapHbie rropO)KHHe aaroH&l: ~ = 112-117 K,w(q2 

" rpyMeH hie sarDHhl ; = I2l - 123 
naccaJKHpCKHe B3f0Hbl ~= I2l-J22 
napOB03bl (H TeH)l.epa) ~= 120-122 , 

3TH QHcppbi rrpn6JIH3MTeJibHbl H HeCKOJibKO MeHHIOTCH B 33BHCMMOCTH 

or paaMepos K0.1eCHbiX nap H HarpyaKH Ha HHX. npn scex pactJerax, )l.a}!{e 

CaMhlX TOliHb!X, MO.>KHO TipHHHM3Tb: 

C = I20 TCM/1.!2, (100) 

T. e., eCJIH H3 noes.u )l.eHCTByer p3BHO)l.eHCTBYIDili.3H CHJI3 B 1 K2jm no 

H3np3BJieHHIO era )l.BH.>KeHHH (lfJIH npOTHB H311p3BJieHHH )l.BHlKeHHH), TO 

ycKopeane (HJIH aaMe)l.JleHne) rroea)l.a dV parma 120 KM/Il sa 11ac HJIH 
dt 

120 120 I 
- = 2 KMjq aa MHHJTy, HJIH = ICMjq sa ceKyHAY· HanpHMep, 
60 60·60 30 
ec.1111 Ha noea.11. sec oM 2 000 m »;eticrsyer paeHo.netlcrayromaH CHJia 

2000 ICZ B H3I1p3BJ!eHHH era JJ:BH>KeHHH, T. e. 1 KZjm, H eCJIH CKOpOCTb 

noe3..Qa B .D.3HHbiH MOMeHT pasHa 35 KJi!(f.!, TO tiepe3 DOJIMHHYTbi era 

CKOpOCTb TIOBbiCHTCH ,ll.O 36 KM(f.!, tJepes MHHyry-.n.o 37 KM(Il H T. )!.. 

Hao6opor, eCJ!H CKOpOCTb 110e3..Qa 33 O.ll.HY Ml1HYTY B03pOCJI'3 C 35 ICM/Il 
.D.O 37 ICAijf.!, TO Ha noe3l( .UeHCTBOB3Jia CHJia 1 IC2(m B HanpaBJieHHll ero 

u 

..QBH)KeHHH; npH 3TOM Mbl npe)l.ITOJI3raeM, liTO B TelleHHe 3TOH MHHJTbl CHJI3 

He MeHH.lJ3Cb1 eCJ!ll )Ke CHJia MeHHJI3Cb, TO 1 K2/m eCTb Be.JIHliHHa TOH 

cpe,ll.HeH ITOCTOHHHOH C!l"Jibl, KOTOp351 rrpOH3BeJia Obi Ha nae3l( T3KOe 

iKe KOHe1.JHOe .nefiCTBHe, KaK ll )l.etiCTBllTeJibHaH nepeMeHH3!1 CHJia. 
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TaK KaK yci<opeHHe npHMO nponopu.HoHaJihHO .n:eAcrayroll(efi cHJie, 
ro ycKopeHHe noe3.n:a B KHJIOM:erpax B qac sa qac 
p a B H 0 120, y M H 0 lK e H H 0 M y H a p a B H 0 .ll e ti C T B y 10 III. y 10 H a 
n 0 e 3 .ll C 11 JI Y B K H JI 0 r p a M M a X H a T 0 H H y e r 0 B e C 3. 3 T 0 H 

eCTh Bb!pa>KeHHOe CJIOB3MH ypaBHeHHe .lJ:BHMeHHH: noes.n:a. 
B o6meM cJiyqae Ha rroeJ.n: .n:eficrsyror cHJihl Fk, Wk H B. 
CJJ e.n:o sareJibHO: 

dV = ~ Fk-Wk-B =~(h-wk-b)=~(h-Wu-i~c-1 OOD#tpk) KM.jqz, (101) 
dt PtQ ' 

F 
r)l.e h = eCTb y.n:. CHJI8 THrH Ha o6o.n:e )J.BH>KYW,UX KOJieC B KHJIO· 

P+Q 
rpaMMax Ha 1m seca noe3.n:a. Yp·HHe 101 ecrh yp·HHe )J.BH>KeHHH noea.n:a 

dV a o6meM ero BH.n:e. Y cr<OpenHe noe3.n:a -a KHJIOMerpax a tJ:ac sa L~ac. 
dt 

0603H3LJHM ycKopeHHe B KM/ll 33 tJaC tiepe3 A,., B KM(ll sa Mr1HYTY
yepe3 A.~~, a KMjq 3a ceKyn.n:y-qepes Ae. 3uaLJK.H "' .~~, e HanoMHHa!Or, 
B K3KHX e,ZJ;HHHU3X BpeMeHH Mbl H3MepHeM TO BpeMH, K KOTOpOMY OTHOCHM 
IIpHpalUeHHe CKOpOCTHj IIpHpameHHe lKe CKOpOCTH, T3K iKe KaK H 
CKOpOCTb, Mbl Beer )1.8 H3MepHeM B KMjlf. QqeBH,l{HO: 

A"= 120(/k-Wk- b) KMjll2; 

An= 2(/k- wk- b) KM/llXM; 

Ac = 1/ 30 (h-wk- b) KMjllXC. 

(102) 
(103) 

(104) 

B 3THX yp·HHHX h sse.n:eHo co 3HaKOM +. rroroMy LJTO JJ.JISI f~c no.Jio· 
iKHTeJihHblM HBJIHercsr uanpasJleHHe, cosna.n:aiOmee c uanpasJieHHeM 
liBHlKeHHH IIOe3.n:a; Wk li b BBeAeHbl CO 3H3KOM -, Tal< KaK Mbl YCJIO· 
DHJIHCb CLJHTa Tb )lJI51 HHX IIOJIO)I{HTeJibHb!M HanpaBJieHHe, rrpOTHBOIIO· 
JIOMHoe HarrpasJiemno .llBH>KeHHH rroe3.n:a. B yp·HHHX 102-104 pa BHO 
HYJIIO .11JIH b 11JIH fk; ecJIH peryJIHrop aaKpb!r H ropMoJKeHHe orcyTCT· 
eyer, TO H fk H b paBHbl HYJIIO. 

EcJIH Mbl HMeJIIi .n:e110 He CO BCeM noe3)l0M, a TOllbKO C COCT8BOM 
6e3 naposo3a H TeH.n:epa) HJIH c LJaCTbiO cocrasa, TO coseprneHHO Tal< me, 
K3K Bb!We Mbl fOBOpH.nH npo YCKOpeHHe nJe3.U3, MO)I{HO Cl<33aTb, 4TO 
ycKopeHHe )lBHJKeHHH cocrasa (HJIH qacrH cocTasa) a KllJIOMerpax a qac 
33 qac paBHO s, YMHOJKeHHOH H3 paBHO)I.eitcTBYIOIUJIO H3 COCT8B (HJIH 
IJaCTh cocrasa) CliJIY B KliJiorpaMMax Ha TOHHY aeca cocTaBa (.HJIH 
paccMarpHRaeM ott ero l!aCTii). 

QqeBH,UHO, lJTO yp- HHH 102-104 ~JISI COCTaBa nepemrrnyTCH B CJie· 
.UYIOlll.eM su.n:e: 

A 120 ~
FiJ II • X, ,.= -W0 -Lit- (/Jit 
Q Q 

(105) 

A,n= 2 Fa " . X, , 
-- W0 -lt,- f{ik ICMfll X M; 
Q Q 

(105) 

A lf Fa , . x. I 
e= ao Q -Wo -lk- Q 'Ph KM IJXC. (107) 

54. npunomeuue yp-nuR nsu)l(eHiiR noe3na K BbiBO.llY ¢lOpMyn, cBR3bi· 
BBIOl..l(UX )l.Ht18MOMeTpH'IeCI<YIO CliJIY TRfH FB C )l.eHCTBHTeJlbHOit CHnOW TflfH 
Ha Gfione P~,. HanHUJeM yp·HMe liBM}J<€HM?. .rror<oMonma (c reH.n:epOMI 
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K8K CHCTeMhl TeJI, 33MeHHSi ,nefiCTBHe COCTaBa CHJIOH f 8, .nefiCTBHTeJibHO 

liM€IOWefi MeCTO M€iKJIY JIOKOMOTHBOM 11 ,llHH8MOMeTpH4eCKHM BarOHOM 
W H3Mep51eMOfi JU!HaMOMeTpOM. npell,TIOJiaraeM, 1HO JIOKOMOTHB B MOMeHT 

R3MepeHHH f 8 He TOpM03HTC5J, 

d v = ' FJ, - \1) I - i - w I -fl. 
dt p II r p ' 

B cKo6Kax-paBHo.neficrsyiOIIU151 acex rrpo.noJJbHbrx CHJJ, .neficrayro· 

IUI1X H8 JIOKOMOTHB (C TeH.n.epoM) B KlfJ!OrpaMM8X Ha TOHHY ero B€C3. 
TaK K8K COCT8B 38MeHeH H8MH CHJIOH Fa II BfC ero 6espa3l.ll1lleH, TO 
y.neJibHbie CHJibl Mbl OTHOCHM He K Becy noea.na, a TOJibKO K Becy JIOKO· 

MOTHB3 (C TeH,ZlepoM). ECJI11 ; = 120 KMj'l2, TO 

F F + A p p ( I + ' I I) 
h. = a ,, + W0 l T- w,. , 

12D 

Fk = F0 + A;, ~ + P (w0
1 + i +w,.'), 

• 

Fk = F6 +A, 30 P + P (w0' + i + w/), 
r.~~:e 

O'ieBM.ztHO paaHo F", raK KaK 

F11. = F11 + P (w0 + i + wr'), 

(108) 

(109) 

(110) 

Ot~eBH,l\HO, liTO ecmr B npe,neJiax apeMeHH or t0 .no t1 ceK. Ae ocTa· 
B3J10Cb ITOCTOS!HHbiM (J.i.IIH MO>KeT 6b1Tb npHHSITO TIOCTORHHhiM, eCJIH CHJ!bl 

MeHSIJiliCb Ol!eHb M3JIO ), TO 

A
_ V.-V0 .- (t,-to)n 

r.ne V0 n V1-~KopocTH a MOMeHTbi speMeHR t0 II ~· 
Tor.lla 

F 30 V1- Vo , · • 
k = F1 + P - - + W0 + l + Wr , 

(tl-()c 

F
11 

= Fd + 30 v~- v. · P. 
(tl-fo)e 

(111) 

(112) 

ECJili, HaTipiiMep, p =150m, TO npH II3MeHeHRH CKOpOCTH + n T<.M./11. 
3a TIOJIMHHYTbl fn=fe±l50 n. 

Bbrile.n.eM npyryro aaBHCHMOCTb Memny Fk H F8, B KOTopyiO He BXO.li.HT 
YCKOpeHHe noe3,Zla HII B SIBHOM, HH B HeHBHOM BHJI.e, 

Dpe.n,craBHM ce6e, liTO a o6rueM cJiyqae Jl.HHaMoMerp, noi<aahiBarourHi-1 
cnJiy F0, noMeureH cpenH cocrasa. Bee qacrH cocraaa nepen .n,MHaMo
MerpoM Q11 sec tiacrH cocraBa 3a .UHHaMoMerpoM Q2, Bee scEro 
cocraaa: Q = Q1 + Q2, Bee JIOKOMOTHaa (c reHt~.epoM) P. 

Paa.neJIIIM MhiCJieHHO noes.n, Ha .nae LJacrH aecoM P + Q1 H Q2 II Ha· 

!THWeM .il.IIR Ka>KD,Oti llaCTH ypaBHeHHe JIBH>KeHHR. 0 pe.ll.TIOJiaraeM, l(TO 
o6e qacrH noe3,11,a He ropM03HTCst. 
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nnfl nepe~HeH IJaCTH 

dV _ b ( Fit _ 
dt - \ p + Ql 

- -i-w __ l'o_ ,. 
P+Qt 

.U.1u1 sa.zr.aeii qacrH: 

dV ,. Fo " · - = ~ w0 -l- W r • 
dt Q2 

DpennoJiaraeM, qro ooe tJacrH noe3~a HaXO.lUITCH Ha o.nHHaKOBOM 
yKJIOHe, IJTD W,. AJIH 06eHX lJ8CTeH 0,!1HH3KOBO, IJTO ~ ,!lJIH 06el1X 48CTe/i 
onHH3 KOBO H 4TO w0" .D.JIH Q1 H Q2 O.D.HHaKoao. EcJIH yCimpeHHe o6eHx 
qacreH noe3~8 ODJIH8KOBO, TO 113 BblllleHanHC8HHbiX llBYX ypaBHeHH~ 
cJJeJlyer: 

F F p + Q + p ( ' ") 
k. = a Wo -Wo ' 

Q2 
HJIH 

(113) 

Ecmr, KaK oobiiJHo, LltmaMoMerp H3MepHer CHJIY a a KpiOI<e JIOKOMOTHBa 
(TfH.D.epa), TO Q = Q2 H 

F F p + Q + p ( r r ") 
k = B Wo -- H·o • 

Q 
(114) 

55, Opnno>KeHHe YP·HHR ,ABH>KeHHR noea~a K onpe~eJieHHIO CHJILI no 
cnenHoMy npH6opy. CoseprneHHO raK mr, K 6w1a swse.lleHa cpopMy.na 113 
li;.IJH .n.e~CTB!iTeJJbHOti CHJJbl no cuenHOMY npw6opy B IJ3CTHOM CJJy4ae 
OTCYTCTBHII TOpMOilleHHH H O.D.HH8KOBOrO conpOTHBJieHHH BCero COCT8B3, 
MO.ll\er 6wTb BbiBe.lleHa 6oJiee o6ruaa q>opMyJia .D.JJH caJibl no cuennoMy 
npH6opy. 

0603H8tiHM: 
P + Q1 H Q2 - aeca nepsoti H sropoil qacreft nae3.na, MelKztY KOTO· 

pb!MH onpe~eJJHerca cuJJa no cuenHoMy npH6opy F8; 

w0t" H w0t- y .n. conpon1BJieHaH Ha npaMoH ropH30HTaJIH saroaoa 
nepaott II s·1 opotl qacreli noe3.lla; 

• • 
l1 H l 2- yKJIOHhl, Ha KOTOpb!X HaXO.li.HTCH nepBaSI U BTOpaSI qacTR 

noe311.a; 
Wr1 H w r2 - yn. conporHaJiemm or Kpnawx nepeoit n aropoii qacrea 

noe3.n,a; 
X 1 H X 2 - cyMMbi HamarHI1 ropM03Hb!X KOJIO.li.OI< nepaofi H oropoii 

'lacrert noeaM. 
Pa3,!leJI!1M MbiCJJeHHO noe3.ll Ha ,ll;Be qacrH n aanHrneM .n.rrH rmK,ll.OH 

'lacrH yp· HHe .llBHii\CHHH. 
DnH nepe.li.Hefi qacrH: 
dV_ Fk _ PV"0' _Q,w0(_i-W _ Xr _ FB 
dt- P+Ql P+Ql P+QI 

1 
rl P+QI P+Q. • 

Dm1 3a.D.Hefi tJacrH: 
dV ~(Fil , · Xa - = " - - Wo2 -'- t2- w,.2 - • 
dt Q2 QJ 

DpennonaraeM1 tiro ycKopeaHe o6enx tJacreti noe3)1a onuHaKoao, 
CJie.n.oaareJibHO, ycHJJHe nq cuennoMy npa6opy nepe.aaerca 6e3 y.llapoa. 
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TaK KaK ~ MOJKHO rrpiiHHTb O.!!.liH3KOahiM, TO, npiipaBHHBaH npaahie traCTH 

BbllUeomt:caHHhiX .!I.BYX ypaaHeHMH, IIOJiytraeM: 

F =F Q2 - PQ2 (w '-w ~")- Q,Q2 (w "-w .")-
a k p + Q P + Q o o. P + Q o1 o. 

- (P+Q)Q~ (i-i)-(P+Q)Q~(W -w.)-mXlQ2-Xa(P+Q)(115) 
P+Q 1 2 P+Q rl ,2 rk P+Q 

56. AuanuruqecKoe uurerpupooauue YP·HHH ABH»<enn.R noe3):{a. B yp-unu 

.!I.BHJKeHHH noe3}J.3 dV = l20(fk-Wk- b) aeJIH'IJHHbl /k, Wk H b CyTb 
dt 

4JyHKUHH CKOpOCTH, CJie.lf.OBaTeJibHO, STO ypaaHeHHe eCTb 33BHCHMOCTb 

YCKOpeHHH OT CKOpOCTH: 

dV = f(V). 
dt . 

JiiHTerpHpyH 9TO .D.H4JepeHUH3JibHOe ypaaHeHHe, Mbl MOlKeM IIOJlY'IJHTb 

33BHCHMOCTH: 

V =I (t), V = f (s) u t =I (s) 

H T3KHM oopa30M OIIpe,n:eJIHTb CKOpOCTb noe3.U3 a JIIOOOfi MOMeHT ape· 

MeHH, CKOpOCTb B JII060fi TOtiKe npocpMJIH H BpeMH, B TelleHHe KOTO

poro noe3.n: .zr.ocruraer arott TOI.IKH. 

nepBbiH HHTerpaJI .!1.HcilepeHUH3JibHOrO YP· HHH: 

dV dV dt= - (116) 
t:ouk-wk-b) tcv>' 

a IIpeneJiaX apeMeHH fn H fn+l H COOTBeTCTBYIOll.lHX 9Tl1M MOMeHTaM ape· 

Me Hit: npe.zr.eJiaX CKOpOCTH V n H V ntl HMeeT BH.!I.: 

lntl Y,.H Yntl 

dt = t,.tl-· t,. = 
dV I dV (117) -- ' i (V) 120 h-wk-b 

Vn " " 
r. e. V = t (t). 

Jlame a TOM CJiy4ae, ec.nH Obi Mbl HMeJIH aHaJIHTHtieCKYIO 3aaHCHMOCTb 

h = f l V) (a M bl HMeeM 1 OJibKO rpa!lJHIJeci<YIO 333HCHMOCTb ), HHTerpaJI 117 
MOlliHO 6b!JIO 6b! B351Tb 6e3 OC06bJX 3arpy.li,HeHHfi TOJibKO npH HeKOTOpbiX 

aH.n:ax cilYHKUHH /k- W11- b = f (V). OpaKTHtieCKH me aHaJIHTHIJeCKHM 

HHTerp11pOB3Hl1eM CTvHT 33HMM3TbCH TOJibKO B 10M CJiyiJae, ecJIH C M Jl a 

/k- w11 - b B npe.lleJiax 11HrerpaJia, T. e. cKopocretl V,. u V ntl- no

cT 0 H H H a H JI H M 0 >K e T 6 b!Tb II p H H !1 T a II 0 C T 0 H H H 0 ii. B 3TOM 
• 

CJiyqae, O'IeBH.!I.HO; 

(118) 

(119.) 

(120) 
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.Jl Jl H C 0 C TaB a $OpMyJia 120 npHHHM3eT Blf,!t: 

(121) 

YpaeHefnHI 118-121 cyTh ypasHeHHH npHMOii JJHHHH, cJien:osa reJibHo, 
gasHCHMOCTb V = f tt) rpacpl·P:JecKH Bblpamaercl! orpe3KOM npHMoii JIHHHH 
B reX npen:eJiaX CKOpOCTH V, B 1\0TOpblX CHJI3-TIOCTOliHH3ll. 

0 pH Me p ( cp11r. 113, nepBbll'i H BTOpoti rpacpHKH). B MOMeHT 
apeMeHH i1 = 23 c cKopocrb noesn:a V1 = 10 KMjrt. Ha noe3n: n:eticrsyer 
nOJI0JKHTeJJbH3ll CH"JI3, llOCTOl!HH3H B npeJJ.eJiaX OT V1 = 10 KMirt ,ll.O 
V 2 = 20 KM/tt H p3BH3ll (/k - Wk- b )112 = + 8 KZjm. no D:OCTH~eHHH 
cKopocTH V 2 = 20 KMjtt CHJia na.n:aer .no (/k-Wk- b )2,3 = + 4 rczjm 11 

~-6 v t 
r.-w.-o·f(Vj V·f(t} V·!(sj t.f(S) 

~ : 
. '2' 3 
~., - -~r ---· ~~- -- .. 
~ : 

' J ~........_;..; ---1 

:~"!- . --~ 
: rr· ~ I ' •-

'-C ' 
I ;.;ii : : 

i--41 u '' 
~s~ 

. s' . :-- 2 ... 
~ sj-

¢Hr. 113. Y.!IeJJbHal! CHJJa B Ql)'HKUI-fll CKOpOCTH, CKOpOCTh B ljlyHKUilH 
apeMeHH, CKopoCTb B IPYHKUMH nyTM H BpeMR 11 !jl)IIKUIIH nyrll, 

ocraercH nocrol!HHOM 11.0 .uocTHJKeHIHI cJ<opocrn V 3 = 35 KM[rt. Onpe· 
)J.eJIHTb MOMeHTbl BpeMeHH t2 H f3, COOTBeTCTBYIOIII.He CKOpOCTSIM noe3.11.3 

v2 H Va· 
no I!JopMyJie 120: 

t- 30(:20-IO)_+t
1
=375+23=605c· 

2- 8 ' , J 

t3 = 
30

(
35

-
20

) +t2 =112,5+60,5=173c. 
4 

lJ,JIH noJiy!:!eHIHl 33BHCHMOCTH v = f (s) YMHO)ICHM ooe IJ3CTH ypaBHe
HIU! 116 Ha V: 

Vdt = ds= __ V....:d:....:..V ___ VdV. 
120(/k-w~-b) I(V) 

(122) 

H oepeM HHrerpa~ aroro .1l.H¢epeHuHaJJbHOro yp·HH~ B npe.n:e~ax nyrH 
Sn H S•+l li COOTBeTCTBYIOIII.HX 3TI-IM TOtiKaM nyTH npe.n:eJiaX CKOpOCTH 
V,. H Vn+l: 

Sn+l 

ds = s,+l- sn = 
VdV __ = 

Vn+! 
VdV 

f tV) ' 
Sn 

r. e. V = f (s). (123) 

06 HHTerpaJie 123 MOJKHO CKaaaTb TO }l(e, qro 6b1JIO CK338HO Bblllie 
o6 MHrerpaJie 117, TOJibKO B3l1Tb ero aaaJIUTHIJecKn eiiJ,e rpy p,aee. Ec~H 
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cnJJa fk- wk- b B npell.eJJax HHTerpaJJa, r. e. a npe.D.eJiax. CKopo~refl 
V n H V n+l- l10CT051HHa r!JUI MOiKeT 6b!Tb npHH.IITa nOCTO~HHOH, TO 
HHrerpaJI 6epercl! npocro, a HMeHHO: 

(124) 

ilJJH: 

(125) 

(126) 

YpaaHeHH51 124-126 cyrh ypaaHeHH51 napa6orrh! c OCblO, napaJIJieJib· 

H0!1 oc11 s; CJ1e,LLoaare.~bHO, 3JBHCHMOCTb V =I (s) rpaqHPiecKH BLip a

lKaercH orpe3KOM napa6o,1LI c OCbi:O, napaJIJie.TibHOf.i: oc11 s, a rex npe
ll.enax V, B KOTOphlX CHJ!a ITOCTOHHHa. 

tPOpMyJJbl 124-126 npaBHJibHbl He TOJJbKO npH llOCTOHHHOH Cr.J!e 

B npe,LLt'JBX OT Vn .ll.O V,n-!-1• HO H npti CHJie, CBli33HHOfi CO CKOpOCThiO 
•1Jl1HeH H OH 33BHCHMOCTbiO, T. e. 331:lHCHMOCTb!O BH)l.a jk -- W k- b :::a + ~V, 
np11 qeM B 9TOM cJJyqae ITOJI. seJJH'lHHOH (fk- wk- b) 11 , l'l+l cne.uyer noJI.

pa3yMeaarb CliJiy, COOTBeTCTBY!OlUYiO cpe,ll.HeB3BeilleHHOH CKOpOCTO, O!Ipe· 

,II.eJIHeMokl no cpo PMY JJ.e: 

nertCTBIUeJJbllO, rrpe}.lCT3BHM <lJopMyJiy 125 B BHAe: 

(snu- sn) (fk-w%- b)n 'ntl = 4,17 (V2ntl-Vn2). 

(127) 

Open:no.~O>HHM, qro civia fk- wk- b Herrocroi!HHa, r. e. 3aBHCHMOCTb 
!"- w"- b =I \s) He rrpen;crasJIHerc51 np51,MDti JIHHHeii, napaJIJieJib· 
uotl oc11 s Pa3.u.e.JIHM KpHsym h- wk- b =I (s1 ua p1I,IJ,3.1eMeHros, coor
sercrsymw.Hx 9JieMeHT3M IIYTii ds, Ha KOTOpblX B npe.u.ene CHJIY MOlKHO 
C1ll1TaTb IIOCTOliHHOH, 11 C.~OlKHM Bee 9.JieMeHrapHb!€ cpopM)'Jibl. KBMpaT.b! 
scex npoMelKyrotiHhiX cKopocreif coKpaTl!TC'51 n: rroJiytiHM: 

5"+ 1
(/ b' d 417'V2 V2 \ S k- w,- ht 1 n+l S= ' \ ~+1- ·nl' 

71 

HJIH: 

Sn+J (a+ PV) ds =a (sn+l- s,.) + p Sn+l Vds = 4,17 (11211+1- V111i) J 

Sn Sn 

T. e. !IpHXOll.li\1 K cpopMyJiaM 125 H 127. 
flpOJI.OJDK351 npe,ll,biJl.Yiii.HH !Ipf!!V.ep, Dn?e.n.eJJHM TOllKH nyTH Sa 11 Sl, 

D KOTOplH CKOpOC1b IIOe3}la pasHa V2 = 20 KMjll H V~ = 35 K.Mj'l, 
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YffTIUI, l!TO K MOMeRTY BpeMeRH f1 = 23 C no~3ll npOWeJI nyTb S1 = 
::= 230 M ( cpHr. 113, TpeTBH rpacpHK). 

Do QlOpMyJie 125: 

S, = lOO (20~- J02) + S = 156 + 230 = 386 M' 
• 24 • 8 1 

' 

lOO (352 - 2CZ) t S
2 

= 859 t 386 = 1 245 M. 
24. 4 

3aaneHMOCTb t = f (s) MOiKHO rroJiytJHTb .llBOHKHM nyreM: 1) HCKJIIO· 

qaJI V H3 Hati.n,eHHblX 33BHC11MOCTeti V = f (t) (QJOpM. 117) H V = f (S) 
(cp'lpM. 123), HJ!ll, 2) B3HB HHrerpaJI Hati.n.enHoit 33BIICHMOCTH V =I (t), 
HO npe.n.aapareJibHo npe.D.craBHB ee B BH.n,e AH¢epeHUH311:t~HOro yp·HHH: 

ds ( v = = t t), 
ctt 

ds = f (t) dt. 

l1HTerpaJI 9TOrO ypaBHeHHII, SlBJ15IIOll.I,HtiCH BTOpbiM HHTerpaJIOM OC· 

HOBHOfO yp:JBHeHHH df = /~), B npe.IJ.eJiaX BpeMeHH 01' f11 .IJ.O i11tl H 

B CO:ITBeTCTBYIOllllfX: 9THM MQ.\!eHra.M BpeMeHH npe,lleJiaX nyra $11 

H S11tl eCTb: 

tn+t 
S11t 1 -S11 = Vdt = 

tn+l 

fn+t 
I U) dt. (128) 

OI.JeBHAJIO, liTO V dt rpacjJHlJeCKH eCTb nJIOIU8.IJ.b Mf.>KJlY KPI:f" 

BOft V = f (f) (<flHr. 113, BTOpofl rpa<flaK), OCb!O t H Op.IJ.HH3T3MH, CO· 

OTBeT.:TBYIOllli:IMH 111 1:1 1,1+1· 

ECJHI B npelleJiaX HHTerpaJia CHJ!3 I10CTOHHH3, TO V eCTb Jl!-IHeftHaH 

<jJyHI<I~HSI t, Kp1-1B351 V =I (t) eCTb orpe30K rrpSIMOH, a S11+1 -sn H3Me· 
PHercfl 3awrpHxoaaHHOH nJIOlll3.ll.bfO, paaaoii: 

1 lnt· -In)~ Wn + \:'n+ ) 

2 
KM' , 

(fn+l-- In\,, (Vn + VntJ 

120 
KM' , 

( ) 
_ 100 (111+ -f nJ.~ (Vn+ Vn+) . 

S"tl- s • . v - 12 M, 

( ) 
_ (tn+l- t,Jc ( V,. + V11tJ . 

Sn+l- S'tl .~- 7,2 M, 

(129) 

(130) 

(131) 

(132) 

ll>opMyJJbl 129-132 HBJISIIOTCH C.1e.l(CTBHeM 4JopMyJI 118, 119, 120, 
124 H 125 H JierKO H3 HHX Bb!BOllSITCfl. 

¢opMyJibl 129-132 HBJISIIOTCSI ypaBHt>HHHMH napat50ilhl C OCbiO, na~ 
PaJIJieJibHofi oc11 s; cJie)loaarenbHO, 3aancHMOCTL t =- 1 (s) rpa4JHIJeCKH 
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DyT& (a Merpax), aa I<OTopoM U3MCHReTC1i CJ<opocT& Ha 5 K.M/'i no):l t~eitcTauel\1 
Te'leHUe 1(010poro npOli:CXO,[(llT R3MfH~HUe CI(OpOCTM Ha 5 KMjq 

Vn+t- Vn 
K,ttj'i 

0 -
It) .... lt) 0 

N C") 
lt) 
C") 

10 

"'' 
0 

"' fk -wk -b I I 
0 

g 
I 

lt) 
I I 

0 10 
I 

0 
C") 

I 
0 

I 
!(") 
~ 

150 

K2jm 0 10 - - C'l I C"\1 "'' 

I 104 312 521 729 937 1 146 I 354 1563 1 771 I 979 

2 52 156 260 365 469 573 677 781 885 990 
. 

3 35 104 174 243 312 382 451 521 590 660 

4 26 78 130 182 234 287 338 391 443 495 

5 21 63 104 146 187 229 271 312 354 396 

6 17 52 87 122 156 191 226 2.60 395 330 

7 15 45 74 101 134 164 193 223 253 283 

8 13 . 39 65 91 117 144 169 195 221 248 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

12 

101 

9 

9 

8 

7 

7 

6 

6 

6 

5 

5 

5 

5 

5 

4 

35 57 

31 52 

28 47 

26 43 

24 40 

22 37 

21 35 

20 33 

18 31 

17 29 

16 27 

16 26 

15 25 

14 24 

14 23 

13 22 

81 

73 

66 

61 

56 

52 

49 

45 

43 

41 

39 

37 

35 

33 

32 

30 

104 

94 

85 

78 

72 

67 

62 

59 

55 

52 

49 

47 

45 

43 

41 

39 

128 150 174 197 220 

!15 135 156 177 198 

104 123 142 161 180 

95 113 130 148 165 

88 104 120 136 !52 

82 97 112 126 141 

76 90 104 118 132 

72 85 98 Ill 124 

67 80 92 104 116 

64 75 87 98 110 

60 71 82 93 104 

57 68 78 88 99 

55 64 74 84 94 

52 62 71 81 90 

50 59 68 77 86 

48 56 65 74 82 
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TA5JJI1UA 13 
llOCTMII-IHOii CJ.Illbl (B Kcjm, no IJlopMyJie 125 J.IJIH 126)1 H BpeMJI (B Ce~yH)IaX), B 
lloJl ~~~itCTBHeM TOit )l(e CHJibi (no IJlopMyJie 120 HJIH 121) 

l2 
I 

0 
(0 

I!) 
00 
I 

0 
00 

0 
01 
I 

I!) 
00 

I!) 
0> 

I 
g 

8 -I 
I!) 
01 

8 ,...., 

I 
8 _. 

4062 4271 4 
• 

0 --I 
I!) 
0 -

1 094 11 1 302 1 151 1614171918231 2Q3J21352.:<iL 

729 868 

547 651 

437 

365 

313 

273 

243 

219 

199 

182 

168 

52 I 

434 

372 

325 

289 

260 281 

237 

217 

200 

1007 1076 1146 1215 1 1354 1424 1 4~.:1 

807 859 912 1 016 1 068 11 

646 

538 

729 771 813 854 

608 677 7I2 

431 461 491 521 551 580 610 

404 

353 

323 

294 

269 

248 

456 

405 

365 

331 

508 534 

45I 474 

406 427 

369 388 

304 321 339 356 

156 171 186 201 2 231 

280 

260 

243 

313 329 

290 305 

271 285 146 I 

137 1 

174 1 

163 I 

129 141 153 I 

201 215 

189 202 

I 190 

228 241 254 267 

214 227 239 251 

122 133 145 156 168 179 191 203 21 226 237 

137 t 159 170 181 1 92 203 I 214 225 

109 I20 130 141 151 162 172 182 I93 203 213 

104 114 124 I34 144 !54 164 174 I84 193 203 

99 109 118 I28 I37 147 I56 166 I75 I85 194 

95 104 113 I22 131 140 I50 159 I68 177 I86 

91 1C9 117 135 152 I61 169 178 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

I2 

13 

14 

15 

16 

I7 

18 

19 

20 

21 

22 

23 

24 

150 

75 

50 

37,5 

30 

25 

21,5 

18,7 

16,7 

I5 

I3,6 

I2,5 

11,5 

10,7 

lO 

9,4 

8,8 

8,3 

7,9 

7,5 

7,1 

6,8 

6,5 

6,2 
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Vn+1- Vn 
IU.t/fl 

].() 0 ll') 0 lO 0 lt') 0 lt'l 
0 ,.... "' N M M "!' "!' If) If) 

I - I I I I I I I I I f~J-Wh- b I I 
0 1!1 0 lt') 0 lO 0 1!1 0 

~eajm 0 1!1 - - N N ("j ('I) "!' '<!' ll') 

25 4 13 21 29 37 46 54 63 71 79 87 

26 4 12 20 28 36 40 52 60 68 76 84 

27 4 12 19 27 35 42 50 58 66 73 81 

28 4 11 19 26 33 41 48 56 63 71 78 

29 4 II 18 25 32 40 47 54 61 68 75 

30 4 10 17 24 31 39 45 52 59 66 73 

35 3 9 15 21 27 32 39 45 51 56 63 

40 3 8 13 18 23 29 34 39 44 49 55 

45 2 7 12 16 21 25 30 35 39 44 49 

50 2 6 10 15 19 23 27 31 35 40 44 

55 2 6 9 13 17 21 25 28 32 36 40 

60 2 5 9 13 16 19 23 26 29 33 37 

65 2 5 8 11 14 18 21 24 27 30 34 
I 

70 2 4 7 10 13 16 19 22 25 28 31 
' 

75 1 4 7 10 12 15 18 21 24 26 29 

so 1 4 7 9 12 14 17 19 22 25 27 

85 1 4 6 9 11 13 16 18 21 23 26 

90 I 4 6 8 10 13 15 17 20 22 24 

95 I 3 6 8 10 12 14 16 19 21 23 

100 1 3 5 7 0 12 13 16 18 20 22 

n pH Me pI. DOll ,ll.eftCTBHeM CHJlbl B 8 KZ/m, HanpaBJleHHOH B CTOpoHy llBHlKeHHA 

B Te'leHHe 18,7 CeK. 

n pH M e p 2. noll )lencTBHeM CHJlbl B 6 KZ/m, HanpaBJleHHOH B CTOpOHY 1 npOTHBO 

10 KM/'l Ha rrpoTRlKeHHH: 122 + 87 = 209 M 1 B Te'leHRe: 25 + 25 ==50 ceK, 

n pH Me p 3, flpH CKOpOCTH B 15 Klol/1{ IJOe3ll JaTOpMOlKeH, npH 'leM: IJpH H3Me

ll<eHHll IJOe3Aa), npH H3MeHeHHH CKOpOCTH OT 10 KM/'1 li.O 5 KM/11 ,lleJ:iCTBOMna 0!118 

nyTb, IJpOHJleHI!biJl noe3JlOM llO OCT3HOBKI!1 paseH: 87 + 4j + 12 == 144 M, B Te'leHHe 

n pH Me p 4. CKopocrb noe3J1a ynaJia c 10 KM/11 11.0 H.YJIR B re4eHHe 60 ceK 
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<':! ~ ;l' 
I() 0 . :.;: ~-

I() ~ ~ 0 0 
0 0 - <:! • 1-o :~!; g I() If) 0 - ...... :=d.l'-':0: co co co <;)) Ol ...... I I :>:: 0 

I J I I I I I I I e >, dJ C..l() I 0 I() ...._ :.:::;o 
10 I() 0 I() 0 l!") 0 l!") 0 0 .. Q) ., ;.: <Q 
10 <0 <0 1:-- t- co 00 Ol Ol ...... ...... :.: u:~:,_,lll 

96 104 113 121 129 137 146 154 163 171 179 25 6 

92 100 108 116 124 132 140 143 156 164 172 26 5,8 

89 97 104 112 120 127 135 143 151 158 166 27 5,6 

86 93 100 108 115 123 130 138 145 153 160 28 5,4 

83 90 97 104 I 1 I 119 126 133 140 147 155 29 5,2 

80 87 94 101 108 liS 122 128 135 142 149 30 5 

68 74 80 86 92 98 104 110 116 122 128 35 4,3 

60 65 70 76 8! 86 91 96 102 107 112 40 3,7 

53 58 53 67 72 76 81 86 90 95 100 45 3,3 

48 52 56 60 65 69 73 77 81 85 90 50 3 

44 47 51 55 59 63 66 70 74 78 81 55 2,7 

40 43 47 50 54 57 61 64 68 71 75 60 2,5 

37 40 43 46 50 53 56 59 63 66 69 65 2,3 

34 37 40 43 46 49 52 55 58 61 64 70 2,1 

32 35 38 40 43 46 49 51 54 57 60 75 2 

30 33 35 38 40 43 46 48 51 53 56 80 I ,9 

28 31 33 36 38 40 43 45 48 50 53 85 1 ,8 

27 29 31 34 36 38 40 43 45 48 so 90 1,7 

25 27 30 32 34 36 38 41 43 45 47 95 1,6 

24 26 28 30 32 34 36 39 41 43 45 100 1 ,5 

ROel.ll,a, CKOpOCTb y&eJJHI!IIBaetCl! OT 30 /Ot(ll .IlD 35 K.Mjll Ha npOTillKeHifll 169 M 

nOJIOlKHJIO HanpaBJJeHHIO .llBHlKeHHil noe3J(a, CKOpOCTb yMeHLWaeTCll Ot 20 KM/If .110 

eltHli CKOpOCTH O'f 15 KM/'1 il.O 10 KM(q .nefiCTBOBaJia CIIJia B 6 K2/m (npOTI!B JlBH· 

8 7 Kzjm, a npH 113MeHeHHH CKOpOCTH DT 5 KM{'l .llO 0 .lleHCTBOB3JJa CIIJJa B 9 KZ/m· 

25+ 21,5 + 16,7"" 63,2 ceK. 

'KaKall noctORHHall CHna AdlcraooaJia na noes.11? OroeT: 5 Kzjm. 
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H3o6paJKaeroi orpe3KOM napa6oJihl, c ochJO, napanJieJihHoii oc11 s, 
B TeX npe.lleJiaX V, B KOTOpb!X CHJI3 llOCTOHHHa. 

npO.lf.OJ])IHIM Haill npHMep 11 Onpe.n;eJIHM S2 H S3 C llOMOI.U.blO <\lOpMyJihl 

132 (<\lHr. 113, qeraepTblit rpa<\l11K): 

s2 = 37 5 
(IO + 20

) + s1 = 156 + 230 = 386 M. 
7,2 

s3 = 
1 12

•
5 

(
20 + 35) + s2 = 859 + 386 = 1245 M. 

7,2 

¢opMyJihi 120, 125 II 132 rrpe.n;crasJieHbi a BII,n;e ra6JIIIUhi 13, c no· 

MOlll.b!O KOTOpoti MO)I{HQ 6b!JJO 6hl peillHTb BeCb nepBbiH I!pHMep 

B HacrmnueM rraparpa<Pe (<Pur. 113), He rrp116eraH K Bbil!HCJieHH51M. 

Ta6.n11ua Bbil!HCJieHa c 11HrepaanaMH cKopocrH yepe3 5 KMjq, Ha npaK· 

THKe HHKOfllil He B03HHKaer H3li.06HOCTH B 60.11ee MeJIKHX HHTepaaJJaX • 

.Um1 npwMepa npaxral!ecKoro nOJib30B3H11H arofi ra6J!llUei1 pemHM 

CJienyiOwyro 3allally: 

Ha aaTH)!{HOM nOll'beMe a 12°/00 H0%10 Hll.eT noea11. Ha pyl!Hh!X rop

MOaax co cKopocTbiO 10 K.Mjt.t. Y:acTb cocrasa o6pbiBaercH •• Onpe.n.eJIHTh, 

qepe3 CKOJibKO BpeMeHH H Ha K3KOM paCCTOSIHHH OT nyHKTa o6pblB3 

CKOpOCTh OTOpB3BlileflcH l!3CTH .ll;OCTHfHeT 40 KMjt.t BHH3, B npe.n;no

JIQ)!{eHHH, liTO TOpM03HJ!bllJ.HKH COCKOIJHJIH, He ycneB 33TOpM03HTb HH 

Oli.Horo aaroHa. 

).lJIH SICHOCTlf, BCe npOHCXOli.SIIUee C OTOpB3BillHMliCH B3f0H3MH 

IBo6pameHo rpacpHtteCKH Ha qmr. 114. 3a noJIO)I{HTeJihHoe HanpaaneHHe 

npHHHTO HanpasJieHHe li.BH)I<eHHH noea11a. Ha JJeBOM rpaqHiKe Hao6pa

)l{eHbi ,ll.eHCTBYIOW.He CHJlbl B cpyHKUHII V: W0=2 Kzjm 8 npe.n.eJiaX OT 

V=O .li.O V=!O, w0=1,5+0,05 V I<Zjm 11 i=12 Kzjm. B MOMeHr t1=0 
(MOMeHT o6pb11:13) V 1 = + J 0 KMjt.t, S1 = 0, fk- Wk- b =-W0- i = 
=-14 Kz/m. B MOMeHTbl t2 H t3 V= +5 KM/t.t 11 V3 =0 KM/t.t, -w0 -

- i = 14 ICZ/m. 
8 MOMeHT t8 CHJia W0 MeHHeT CBOe HarrpaBJJeHHe H OT MOMeHTa i3 

,li.O MeMeHra t5 CHJia- w0 - i = +2 -12 = -10 Kzjm. B MOMeHT 15 V5 = 
= -10 KM/1l. ,UaJiee- w0 B03pacraer II K MOMeHry t13 npu V =
-50 ICM/ll-W-i=-8 Kzjm. 3aMeHHeM nepeMeHHYIO CHJiy-w0-i 
B npe.lf.eJiax OT V = -10 ,!1;0 V =-50 cpe,li.Hefi nOCTOHHHOH CHJIOH 

-
10 + <- S) =- 9 KZfm. TaKaH saMeHa npaxriil!eCKH ,ll.aer He3H3l!H· 

2 
TeJJbHYlO OillHOKY B pe3yJibT3T3X, TaK K3K, XOTH npe,ll.e.'lbl V ( OT 10 
,li.O 50) H Ol!eHb BeJJliKH, HO npe,ll.eJlbl-W0-i (OT 10 ,!1;0 8) M3Jlbl 11, 

KpOMe TOfO, JIHHefiH351 33BIICHMOCTb CIIJ!bl OT CKOpOCTH 1f.3eT B03MO)I{

HOCTb TOIJHO Onpe.zreJIHTL cpeliHlOIO CHJJy. 

Ha cpe.n.HeM rpa<\lHKe H306pa)I{CH3 38 BHCHMOCTb V = f (t) 1f.JIH OTOp· 

B3BWHXCH BarOHOB. npa V1 = + 10 KMjt.t, t1 = 0, npii V2 = + 5 KMjll, 
i2 = 10,7 C, T8K K3K, COfJ13CHO T30JI. 13, npH CHJie B 14 KZjm Tpe6y· 

eTCH 10,7 C .ll.JIH IIJMeHeHHH CKOpOCTH Ha 5 KM/Ili np11 V3 = 0 KMjt.t, 
t3 = 10,7 + 10,7 = 21,4 c; npn V6 = -10 ICM/q, is= t3 + 2 · 15 = 21,4 + 
+ 30 =51 C, T3K K3K, COfJJ3CHO Ta6JI. 13, np11 CHJie 10 1C2fm Tpe6yeTCH 

15 C ,ll.nH 113MeHeHHH CKOpOCTH H3 K3)1{1f.ble 5 KM/t.t; npH V13 =-50 KM/14., 
t13 = t5 + 8 · 16,7 = 51,4 + 133,6 =185 C = 3 M 05 C, T3K K3K npH. CHJie 

9 K2/m TpeoyeTCH 16,7 C .ll;JIH H3MeHeHHH CKOpOCTH Ha K8>K.ll.ble 5 ICMjt.t. 
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Ha rrpaaoM rpaqmKe Hao6paJKeHhi 33BHCHMocru V = f (s) u t = f (s). 
f1pH Vl = + 10 KMjtt 81 = 0, f1 = 0; rrpH V2 = + 5 KMjtt s2 = + 22 M 
(corJracHo ra6JI. 13, npa cuJie 14 Kc/m 11 H3MeHeHHH cKopocru c 5 .rr.o 
10 KM/f.l HJIH o6parHo), t2 = 10,7 c; rrpH V3 = 0 KM/tt sa= 7 + s2 = 7 + 
+ 22 = 29 M, fa= 21,4 c; rrpH V4 =- 5 KM/tt s4 =- 10 + s3 =- 10 + 
+29=+19 M, 14 =36,4 c; rrp11 V5 =-10 KM/tt. s5 =-31+s

4
= 

:::::-31+19=-12 M, f5 =51,4 c; npH V6 =-15 KM/tt s6 =-57+ 
+S5=-57-12=-69M, f6 =68,1 C (COfJI3CHO T36JI. 13, rrpH CHJie 
B 9 Kcjm H3MeHeHHe CKOpOCTH OT 10 Klftj'l .11.0 15 KM/'l rrpOMCXO)]JIT Ha 
DJTH B 57 M) 11 T • .IJ.. Ci<OpOCTb B 50 lCMj'l 6y.rr.eT .II.OCTHrHyTa Ha pac
cTOHHIIH OT IIYHKT3 00pb1B3 BHM3: 69 + 81 + 104 + 128 + 150 + 174 + 
+ 197 + 220 = 1123 M, qepea 185 c noc.ne MOMeHra o6pbiBa, rrpa lleM 
nepshre 21,4 c o6opsaswaHCll li3CTb tr:sr. 
npo.rr.oJIJKaer HTTH Bsepx no no.rr.oeMy r--1 

H npOXO.II.HT npu 3TOM 29 M. 

I 

t;-u~-o -uN:·f(V/ i·f(s)' 
£ 

8 v 
·1 4p 5I! ,, • 

2 

4 "'Vf· 

-v 

<l>Hr. 114. 06pwB noe3lla Ha nOll'beMe 120fo0. 

,llJIH Broporo npHMepa noKameM, KaK npocrelirnHM crrocoooM onpe· 
.rr.emnb conporHBJleHHe naposoaa npH aaKpb!TOM peryJIHrope w3• no
JIOlKHM, liTO H3 rrpH~IOM CnycKe B 60fo0 CKOpOCTb napOB033 (C TeHJI:e
pOM), H.D.yiUero peaepBOM. rrpH 33KpbiTOM peryJIHTOpe, naJ(aer C 20 KM/'l 
.!I.O 10 KMj'l B TelfeHJie 120 C, T. e. B Cpe,n:HeM 60 C H3 yMeHbWeHMe 
CKOpOCTH B 5 ICM{'l. YJ3 Ta6JI. 13 CJieJ(yeT, lfTO H3 napOB03 ,netiCTBO· 
BaJia CI1Jl3 OOJibllie 2 K2jm, HO MeHbUie 3 K2{m, T. e. OKOJIO 2,5 KZ/m. 
CJie)l,osareJibHO, w3 = 2,5- i = 2,5 + 6 = 8,5Kzjm rrpH cKopocTH 15 KMI'l. 
KoHet~Ho, .rr.na 6oJibWefi TOIIHOCTII CJie)l,oBaJio 6w ra6.11. 13 c.rr.eJiaTh 
.ll.JIH CYIJI qepe3 0,1 Kcjm. 

PernHM ew.e O.AHY aa.rr.atty, c noMOIUbiO cpopMyJihi 121, H3 nosce
.ll.HesHofi npai<THKH pa60Tbl JlHH3MOMerpHlleCKHX BarOHOB. 

Ha ITPIIMOM nOll.'beMe 2,50fo0 )l,I1H3MOMeTp Ha KpoKe TeHllE'P3 B Te· 
I.JeHHe 25 C ilOK33biBaJI 8 008 K2, rrp11 IJeM B TeiieHHe 3THX 25 C CKO· 
POCTb noe )],3 ynaJia C 34 KMj'l )(0 32,5 KMiq; sec COCT3B3 2 000 m. 
Onpe.zr.eJIHTb yJJ,. corrporHsJieHHe sarouos w0" Ha npHMOH ropH30Hramr. 

Ec.11u He o6par!1Tb BHHM3HHSI Ha H3MeHeHHe CKopocn1, Kai< aro qacro 
II owsaer, H BbiiJHCJIHTb w0'', JI:JIH CJJyllaH oasHoMepHoro .D.BHllieHHII, 
TO IlOJiyqaeM: W0" = (F0 : Q)- i11 = (8 000: 2 000)- 2,5 = 1,5 KZ/m, liTO 
He06bltJ:3HHO M3JIO, oco6eHHO JlJIH CKOpocreH IIOpH,n:Ka 30- 35 ICMjq. 
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B .nefiCTBHTeJibHOCTH, rrpiiMemur ¢opMyJJy 121, HMeeM: 

Fa -w "-i = Q D k 

OTKy,n;a: 

30 (Vn+·- V,) = 8 000 _ 2,5 _ 30 (32,5- 24) = 4,0 _ 2 5 + 
(tn+1- t,)c 2 000 25 ' · 

+ 1,8 = 3,3 «2/m. 
EJror npvrMep noKasbiBaer, HacKOJibKO rpy.nHo orrpe.zre.l!eHHe conpo. 

THBJieHHH, T3K KaK 06b!IJHhle CKOpOCTeMeph! He.II.OCTaTO'lHO llYBCTBH· 

TeJibHbl H TOIJHbl. 

57. fpai)R'IeCMHit CIIOCOO JlHITeQa IIOCTpOeHHR KPHBOH V = /(s) Ha OCHO· 
BBHHH MPHBOH fk-Wk-b=ffV) (qll1r. 115). no CBOeH npOCTOTe, Ha· 

fJ!HJl.HOCTH H YHHBepcaJibHOCTH 3TOT CllOC06 SIBJJHeTCSI KJJ3CCHl:!eCI<llM. 

B HacroHmeM naparpa¢e npHBO.llHTCSI ronbKO reoperHqecKoe o6ocHo· 

oanHe aroro cnoco6a; npaKTH'lecKoe ero npMMeHeHMe- o rr. n. 79• 
83, 93. 

YfMeeM KpHBYIO / 11 -W0-b=f (V) (!flur. 115, CJISBa). fiepeM, K8K 

HC:XOLIHYI01 3TY KpHByiO, T, e. )lJifl JIPHMOfO ropH30HTaJibHOf0 nyrM, a He 

fk- Wl:- b = f (V), llOTOMy, l:!TO Kp11B3SI .llJIH JII060rO f k MD meT 6b!Tb 

llOJJyqeHa M3 KpHBOH .ll.IIH npHMOM ropH30HT3JIH npOCTbiM nepeHeCeHHeM 

ll3'1aJia 1<00p.ll11H3T, Harrp. 113 T0'1Klf 0 B T0'1KY 01; CJie,llOB3TeJibHO, 

llpH l13MeHeHHH ik He llpH.zreTCH nepecrpaHB3Tb !<pHByiO. n.nH y.zro6CTB3 

nocrpoeHHH rpaqmK fk- w0 - b =I (V) rrooepHyT H a 90° or ero o6ht'1· 

HOfO llOJIO>KeHHSI. Ha npaBOH CTOpOHe QJ!1f, 115 HMeeM B K00p,!!.HH3T3X 

V H S O.llHY H3'1aJJbHYIO T0'1KY KpHBOH ll = f(s); 3Ta TOtJKa 1, COOTBeT· 

CTByrowaH npotl.o.eHHOMY nym sl " CKClpOCTH vl' Ocb Il')'TH Os HllJUl· 

eTCH IIpO.llOJilKeHY1eM OCH CI1JI. PacCTOSIHHe Me}f{.llY OCHMM CKOpOCnl 

06011X rpaqJHKOB Oe3p33JIHIJHO. 

3aME'HHeM KPHBYIO fk- w0 - b HeCKOJibKMMH orpeaKaMu npRMbrx 

(s HameM npHMe1 e- .zrsyMH), napaJIJieJJbHbiMM ocH VJ raK 4T06bl I<pHBaH 

nepereKaJia aru orpeai<H s HX cepe.zruHax. C'1HraeM, tJTO BMecro ne· 

peMeHHOfi CHJ!bl B npe.llf:',13X CKOpOCTi'! OT Vl .llO V2 ,!J.eHCTByer H3 ll0!'3,n 

ITOCTOHHH8ll Cl1JI3 (f~-Wo-ik-b)l12 a B npe,neJJaX: CKOpOCTH OT V2 
.!!.0 V3 - ITOCTOSI H HaH CHJia (/ k- W0 - i"- b) ,3• 4epe3 cepe,llHHY 0Tpe3· 

Ka II pliMOH 7-2, 33MeHHIOlllEf0 KpHBYIO (/k-Wh-b), 11 H3tJ3JIO I<O· 

Op.llHH3T 011 OOTB€TCTBY10Wee TOMy ik, Ha KOTOpOM HHXO.lll1TCSI f!0€3)1, 

npOBO.llHM .11yq M npOBOAHM nep eH.llHKY.IIHp K STOMY JIYYY '1epe3 M3· 

secTHYIO HaM TOIJKY 1 KPMBOH V = f (s). To'1Ka 1 KpHaoii V =I (s) 

.!l0JllKH3 MMeTb TY >Ke op.n:HHary vl, KaK M TOl:!Ka 1 OTpeaKa npliMOH. 

33Me HIOWero tJ3CTb KpHBOH fk- Wk- b. noKaJKeM, l:!TO T0'1K3 2 nep e· 

ceqeHHH npose.neHHOro H3MH nepneH,llHKyJIHpa K JiytJy c a6c~uc OM v2 
eCTb KOHetJH3SI TOIJJ<a 0Tpe3K3 KpHBO~ V = f(s) B rrpe.zre.nax CKOpOCTH 

V 1 H V 2, COOTBeTCTBYIDWefi .n.ei1CTBI110 Ha noe3.ll. IIOCTOSIHHOii CHJ!hl 

(Jk-wk- b)u2· 
113 DO,il.06HH 33lllTpi1XOB8HHbiX rpeyrOJibHHKOB CJie)lyeT, liTO 

(h-wk- b),~· k (V2- V) · m 
~--~~~-= ~ 

(V, + V2) • m (s2 -s,) · y 
2 
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r Jle KoaljliiUHeHTbl k, m a y cyrh M8CII1T36br, B I<oropbrx rrocrpoeHbl 
rpa~HIKH, a HMeHHO: k eCTb l!HCJ!O MM B 1 K?.jm CHJ!bi1 m eCTb l!MCJIO 
MM B lKM/11 CKOpocnr, a y eCTb llliiJIO MM B 1KM rryrH, YMHOJKaH BeJJH· 
qHHbl CHJ!, CKOpocrei1 II nyTH H3 MX COOTBeTCTBYIOlll.He M3CillT36hr, Mbl 
noJiytJaeM )J,J1HHbi cropoH sarnrpHxosaHHb!X rpeyroJibHHKOM B MM. VIa 
nocJienHero yp· HIHI CJJe.n.yer: 

V~-v; m2 

Sz-St= . ·--
2(fk-wk-b),12 k·Y 

3Ta QJOpMyJia oqeHb IIOXOJKa Ha Bb!Be.L(eHHYIO H3MII paHee !pOpMy• 
liY 124 H o6pamaercH a Hee, ecJIH 

120m~ 
Y = MM B 1 KM IIYTM. (133) 

k 

CJJe)l;OBareJihHO, rrpn raKoti saBIICIIMOCTH MeJKny MacrnraoaMH, Sa- s1 
f!3 lj)Hr. 115 )J,eMCTBHTel!bHO Bb!p<1JK3eT npupameHHe rryTH, COOTBeT· 
CT8YIO!l!ee rrpapameHHIO CKOpOCTII V13 ·- V1, rrpH IIOCTOHHHOH CHJie ( jk

- wk- b)uzo 
Ha lj)Hr. 115 raKHM JKe cnoco6oM rrocrpoeHa TOliKa 3 KpMaoti V = 

= /(s) )l;JJH V = V3• 

Mbi sHaeM, liTO V = f (s) rrpii rrocroHBHOti CHJTe rpa<lJn:4eCKII Il30· 
6pa~~<aercH napa6oJiot'r • .lJ.nH HCHOCTH arn: napa6o,1hl HaHeceHbi Ha !pHr. 115. 
ll,JIH HcrHHHOtl KpHsofi fk- wk- b =I (V) HafineHHhie TOl!KH KpHsott 
V = f(s) llBJ1SIIO CH HeT04Hb!MH; OHif reM 6JilDKe I< HCHIHHblM, 4eM I<OpO• 
qe 0Tpe3KH np.!!Mb!X, 33MeHBIOllJ.HX HCTHHHYIO Kp'HBJIO fk-Wk-b, II 
qeM M Hbille MeHHE'TCH CHJI3 C H3MeH€HHeM Cl<OpOCTH . .lJ.JJH BCeX rrpaK
TH"!e l<liX UeJJeH HHT€pBa.m CKOpOCTif H 10-20 l<M/Il )J,a!OT BITOJIHe 
.l10CT3T011HYIO TO'lHOCTb1 OC06eHHO, eCJJii B npe,!l;eJiaX HHTepsaJia HeT 
pesKoro H3MeHeHJHI xapaKrepa KpHaoiJ: HanpHMep, nepeceqeHHe orpa· 
HH'tieHHSI CHJI bl TH rH IIO CUCITJieHHIO 1i ITO J<OT JIY Beer .n.a CJie}lyer ,l{eJiaTb 
rpaHHUefi: HHTepB~JIOB. 

CJieJlyer KcrarH OTMeTHTb, qro Kpiisyio CHJJ fk- wk ~ b =I (V) 

MOIKHO paCCMatpHBaTb II K3K KpllBJIO ycKopeHHHdV = 120(/~-W"- b), 
dt 
k 

HO B ,npyroM M3CUira6e, a HMeHHO: B M3CUITaoe MM B 1 KMj'l.t HJIH 
120 

k 
-MM B 1 KM/IJ. • M, HJIH 30 K MM B 1 KM/Il ·C. 
2 

53, fpalf!HlieCI{Hti CITOC06 Jleffep_eoa ITOCTroeHMfll<pHEOti t = f (S) HQ OCHO. 
BBHHH l<pHBoit V = 1 (s) (cjJHr. 116). Teoreni4erKH JlJIH sroro cnoco6a 
He rpe6yercH KpHBOJ fn- wk- b =I (V). ITpaKTHllecKu iKe crroco6 
Jle6enesa oco6eHHo yAo6eH np11 O.UHOBpeMeHHOM nocrpoeHurr KpHBO.tl 
V = f (s) Ha ocHoBaHHH KpHBoti h-wk- b =I (V) no cnoco6y JlHrreua. 

f1oJIO)KHM, liTO Mhi nocrpoaJIH no crroco6y Jl11neua aJJeMeHT KpH· 

Boll V = f(s) H, cJie.n.oaareJibHO, 3HaeM Sv s2 II V2+ v,. 11MeeM raK}!{e 
2 

TOl!!iJ f1 KpHBOii t = f(s), COOTB€TCTBJIO!l!YIO V1; H3H)l;eM TOl!KJ f2, CO· 
oraercrsy10my 10 V 2. CrpoHM a JJI060M Me ere rpa¢11 Ka rrpfl Moyro-1bHblfi: 
rpeyrO.JibHHK C KaTeTOM JlJIHHOH L1 MM, COBII3)1.310lll.HM C OCHMH CI:IJI 

V+V 
lf nyrH, H ,11.pyr11M KaTeTOM, paBHbJM 2 m MM, rAe m ecrh t!IICJIO 

2 
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M.M B 1 KMjtt. 3TOT rpeyrOJibHHK Ha qmr. 116 38liiTpHXOB8H. DpOBO

~HM nepneH~HKYJIHp K rHITOTeHy3e 3T0f0 TpeyrOJibHHKa tiepe3 TOllKJ 

t1 Ha ~HarpaMMe t = f(s). ,lloKalKE'M, liTO nepecetieHHe aroro nepne,•~H
KY.IIHpa C Op!LHHaTOH, COOTBeTCTBYIOIUeH nytH S2, HBJIHeTCH TOqKQH t2, 

COOTBeTCTBJIDIJ..J.eH ~OCTHiKeHHIO CI<OpQCTH V 2• 

r 
V=f(s) 

-- ---~---+7·r------- -r-~ ·-------·----- ....................... ... 
: ~ : I 

-------·t--- --t------1 : t 

: ~ : ~ : 
-\---·(· ·{-·::-pc:--- ----~--, ; 

- • t-- - ~-- ·' "- • ·I- ·1 t:::O./ ': • / · i rnnrnl I 
1 \ 1 1 ,., j! I L!liu~u(J 1 

' ,_ ~ ~~: •/ i- Jl11neua 1 
·---.,.-... +·'r• ,~;-,--T·· ... ' I 

\ ! ........... '" ' I I 
\ I '· ~~ I ., -1 I ' I 1 I I 
11 ~ 1 .. rll ,r • 1 

. L C LLL. -f---T'~' -t""' -----+--S 
' 0, I I I 

v 
3 

2 

r:<.l: ., I 
' I ' ', <---Sl--' I 

...., 1 r 2' ·, I 

'·-,,/J{/··/ ""----:---~~ --- --J:,- --- --i 
' I 1 I 
'..; I 

•' I 
I ... I I 

t 
t=f(s} 

I 
I 
I 
I 

r----- · - --i- ---:------------
, ' 
' 

' ------·· 
' --

• 
I 
I 

Cnocoo 
Jle8e)le!a 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I , 

' ' I ~-·Sz-·-' ~ 
I 
.... _ ... -- .. -. --SJ·------...J 

lf>Hr' 115 H 116. TeopenrqecKoe OOOCHOBaHHe cnocoooo .nuneua H 
.neoe,!!esa. 

~ 

YT3 no~o6HH 3aiinpHXOBaHHbiX rpeyroJlbHHI<OB cJJe~yer, liTO: 

(t2 -t.) • X L1 
-

(s2-s1)·Y tV,+V2 ·m 
I 

2 

r~e X- llliCJIO MliJI.IIHMeTpOB B 1 
120m2 

MIIHJTe, y = - llHCJIO 
k 

MHJIJIH· 

MeTpOB B 1 KM, m -liHCJlO MI:IJlJIIIMeTpOB B 1 KM/'l. 

Orc10~a: 
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3ra ¢opMyJJa oqeHb noxoma Ha qwpMyJ!hl 129-132. ECJIM Bb!6p:~Tb x 
T3K, ~ITOOhl: 

"· 2Llm 
X=- ' 

k 
(134) 

10 

r. e. cosna.n:aer c clJopMyJioti 130. CJie,zJ.t>Bare.JJhHO, ecJJH coomoJ(eHhl 

33BHCHMOCTH 133 H 134, TO t2 - t1 H3 QJHr. 116 )leHCTBI1TeJI!.HO Bbl· 

pa)f{aeT npHpaW,eHMe speMeHH, COOTBeTCTBYJOII.J,ee npHpameHHIO CKo'

pOCTH V 2 - V 1 H npHpaiUeHH 10 nyni S2 - S1 npH llOCTOHHHOH CHJJe. , 

Ha ¢ur. 116 raKHM }Ke cnoco6oM nocrpoeHa TO!JKa 3 KpHBOfi t = f (s) 

)l.n51 s = s3. Mbl sHaeM, !JTO t = f (s) npH nocrOHHHoti CHJie M306pa)f{aerca 

napa60JJOH. )lJIH HCHOCTH 3TH napa60Jibl H3HeceHbl H3 QJHr. 116. )J,JI!I 

HCTHt1HOil KpHa·oif V =I (s), T. e. coorsercrsyiOmetl HCTHHHOMY BH.LlY 

KpHBOti fk wk- b =I (V), Hat'!.neHHbie TO!JKH I<pHsofi t = f (s) HBJJHIOTCH 

HeTO!JHb!M H;_ OHI-1 TeM 6JIHJKe K 11CTHHHhlM, !JeM MeHhllie HHTepB3Jibl CKO· 

pOCTH v.,tl- Vn. 
TaK kaK c ysemi!JeHMeM s t scer.n:a ysenutmsaercH, ro L(JJH 3KOHOMHH 

6yMarH H JlJIH y.n:c6cTaa pa6otbi LJepes onpe.n:e;;eHHbie npoMeJKyTKH spe

MeHif, Hanp. qepe3 30 MHH., KpMBYIO f = j (s) o6pb!BaeM H H3'lHH3eM ee 

CHOB3 OT OCH S. 

59, Macwraobi npH cnoco6ax Jluneua u JlefieAeBa. OpH nocTpOeHHllX 

JlHneua 11 .ne6e)leB3 M3Clli'I 36bi IIHTH BeJIH!JIIH 1 H306p3)f{3eMbiX H3 6y

Mare, 3 HMeHHO; CHJI, CKUpOCTefi, nyTH, ,n:.mHbl LJ II speMeHH, K3K y)f{e 

BH.lleJIH Bh!We, CB5l33Hbl JlBYMH yp·HHHMH. 3TH ,n:Ba yp·HHH CHJlbHO CBH· 

3b!B~IOT B Bbi60pe M3CW360B 1 KOTOpble JKeJJaTeJibHO HMeTb Bb:pa>KeH· 

HbiMH B Kpyr .1h!X lJHCJI3X, OC06eHHO npH IIOCTpOeHHHX H3 M HJI.1HMerpOBKe, 

B T86JI. 14 CBeJI.eHbl MaClliT30bl H HX npaKTH!JeCKH H3H60JJ,ee y,n:o6Hhle 

lJJ1CJIOBble Bbl pa>KeHHH. 

TABHMI.1A 14 

Pacqer ape-

CoorHo· MeHH xo.n.a MeJume sa,~~;a'I!H, a TOM noe3.li.OB 
Macwra61>1 

rueHHil I 'I!HCJie TOpM03Hble 
nacc. I roaap. 

. 

CHn, k MM a 1 Kejm K 10 40 10 3,9 5 10 20 

CKopocrei1, m MM 
2 4 4 4 5 5 5 B 1 KM/q m 

nyrM, y MM B I KM 
120m2 

48 48 192 500 600 300 150 
K 

Ll J 50 50 - - • -- - -

BpeMeHH X' M.M 
2 Ll m 20 10 - - - - -. 

K B 1 MHH, 
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60, rpalfnt\feCJ<Hit cnocoo M1011J1epa -J:lerTepeBa nocrpoeuun KPM· 
soli f=j(sl, Ha OCHOBauuu KPHBOH V=f(s) (Q1Hr. 117). HMeeM KpH
BY!O V = f (s), rrocrpoeHHyio B Macwra6ax: I KA!/1.[ coorsercrsyer m MM, 
1 KM coarse rcrsyer y MM. nocrpOHM pasHo6e.n:peHHhlfi rpeyroJibHHK ABC 
C OCHOB3HHeM, napaJIJieJihHb!M OCH nyrH S H paBHb!M y MM, 4TO B M3C-

60m 
IJJTa6e COOTBeTCTByer 1 KM nyrH, H C BbiCOTOtf MM, r )I.e a He• 

a 
m 

KOTOpoe 4HCJIO MriHyT. Tal< KaK B MaCWTaoe COOTBeTCTByer CKQ-
a 

1 60m 60 
pOCTH KM/'l, TO COOTBeTCTByer CKOpOCTH -K.Mjtt, npH K3KOBO~ 

a a a 
CKOpOCTH B a MHHYT npHXO)l.HTCH HMeHHO } KM, T. e. Ha rpa<lJHKe npO· 
xo.nHTCH .n:m:ma ocHosaHHH pasHo6e.llpeHHoro rpeyrOJibHHKa. HanpH· 
Mep, m = 2 MM B l KMj'l., T. e. np~ BbiCOTe paBH06ep,peHHOrO rpeyrOJib· 
HHKa: 120 · 2 = 240 MM, B a= 1/2 MHH npOXOP,HTCH 1 ICM, \I.TO Ha rpa¢HKe 

.4. 
VftJ l 

' t•f(SJ ~ 
lei 

V..f(S.l ~1::1 
~ 
~ f ' 

\ ~ \ ~~~ l21 
I 

.fa 6a 11/1/l 

CI>Hr. 117. Cnoco6 MKlllilepa-l(errepesa. 

paBHO oCHOB3HH!O rpeyrOJibHHKa. OtieBfl.llHO, tiTO y scex rpeyroJibHHKDB, 
nO.li.OOHbiX H3L!ep4eHHOMy, OCHOB3HHe paBHO B MaCWTaOe nynr, npOXO• 
P,f1MOMY B a MHH. npH CI<OpOCTII, H3MepS!eMOti B MaCWTa6e BbiCOTOti 
rpeyroJibHHKa. Oo3roMy, eCJIH Ha rpacjmKe V = f (s) HaHeCTH rpeyrOJib· 
HHKH CO CTOpOH3MH 1 rrapaJIJieJibHbiMH CTOpOHBM OCHOBHOfO rpeyrOJibHliK3, 
H c aepwrrHaMH, HaXOJJ.HJ..U.HMHCH Ha KpHaou V = j (s) ro, ocHoaaHHe 
Ka>K.u.oro H3 9THX rpeyroJibHHI<OB 6y.ner B Macwra6e nyreM, npoxo
P.HMbiM 33 a MHH. B npe.li.IIOJIOJKeHHH1 4TO Ha IIpOTHJKeHHii 3TOfO 0Tpe3K8 
nyn1 noe3)1. )l,BflraeTCH C IIOCTOHHHOH CKOpOCTb!O, paBHOH B M8CWTa6e Bbl
COTe TpeyrOJibHHKa, T. e. CO CI<OpOCTbl0 1 B JJ.eMCTBHTeJJbHOCTH HMeiOUleJ% 
Mecro s cepe.U.HHe orpe3Ka rryrH. EcJIH rai<He rpeyroJibHIIKH rrocrpoHTb 
p!IJJ.OM, TO H3 OCH nyTH Mb! oy)l.eM HMeTb TOIIKH, KOTOpb!e )1,3Jl.YT IIO
JIOlKeHHe rroe31{a 11epe3 I<a}K.llbie a MHH. Cocqaraa KOJIH4ecrBo HHrep· 
B3JIOB, IIOJIY4HBlllHXCH Ha OCH nyTH H YMHOJKHB era Ha a, IIOJiyllaeM 
speMH B MHHYTaX. 3THM 1 COOCTBeHH0 1 H MO}KHQ KOH4HTb 1 HO )l,JIH H8· 
rJIH.llHOCTH H npoBepKH IIOJie3HO ITOCTpOHTb Ha OCHOBBHHH HaU.lleHHb!X 
TOIIeK I<pHBY!O t = f (s), npH qeM Macwra6 t MO}KHO B311Tb mo6oi1. 

TeoperHllecK H cnoco6bi Jle6e,IJ;esa H MIOJJJiepa-)l,errepeaa ,IJ;aroT 
OJl.HHaKaayiO TOllHOCTb, raK KaK Jl.Onylll,eHHe npa nacne.ztHeM cnoco6e 
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f!BJI5!eTCll CJie)l.CTBHeM .U011YIUeHIU1 TI pH nepBOM CTIOC06e. npaKTHtleCKH 
Jl{e cnoco6 Jle6e.nesa TOl!Hee, raK KaK npu HeM HHTepBaJibl MO}I{HO Bbi· 
6Hp3Tb JII06bie, B 3aBHCHMOCTH OT XapaKrepa KpHBbiX, l1 TOlJHO Onpe
,l(e.IIHTb cpe.UHHe 3H3l!eHHH CI<OpOCnl B HHTepsa.Jiax, npHMb!K3101IUIX K ne· 
pe.JIOMY npo!fJHJIH. Bo BC5!KOM cJiyqae, ecJIH KpHBafl V = f (s) crpmnc~ 
no cnoco6y Jluneua, ro KpHBYIO t = f (s) JIYLJllle crpOHTb no crroco6y 
Jie6e.nesa. 

II Tuoawe pacl!eTbi 11 ncnbJTaHHB 161     
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TJIABA VI 

OOhiTHOE OOPE,l{EnEHME CMnhi TflfM OAPOB03A 

61. MeTO~. non onbiTHhiM Onpe.lleJieHHeM CHJibl TRfH Mbl DOHHMaeM 

He npOCTO H3MepeHHe CHJibl THfl1 IIO.llXO.llSill.LHM 1IpH60pOM1 a OIIblTHOe 

OIIpe.lleJieHHe TSifOBhlX xapaKrepHCTilK napOB038, T. e. 33BHCHMOCTeif 

CHJibl TSifH OT OCHOBHhlX He33BHCHMbiX nepeMeHHbiX, npe.llCT3BJieHHbiX 

s BH.n;e, ynooHOM .llJHl npaKTHI.JecKoro npHMeHeHHH. B n. 15 6bJJIO Bbi

RCHeHo, I.JTO BBH.lly H3JIHI.JHSI B napOB03e Tpex TIOCJie.llOBaTeJJhHhiX npeo6-

pa30BaTeJieH 3HeprHH 1 He06XO.llHMO H3YI.J3Th B OT.lleJihHOCTH CHJIY TSirH, 

KOTOpy!O MOryr .ll3Th KOTeJJ, MaiiiHH3 H CQeDHOH Bee (3KHna)l{) napo

B03a. TaK}Ke BhiUie ObiJIO BbiSICHeHo, I.JTO .llJIH CHJihi THrH no K or JI y 

OCHOBHblMH He33BI!ICHMbiMH nepeMeHHhlMH 5lBJISliOTC5l: 1) qaCOBOH paCXO.ll 

napa Ha M3III HY, OTHeCeHHhiH K 1 M2 HCnapHIOII.{eH noaepXHOCTH H3-

rpeaa KOTJI3 1 Z"' H 2) C!<OpOCTb napDB03a V; .ll.IISI CHJibl TSifl1 nO M a

III 11 He: 1) OTKDhiTHe peryJJHTOpa B .llOJI!IX IIOJIHOfO Q, 2) OTCe'II<a B .llOJISIX 

xo.lla nopiiiHH e u 3) cKopocTb napoaoaa V; llJIH CHJJhi THrH no cue11Jie· 

HKIO- MHOfO nepeMeHHbiX 1 3aCT3BJISIIO~HX .llJISI: npaKTH'IeCKHX QeJJeti 
• • 

1IpHHHM3Th ee nOCTOSI:HHOH ,li,JIR ,li.aHHOI1 cepHH napoB030B H )J.aHHhlX 

MeCTHblX JCJIOBI1H. 

3HaHHe CHJ!bl TSirH: npH pa3Hb!X YCJIOBHSIX .llOJDKHO C01IpOBO)l{J1;3ThCR 

3H3HHeM paCXO.ll3 napa Ha e.lli-IHHI..Ly pa60Thl (CHJJy-qac), npOH3BO.llHMOH 

3TOH CHJIOfl r~rH, noroMy 'ITO uHaY:e 6biJIH 6bi HeaoaMO)l{Hbr HHI<aKHe 

.zr,a)l{e Ci':!Mhle aJieMeHrapHbre, aKOHOMHllecKMe nollctierhl, 11 HeJJbSH 6hiJIO 6bl 
u ~ 

roaopiHh o HaHswronue11weM peryJJHposaHHH paoOThl naposoaa. 

Do3TOMy, OTihlTHOe onpe.lleJieHHe CHJ!hl T!lfH .llO.fl)l{HO COIIpOBO}I{lJ'.8TbCSI 

OnbiTHhiM onpe.lleJieHHeM H paCXOll,3 napa Ha CHJIJ·llaC. 

,UaJiee, I.JT06bl or pacxon.a napa MalliHHOH napoeoaa rrepeflrH K KO

nHqecrsy napa,HsrorosJIHeMoro KOTJIOM,Heo6xo.llHMO onpeneJIHTh pac

xon napa ua cJiy)l{e6Hbie HY}J{.llhi (Hacoc ropMo3a H np.) 11 uaiirH 3aaH

CHMOCTh Me}I{J(y paCXO.llOM napa M3IIIHHOH M 06ll.LHM paCXO.llOM napa 

H3 KOTJia. 

Hai<oHe~. .[(Jill nepexo,n:a or pacxona napa us KOT Jia K pacxo.lly 

TOOJifiB3, HCI,[(O onpe.lleJJHTb saBHCHMOCTb Me}J{.lly paCXOJI.OM TOIIJIHB3, 

u pacxonoM napa H3 KOTJia. 

nepsbre rp11 rpynnbi HCnhiTaHHti: onpeneJiemfe CHJihi THrK, onpe

,n:eJieHHe pacxona napa MaUIHHOH Ha CHJiy- qac n onpe.lle.neHHe aasH

CHMOCTH Me)l{.llY pacXO.llOM napa MaUIHHOH H OO~HM pacXO.llOM napa 

113 KOTJI8-Mbl Ha3biBaeM THfOBblMH HCr!h!TaHHSIMHHJIHOIIhiTaMH 

J t.{HKJiaj nOCJieUHIOIO rpynny-onpe;leJJeHHe saBHCHMOCTH Me}J{LlY pac

XO.llOM TO IIJI11 sa If paCXO.llO M napa 113 KOT .na-Te I1 JI 0 T eX H H 'I e C K H M lf 

11 c n bi r a H 11 H M n, HJIH onblraMH II ~HKJia. 
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£!hal<, T!lfOBhie HCTibiT3HlUI HMeiOr OCHOBHOH QeJJbiO noJiy'JeHHe CJJt· 

,!!.YIO!l\HX 33BHCHMOCTeti: 

1) F~ = f(V, s, Q), 

2) F" = f(V, z), 
3) pacqerHhiti 1p", 

4) U /Nu = f(V, s, Q), 

5) UfN~ = f(V, z), 

6) z~ = j(zJ HJJH z.lt = j(z,..J. 

TenJIOTeXHHlleCKHe HCTih!T3HHH HMeiOT OCHOBHOH QeJJbiO noJiyqeHMe 

33BHCHMOCTH 

7) z" = I (y) HJIH z,.11 = f (y ,). 

Pe3yJJhraroM, cyMMHPYIO!l\HM o6e rpynn11 !t1Cnh!TaHHfi, HBr.ncH sa· 
BHCHMOCTb 

8) Y = f(V, z .• J. 
0603Hal{eHHH-B ra6JIHQ3X 1 H 2 . .ll.JIH TIOJ1JlleHH51 BCeX 3THX BOCbMH 

0 

33BHCHMOCTeH .li.OCT3T04HO onpe.neJIHTb ODhiTHbiM nyreM TOJlbKO C.lle-

,nyiOLI.lHe OCHOBHbJe 33BHCHMOCTH: 

1) F" = j(V, s, e); 

2) u=f(V,s,e), 

3) pacqerHhifi '1/J,.; (135 

4) z ... = f(zn), HJJH z., = f(z~J; 
5) z~ = f(y), HJIH z~~~ = f(y.!. 

Jlef:iCTBHTeJihHO: 

3aoHCHMOCTb F" = f(V, z,]t) MO)!{er OhiTh Jienw noCTpoeHa, KaK yKa· 

33HO B n. 27 H 18, Ha OCHOBaHHH 33BHCHMOCreti F" = j(V, E, Q) H U = 
= f(V, s, Q). Onpe.n:eJIHTh ee Henocpe.ncrseHHO He npeJJ.craBJJHeTCH B03· 

MO)!{HbiM, T3K KaK HeT npHOOpa, H3MepHIOI.ll,ero Z,.. 
3aBHCHMOCTb U(N,. = j(V, s, Q) MO)!{er 6biTb JJerKo nocrpoeHa, KaK 

YI<333HO B n. 20, H3 OCHOB3HHH 3aBHCHMOCTe:ii f" = f(V, s, Q) H U = 
= f(V, s, e). Ee MO)!{HO onpe.n:eJIHTb 11 OTibiTHbiM nyreM Henocpe.n:crBeHHO 

(JJ:eJIH paCXO.U napa B 43C Ha llHCJIO J!Ollla.UHHbiX CHJI), HO 3TO MeHee 

YA06Ho n ropa3.no MeHee TOI.JHO (n. 67). 
3asHCHMOCTb UfN" = j (V, z_,.) MO)I{eT 6b!Tb nerKo nocrpoeHa, KaK 

yi<a3aHo B n. 20, Ha OCHOB3HHH 3aBHCHMOCTH Fx = f(V, z). 
HaKoHeu, 33BHC.HMOCTb Y = f (V, z_,.) onpe.n:eJill.ercn no ¢opMyJie 

y = 632 N n = 632 F ~ V ' 
RyQ,/' 270 RQ,.Py 

(136) 

r .n:e R ( nJIOI.li,3JI.b KOJIOCHHKOBo:ii pellleTKH) H Q/ (renJJorsopHaH cno

co6Hocrb pa6oqero TOOJIHB3) BeJJHl!liHbl DOCTOSIHHhle (JIJJH .li:3HHOf0 

TO!lJJHBa), N!( onpe.zr.eJIHeTC51 H3 KpMBbiX 1c..'K = f(V, Z_,,), a y ITO Kp.11· 

Bb!M Zr: = j(y) 11 ZN = j(zx). 803Bpall(aeMCH K IIHTH OCHOBHbiM 33BIAOI

MOCTSIM 135, KOTOpb!e }.I,O.UKHbl 6hiTb noJJyiJeHhl HenocpeJI.CTBeHO Ol1hlTHbiM 

nyreM. 
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1. 3 a B H c H M ocr b F" = I (V, e, e) crpo~:~rcH no TOlJKaM, noJiyl!eH
HhiM no 4JopMyJiaM 108 HJIH }}4 (n. 54). 

OpH pa3HbJX, sapaHee HaMel!eHHbiX e H Q nsMepaercH FIJ no .IJ:HHa
MOMerpy, V -no clwpocreMepy, ycKopeHHe-no JieHre cKopocreMepa 
HJIH Herrocpe.n:crseHHbiM Ha6JJio,n:eHneM 3a crpeJIKOti cKopocreMepa. ll.Jia 
KOHTpOJIH F.,. ll ,UJIH BbJHCHeHHH KalJt.CTB napopacnpe,neJieHH5! He06XO.UHMO 
onhiTHbiM 1Ke nyreM onpe.ueJIHTh 33BHCHMOCTb Fi =I (V, e, Q) nyre111 
CH5lTH5l HH.IJ:HI(aropHbiX .UHarpaMM npH pasHbJX e, Q n V. Fi onpe)leJJ5leTCH 
no cpopMyJie 12 11 He 3as11car or ycKopeHHH. Onpe,n:eJieHHe 33BMCH· 
MOCTeH F = /(V, e, Q) He rpe6yer .IJ:JII1TeJibHOro IJOCT051HCTBa pa60Tbl 113-
pOB033, T3K KaK K3)l{)l.Oe H36JIIO.IJ:eHHe npOH3BO,li,HTC5! 33 speMH BCero 
HeCKOJibKHX 060pOTOB KOJieC, HO tpe6yeT JCT3HOBHBIIIeHCH pa60Tbl napa· 
B03a, r. e. ycraHoBHBIIIeiic5l reMneparypbi cyKc, neperpeaa napa, reMne
parypbr creHOK UH.IIHH.npoa 11 r. n. 

2. 3 a B 11 c H M ocr h u = I (V, e, Q) rpe6yer .IJ:JIH csoero noJiylJeHHH 
He TOJihKO ycraHOBI1Brnei1cH pa6oTbl napoaosa, HO n .UJIHTeJihHoro no
CTOHHcraa ycJIOBHH pa60Thi, TIOCKOJibKY Her no.n:xo.nHmero npu6opa .IJ:JIH 
Henocpe.n:crseHHoro 113Mepemm pacxo.n:a napa Ha O.UHH xo.n: nopiiiHH 
npH H3aecrHhiX V, e, Q (Hanp. s po.n:e HH.Il:HKaropa, 113MepHromero pa6ory 
11 1 CJie.IJ:OBaTeJibHO, pi 33 O,UHH XO.IJ: nopwHH). npaKTHlleCKH, B JC.IIOBH51X 
pa6orhr napoaosa npnxo.nHTCH H3MepHTb pacxo.n: napa Ha Maunmy na
poso3a H3MepeHI1eM pacxo.ua ao.nhr 113 reH.n:epa n KOTJia 11 BhilllfT3HI1eM 
pacxo.n:a napa ua scnoMorareJibHhie MexaHH3Mbi: nocJie,!I.HHii me pacxo.n; 
onpe,neJIHeTC!I CneurraJibHbiMH OnbiT3MH Ha CTOHHKe. 8 pe3JJibTare, .IJ:JIH 
Onpe,ueJieHHH U npH HeKOTOpb!X H3BeCTHbiX V, S H Q 11pHXO,llHTCH ,n:eJiaTb 
ueJiy!O nae3.llKY c coxpaHeuneM nocroSIHHhiX V, e rr Q, a ,n:JISI nocrpoe
HHH KpH:BbiX u =I (V, s) npH sa.n:aHHOM Q HymHo c.neJiaTb He Menee 25 
y,aaqHb!X IJOe3 OK, Cl!HT351 B Cpe .IJ:HeM He MeHee 5 IJOe3,!1.0K npH pa3Hb!X 
cKopocn!x ua r<am.n:yro H3 5 orcel!eK, T. e. ue MeHee 5 roller< Ha Kam.n:y10 
KpHsyro. Onpe.neJieHHe 33BHCHMOCTH u =I (V, e, e) HBJIHeTCH H3H60Jiee 
rpy.li.HOM: H 33T51mHot1 pa6oroii H3 scex TS!rOBbiX ncnbiTaHHH. Tpy.n:uotl 
IIOTOMy, t{TQ H3,!1.0 ..'J.JIHTeJibHOe BpeMH IIO,llfl epmHB3Tb nOCTOHHHJIO CKO· 
pOCTb npH HeH3MeHHOM OTKpb!THH peryJIHTOpa H HeH3MeHHOfi OTCel!Ke, 
33THmHOH IIOTOMy, lJTO T3KHX DOe3,llOK npH pa3JIH'!Hb!X KOM6HH3UH51X 
He3aBHCHMhlX rrepeMeHHbiX H3,QO C,lleJI3Tb HeCKOJibKO ,neCSITKOB. 

TaK KaK ocraJibHhle IJeTblpe 3aBHCHMOCTH 135 Moryr 6b1Tb orrpe.ne
neHhl nonyrHo c onpe,n:eJJeHHeM arol1 3aBHCHMOCTH u = 1 (V, e, e), ro Ha 
npaKTHKe raK aro o6~l!HO 11 .n:eJiaerc51. 

3. P a c lJ e r H hi i1: '1/J. (eM. n. 17) He onpe.lleJI51ercH onbiTHbiM rryreM, 
a sa,naeTCH Ha OCHOB3HHH OIIbiTHbiX noes,!I.OK. TaK K3K K09cpHUHeHT 
cuerrneHH5! 33BHCHT or oiJeHh 6oJibiiioro KOJIHllecrsa cjJaKropos, Bhi.Ue· 
JIHTb KOTOpbie .IJ:J!H 113JGeHHH npaKTHlJeCKI1 He npe.IJ:CT3BJIHeTCH 803· 
MO)l{Hb!M, TO ,llJIH 06blt{Hb!X 9KIIJI03TaUHOHHbiX UeJieH npHXO,ZIJ1TCSl Ha3Ha
'13Tb 7p11 HeCKOJibKO cy6beKTH BHO Ha OCHOB3HI1H cp::tBHeHHH IIOBe,UeHIU! 
napoaosa npH 6oJJbiiiMX cnJiax T5lfH so speM51 onpe,ueJieHHH 3aBHCW 
MOCTn 11 =I (V, 8, Q) c noae.ueHHeM pa6orarom11x B 9KCrrJioarauHH na
pososoa .11.pymx cepHii, paHee HCIIbiT3HHbiX. 

4. 3 a s II c H M ocr h z" =I (zx) JMH z,K =I (z"J onpe)leJTHerc51 no
nyrHo c onpe.li,eJiemreM 3aBHCHMOCTH u = f (V, s, Q). KaJK.na51 noes.uKa 
c IIOCTOHHHbiMH V, 8 H e (H, CJJe.uosareJibHO, c noCTOSlHHbiM ZM) .uaer 
O.llHY TOliKY ,!I.JIH KpHBbiX Z11 = I (z,) lf z,n =I ( zl!ll). 
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Ha npaKrnKe onpe.IJ:eJieHHe nepBbiX l.JeThipex sasncnMocreti ,neJiaercH 

o)J,HOBpeMeHHO, B pe3yJihTare raK Ha3hlsaeMbiX onhiTHblX noe3.U.OK I UHKJia. 

5. 3 a B H c 11 M ocT h zn = f (y) HJIH z"K =I (Y11 ) .IJ:JISI onpe.u.eJieHHoro 

ronJIHBa CTpOHTCSI IIO T04K3M, llOJJy!JeHHbiM B pesyJJhTaTe OllblTHbiX 

noes.llOK I UHKJia, UJIH .IJ:JISI aroro .IJ:eJiaiOrcsr cneuHaJibHhie noe3.1lKH 

II UIIKJI3. 

B TOM cJiy!Jae, ecJIH .nocrarol.JHO TO'lHoe onpe.IJ:eJieHHe pacxo.IJ:a 

TOTIJIHBJ He npeACT3BJISieT 33Tpy.IJ:HeHHH, l.JTO HMeeT MeCTO TOJ!bKO npn 

HeqJTHHOM OTOnJieHHll, TO BO BpeMSI K3)1{JlOH IIOe3)lKH I UHKJJ3 MO)I(eT 

6hiTh onpe.IJ:eJieHo y. EcJIH )l(e a6coJIIOTHaSI oum6Ka B onpe.lleJieHHH 

paCXO)l3 TOII.JIHB3 HeH36e)I(H0 BeJIHKa, K3K 3TO HMeeT MeCTO npH yrJie, 

BCJieJlCTBHe H3JIHl.JHH CJIOSI TOITJIHB3 H WJI3KOB H3 peweTKe, TO npHXO· 

)J,HTCSI Orrpe.IJ:e.JIHTb p3CX0Jl TOITJIHB3 He sa OJlHY ITOe3.1lKY I UHKJia, a sa 

HeCKOJibKO IIOCJie.llOBaTeJJhHbiX ITQe3JlOK-JlJISI yseJIH4eHHSI a6COJIIOTHOrO 

p3CXOJl3 TOIIJIHB3 H yMeHbWeHHH OTHOCHTeJibHOH Olllli6KH erO Orrpe.zr.e· 

neHHH. 06bi!JHO .UJIH :noro onpe.IJ:eJJHeTCH pacxo.IJ: TonJIHBa 3a Becb pa

oo!JHH .IJ:eHb (2-3 noes.IJ:KH I UHKJJa), HO Hy)I(HO, l.JT06bl see noes.UKH sa 

,neHb )1;3B3JIH IIOl:JTJI O.UHH3KOBbiti Z"' (npH pa3HbiX, rpe6yeMbiX )lJISI 

l UHKJI3 KOM6HH3UHHX (? 1 8 H V). a CJie)lOB3TeJibHO, llO!JTH 0JlHH3KOBbie Z
11 

H y. PaCXO.IJ: TOITJIHBa 33 speMSI XOJIOCTbiX rroe3.1lOK (crrycKH Mell\JlY 

noes.nKaMH I UHKJia) YI:JHThiB3eTcR no pacxoAy BO.ilbi. 

H3KOHeu, ecJIH rrpHXO.ilHTCH onpe.neJIHTb Z11 =I (y) HJIH z~ =I (yr;) 
He33BHCHMO OT T5!f0Bb!X HCIIb!T3HHti, I:IJIJI B CJJy!Jae He06XO.llliMOCT!i HC· 

TibiT3Tb MHOfO TOITJIH B, TO MOryr 6biTb npHMeHeHhi .u.s a CIIOC06a: 1) IIpO

H3BO.li,HTCH T3KHe )l{e, K3K H rrpH 1 UHKJie I!Oe3)lKH npH IIO!JTH O.ilHHa

KOBOM Z.
11 

H3 Ollpe)leJieHHOM yqaCTKe C 0.U.H006pa3Hb!M npocpHJJeM; 

2) npOH3BO.IJ:HTCH IIOe3.U.KH C 3KCIIJI03T3llHOHHhiMH COCT3B3MH Ha nepeMeH

HOM npo¢uJie. B nocJie.IJ:HeM cJiyqae onbiTbi o6XO.ilHTCSI oi:JeHh )lellleBo, 

HO He MO)I(eT 6b1Tb H pel.JH 0 IIOlJTH IIOCTOHHHOM pe)I{HMe KOTJI3 1 l.JTO, 

BO-rrepSbiX, Jl3CT HeKOTOpyiO OUH16Ky, a, 80-BlOpb!X, He II03BOJJHeT 

rroJiyi:JHTb yqacrKH KpHBoii z, = I (y) .IJ:JJSI 6oJihWHX ¢opcHpOBOK, rro

CKOJihKY B pesyJJbT3Te K3>K.ilOH IIOe3.11KH TIO nepeMeHHOMY npocpHJI!O IIO

JIY!J3IOTCSI cpe.U.HHe Z, J1 y 113 HX MfHOSeHHbiX 3Ha!JeHHH, KOJJe6JIIOIUHXCH 

B lllHpOKHX rrpe.IJ:eJI3X OT Mai{Cl:!MyMa ITOl:JTH )lO HYJISI. 

62. flpaKTHlleCI(He CIIOCOOhl HCIIhiTaHHH. l1T3K, xapaKrep HCllbiT3HHSI 

n3poaosa onpe.neJIHercH cnoco6oM uaxa)l()leHHSI aasHCHMOCTH li = 
= f(V, 8, e), rpe6yiOIUHM UHKJia noea.llOK c coxpaHeHlieM nocroSIHHhiX V, 8 

H (J BO apeMH K3)1()1;0H IIOe3,UKH; BCe OCT3JibHbie 33BHCHMOCTH npe.ll'bHS· 

JIHIOT 6oJiee CKpOMHhie Tpe60B3HHH K IIOCTOSIHCTBY pa60Tbl napOB033 

H Moryr 6hiTh c ycnexoM noJiyi:JeHhi rrorryrHO c onpe.lleJieHHeM 9TOi1: 

HaH60Jiee rpe60B3TeJibHOfi 33BHCHMOCTH. nocTOHHCTBO V, s, Q rpe6yer 

IIOCTOHHHOH Harpy3KJI napOS033
1 

T. e. He TOJibKO IIOCTOSIHCTBa V, HO 

H nocro51HCTB3 f
11 

33 see speMSI noe3.1lKH. 

MuoroJJeTHHSI npaKTHKa HCIIbiT3HHJ1 rr3pOB030B noKasbiBaer, I:JTO ra

Koe nocroHHcrso pe)I(HM3 pa6orbl rrapoaosa rpe6yercH s relleHHe He 

MeHhWe O)lHOrO li3C3 (B !(patiHeM CJiyqae- 40 MHH.) H M0/1\eT 6h!Tb 

ocyulecrsJieHHo O.UHHM H3 cJie.IJ:yEOIUHX rpex cnoco6os: 

I) nocrauosr<oli napo803a 8 liCKyccrseHHhie yc"lDBHH pa6orhi Ha J<aT

Kax 8 CIIeUH3JibHOi1 JIOKOMOTHBHOH Jia6opaTOpHH, T. e. 33MeHOti .ilBHJKe

HHH rrapOB033 ITO HenO.UBH)I(HblM peJibC3M ,li,BH)I(eHHeM peJJbCOB tK3TKOB) 

0THOCHTeJibHO HeTIO,QBH)I(HOfO (6e3 IIOCTyrraTeJibHOfO ABHJKeH11SI) napa· 
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8033, C 33TOpM3lfCHB3HH.eM K3TKOB K3KHM·JJH60 CIIOC060M, .l(OIIJCK3IOIUHM 
u 

xopoiiiyiO pery;mposKy MOIUHOCTH, .l(asaeMOH naposo30M, H xopornee 
u 

nor JIOil~eHHe 3TOH MOIJ.J,HOCTH. 

2) Doe3}.l.K3MH Ha cneurraJibHO Bbi6paHHhlX yqaCTK3X 0}.l.H006pa3HOro 

npoqJHJIH: 
a) C eCTeCTBNIHhiM O}.l.H006pa3Hb1M 113BeCTHb!M COIIpOTHBJ!eHHeM 

noe3.zr.a 6e3 HcKyccrseHHoro ero perymrposaw1a H c onpe.zr.eneHHeM Fk 
no <flopMyne 114; 

6) C .zr.o6aBJJeHHeM perymipyeMOH TOpM03HOH CHJibl COCTasa, 11Jil1 

C .l(063BJieHHeM pery JIHpyeMOH CHJihl Tflfli. BCTIOMOrareJihHOfO JIOKOMO

Tl!Ba, }.l.JHI Bblp3BHHB3HHH ecTeCTBeHHOfO COIIpOTHBJleHHH COCT3B3, 11 

c onpeneJieHH.eM F1 no <flopMyJie 108. 
3) Doe3.l(K3MH H3 CIIeUH3JibHO IIOCTpOeHHOM 33Ml<HJTOM YtJ:3CTKe 

nyrH (a npocrel!IIIeM cnyqae oKpy>KHOCTH) c o.zr.Hoo6pa3Hh!M npol\)~weM 
(nnoma.zr.Kotl.) c .uo6asJieHHeM K corrporH.sJieHHIO cocrasa ropM03Hofi 

CHJ!bl ,ll.JIH yseJIHtJ:eHHH Harpy3KH napOB033, 

Han6oJibll1aH pa3HHUa 33KJIIOtJ:aercH Me}!{.liY nepsh!M 11 aropwM 

cnoco6aMH. Tperuti: crroco6 HBJIHercH CHHTe30M nepsblx .l(Byx. HH*e 

aru rp11 cnoco6a on11caHbl nonpo6Hee. 

63. JloKOMOTHBHa.R Jiafioparopun. CymecrseHHbiMH T.laCTHMH BCHKotl 

JIOKOMOTHBHOJ1 J1360p3TOpHH HBJIHIOTCH: a) K3TKH C HX npHH3.l(Jie}!{H0· 

CTHMH (nO.UlliHITHHK3MH, OIIOpHhlMH lJ3CTHMH 11 npOll.), Ha K3KOBbie K3TKH 

CT3B51TCH crrapeHHble KOJ!eca JIOKOMOTI1B3; 6) TOPM033 HJIH B006ID.e K3KOe

JIH60 peryJmpyeMoe npHciioco6JieHHe .liJIH nornomeHHH pa3BHsaeMoif 

JIOKOMOTHBOM pa60Tbi; B) XOpOIIIO yKpeiiJieHH3H CTOHKa, K KOTOpOH 

JIOKOMOTHB (6e3 TeH,ll,epa) rrpuu:errJIHeTCH qepe3 nocpe.l(CTBO }.l.I1H3MO

MeTpa, H3MepHIOll.lero CliJ!y, TilrH Ha KpiOKe H r) npHcnoco6JieHHH .l(Jlll 

onpe~eJieHHH pacxo~a BO.l(hl u ronJIH8a. 

Heo6xO.D.l:IMbiMH tJ:3CTHMH naooparopuH HBJ!HIOTCH T3KJKe: rrpHcno

co6nemre .liJIH IIOCT3H08KI1 J!OKOMOTHBa Ha K3TKH ll ~.IIH J.ll3JieHHH C K3T

KOB; tpy6a .UJIH J,li,3JieHHH .l(b!Ma; IIp!iCIIOC06JieHIIH .l(JJH JCT3HOBKH K3TKOB 

H TOpM030B B COOTBeTCTBHU C lJHCJ!OM H paciiOJIOIKeHHeM Oceii B JIOKO· 

MOTHBe ll pacCTOHHHeM Me}!{~y HHMH. 

Ha Q111r. 118 H3o6pa>KeHo paCIIOJIOJKeHHe KarKos, ropM030B u croii!(H 

.l(HH3MOMerpa rrpOCTeHIIIeH JIOKOMOTHBHOii Jia6opaTOpHH, TIOCTpOeHHOH 

8 1924 r. 8 repMaHHH MH HCTibiTaHHH 3aKa3aHHhiX .l(JIH CCCP renJio-

80308 H nepeHocHmeiicH B 1934 r. Ha craHUHIO lllep6HHKa M.-KypcKoii 

)l{eJI. ,li,Op. (34 KM or MocKBhi, y KOJihUa l1Hcrnryra PeKoHcrpyKIJ.I1H 

TSirH ). KarKH b CMOHTHposaHhi a KJienaHbiX }!{eJie3HblX HlllHKax (.zr.mt 

yno6crsa nepeHOCKH), coe,nHHHeMbiX HaKJia)I,KaMn a. TopMoaaMH SIBJI5J· 

IOTCH o6h!KHoseHHhle qyryHHbie KOJIO.l(KH, npH)I{HMaiOmHeCH apyqHyio 

MaXOBHKOM g K TOpM03HbiM IIIKHBaM C, CM.liHIUHM Ha OCHX K3TKOB B cne· 

UHaJibHbJX HlllHKax d c nporotJ:HOH so~oii. Ocn HaTKOB apamaiOTCfl 

B DO.l(IIIHIIHHK3X e. B 33BHCHMOCTH OT paCIIOJIOlKeHHH KOJieC HWHKH 

c KaTKaMH Moryr ObiTh rrepe,nBHraeMbl Ha 6anKax f. KpoMe MaX08HKa g 
HMeeTCH B03.l(YIIIHhlH UHJIHH.l(p, C ITOMOIUbiO KOTOporo MO}!{HQ H3>KHM3Tb 

KOJIO}.l.KH H C)I{3TbiM B03.liJXOM ll3 r JI3BHOfO pe3epsyapa HCITbiTJeMOfO 

JIOKOMOTHBa. D- rHnpaBJIHlJecKHH .l(HHaMoMerp, k- yKocuHa. 

JlOKOMOTHB Ilp!iBO~HT BO spameHHe K8TKH, pa3BHB3H HeKOTopyro 

pa6ory; ecJIH ropMo3a Ha KarKax paur~oHaJJhHOH KoHcrpyKU:HH, r. e. 

MoryT 6h!Th peryJIHpyeMbl B IIIHpOKHX npe.zr.eJiaX U [JQfJIOll.laeM3H MMU 
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pa6ora Momer 6b1Tb. Jiemo no.unep}!{HsaeMa nocrOHHHOH He MeHee qaca, 

TO rpe6osaHHe llOCT051HCTBa Fk H V MO)KeT 6biTb BbinOJIHeHO. 

YcnosHH pa6oTbi JJOKOMOTHBa Ha KarKax cymecTBeHHO oTJmqa10rca 

OT ycJJOBliH ero )leikTBHTeJihHOH CJJy)K6bi: 1) B33HMO.U€HCTBHe Me>KJly 

spaill,310lUHMiiCH K3TK3Mii H KOJieCaMH JIOKOMOTHB3 HHOe, qeM Me.lK.lly 

f{eDOJlBH)KHbiMH peJihC3MH H ,UBH)KYlUHMHCH no HHM KOJI€C3MH, BCJie)I.

CTBHe 'llerO K03cpHUHeHT cuenJieHliH 'tJI" )1JI51 npaKTI1'1IeCKHX D,eJieti B Jia60-

paTOpH11 Onpe)l,eJieH 6b!Tb He MO.lKer; 2) conpOTHBJieHHe JIOKOMOTHBa 

fla K3TK3X HHOe, qeM COnpOTHBJJeHHe Ha peJihCaX, T3K K3K B nepBOM 

cny4ae orcyrcrayer conporHBJieHHe B03nyxa, conporHBJieH~e reHAepa 

H UO,U.Uep)KHB310lllHX OCefi, a COnpOIHBJieHHe nepeK3TbiB3HHSl HHOe, 

tteM Ha peJibC3X. ECTb H .n.pynre, MeHee Cyll(eCTBeHHble OTJIH'IIHH B YCJIO· 

B!UlX pa60Tbl JlOKOMOTHBa Ha K3TI{3X H Ha peJibC3X, HO C 9THMH OTJIH

ttHHMH MO)KHQ llOMMpHTbCH, T3K K3K OHH COnpOBO)KJ1310TCH 60JibWMMM 

<l>Hr. 118. JloKOMOTHBRaR na6oparopHR YIPT. 

" \ 

a' 

Bblr0)13MH: 1) He3aBRCHMOCTbJO OT 3KCll ··oaT3UHOHH.OH pa60Tbl )KeJie3HO

,n:Op0}!{H0TO yqaCTK3, 2) He3aBHCHMOCTbiO OT ra6apHT3 npH6JIHlKeHHH 

CTpOeHl1H, 3) .UOCTynHOCTb!O BCeX 'llaCTeti JIOKOMOTHBa .U.JIH H36JJIO,UeHHH, 

4) He3aBHOIMOCTb!O OT Bpel'lteHH ro.ua H OT 3TMOCcpepHbiX ycJIOBHH, 

5) MeHbllleH crecHeHHOCTb!O B Bhi60pe H ycrafiOBKe H3MepMTeJibHblX 

npH60pOB, 6) B03MOlKHOCTblO .uo6asJieHHll ycrpOHCTB .U.JIH C06HpaHH51 

JHOCa B Tpy6y TBep.UbiX '113CTHU TOIIJIHBa. 

Ha npaL<THKe no.ursep)K.uarorcll H yKa3aHHOe nhillle Hecoana.neHHe 

Jia6oparopHbiX ycJiosHti c .ueficTBHTeJibHOCTh!O, H yKaaaHHble .uocTOHH

craa, HO BbiSIBHJIHCb H .upyrHe He)I.OCT3TKH. 0CHOBHOH li3 HHX 33Knl0-

'laerca s roM, 'liTO .11a6opa ropliH so speMH HCnhiTaHH51 rpe6yer 6oJibllle 

BHHMaHH!I H yxo)l.a, qeM caMbiH JIOKOMOTHB, B Heti HCIIb!TbiBaeMbiH, TOr)l.a 

K3K peJibCOBblH nyrh BO speMH npOXOJK,lleHHH no HeMy JIOKOMOTHBa 

npw HCllbiTai:!HH o6bi!JJIO He rpe6yer HHKai<oro Ha6JIIO)leHl-!H. MHoro 

He!IpHHTHOCTeH npH4HH5110T IIOBepXHOCTH KaraHHH K3TKOB H rueHKH HX 

ocev.. EoKcosaHHe JIOKOMOTHBa- .nosoJibHO OObi!JHoe HBJieHHe, HO, I<or.ua 

JIOKOMOTHB-H3 peJibCaX, 60KCOBaHHe (He 4pe3MepHOe, KOHeqao) He OTpa

)l{aercH Ha HCllbiTaHHH H He BblBO.llMT H3 CTpOH peJibCbl, T3K KaK M3HOC 

fiOBepxHOCTH K3T3HH5I peJibC npOHCXO,UHT He B O,llHOH TO'IIKe, a Ha 
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HeKoropoil: .li.JIIme. KarKR JKe rrpH 6oKCOBaHHH JIOKOMOTHBa H3Hall1H

sarorcH B 0,11.HOH TOlJKe, KaK H3H3IIIHB3IOTCSI IIOBepxBOCTH K3T3HIUI KOnec 

IIpH 33KJIHHHB3HHH HX TOpM03HbiMH KOJI0,11.K3MH; BCJie,11.CTBlle 3TOfO, IIO!JTH 

K3)K,1l.Oe 60KCOB3HHe JIOKOMOTHBa Ha K3T1<3X ( OCT3HOBK3 K3TKOB II pH 

BparueHIUI KOJieC JIOKOMOTHBa) ,11.eJJaeT Ha K3TK3X Bbi60HHbl 11 33CT3BJIHeT 

rrpeKp3W:3Tb ODbiT, H3B3pHB3Tb BbJ60HHbl 1 0IIHJIHB3Tb liX ll T. ,11.. 1 li.Ul 

,11.aJKe CHHM3Tb JIOKOMOTHB C K3TKOB C )!,JII1TeJJbHbiM nepepb!BOM Oilbl

TOB. lJTO KacaeTCH IIO.ll.illi1IIHHKOB K3TKOB, TO OHH HaXO)!.HTCH B 3H3l!H· 

teJihHO 6oJiee TH)!{eJibiX ycJiosm1x, lJeM 6yKchl oceii .noKOMOTHBa, H 11x 

rpeHHe 11 )la>Ke 33,ll.Hpbi SlBJilllOTCH yqaCTbiO BCeX JIOKOMOTHBHblX JI360· 

paropHIL EcrecrseHHO, qro .li.JIH coxpaHHOCTH Jia6oparopiiH HeBOJibHO 

IIp11XO.li.HTCH H36eraTb HCnhiT3HHH IIpH 60.nbiiiHX CIIJI3X THfH, T. e. y npe

,11.eJia cu:erlJieHRH, !JTO ,11.JISI TOB3pHhiX JIOKOMOTHBOB rrpe,11.CT3BJIHeT H3K 

pa3 Haii60Jihll1HH npaKTH!Jecimii HHrepec. TaK JKe rrpuxo.li.IITCSI ocrepe

raThCSI H 60JibllHIX CKOpOCTeii, BCJie)lCTBHe rpeHHSI K3TKOBbiX IIO)llllliii • 

HHKOB, rpOXOTa B Jia6opaTOpHR H HeiipHHTHbiX KOJie6aHliH JIOKOMOTHBa 

Ha 1{3TK3X. 

Jla6oparopHbiH CIIOC06 HcnbiT3HHH JIOKOMOTHBOB IIOJIYLJHJI H3H60Jib

IIJee pacrrpocrpaHeHHf' s Ces. AMepi!:Ke, HMerow:efl HeCI<OJibKO JIOKOMo

THBHbiX Jia6oparopnii, H3 KOTOpbiX .li.OJIJKHbl 6b!Tb OTMelJeHbl AJITYH· 

CK3H Jla6oparopHH 0eHCHJibB3HCKOH JK. ,11.. R Jla6oparopHH l1.1IJIHHOHCKOf0 

YHHBepcHrera. B nocJJe.li.Hee apeMSI noc1p0eHhl .IIOKOMOTRBHbie Jia6o

paropHH B 6epJJIIHe II B napmKe, IIOK3 ce6H ew:e Hlll!eM He npOSIBHH· 

lllne. B .rr.opeso.IIIOUHOHHOH PocciiH H B CCCP :nor crroco6 HCIIhiTaHHH 

JJOKOMOTHBOB He npHBHJICH, HeCMOTpSI Ha IIOCTpOHKY B HaLJaJie TeKyi.Uero 

CTOJieTHll .ll.BYX napOB03HbiX Jia6oparopm'J: B JleHHHrpa,11.e. 0)l;H3 H3 

HHX- Ha npoJierapcKoM 3asone cyw:ecrsyer H rene ph; s 1928/29 rr. 

B Heft HCIIbiTbiBaJiliCb M33YTbl II cpopcyHKH, HO HH 0,11.H0f0 rrapOB033 Ha .. 
Hell IIOJIHOCTbiO HCIIbiT3Tb He Y.1l3J10Cb BCJie,11.CTBHe ee HeCOBepilleH· 

CTB3 H CJIOJKHOCTH; OHa CJIY>KHT )l.nSI l!IICTO y'-Ie6HbiX UeJieti:. KaK y>r<e 

Bhlille ynoMHHaJIOCh, s 1934 r. Ha KOJJbU:e YIPT 6y.11.er co6paHa JIOKO

MOTHBHaSI Jia6oparopHH; .na .11a6oparop11n-JierKoro, ynpow:eHHoro THna, 

)lJIH )laBJieHHH Ha OCb )lO ]8 m. 
CosepweHHO OlJeBHJlHO, qro JI:JIS! orrpe)!.eJieHHSI Fk no Fa cpopMyJia 108 

yJKe He ro)lHTCH 11 .li.OJIJKHa 6hiTh HcnpasJieHa. BeJIHlJHHbi yciWpeHHH H 

conpOIHBJieHHH OT II0,11.'beMa II OT KpHBOti ,11.0JI)KHbl 6b!Tb rrpHp3BHeHbl 

HYJIIO, IIO.ll. BeJIHlJHHOH p CJJe.ll.yer IIOHH1113Tb TOJibKO CU:eiiHOH sec, 8 

BeJIHlJHHa W0' )lOJI>KHa 6biTb yMeHhiiieHa Ha COrrpOTHBJIC'HHe OT B03.11.yXa. 

TaK KaK CO!IpOTHBJieHHe rpeHHSI B IIIeMK3X OCeft HBJJHeTCH OCHOBHbiM 

npH M3JibiX CKOpOCTSIX (1 0-20 KM/tt), rrp11 KOTOpbiX COil pOTHBJieHHe 

B03)!.yxa rrpaKTHlJeCKH paBHO Hy.n10, a COnpOTHBJieHHe B illeHK3X ManO 

MeHHeTCH C yBeJIH4eHlleM CKOpOCTH, TO <t>opMY•1Y 108 ,11.JISI CJiylJaH pa60Tbl 

JIOKOMOTHBa Ha K3TK3X MOJKHO nepeiiHC3Tb B BH.ZI.e: 

Fk =Fa+ Pk W0', r,11.e W0'- npn V = 10 IO-tltt. (137) 

Op11 P k- nopH.n:Ka 100 m H w0' nopH,11.Ka 1,5 KZ/m pa3HOCTh f"- Fii • 
cocrasnHeT scero 150 K2, a rOLJHOCTh .ll.l'tHaMoMerpa Ha 25 m (MeHbllle 

HeJih3H rrpR Pk = 100 m) He 60Jibille 150 K2. 3TO paccy)i{.rr.eHHe rro3aO· 

JISier erue 6onee ynpocrRTb cpopMyJiy Fk, npKHHB w0' = 1,5 Kzfm: 

(138) 
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64, TiyreBhie ucnhlranu.R. Onpe.rr.eJieHHe TlifOBbiX xapaKrepHCTHK napo· 
8033 UHKJIOM OilbiTHh!X IIOe3,II.OK H3 cneuHaiibHO Bhl6paHHhiX yqaCTK3X 
OJlHOOOp33HOfO rrpocjHtJIH IIOJiyqHJIO TeopeniLJeCKOe 060CHOB3HHe M H3H· 
60JJblllee npar<rnqecKoe pa3BHTUe B PoccnM II B CCCP. nepBbiH sapHaHT 
21roro cnoco6a c HCIIOJib3osaHHeM ,II.JJH Harpy3Kii na poso3a TOJibi<O ecre
crseHHoro corrponiBJJeHHH cocrasa If c onpe.rr.eneHHeM Fk no cpopMyne 
114 npHMeHHJICH .rr.o 1925 r. Bropoii sapHaHr- c HCITOJib30BaHneM 
TOpMOmeHHH COCTaBa ,li;JIH Bhlp3BHHB3HHH H yseJIHLJeHHH Harpy3KH napo
B033 11 C Oripe.n;eJieHIIeM Fk ITO cpop liYJie 108 rrpHMeHHeTCH C 1925 r., 
Kor.rr.a 11 6brna BbiBe.rr.eHa cpopMyJia 111. 06a sap11aHra HMeiOr csou 
JlOCTOHHcrsa H He.rr.ocrarKH. BapuaHr a ((jlopMyJia 114) He rpe6yer H3Me· 
peHIIH yCiwpeHHll noe3.rr.a so speMH Ha6mo.rr.eHHH F0 (a cKopocrb npu 
noe3,n;Kax Ha niD6oM rrpoqJHJie scer.rr.a KOJie6JieTcH), raK KaK seJIHqHHa 
ycKOpeHHH B cj:lOpMJJIY 114 He BXO,l{IIT; 33TO 3TOT CIIOCOO rpe6y T BhiiiOJI· 
Hef:IHH YCJIOBHH, KOTOphie 6h!JIU npHHHTbl npH BbiBO.lle 9TOW cpopt.~yJibi, 
a liMeHHO, lJ:TOObl BeCb IIOe3)( BO BpeMH Ha6JIIOJJ:eHMll F0 paCIIOJiaraJICli 
Ha OJI.HOM M TOM me 9JieMeH.Te IIpOcpHJIH, qro6bl HM O,l{liH B3fOH era 
He ropM03HJicsr H '-ITOOhi ObiJia H3BecTHa seJmquHa w0". BapHaHr 6 (q,op
MyJia 108) l103BOJIHeT TOpM03HTb COCT3B BO BpeMH Ha6JIIOJJ:eHHH, HMeTb 
B COCT3Be BCOOMDrareJlbHblH JIOKOMOTHB, B006IUe rrpOJleJlb!B3Tb C COCT3· 
BOM qro yrO,l{HO, T3K K3K HH O,II.Ha H3 BeJIHq11H, OTHOCHUlliXCR K COCTaBy, 
B 4lopMyJ1y 108 He BXOJJ:HT; 3aTO 9TOT Cl10COO rpe6yer H3MepeHHH JCKO
peHHH noe3.Qa so speMH Ha6mo.rr.eHHH F8 H aHaHMH i, Ha KoropoM uaxo
JJ:HTCH JJOKOMOTHB so speMH Ha6JIIOJJ;eHHH Fa B HaCTOHIUee epeMH B CCCP 
npRMeHHercH HCKJIIOllHTeJlbHO cpopMyJia 108. Bo3MO>KHOCTb ropMomeHHH 
cocTasa B .rr106oe speMH noea.rr.KH noaso.1mer HMeTh JJ;li!I HcnblraHHH 
cocTas MeHblllero seca, qeM npeJJ;eJibHhiH ua .rr.anHoM yqacTKe ,II.JIH HCnbi
TbiBaeMoro JIOKOMOTHB::I, a so-sropbrx- no3sOJIHer 6brTb MeHee rpeoo
sareJibHbiM K 0 UH006pa3Hl0 OO~beMa OOblTHOfO yqacrKa. flJIH MaJihlX 
CKOpOCTeH Hau6o,1ee IIO,li.XO,l{HT BepeObHHCKHH IIO,ll;beM 0KTH6pbCKOH 
JK • .Q. (!iCllbiTh!BaJIHCb, uanpHMep, JI, CY, liP), yiiacroK CHMCKaH-Kpo
naqeso CaMapo·3JJaroycroBCKOH m . .rr.. (Hcnh!ThiBaJIIiCh M, 3Y ); LlJIH 

M3Jib!X M cpe)(HHX (.llO 45-50 ICMjq)- 5{Ma-HbtpKOBO IQ}I{HbiX m . .ll. 
(HCIIhlTblsaJIIiCb <l>ll 11 VIC); JJ;JIH 6oJiblllHX cKopocret!- yqacrl<n Mem.lly 
KaJJiiHHHbiM (TsepbiD) H EoJioroe 0t<rH6pbCKOH JK • .rr.. (HCIIbiThiB3JIHCh, 
Harrp. C, KY, lllq , JI, cY, M, VIC). 

Ha (j)Rr. 119 H3o6pa}l{eH r!IrOsbrfi npocpHJib onh!rHoro yqacTKa 5IMa
HbrpKoso no HHBeJIHpOBKe 1932 r. noJie3H3!I )(JIHHa yqacrKa 25150 M 
(OTKpbiTiie peryJI5!TOpa 0,130 ICM, 3aKpb!THe 25,280 1CM), paclleTHblfi 
OO.QbeM 9,50fo0• Ha 4lHr. 119 H306pameHbl B KB3,II.parax HOMepa H30Jil0· 
AeHaii (or 0 .rr.o 10). Ha qeTseproM KM rpe6yercH CHJibHOe KparKospe
MeHHoe TOpMomeHHe, MeHee CliJibHble TOpMOlKeHMH- Ha ICM 11,16 11 21. 
TopMOJKeH~e Ha seeM OCT3JibHOM npOTHmeHHH 33BHCHT OT seca CO· 
nasa 11: CliJibl rHrH. Hy){<HO orMeTHTh, qro ue cJie.rr.yer yaJier<aThCll rop· 
MomeHHeM 3a cqer seca cocrasa, raK KaK, tJ:eM MeHbUie sec cocrasa, 
TeM 60JibUie ero ycKopeHfle IIpH TOM me H3MeHeHHH CHJ!bl T5lrH HJIH 

u 

cyMMbi conporHsJieHHH 11 ropM03HOH CHJlbi. 
3ror crroco6 nyTeBhiX HcnwraHHH c ropMOlKeHHeM cocTasa .rr.aeT 

Haa6oJiee 6JH!3KHe I< ,lle~CTBHTeJibHOCTH pe3yJibT3Tbl li ,li.OCT3TQqHQ 
y.li;06eH np11 H3JIHqr!H CJJe.llyiDIUHX ,II.BYX ycJIOBHH: 1) OJI.f:IOfO-JJ:BYX .lleCHT
KOB CneunaJibHbiX sarOHOB H3 B03,LJ.ylllHOM TOpM03e iKeCTKOfO THII3 (He 
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rrpHrO,llHOro .Ll~H 3KCIT~08T8UHOHHOH pa6or~) H 2) M3RO 33rpy~eHHOro 
3Kcrr~oarauuoH H hiMM rroe3LI.a M vr no.n:xoD.Hil.(ero ytJacTKa. K co.lKaJieHHIO, 

BTOpoe YCJIOBI:fe He HMeer MeCTa, T3K K3K BCe f!O,llXO.l(Hil.(He Y43CTKH 

pa60T3lOT .LlOBOJ!bHO HanpmKeHHO, l:f BKJII:fHHB<IHHe OIIb!THhlX TIOe3,llOB 

. 
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coBnaer 6onhwne 3atpynHe
HHH .l(JJH pa6orhi yqacn:a 11 

T5I.lKeJJble ycJJOBI15I ll.~H HCITbl-
• 

T3HMH; a .Ll•UI ycnelllHOCTH 

OIThiTOB rpe6yercH: 1) npo

H3BO.ll:CTBO rroesnoK B ,llOCTa

TOlJHO rerrJioe speMH ro.n:a: 

cosepweHHO BhiTia,n:aJOr .n:e

Ka6pb, SIHBtipb, ¢eBp3Jib M 

Mapr, 2) npoHBBo.ncrso rroea

.ll:OK HCKJIIOtlH1't'JibHO B CBeT· 

Jioe speMH cyroK (HemeJia

reJIE'H H05l6pb C KOpOTKHMH 
,llHHMH) H 3) o6ecrreLJeHHOCTb 

cso6o.n:Horo npoxo.na orrbiT

Horo noes.n:a no sceMy onhiT

HOMY y acrKy: HeO.lKH,naHHbiH 

saKpbiThiH ce111acpop HJIH cse

ro¢op HJJH HespyLJeHHbli% 

)l<e3JI 03H3lJ3lOT TIOtlTH BCe

r.ll,a rropqy noes.nKH. 

Po 3TOMY .lKe rryreBOMY 

crroco6y 26, Ho c .no6asJie
HI1eM a cocrase scnoMora

reJibHoro rrapososa, BMeCTo 

TOpMO>KeHHH Henpepb!BHbiM 

TOpM030M, npOH3BO.IUI1C5l B 
ITOCJie Hee BpeM~ HCTibiT3HMH 

nap0B030B B nOJibllle H OH3-

CTY! B fepMtiHHH. 
65, Jlaoopnopuo-nyTeBbie 

HCITbiTSHHJI ( 38MKHYTbiH nyTb). 
CrpeMJJeHHe coe.n.HHHTb oc

HOBHhte .ll.OCTOHHCTBa na6o

paropHOTO 11 rryresoro IICrrhi

raHl1H JIOKOMOTHBOB rrpHBeJIO 

HHcnnyr PeKOIIcrpyKuHH TR
rM K nocrportKe B 1932 r. 
OITbiTHOfO KOnhQ3 IT04HOi 

0KpymHOCT11) y CT. liJ,ep6IHI
K3 MocK.-1\ypcKoti )K. .n:. 

a 34 KM or MocKBhi Pa.uHyc 

OKpymHOCTH 9 5 M, l!TO .n:aeT 

,llJIMHY OKpymHOCTH 6 000 M. ITpocjJHJib- ITJIOIIIa.n:Ka. nJiaH 11306pa

MeH Ha qmr. 120. 3ro KOJibUO HBJIHeTCH e,IUIHCTBE'HHblM B MHpe 

33M KHYTbiM rryreM, npell.H33Ha LJeHHblM ,ll.JJH 1-1 COblT3H 115! JIOKO M OTHBOB 

s noJiyrryresoif, noJiyJia6oparopuofi o6cTaHOBKe. HetrTo no.n:o6Hoe, HO 

170 
    
НБ

 

УД
УН
Т 

 (Д
ІІТ

)



cneUH3JlhHO JlJISI HCllbiTaHHH nyTH 6biJIO TIOCTpOeHo B 1907 r. OKOJIO 

OpaHweH6ypra B fepMaH H; 3TOT 3CJ.MKHYThiH nyTh cocroHJI 113 .Ll.BYX 

noJiyoKpyll<HOCTeii p3.Ll.Hyca 200 M, COe.Ll.~HeHHblX npllMbiMH no 250M; 
o6maH ,[(JIHH3 1 756 M; B 1908 r. HCJ. HeM HCllblTblB3JIHCb 6aJIJI3CT, llinaJihl 

pa3HOro THna, CThiKH, peJibChl H npoq.; A3JibHel1waH cy .ll.b6a ero HeH:>.
secrHa. 

~ 
7 .. 

c 2 

J-t--g 

10 

¢>Hr. 120. OnblrHoe KOJJbUO l1PT. 

1. CraHUHR lllep6V!HKa MocK.-KypcK. )!{, .ll. 2. nnaTcj>OpMa. 3. lleno, 4. Bo
J(OK3'1Ka. 5. )j{f1JIOH .[(OM. 6. })(HIIofl JlOM, 7. 31!eKTp11'1eCKoH IIOJlCTaH• 
UHI!. 8. 3JieKrpo.nel1o (crpoHTCH). 9. JloKOMOT!IlBHa!l M croKepHaR Jia6opa· 

ropMIII (11 npneKre). 10. 3.113Hite MPT (B npoeKre). 

OcHOBHhie npeHMymecTBa OKPY)!{HOCTH- 6ecKoHeqHoCTb ecrecrBeH

HOro peJibCOBOfO nyn1 paBHOrO conpOTHBJieHJ:IH, He CTeCHeHHOfO HOp
M8JlbHbiM ra6apHTOM npH6JIH)!{eHHH CTpOeHHfi 11 npe.li.OCT3BJieHHOf0 

HCKJIIO~HTeJibHD onGITHOMY JIOKOMOTHBy. He.n.ocraroK-orcyrcral1e npa

Mh!X BCTaBOK C nepeX0,[(3Ml1 113 npHMblX B KpHBLie, xapa!<T<?pHbiX .n..~SI 

ElKCnJioarHpyeMbiX pe.JibCO!:lb!X nyrefr. KoHeriHo, HaJIHYHe npHMhlX BeTa 
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BOK HapyiiBiJIO 6b! npHHUifli paBHOrO CO!IpOTliBJieHIH! H eCTeCTBeHHyfO 

paBHOMepHJIO Harpy3KY JIOKOMOTK 83, HO H3 n.~OUU.!JlKe B Kp11BOW 60Jib

lliOrO pa,iJJ!yCa TOJibKO IIpH Ol!eHb CJia6b!X JIOKOMOTHB3X 11 60JJblliHX 

cKopocnix y.a.acrcH o6oilT11Cb 6e3 HerrpephiBHoro ropMO)f(eHH"H cocrasa, 

a OTHOC~TeJibHO He60JiblliOe KOJie6aHHe CYMMapHOH Harpy3KH J!OKOMO· 
u 

THB3 113 COTipOTHBJieHHH H TOpM03HOH CHJ!hl, npHl!WHHeMOe COilpOTHB-

JieHMeM OT KpHBbiX, cosepweHHO He BJIHHeT H3 TOl!HOCTb pe3yJibT3TOB 
0 0 u 

HCIJblT3Hlfl1, KaK IJOK33b!B3eT MHOfOJJeTHl111 Oflb!T nyreBbiX .l1CllbiT3HlHI 

rrapoB03os; KpoMe roro, npHHUKn ecrecrseHHoro pasHoro conporHBJie

HHH MO}!{er HapywaTbCH serpoM, Koropbrfi 3a K3}!{.llbiH o6opor noe3Jla 

(6 KM) MeHHeT CBOe HanpaBJieHHe IJO OTHOilleHH!O K ITOe3JJ.Y H3 360° H, 

cJie.llOBareJibHO, MeCTar.m yseJIHl!J1Baer corrpontsJieHife noe3.lla, Me

craMff- yMeHbwaer. 

nocrpoeHH3H H y}j{e BCTYIIHBIIIafl B pa6ory OKPY>I<HOCTb .l(JIHHOii 6/C-~1 
RBJISieTCH Oti,H11M 113 OCHOBHbiX opy,n11i1 npOH3BO.l(CTBa l1PT. ,U.JH!Ha 6 J(Al 

HB.~SieTCSI H3HMeHbWefi ZI.JIHHOH 33MKHYTOrO nynr, npH KOTOpOH elll,e Her 

orraceHHti sa 'Ipe3MepHoe yaeJnrl!eHI1e TpeHI1H 6yKc H rraJihues, tipes

MepHoe ysenHqeHI1e rro,ll,pesa rpe6Hefi 11 r. rr. 

Mo}!{HO rrpe,nnonararb, liTO CJie,nyiOI11.11M aranoM B pa3BHTI1H MeTo)l.a 

Jia6oparOpHo-nyreBb!X 11CIJbiT3HKH 6y.l(eT npeBpalll,eHHe OKpy}!{HOCTil 

B OBa.JI, COCTOliiUHfi H3 l!3CTH cyrueCTBV!OIUeH OKpy)f{HOCTH (60Jibllle IIOJIO

BHHbi), .llBJX Orpe3KOB npRMbiX ITO 500-1 000 M 11 ,li,JfH pa,nHyca OKOJIO 

500 M. 

3TO p3CIII11peHI1e KOJibU3 .ll3CT ,li,OllOJIHHTeJibHbie BhlfO.l(bl: 1) IJ03BOJIHT 

OIIpe.l(eMITb npaKTHlleCKHH K09cp11I . .L11eHT cuerrJieHKH JIOKOMOTHBa H3 I<OJib

ue, He npH6eraR K crreul1aJibHbiM rroeS,li,KaM Ha 3KcnnoarHpyeMoM yqacrHe 

CeTH, TUH K3H Ha KOJibi.Jg OJ.llYT BCe 3JieMeHTbl, B.T!Hfl!OJUl1e H3. K03rpH

UHeHT cuenJieHI1H: npHMble, KpllBbie XO,li,OBbiX pa.llHYCOB ll rrepeXO.l(bl H3 

IIpS!MbiX B 3Tll I<pHBble H o5paTHO; 2) IJ03BOJII1T orrpe.ll,eJISITb COTip0TI1B

JieHHe JIOKOMOTHBOB 11 B3fOHOB He TOJibKO B r<pMBOH O.ll;HOrO pa,n;Hyca, 

HO ll B rrpHMOH, H B KpHBOH ,nsyx pa,n11ycos rrpH BeCbM3 yJI;06HOM LI,JIH 

pasroHa 11 saMe.llJ!eHMll (eM. r Jia sy Vll) 6ecHoHeYJIOM IIOJlXO.D.e c o6eHx 

CTOpOH I< OIIblTHOMY yqacrl<y; 3) yseJJH!J"HT ,II,JIHHY 33MKHJTOrO rryni, 

11HaqerosopH,yMeHhlliHTcpe,li,HeeqncJiorpa.llycosrrosoporanoKoMoTffBa 

B O.UHY CTOpoHy C 60° np11MepHO ,li,O 50° Ha K3}K.l(hlfi KHJIOMeTp rrpo6era. 

Mero.ll 11CIIhtTaHnH JIOKOMOTHBa Ha KOJibUe (11 soo6me Ha saMKHy

rofi Kp11BOfi) He OTJ!H4"3eTCH OT MeTO.l(a HCI1h!T3HHH H3 yqacrKe O.D.HO· 

o6pasHoro rrpo¢HJI5l. PasHHUa 33KJIIOlJaerc5l TOJihKO s Heo6xo.l(HMOCTH 

HMeTb COCT3B C MOIUHblMI1 TOpM03Hb!MH Cpe.l(CTB3MH 11 B He06XO.LL11MOCTH 

11MeTb ,ll,eJIO He C W0' +i, HOC W0' + i + W/. BeJIWHIHY w0' + W/ }KeJJa
TeJibHO OIIpe.neJI HTb Ha C3MOM KOJibUe. 

ECJIH aeJIWH'I HY w0' arronHe ,norrycntMO 6parb no cpopMyJie, ro 

W0' + W/ 6parb no ¢opMyJie MeHee .llOIIYCTI:IMO, BCJie.l(CTBHe rop33.l(O 
MeHbWefi TOl!HOCTH cpOpMyJJhl .l(JIR W,.'. 

66. 06opy.i\OBaHI1e napoBoJa u HSMepHreJibHLie rrpu6opLI. Do.n o6o

py.n.osaHweM na pososa noH I:IMaiOTCH see rro.l(rorosnreJibHble pa6orbt, 

He06XO.llHMb!e .!lJ!Sl npOH3BO.l(CTB3 OIJbiTHb!X IJOe31lOK, a HMeHHO: 06Mepbl, 

KaJIH6pOBKH, ycraHOBKa H npoaepKa li3Mep!:ITeJibHblX IIpl160pOB, IIO.l(

fOTOI:IKa OllbiTHOro yqacTKa 11 cocrasa, onpeJI,eJieHHe pacxoJI.OB napa M 

BO.llbi Ha cny}!{e6Hbie HY}K.llbl 11 rrponycK11, onpeJI.eJieHHe corrpon1BJieHMH 

napososa H npo'l. 
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0CHOBHHM Tpe60B8HHeM K H3MepHTen&HhlM DpH6opaM, ynorpe6nR· 
eMbiM DpH OITbiTHOM Onpe,ll;eneHHH THfOBbiX H rennOTeXHlPieCKMX XBp9.K

repHCTliK, fiBJIHeTCH. H3Jle/KHOCTb BepHOCTH HX I101\a33HY1lt H B03M OJK

HOCTb nposepKli rrpOCTbiM H CITOC06aM!f. DpaKTH'IeCKV!e ue.nH HCDb!TBHHH 

H H8AHIIHe MHOrHX MenKHX 4Jal<TOpOB, BJiliH!Oil\HX Ha THfOBhle xapaKre· 

p11CTY1l<H, HO He Y1HIThiBaeMhiX (Ami ynpomeHHll HcmnaHHii n ,nJIH. npa1<· 

TWieCKOit rrpHMeHHMOCTH), D03BO.nHIOT He Tpe60BBTb 60AblliOH TQIIHQCTH 

OT H3MepHreJJbHhiX npH60pOB H meprBOB3Tb TOIIHOCThlO B ITOAb3Y 

Ha.nemHocru H cra6H3IoHotl BepHoCTH. Bo scex cnyllaHx TOIIHOCTb 

ITOK333HWH B lOfo HBAHeTCH ,llOCTBTOIJHOH, rrpH yCJIOBHH H<l,ll;e)f{HQCTH 

8TOH TOIIHOCTH, T. e. l.!T06b! rrpH6op He OTk33b!B3.nCll OT pa60Tbl li He 

MOr He3aMeTHO YXY.lllllHTb TOiJHOCTh, CKB)f{eM JJ:O 100fo. DpaK'rHI\a llOK3-

3blB3eT, 'liTO HB,ll.elKHOCTb nprr6opa CTOHT B IIp51MOH CB513H C ero rrpO· 

CTOTOit HanpHMep, pacxO.U BO,ll.bl MO)I{HO H3Mep51Th HeCKOJlbKHMH Cl10· 

co6aMH, na liHHaH or npocretl!llero o6Mepa o6oeMa BO,ll.hl ,no noe3.n;KH 
H IIOCJ!e ITOe3,li.KH H K0Hll3ll II3TeHTOB3HHbiMlf BBTOMBTMl.JeCKHMH BOAO

MepaMH; B YCJIOBHHX HCITh!TBHHH rrapOB033 Herrocpe,li.CTBeHHbJii 06Mep 

o6n .·Ma CJieAyer npe,n:rroqecrh rroKa3aHHIO ,na1Ke xopowero ao.n;oMepa, 

ITOTOMJ lJTO pa3Mepbl BOllHHOrO 6aKa reH.n:epa MOryr H3MeHHTbCH TOJihKO 

B pe3yJibTBTe Cepbe3HOrO rrpOHCWeCTBHH C refi.ll:epoM, H B03M0iKHOCTh 
Olllli6KH He MOJI<eT npotiTH He3aMelJeHHOH, TOr,ll.a K3K 33 cra6HJihHYIO 

TOlJHOCTb ITOK333HHH BO,li.OMepa B YCJIOBH51X pa60Thl rrapOB033 HeJib3H 

pyqarhcH ,name a nepsbrtl ,ll.eHb nocne ero KaJIH6pOBKH. 
Ka>K,nhlli li3MepnreJibHbiti rrpH6op ,li.Omr<eH Cl!HrarbCH HenpasH.1bH:b!M 

snpe,n:h ,no ero rrpoaepKH caMofi rpynnofi, npOH3BO,li.HIUeii o6opy.n;oaa· 
Hlfe rrapOB033, HJIH (B KpailHeM cnyqae) ,li.OCT3TOIIHO Ha,ll.e}!{Hb!M yqpe:lH

.n;eHHeM, C COCT3BJieHHeM 3KX3 npoaepKH II TIOnpaBOIIHblX KpHBhlX HJ!.H 
ra6JIHU. OnbiTHHK ,li.OJilKeH ycBOHTb, liTO I<3iK,ll.hili H3Mep1ITeJI&Hhlti npu-

6op IIOK33b!B3eT HeaepHO H ,li.OJIJKeH HMeTb IIOIIpaBOl!HYIO HplmyiD, 'liTO 

nonpaBKa TOJibKO B pe,li.KHX CJIY43HX 6blBaeT pasHa (HJIH MOJKeT 6biTh 

npHHHTa paaHoti) HYJIIO. 
HH Ha rraposo3e, HH B aaroHe He nonlKHO no B03MOlliHOCTH cronrb 

Hl1 O,li.HOfO IIpHOOpa, UeJih KOTOpOrO He BnQ.IIHe 5ICHa H HCITOJib30B3· 

Hl1e ITOK333HHJ1 KOTOpblX He BDOJIHe onpe.n;eJieHHO. TaKHe npH60pbl OT• 

B.nel<aiOT yqacTHHKOB HCIThlT3HHH OT llX OCHOBHhiX OOH33HHOCTei1 li CO· 

3,ll.aiOr He BITO.l!He cepbe3HYID o6craHosKy. PaaHhiM o6pa3oM, so apeMSJ 

o6opyll.OB3HHH He ,li.0Jl}!{H0 npOH3BO,ll;l1TbC51 HHK3KHX pa6or, IJ.eJih I{OTO· 

pb!X He BITOJIHe 5ICHa. 
8 ra6JIHUe 15 rrpe.n:craaJieHhi THITOBhre (npnMepHhle) nporpaMMa 

H IIJI3H o6opy,li.OB3HHH HeKOTOpOrO napOB033 .D..nH. ODbiTHOrO Orrpe.n:e· 

JieHlHI TllfOBhlX H TerrJTOTeXHH!JeCKHX X a paKrepHCTI1K Il3 p0B033 ( OllhlTOB 

I H II UIIKJJa). DJiaH paccl.!HT3H Ha 30 ,li.Hefi 11 npe.nrroJiaraer HarrpmKeH· 

HYIO pa6ory IllHpOKliM tPPOHTOM rpyrrnoti JJHU, M3 KOTOpbiX He MeHee 
IIenipex qenoaeK y)!{e HMeiOT onhiT H rrpHHHMaJm y4acn1e s no,ll.o6HOM 

o6opy .ll;OBaHHH; npe,ll.rro.TJaraercH raKme aceMepHoe co.n;eiicrarre a rot! 

pa6ore co cropoHbl ,neno. 
Bee o6opy,ll.oBaHne pa36Hro Ha 70 pa6or, Iwropbie o6'he,li.HHeHhl 

B 16 rpynn H OTHeceHbl I< O,li.HOMY H3 ,li.BYX KJI3CCOB: XOJIO,ll;Hh!M If 

ropHIIHM pa60T3M. flo,ll. rOpHtiHMH pa60T3Ml1 3,ll.eCb 110HliM810TCH pa60Tbl, 

Tpe6yJO!UHe llO,n;,ll.epiKHBBHHH li.BBJieHHfl napa B KOTJie. PaCCMOTpliM BCe 

3TH pa6orhl. 
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J. f1 0 ll.f 0 T 0 B K a 0 6 0 p y)]; 0 B a H li lL flapOB03 )I;QJI)KeH 6b!Tb yCTa

HOBJieH B )1;0CT3TOIIHO CBeT.•10M H npocropHOM CTOHJie C XOpOIIII1M 

rOp1130HT3JibHblM rryreM, 065133 TeJibHO Ha K3H3Be CO CTOKOM BOLJ:bl 11 

C B03MO)f(I-10CTblO HanOJIHeHHH BO)I;OH TeHllepHOrO BO,ll.5lHOrO 6a1<a 11 

KOTJI3 33 HO%. TeH,ll.ep OTUerrmieTC51 H ycraH3BJII183eTCH H3 paCCTOH· 

HHH HeCKOJibKHX MerpOB OT napOB03a. 80,ll.3 H3 TeHllepa BWITJCKaeTCH 

H 6aK rrpoMbiBaercH. npo!i3BOJI.l1TCH OIIHCTKa naposo3a, reHnepa 11 

CTOHJI3. flapOB03 11 TeH,ll.ep OeMarpHB3IOTCH, 331UiebiB3eTeH Beeb HOp

M3JibHblfi peMOHT H rrpOH3BO)I;HTCH rrpeasap:HTeJibi-1351 HaMeTK3 pa60T 

no o6opyaosaHHIO, KoropaH B 6JII1)Kal:fiii[1e }Ke LI:H[-1 ,li.OJI>KHa 6biTb npe-
u u 

spall{eHa s rrpeasapHreJihHbllf KaJieHnapHbm rr.JiaH, s pone npi·IJiaraeMoro 

rrpHMepHoro rrnaHa. PyKDBO,li.HreJ1b o6opy_nosaHHH ,li.OJimeH Ka>Kll,hiH 

neHb 3a see speMH o6opy nosaHIHI npoeMarpHBarb rrnaH H see pa6oTbi 

11 JII-fqHhiM yqacrMeM !IOJI.f0H51Tb OTeT3lOIUHe pa6oTbi. 

Ka>KJJ;aH 3aKOHqeHHaH pa6ora ,li.OJI>KHa 6biTb rrposepeHa H npHHHTa 

PYKDBOJI.HTeJieM. 
2. 0 6 Me p 3 on or H :11 K o B. UeJibiO o6Mepa 30JIOTHHKOB H 30Jior

HMKOBbiX BTYJIOK 5lBJI5!eTCH orrpe,ll.eJieHHe rrepeKpbllll K3)1()1;0f0 UHJHlHLI:pa. 

06Mep rrpOH3BOlU!TeH Herrocpe,li.CTBeHHO IIIT3HreHU.HpKyJieM B HeCKOJib

KHX MeCT3X • .[LJIH nposepKH eHHM310Te5! orn!CKH Ha 6yMare. KpoMe 

rrepeKpbiiii, He06XOJI.HMO orrpe,ll.eJIHTb paeeTOHHHH OT OKOH BO BTYJIK3X 

no rrepe,li.Hero o6pe3a sryJioK (nJIH ycraHOBKH 30JIOTHHKOB). flpH HaJIH

qnn BO BTYJIK3X ,li.OIIOJIHHTeJibHbiX OKOH (rrpH orpaHHIIeHHOH Orceqi<e) 

cneayer orrpeneJIHTh noJio)l{eHHe H ar11x OKOH. OnHospeMeHHO ycra

HaBnHsaereH COeTOHHHe 30JIOTHHKOB. 

3. f1 0 C T a H 0 B K a r JI a 1I K 0 H p e H K H. 06bllJHO napOB03bl Bbiiiy

CI<310TCH C 33BO,li.OB C HenpaBHJlbHO pa36H TbiMH peHK3MH ne peBOJI.HOrO 

BHHT3, KoHeLJHO, M Q)f(I-10 npOK3JIH6pOB3Tb cymeeTBYIOIUYIO Ha napo-
0 

B03e peHKy, T. e. rryreM CHllTHH .9JIJIHnTHl!eeKHX ,li.HarpaMM )~;Jill Ka)l{-

,li.OfO 3y6a peHKH onpe11eJIHTb COOTBeTCTBYIOIUHe orceqKH B UHJIHHJI.pax; 

HO JJYl!IIIe C,ll.eJI3Tb HOBYIO peil:Ky-rJia,li.KYIO Me,li.HYIO l1JI3HKY, H IIpOIIHO 

yKpenHrh ee K craHHHe nepesonHoro BHHra. OnHospeMeHHO cneayer 

YHHqTO)I{HTb (IIO B03MOJICHOCTH) Hrpy BO BCeM rrpHBO,L\e K rrepE'BO)I;HOMY 

saJiy, xoporno yi<perrHTb yKa3areJib 11 y6e,li.HThCH, qro or raHKH rrepe

BO,li.Horo BHHT3 ,li.O rrepeBO,li.HOrO BaJia Her pa3pbiB3 ME:'X3H11qeCKOH CBH3H 

(rrpH soanywHbiX H rrapoBbiX rrpHsonax). B TOM cnyqae, ecJIH Ha rrepe

BO,li.HOM BHHTe HeT 3y6qaroro llHCK3 C 331UeJIKOH,3TO npHerroeo6JieHHe 

1IOJI)I{H0 6b1Tb Clle,13HO; B rrpOTHBHOM CJiyqae IIOrpeiiiHOCTb B ycraHOBKe 

oreeiiKH 6yner HenonycrHMO BeJIHKa. 

4. 0 rr pen e JI e H H e x o JI o a H oro H y JI e s o r o 3 y 6 a. non xo

JIO,li.HbiM Hy.TeBbiM sy60M ITOHHM3eTC51 TO llOJIO)f(eH:He raHKII rrepeBOll

HOrO BHHT3 XOJIOilHOrO rrapOB033, rrpH KOTOpOM OCH Ky.~HeHblX KaMHeH 

(rrpH rrapopacrrpe,Ue.JieHHH feti3IIHrepa) COBIT3,li.3IOT C OC!!MH KYJIHCHblX 

ITO.l(IIIHITHHKOB H OCTa!OTCll B llOKOe OTHOCHTeJibHO rrapOB03a rrpH Ka

qaf!HH KYJI a c. ,UnH onpeAeJieHIIH HY nesoro 3y6a CJie11yer pacuerrHTb 

3KCUeHTj.)HKOBble THrH OT HY.'IHC 1 a eepbrH OT rrOBOliKOB (HJIH CepbrH 

or MaHTHIIKOB). OllHH IIeJioBeK pyKoii Katiaer KJMICY (cHaiJaJia rrpasy10, 
ITOTOM JieBy!O) II Ha6.'!10)1;3eT 33 !{343HHeM HM}KHero KOHU8 M3HTHHK3, 

0 0 

a npyroH ME:'JI.JieHHO ITOliT5lrHsaer ram{y nepesonHoro BHHra e rrepen-

Her<J XO,ll.a K UeHrpy. B MOMeHT npei<pameHHll K343HHH MaliTHHKa npe

KparuaiOT llO,li.THfHBaHHe rafiKH, CT3B5!T pHCKY H3 peifKe H OTMeiJaiOT 
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B\13L{HHJ H3 C€KTDpe, KOTopaH COOTBeTCTByer 3aUI.eJIKe. To JKe ITOBTO

pHIOT C K3lli,ll.Oll M3IIIHHOH napOB033. 3a HyJieBOH 3J6 npHH11M3eTCH 

cpe,ll.H51H 113 liDJiyqeHHbiX Ha peAKe pHCOK 11 cpeL{HHH 113 BI13L{HH Ha 

3y6qaroM L{HCKe. Ha 3TOH BI13L{HHe HaHOCI1TCH Kpaowfi UH¢>pa 0. nJIH 

TOrD, tiT06bi llOTOM B03MOJKHO TOqHee cpaBHHTb IIOJIO}KeHHH rafnm npH 

XOJIOJI.HOM H ropA4eM rrapoB03e, 33MetJaerCH H 3311HChiBileTC51 B 3KTe 
u 

TOtiHOe IlOJIO)!(eHue 33IUeJJKH OTHOC¥IT€JlhHO HyJieBOM Bll3L{MHhl npH HyJie-
• u 

BOM IIOJIO)f{eHIH1 OLLHOI1 H3 KYJIHC, Haap. rrpasoM. 

5. 0 rr p e L{ e JI e Hue y rr o pH bi x (y L{ a pH hi x) r o lie K. KpeM:u.

KOTTcpbr pacuenJIHIOTC\l OT BeJJ:yiUHX L{hiilleJI H JIOMHKOM npO,ll.BHr310TCH 

,ll.O y rropa B aepe,ll.HHe 11 33L{H11e KphiiiiKI1 U11JIHH1I.pOB. npV! yrropHbiX 

llOJIOlli€HHHX CT3BHTCH qepT11JIKOH p11CKI1 Ha nap3JIJI€JIH ITO nepe,ll.HeMy 

(HJIH 3a,ll.H€MY) o6pe3y llOITO.JJ3YlllKH KpeitUI<Ollcpa. 

6. 0 n p e JI. e JJ e H He Me p r a bi x r o q e K. noJI. onpeJLeJieHHeM 

M€pTBhiX TOtieK l10HHM3eTCH He TOJibKO H3HeCemre Ha rrapaJIJieJIHX, pHCOK 

COOTB€TCTBY10Ill.lfX MepTBh!M IIOJlu}KeHHHM nopWHH, HO H H3HeCeHH€ Ha 

o60L{3X L{BI1JKY!l{HX KOJieC K€pHOB, ITO KOTOpblM BITOCJieL{CTBHH C ITO

MOIUh!O KpiOLIKa MO>KHO 6b!JIO 6bl JierKO Onpe.neJII.ITb IIOJIOllieHHe KYJIHC 

rrpH K3>KL{OM H3 MepTBb!X UOJIO}KeHllll nopii1HeJ1. TaK K3K OI<OJIO MepT· 

BOfO IIOJIOlKeHHH He3H3l!HTeJibHOe rrepeMemeHHe IIOpUIHH COTipOBQ)f{· 

.H.3eTC51 3H3l!J-!TeJibHbiM IIOBOpOTOM I<OJieca, npH l!eM yr Jlbl ITOBOpora 

KOJieca IIpH nepeMememm llOplllHH OT K3KOfO-JIH60 OTMeLieHHOfO IIO

JIOJKeHHH ,ll.O MepTBOfO IIOJIO}KeHHH H OT MepTBOfO IIOJIOIKeHHH ll.O TOfO 

JK€ OTMeqeHHOfO UOJIO>KeHHH OL{llH3KOBbl, TO IIOCTynaiOT CJieJI.yiOIUHM 

o6pa30M. EoKCyfOr naposo3 snepen H rrpH HeKoropoM noJiomeHHH 

KpeiluKoncpa, 6mi3KOM I< MepTBOMy, rrpOBOL{HT Kp104KOM, yrrepTh!M 

B napaJIJieJibHJIO paMy 11Jlll B KpOHIIITCHH llJIO!U3.D,KH, pHCKy Ha 060.11.e 

.D,BI1lliY!llero KOJieca. 3ro llOJIO}KeHlle Kpetil(KOITcpa OTMel!aeTCH pMCKOH 

Ha rrapaJIJl€JIH no o6pe3J era IIOITO.II3JIIIKM. 60KCY10T napOB03 ,ll.3Jlbiiie 

BrrepeL{ ll.O rex nop, ITOI<3 KpeHUKOllcp He BCTaHeT OIIHTb B TO lKe llOJIO

}KeHHe OTHOCHTeJibHO pHCKH H3 napaJIJieJIH (npOifL{H MepTBJIO TOl!Ky). 

0IIHTb npOBOll.llT reM me Kp10l!KOM1 H COBepiiieHHO TaKme, pHCKY Ha 

o6one ll.BH}KYUI.ero KO.IJeCa. TipOBO.llHT KOHQeHTpH4eCKJ10 .n,yry Ha 060JI.e 

KOJieCa H ee 0Tpe30K Melli.ll.Y TOl!K3MH rrepecetieHHH C pHCK3MH OT 

Kp104K3 .D,€JIA:T ITOITOJI3M. Ha cpe).I,Heii TOI.JKe CT3BHT HCHblii KepH 11 

xopowo orMel!aiOr 9TO Mecro. 

EoKcyiOr rraposoa H333,ll., raK, l!T06hl Kpeiil(Koncp HeMHoro He JI.OllleJI 

JLO Meprsoro rroJio>KeHI1H (no Kp10t~Ky), aareM ocropoJKHO 6oKCYIOT 

snepen H YCT3H3BJIHB310T rrapOB03 ITO Kp10l!KY B TOJibKO 4TO C.l(eJiaHHblH 

cpe.n:HHH KepH. TipOBOll.HT p~CKY Ha napaJIJJeJIH H CT3BHT H3 HeH xopo

llli1M KepH. Bee 3TH onepauHH noaropH!OT c K31Kli.Ofi cropoHo£1 I<a.>KL{oro 

IUIJIHHD.pa. PaccTOHHHe MemJI.y 3aKepHeHHbiMH pncKaMH (MeprBblMli T04-

Ir3MH) Ha napaJIJieJIH H3MepHer co6o10 XOJI. nopiiiHH, a paccrOHHHe 

MeiKJJ:Y MeprsbiMH H ynopHbiMH roqKaMH- JIHHefmoe spe.n.Hoe npo· 

CTpaHCTBO. 

Kp10tiOK JI.OJilKeH 6biTh cneJiaH H3 TOJicroii rrpoaoJIOKH ll.JIH o6ec

rrel!eHHH )!(eCTKOCH1 H Ll0JIJK€H xpaHHTbCH B ,ll.HH3MOMerpHL!eCKOM B3fOHe. 

60KCOB3HHe npH H3MepeHHHX ll.OJI>KHO npOH3BOL{HThC51 snepe,ll. (scerL{a B 

O.II:Hy CTOpOHy) ,ll.JIH HCKJII04eHHH BJIHHHI1H MepTBbiX XO,ll.OB B nepe.li,343X. 

7. YcraHOBKa peeK Ha rrapa.JJJieJIHX H yKa3areneii Ha 

K p e H UK 0 Jl V a X. noL{ 3TM.M IIOHHM310TCH BCe IIpllCIIOC06JieHHH .II:JIH 

181 
    
НБ

 

УД
УН
Т 

 (Д
ІІТ

)



HaMepeHHH yJlaJieHHH aoJIOTHHKa or cpe)lHero nonoJ«eHHH, HY>KHbie 

,Il,JIH nocrpoeHHSI 3JIJIHIITIIqecKHX )lHarp1MM, T. e. rpacf>J1qecKHX 33BH

CHMOCreH B npHMOyrOJibHbiX KOOp)lHHarax Me>KLI:Y y n:a.JieHHeM nOpiiiHH 

or Mepraoro nOJIO>KeHRH H y,LI,aJJeHReM 30JIOTHHK3 or cpe)J.Hero IIOJIO· 

JKeHHH. 

Ha UHJJHHJlpax anoJme MO>KHO o6oi1THCh 6e3 peeK H yi<a3areneli, 

a p33.lleJIHTb ace paccrOHHHe Ha napaJI.lleJIH Me>KllY MeprBbiMU: TO'-IK3MM 

Ha .n:ecHrh paBHbiX qacreii, a 33 yKaaaTeJJb rrpHHSirh o6pe3 nono.JisyiiiKM 

(no KOTOpOMY craBHJIHCb pHCKH MeprBhlX TO'-IeK). 

T3I< K3K y MeprBhlx ro'-leK He6oJihiiiHe rrepeMemeHHH nopiiiHH conpo

BO>K.llaJOTCH 6oJihiiiHMH rrepeMell.\eHHliMH 30JIOTHHKa, TO Kp IHfiHe )leneHHH 

(JleCHTbie XO)l3 nopiiiHH y MeprBbiX TO'-Iet<) >KeJiareJibHO p33.lleJIHrb ell.\e 

110flOJiaM: H3 )lBe )lB3)lU3TbiX, 3 noJiylleHHble KpaHHHe )lB3)l£..l3rbie

ell.\e no IT OJ! 3M: H3 )lBe COpOKOBbiX. 

Ha WTOKe HJIH KpefiUKOncf>e K3>KLIOrO 30JIOrHHKa ycr3HaBJIHBaerCH 

JK333TeJib (Harrp. H3 MlMJIHMerpOBOro >KeJiesa) H K KaKOMy·JIH60 nO,l(

XO.ll!lmeMy Mecry, H3np. K llliT!iJibKe 30JIOTHHKOBOH Kpb!WKH, yKpen

JIHeTCH nJJ3HK3 )lJHI'HOH 200-300 MM, Ha KOropyiO MO>KHO 6biJIO Obi 

J-13KJieHTb MHJIJIHMeTpOBKY HJJH yi<peiifiTb MeTaJIJIH'-IeCI<YIO MHJIJIHMeTpO· 

ay10 JJHHetiKy raK, l!T06hl no rroJJo>KeHHIO yKasareJJH (rrocJie ~ro npa

BHJibHOH ycr3HOBKH) MO>KHO 6biJIO 6bi orrpe)leJIHTb y)laJieHHe 30fl0THHK3 

OT cpe.li,Hero flOJIOlol<eHH!I. 

8. Y p a B H 11 BaH He JI H He iiH bl X lip e )l B 3 p e H M fi B II y C K a. flpH 

napopacnpe)leJieHHM feH3r!Hrepa 30JIOTHRKH CJie)lyeT YCT3HOBMTb TaK, 

qro6hi JIH~IetiHbie npe.n;sapeHlHI arrycKa no o6e cropoHL>I nopiiiHH 6biJIH 

O)lMH3KOBb11 T. e., '-IT06hi npH 060RX MepTBblX IIO,~OH<eHHHX llOpWHH 

OTKpblTMH napoarryCKHblX OKOH 6hlJIM O.li;HH31<0Bbl (nopHJlK3 3-6 MM) 
H, c.ne)loaareJibHO, O.llHHaKOBbi y)laMHRH 3oJiorHHKa or cpe.n;Hero noJio

>KeHHH, paBHbie cyMMe nepei<pbiiiiM anycKa H mmet!Horo npe)laapeHHH 

anycKa. 

B TOM CJiyqae, eCJU! B 30JIOTH!iKOBOfi KOp06Ke HMeJOTCll cneUR3Jib· 

Hhle CMOTpOBhie OKHa, Onpe)leJieHHe OTKphlrHH BnyCKHOfO OKH3 npH 

MepTBOM llOJIO>KeHHH )leJJaeTCH CBMHUOBbiM TI3JibUt'M qepe3 CMOrpoaoe 

OKHO. ECJIH CMOTpOBhiX OKOH Her, TO OTKpblrHe BriYCKHOfO OKH3 npM· 

XO)lHTC!I Bbll!HCJI!lTb riO no.nO)!CeHHIO 30JIOTHHK3 OTHOCIHeJibHO TOpl.{a 

30JIOTHHKOBOH BTYJIKH. 

flpH BIIOJIHe npaBHJibHOM napopacrrpe)leJieHMH JIMHeiiHoe rrpeJlBape· 

HHe a 1yc1<a He 33BHCHT or orce4KM. B )letiCTBHre.nbHDCTH, acJie)lCTBHe 

He BIIOJIHe npaBMJibHOfi 38IIpeCCOBKH KpHBOlliHIIa, HerOl!HOll .li;JIHHbl 
u 

3KCUeHTpl1KOBOH T5IT'i1 M He BITOJIHe npBBHJibHOro IIOJIO)I{eHHH OCI:I K31J3-
" HHH KYJIHChl, JIHHeHHOe rrpe)laapeHHe arryCKa HeCKOJihKO H3MeHllercH. 

0paKTHK3 TIOK33b1Baer, liTO MO>KHO )lOnycrMTb H3MeHeHHe JIHHeHHOfO 

npen,aRpeHHH JlO 1,5 -2,0 MM rrpH rrepeao)le nepeso)lHOro BHHra c HyJie

aoro 3y6a )lO 110JIHOH BblKJI3li.KH H3 nepe.llHHH XOll., T. e., H3llp11Mep, 

OT 3.5 MM npH HyJieBOM 3y6e )lO 5 M.M rrpH ITOJJHOH BblKJia.li,Ke. npH 

OWH6Ke MeHbllle 9TOH, ypaBHHt•3Tb npeli.BapeHHR TIO o6e CTOpOHbl 

rropwHsr CJI2Jlyer npH HaH6onee xoli.OBot! orceqKe (npHMepHo) nepe11Hero 

XO.ll3, T. e. OKOJ10 0,3 rrpl1 npOCTOH M3lliHHe 11 OKOJIO 0,5 npH KOM

nayH)l. EcnH )Ice H3MeHeHHe npe)lsapeHHH arrycKa aeJJHKO, ro cne)lyer 

BbmpasHrh ero. Ha6JIIOJJ.afl xapaKrep H3MeHeHMH npeli.BapeHHH anycKa 

np~-~: Meprawx no.~o)KeHH!'!X noplllHH npH nepeao)le raiiKH rrepe-
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ao.n;Horo BHHTa c nepe.uHero :aa 33.UHHii xo.u, nen:o ycraHOBHTb, BHHO· 
B3Ta Jill ]lJIHHa 3KCUeHTpHKOBOH T~rH HJIH HenpaBHJibHLe non6~eHHe 
KOHTpKpH BOWMna OTHOCHTeJJbHO TOl!KH 33XBaTa KYJIHCbi, 11: liTO cne
}lyeT CAeJI3Tb .D;JIH HCnpaBJieHHH. 

B Meprsble noJio~eHHH naposo3 ycraHaBJIJIBaerc~ no KpiOIIKY 6oKco
B3HHeM snepen. 

OpH ypasHHB3HHH npe.n;sapeHHH snycKa cJie.n;yer rrpHH~Tb so BHH· 
M3HHe HeKOTOpoe CM€IUeHHe 30JIOTHHK3 BDepeA OTHOCHTeJibHO 30JIOT
HHK0BbiX srynoK npH ropH'IeM rraposo3e, or HarpesaHIHI lllTOKa Me~ay 
.D;HCK3MH H HarpeBaHHH 30JIOTHHKOBbiX BTYJIOK. npaKTHKa IIOK33biB3eT, 
liTO 3TO cMerueHHe- oKono 0,5 MM. C.ne.uosare.n&Ho, npH xoJIO.ll.HOM 
rraposo3e HYIKHO rrpe.n;sapeHHe snycKa c3a.n;H c.n;eJiaTb Ha 0,5 MM 6oJibllle, 
l!eM cnepeaH (rrpn sHyrpeHHeM anycKe}. 

9. p a 36MB K a p e H K H. Pa36HBK3 petiKH nepeBO.!lHOrO BMHT3 npo
H3BO.!lHTC~ TOJ!bKO H3 nepe,nHHH XO.!l, €CJIH Her cneUH3JibHOfO 33.!l3HHH 
onpenemnb r~ros&Je :xapaKTep1CTHKH H npH 3a.n;He\t xo.n;e. DpH npo
croi1 M3lll11He CJJe.n;yer HaHTii OTCeYKH 0,1, 0,2, 0 3, 0,4, 0,5, 0.6, 0,7 
H npe,UeJibHyiO. JlJJH pa36HBKH petiKH napOB03 60KCOB3HHeM Bnepe_n 
ycraHaBJJHsaercH noc.nenoaareJJ&HO raK, qro6&J nopweH& .HaXO.!lHJICH 
B TIOJJO}!{eHHH, COOTBeTCTBYIOJ.UeM rpe6yPMOH OTCe'lKe (no .D;E'.JieHHHM Ha 
napa,lJieJIH HJIH no petiKe napaJIJil'JIH ); OCTOpO~HO DOATHrHB3IOT BHHT 
K U€HTpy U n peKpaur.;t IOT TIO.ll.THrHB3HH€ B MOM €HT, KOr .ll3 30JIOTHHK 
33HME'T DOJIOlKeHHe npe,o;BapeHI1H snycKa COOTBeTCTBYIOUleH TIOJJOCTI:I 
l.(HJJI1H)I.pa (no KpiO'lKY l!epc>3 CMOTpOBOe OTBepcrMe HJIH no YK333T€JliO 
noJioJKeHHH 30JJOTHHKa). Opu 3TOM noJJo~eHI1ll npol!ep!JHBaror pHcKy 
Ha petii<e nepesonnoro BHHra no ero yKa3areniO. 3ra onepal.(HH .llOJI
}I{Ha 6hiTb c.n;eJJaHa .n:nH Ka~.n;oro 1..(11JJHHllpa, pa6oraromero cae)I{HM 
napoM, nnH Ka~nofi 113 .usyx 1 ro nonocTeti (r. e. AJIH nepenHero 11 3ak 
Hero XOA3 IIOplliHH) H AJIH K3lK)I,OH 113 33.!l3HHbiX OTCet!eK (KpOMe npe
.n;e.nbHOH). B pe3JJJbTare Ha pet!Ke nepeso,a_Horo BHHra OKalKyrca Ha
HeceHHhJMH CTOJibKO rpynrr pHCOK, CKO.nbKO 33.11.3HO OTCel!LK, npH lleM 
B K3~.llOH rpynne 6y.UeT CTOJJbKO p11COK, CKOJibKO nOJIOCTeit UHJIHH.!lpOB 
pa6oraer cse~I1M rrapoM. Ka1K.n:yro rpynny p11cOK cnenyer 3aMeHHTb 
OAHOH cpeaHeH pHCKOH, r ny60KO Bpe3aTb 3TY pHCKJ 11 Bbt6!1Tb y Hee 
HOMep ay6a (Hanp. 4- .!lMl OTCE'l!KH 0,4). 

OnHospeMeHHO c orrpe.ue.leHI1eM cpennetl p11CKH cne11yeT saMeTHTh 
ry 6JIHlK3HlllYIO Bn3AHHY H3 3Y6LJaTOM I<pyre BI1HT3, npH 33IUE'JIKI1B3· 

0 0 0 

HHH Koropou y~<a3peJJh raHK11 JIYII!lle Bcero cosnanaer co cpenHeH 
pHCKOfi. dTll BTI3AHHbl C.Jiellyer OTMeTHTb, H3K paCHB COOTBeTCTBYIOIUHe 
I.I.Hcppbr M cnenarb 3CKI13 Kpyra Ha cJiyl!aii, ecnH nol!eMy-JJH6o UHtPpbi 
COrpyrcH. BnocJie.D.cTBHH npH TIOCTilHOBKE' 33.!l3HHOH OTCE''IKH CJJe.n;yer 
BCerna CT3BHTb 33UlE'JJKY B H3Mel!eHHyiO BTI3AHHy, a He orpaH!1t!HB3TbC5I 
ropa3.!l0 MeHee TOl!HbiM COB r13)1.E'H11eM y 1<3::131 eJJH H pHCK3. 

Pa6oTd NQ 9, raK }j{e KaK H NQNQ 4, 6, 8,10 H 11, .llOJJ~Ha .n;eJJar&cSI 
np11 HOnMaJibHOM yposne so.n;~ B creKne. 

10. 0 n pen e JI e H 11 e r o p 5I q e r o H y JI e a oro 3 y 6 a u u c n pas
JJ e H He p e H K H. ,UJIA yse:'eHHOCTH B TOM, 'ITO TeMneparypa KOTJI<I. 
He B.'IHHeT H3 pa36HBKY pefiKH, CJie)lyer IlOBTOpllTb pa6ory 4 npH 
fOp5I'leM napOBOSe H .ll3BJieHHH 13 KOTJJe Ha 0-2 amM HHIKe HOpM3Jib .. 
Horo. E JJH Hecoana.n;eHHe Hynesrro no,10}KeHHH npH XOJIO.!lHOM u ro
PHl!eM napoB03e 60JJblll€ TIJJJOBHHbl paCCTOllHI151 ME'~llY OCHMH BITa-
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JUIH H3 ay6l:J3TOM CeKrape IIepeBO.li,HOrO BHHT3, TO CJie.ll,yer COOTBeT 

CTBeHHO (T. e. Ha l:JHCJ!O HeCOB113.UaiOI.l..li1X B118.UHH) rrepeHeCTH BCe OTMeTKH 

Bl18)l.I1H .UJIH OTCel:JeK, c,neJI8HHbie B pe3yJJbT3Te pa60Tbl ~~ 9. 
11. CHHTHe 3JIJIHIITHtJecKHX ,nHarpaMM. 3.nJIHIITI:ItJecKoii 

)l.HarpaMMOH H33b!B3eTCSl 33BI1CI1MOC'fb B 06b!l:JHblX rrpliM,;yrOJibHb!X 

!W0p11.11H3T3X ME')K.UY y.naJieHHeM 30JIOTHHK3 OT cpe.n:Hero IIOJIOlKeHHSI 

H y )l.3JieHHeM IIOplllHSl OT 33.li,Hero MepTBOfO IIOJ!OlKeHHll. )J,BHlKeHHe 

I10plllHH BIIepe.n OTKJI3)l.biB3eTCH BI1p8BO, )J,BHlKeHHe 30JIOTHHK3 BIIepe.li,

BBepx. OepeMewemle I10plllHll OTKJ13.llbiB3eTCSI B .li,OJISIX ero XO)J,3, Harrp. 

B M3Cli1Ta6e 0,1 XO.ll3 COOTBeTCTByer 20 MM, nepeMeWeHHe 30JIOTHHK3-

'B )l.BOHHOM M3Cll1Ta6e era ,ll.eHCTBHTeJibHOfO IIepeMel.l..leHHll. )J,Jill CHH· 

THH 3JIJIHIITl!lleCKHX .ll.HarpaMM cymeCTBYIOT p33.1111'lHbie C3MOIIHWYW11e 

npH60pb! (a.nJIHIICOrpa<jlbi), HO H3 npaKTHKe OHH 06bll:JHO He IIpHMe· 

HHIOTCll, IIOTOMY 'ITO )1,310T KpaCHBhie, HO He'J.QCT3T0l:JHO TOl!Hble .U113· 

rpaMMbi. HaH6o.11ee TOIJHbiH crroco6-IIocrpoeHHe .li,HarpaMMbl no TOl!KaM: 

I10pllleHb 60KCOB3HHeM rrapOB033 YCT3H3BJIHB3eTCSI IIOCJIC,ll.OB3TeJibHO 

B HeKOTOpb!e IIOJIOlKeHHSI (qepe3 ,necwry10 XO,na, a y MepTBc X TOl:JeK 

'1Cpe3 COpOIWBYIO H .llB3.llU3TJIO ), II pH KOTOpb!X 38 IIHCbiB3101'CH IIOJIO• 

meHJm 30JIOTHHKa (no yKa3areJJJO Ha petiKe) npH K3}1(.UOM na 33.1l3H

IIbiX IIOJIOlKeHHH IIepeBO.llHOrO BHHT3 ( OIIpeJieJJeHHb!X pa60TOH N2 9 H 

nposepeHHhlX pa6oToii N2 10). B TOM cJJyqae, ecJJH peifKoii .UJJSI yKa-

33TeJIH IIOJIO>KeHI1H 30JIOTHHI<a CJIY>KHT )!<eJie3HJH IIJiaHK3 C H3KJieeHHOH 

IIOJIOCI<OH MHJIJil1MeTpOBKH, CJieJiyer, BO-nepBbiX, IIpoaepH1Tb npaBHJib· 

HOCTb MIIJlJIHMetpOBKH IIO xopoweif JllfHCifKe, BO-BTOpb!X, HaHeCTH 

HyJiesylO pHCKY Ha IIJI3HKe (COBII3,!1.3IOI.l..lYID C HyJieM MHJIJIMMerpOBKH) 

'11 He MeHee O,ll.HOH p11CKH !10 o6e CTCpOHbl HyJieBOH H3 orrpe,neJieHHOM 

paCCTOHHMH OT HyJieBOH (Haiip. H3 50 MM). To H ,npyroe CJIY>KH'r )J:Jll 

·KOHTpOJIH npaBHJibHbCTH IIOJIOJKeHMH H )l.eJieHHif MHJIJIHMetpOBKH. 

CaMo nocrpoeHHe ,li.MarpaMM no 3arrHCSIM )lOJIJKHO 6biTb ClleJiaHo 

He 1103/Ke .!lpyroro .!lHH, ttT06bl J!Gfl:Je 6b!JIO Db!S!CHIITb B03MO>KHbie He· 

,!I.opo3yMeHHH. Ha ,nHarpaMMaX cJie.llyer npoaecrM JIHHHH nepeKphlm 

enyci<a H BbinYCKa H lliHpHllbl OKOH. Ha OCHOB3Pliij ,llHarpaMM CJie)l.yer 

HeMe,li.JieHHO c.neJiaTb ra6JIHUY napopacnpe,neJieHH5!: .l!JJ51 KaJKD.Oro 3y6a 

(TOl!Hee-KaJK,.'I.OH OTMel:JeHHOif BIIa)lHHbl ay6qaroro Kpyra)-OTCettKH 
• 

Ka}I(,UOH IIOJIOCTH UM.'HlHJlpOB, cpe,!!,HIOIO OTCetJKy, C>K3TifS!, npe.li,Bape-

HMH BhiiiYCKa, OTI<pb!THH OKH3. 

12. 0 6 M e p. B 0 )l. ll H 0 r 0 6 a K a H 0 II p e .ll. e Jl e H Me !.( e H T p 0 B 

T H >K e C T H II 0 Be p X H 0 C T H B 0 .ll bl. Onpe.!leJieHHe p:lCXO.U3 BO.ll,bl 3a 

OllbiTHYIO IIOe3)l.I<y npOII3BO,ll.HTCSI 06MepoM 06'heMa BO.ll,bl ,!1.0 H IIOCJie 

rrOe311.Klf. 06neM BO)J,bl B TeH.ll,epHOM 6aKe MO/KHO IIpe,nCT3BHTb ceoe 

B o6meM CJiyqae COCTOHI.l..lHM 113 HeCKO}IbKHX CTOlHU:HX O,ll.H3 Ha 11.py

roi:t rrpH3M, IIpH tJeM se XHllH H3 HHX B o6meM cJiyqae yceqeaa aena

paJIJieJih:ro OCHOBaHHIO. HHJKHHe IIpH3\Ibl BCer.ll'l IIpHMbie, C OCHOB3HH51MH, 

neprreH.li,HKYJI pHbiMM pe6py, 11 06'beM K3)Kll0H H3 H~iX paseH IIp0113Be

JlCHHIO omosaHlfH Ha pe6po (swcory). 06neM JKe sepxHeH npii3Mhl 

paseH IIp0113Be.zr.eHHIO OCHO 3HIHI H3 BbiCOTy, rrpOXO,ll.HI.l..lYIO qepe3 UeHrp 

TH}I(eCTH noc·epxHOCTH BO,ll.bl. Tal< K3K HeJlb33 ycraHOBHTb peH:Ky BHYTPH 

BO,LI.IlHOfO 6aKa T3K, l:JT06bi OH3 IIpOXO.ll.HJI3 qepe3 UeHTpbl TH)KeCTH 

IIOBepXHOCTH BO)lbl, TO npHXOJlHTCH 33MeHHTb ee )l.BYMSI p2HK3MI1, npo· 

XO)l.HI.l..lHMH BHe BO.ll.bl, HO T3K, lJT06bi OHH 6biJIH H3 O)lHH3KOBOM pac

CTOHHHH OT reoMeTpHlleCKOrO MeCT3 l(eHtpOB T51lKeCTH ropH30HT3J1bHbiX 
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cei.JeHHH BO.ZVIHOfO 6aKa. 0I.JeBl!,UHO, lfTO nOJIYCYMMa HX IIOKa33HilH paBHO· 

CllJlbHa nOK333HHIO peti:Kil, nOMeW:CHHOil: K3K pa3 no reOMeTpfiqecKOMY 
" ,., 

Mecry UeHTpOB TH}I{CCTH ropH30HT3JibHbiX ceqemm oak:a. 

,UJJH Onpe,UeJieHHH 3THX ueHTPOB TH}I{eCTH rOpH30HTaJJbHbiX ceqe

HllH H Hy}l{eH 06Mep BO,UHHOfO 6aKa BHyTpH. 

UeHrp TH}I{CCTH onpeneJIHercH no .uayM KoopnuHaraM: paccTOHHilflM 

ero OT 33,UHefi H 60KOBOH CTeHOK 6aK3j paCCTOHHHe }I{C OT CTeHKH 

6aKa onpe,UeJIHeTCfJ H3 paBeHCTB3 ero npOH3Be)J.eHHH Ha BCIO nJIOW:3)J.b 
0 v 

ropH30HraJibHOro ceqeHHH cyMMe npoHsae)J.emm cJiaraeMbiX IIJIOW.a.LI.eH 

H3 paCCTOHHlfli HX I{eHrpoa TH}I{eCTH OT TOll }l{e CTeHKlf. 

B TOM CJJyLJae, eCJIIl IIOBepXHOCTb BO,Ubl B 6aKe npH 06Mepe BO apeMSI 
0 

HCIIbiT3HHH rrepeceqer rpammy Me}K.liY npH3M3Mlf, H3 KOTOpbiX COCTOHT 

06'beM BO,ZIHHOfO 6aKa, TO npH 60J!blllOM nepeKOCe 6aKa MO}[{eT noJJy

lfHTbCH 3HaqureJJhHaH oum6Ka. Bo3MOJKHOCTb eroti ow116KH B03pacraer, 

eCJJH B L[HCJJe CTtHOK 6aKa lJMeiOTCli H3KJIOHHhie IIJIOCKOCTH (yceqeH

Hbie nHpilMH)J.bi BMeCTO IIpH3M). D03TOMJ 06Mep BO)J.bi IIpH UOe3,UK3X 

}[{eJJaTeJJbHO ,UeJiaTb np11 B03MOJKHO MCHbllleM nepeKOCe 6aKa, T. e. 

npH pacno.noJKeHHH napoaoaa H reH.llepa Ha npHMoii ropH30HTaJIH. 

13. P a 3M e r K a peeK H a 6 a K e. Y)J.a6Hee acero noMecnnh peilKM 

oKo.no yr JIOB BO.llliHOro 6aKa: y npaaoro nepe,ZlHero 11 y .neaoro aan

aero. PetiKH HaKpawHBaJOTCH Ha 6aKe, 11 o6Mep npoH3BO.llHTCH no cTeK

.ny, BCT3BJJeHHOMY B C'beMHJIO pe3HHOBYIO Tpy6Ky, rrpHCOe,UlfHeHHYIO K 

KpaHnKy y .11.Ha 6aKa. EcJIH HCIIbiTaHHH rrpoH3BO)J.HTCH JieroM, a o6e pet'l

KH-BeprHKaJJhHbl, TO JJYL[lllC nOCTaBHTb nOCTOHHHble CTeKJia BO BCIO 

BbiCOTY 6aKa. 

14. HaroTOBJieHHe peeK; ycTaHOBKa KpaHoa.KpaHbi .zrJIH 

pe3HHOBblX rpy60K MOryr 6b!Tb nocraaJJeHbl B JII060M MeCTe HH3a BO)J.H· 

HOfO 6aKa; BOIIpOC TOJibKO B ,1l,JIHHe rpy60K. 0)J.HOBpeMeHHO C H3fO

TOBJJeHHCM KpaHOB C•le,ZlyeT H3fOTOBHTb H 3ar JIYWKH, L[T06bi no OKOH

qaHHlf orrhiTOB He rrpHWJIOCh orropaJKHHBarb 6aK. Pei1KH saKpawMBaJOTCH 

CHHefi KpaCKOfi. 

15. H 3 roT o a JI e H He 6 a q K a H e r o K a JI 11 6 p oaK a. Ea40K 

)J.Jlli KaJJH6pOBKH TeHnepHOfO 6aKa H KOTJJa JIY4We C,1J,eJI3Tb Ha 100 A. 
5al!OK Ha 200 Jl XOTH H 3Hal[HTeJibHO YCKOpHeT BCIO pa6oTy IIO Bb!JIH

B3Hlfl0 H 3 Ten.uepHoro 6aKa H I<OTJia (6e3 yxynllleHHH Kaqecraa pa6orhr), 

HO tpe6yeT 60JibiDeti: cpH3lfl(eCKOH CHJibl H JJOBKOCTH y onopaJKHHBaiO

W:HX H JJerqe no,naepraercH CMHTHIO. B3BewHaaercH Tapa 6ai.JKa, aaJJH

Baercli 100 (HJIH 200) K2 BO,Zlbi H npoqepqHsaeTCH rJiy60K3H p11CK3 

no sceti aHyrpeHHeJ1 oKpyJKHOCTH 6aqKa y aepKaJia BO.llbi. Becbr 

npenaapHTe.nhHO nposepHIOTCH. 06oeM BO)J.bi a 6al!Ke raKJKe npo

aepHercfl pacqeroM. PncKa aaKpaiiiHBaetcH nOJIOCKofl wHpHHofi 

2-3 MM. 
16. 0 0 )1. 'b e M T e H .ll e p H 0 f 0 6 a K a H a )J. 0 M K p a T bl H B bl p a B· 

H H BaH He e r o. Bo apeMH KaJIH6poBKH 6aK .noJnKeH 6biTh coaepiiieHHO 

HeiiO,UBHiKHbiM. ECJIH ero OCTaBHTb Ha peccopax, TO no Mepe Bbi.nnaaHHH 

BO,Ubl OH 6y.zreT IIO)J.HHM3TbCH Ha peccopax H rrepeK3lllHBaTbCH. fiOA'bCM 

Ha ,ZIOMKpaTaX ,1J,OJIJKCH 6b!Tb C,ZlCJiaH HaCTOJibKO Bb!COKO, lfT06bi onopO}[{

HeHHblH 6aK He CeJI Ha peccopbi. 5aK HaJ!HB3CTCSI BO.l{OH nOllTH )J.OBepxy H 

BbrpaaHHaaercH yposeHb BO.llhi no seeM IJ:eTb!peM yr JiaM; .UJIH 3Toro 

HYlKHO HMeTb ,UBe ,UJIHHHbie pe3HHOBbie rpy6KH CO CTeKJI3MH H3 KOHUaX, 

rrpH:COe,Z{HHeHHb!e K KpaHHK3M )J.Jlli peeK. 
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17. BbiJIHsaHHe BOJI;hi 6aiiKaMu. 6aiioK craaHTCH Ha qyp6a· 

KaX (lllf13JiaX) 11 !I;OCKaX B KaHaBe H K HeMy flO)J,BO!I;lHCH pyKaB, npHCOe· 

llHHeHHbiH K BOllHHOH rpy6e TeHJI;epa. OocJie K3)KJI;Of0 BbiJIHTOfO 6aqJm 

H ycnOKOeHHH BO)J,bl npoBO)lHTCH pHCKH (no yrOJJbHHKY) Ha peilKaX. 

Yqer BbiJJHTbiM 6aiiKaM !I;OJI)KeH aecrHcb rpeMH l!eJioBeKaMH; .l(BYMH 

Y peeK H O.ll,HHM-y 6aqKa, C rrepHOl{HqeCKHM!i CBepKaMH. 

18. P a 3M e T K a .lL e JI e H H i1 peeK H 3 a K pacK a. nocJJe onopmK

HeHI-ISI TeH.n.epHoro 6aKa see .LLeJieHHSI Ha petiKax )J,OJI)i{Hhi 6biTh Bbmpaa

JieHbl, pa3MeqeHhl qepe3 COTHH H TbiCHl!H KZ CHH3y, llO.ll,fOTOBJieHbl llO.lL 

3aKpacKy H 3aKpaweHhl. 

19. Y C T a H 0 B K a H H Be JJ H p a H p e H 101 C T e K JJ a H a K 0 T JI e. 

06Mep BOJI.bl B KOTJie npOH3BO.ll,HTCH no CTeKJiy (B caHTHMetpax C .ll,e

CHTbiM 11) c nonpasKoti Ha npo.u.oJihHblli yKJIOH no HHse;m:py. HHae· 

JIHp npe.n,craBJISieT rpy6Ky, yr;periJJeHHY!O B.lLOJ!h KOTJia, C aepTHKaJib

HbiMH CTeKJiaMH llO KOHUaM, paCflOJIO)KeHHbiMH Ha paCCTOHHHH 5 000MM 
(HJIH HHOH ,U.JIHHbl) H CHa6)KeHHbiMH petiK3MH C )J,eJieHMHMH qepe3 5 MM 
(HJIM aoo6me qepe3 OJI;HY TbiCSiqHyJO paCCTOHHHH Me>KAY CTeKJJaMH). 

EcnH npH KaKOM-TO nono>KeHHH IWTJia (ao speMH KaJIH6posK11) ycra· 
u ~ 

HOBHTb peHKH TaK, IJTOObi BOlla, H3JIHT35l B HHBeJIMp, CTOHJI,a Ha 0)ll1-

H3KOBOM ypOBHe, TO npH JI!060M ,U.pyrOM llOJIO>KeHJ-IIi KOTJia era npo· 

.U.OJibHblfi YKJJOH a TbiCHqHbiX 6y.u.er M3Mep51rhCR pa3HOCThiO noKa3aHMti 

33JI.Hero u nepeJI.Hero creKJia. 

Pet!Ka BOJI;OMepHoro creKJia npell,craBJIHeT npocry10 MeJI.HYJO nJiaHKy, 

HJill Onpaay C3M0f0 CTeKJJa, pa3.zr.eJieHHY!O H3 C3HTHMeTpbi C Bbi6JHbiMH 

Ha HHX U11qJp3MH, H31JHHaH OT HYJIH BHH3Y (B JIJ060M MeCTe). 

20. 0 0 )J, 'h eM K a K 0 T JI a H a J1. 0 M K p aT hi, KoTeJI flO,li.HHM3eTCH Ha 

.U.OMKparw no rofi iKe nprtqHHe, KaK 11 BOJI.HHOH 6aK. Bolla HaJmsaercH 

JI.O OTBepCTHH B peryJIHTOpe HJIM JI.O ypoBHH sepxHeH o6pa3y10~eH 
l.{HJIHH.fl.pHqecKofi qacrH KOTJia. KoreJI ycraHas;maaeTCH Ha JI.OMKparax 

no ypoBH!O Ha paMe, HJIH Ha ¢naHue cyxonopHHKa B aroM rrono>KeHHH: 

ycraHaBJIHsaercH Ha HYJib noKa3aHHe HHBeJIHpa (rrepe.LLBH>KeHHeM petiKH). 

noJioiKeHHe peeK ao.u.oMepHoro creKna u peeK HHseJIHpa 3aKepHHsa· 

IOTCH KpJOqKQM. 

21. B hi n M sa H 11 e so )I bi 6 a q K aM 11. Pyi<as npMcoe,ZI.HHHercH K crry

CKHOMY KpaHy • .Qo MOMeHT3 nOHBJieHHH ypOBHH BOllbi B CTeKJie BOJI.3 

BbiJIHBaeTCH cqeTOM 6aqJ<OB; B rrpe!I;eJiaX: CTeK,13 npOH3BOJI,HTCH 33flHCb 

llOKa3aHHH CTeKJia, B C3HTHMerpax C Jl,e,:HTbJMH nO HH3J MeHHCKa; HH)Ke 

CTeKJI3 BOlla BbiJIHBaeTCH C'-leTOM 6HKOB. 

22. 0 0 C T p 0 e H He K 0 T JI 0 B 0 ti K p 11 B 0 H. no.n. J{QTJIOBOH KpliBOil 

llOHHM3eTCSI rpaqJHK, nO KOTOpOMY OnpelleJISieTCH sec ROJI.bl B KOTJie 

npH HOpM3JibHOM ,U.3BJieHHH H3 OCHOB3HH!i f10K333HH5l BO.ll,OMepHOrO 

CTeKJI3 11 HHBeJIHpa. Bee XOJIO,li.HOH BOJI.bl B rOpH30HT3JibHOM KOTJie 
~ 

npH JI!OOOM nOKa33HHH BOllOMepHOfO CTeKJia JierKO orrpelleJIHeTCH H3 

OCHOB3Hiilf pa60Tbl 21. Tor )Ke sec BOl{bl npH HOpMaJibHOM .ll,3BJieHHH 

JI.3C r 6o.Jiee BbJCOKOe IIOK333Hlie CTeKJia BCJieJI,CTBHe paCill11peHHH BOJI.bl, 

paCWHpeHHH C3M0f0 KOTJia H npHCYTCfBHSI ny3blpbKOB napa B KOTJ!e. 

flpaKTHKa JIOK33biBaer, qro flOCJie.D,HHe .D,Ba qJilKTOpa Jp3BHOBellllitl3!0T 

JI.pyr ,U.pyra npH JC.IIOBHH 06Mepa BOl{bl B KOTJie rrpH OTCYTCTBHH pac

XO.ll,3 113 Hero H nplt YCTaHOBHBilleM CH COCTOHHHH Y .ll,eJibHb!H >Ke 06'heM 

BOJI.hl 6epercH no ra6.nauaM. Hanp. npa Pk= 14-15 a/llM oH paaeH 

1,20 11/KZ. 
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B npHMOyroJibHblX KOOp,ll,HH3T3X IIO OCH Op.l(HH3T OTKJI3,l(hiB3eTCH 

llOK33ClHHe CTeKJI3 B Harypy, a llO OCH a6CUHCC-BeC BO,llbl B KOTJie, 

B M3CIIJTa6e, Hanp. 1 M,W= 10 HJIII 20 ICc, H CTpOHTCH 33BHCHMOCTb BeCa 

BO.llhi B ropH30HT3JibHOM KOTJie np11 HOpM3JibHOM ,ll3BJleHHI1 OT llO· 

Ka3aHHH creKJJa h. Ha qmr. 121 npe,llcraaJJeHbi KornosaH KpHBaH 

naposo3a <l>)l; HyJieaoe ,lleJieHIIe creKJJa Ha 100 M.M Bhliiie Heoa romm 

!lo~roJOflue 
cme~rfl{J 

~++~~~~~~t~ 
6~~~~~~-+-~-+-+~~~ 

~~~-+4-~-~~~~~i~ 
1-~----+---+---'-1---+--+-+jt-+-11-+--~----: 0 5 ~a..,. 
~~~~~~~~~~~~ 

5 1---+--+--+--1---l-+---l.[Z I ~=1-Vf-+--lf--+--+--1 
IY~ 

£~00 J 11000 12000 ltJOOO kG 
Bee oogDI o I(Omlle (/jJU p" = .f4 · f.f om11 

• 

0 5 10 151 
Atfcf7Jl!OtnHOe '10/I'O'JOHve lfuOf.llllVN 

¢Hr. 121. KoTJJoBaa KpHsaa napoB030B <!>.U H HC. 

(HH3lllHtl ypoaeHb). flpH yKJIOHe KOTJI3 +i%0 BO.ll3 B CTeKJie ilO.llHHMeTCSI 

( 0 ny CTIITCSI) Ha 

L1h=(a: 2)+ 6i CM 
I 000 I 

f,lle d- paCCTOHHHe OT nepe,llHetl peiiieTKH .llO JI060BOfO JIHCTa H3 ypo· 

BHe cepell.HHbl CTeKJI3, CM; 6-paCCTOHHIIe OT JIOOOBOfQ JIHCT3 TIO ropii· 

30HT3JIJI ){0 cepe).{HHbl CTeKJI3, CM, flonpaBKa L1h B 33!3HCHMOCTH OT i CTpO· 
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fiTCH Ha TOM JKe rpatP.IiKe: Ha OCH 30CUHCC OTI<JI3.UbiB3eTCH a OCOJI IOTHOe 
TIOK333HMe HHBeJIHpa B M3CWTa6e Hanp. 1°/00 = 10 MM; TIO OCH op.UHH3T 
Ah s roM JKe Macmra6e, KaK h. nonpasi<a orp:uuareJibHa, ecJIH noKa-
3aHHe mmeJIHpa snepe.UH MeHbiiie noi<a3aHH51 c3a.UH, u 11ao6opor. 
Ha11p. h= 10,0 CM, HimeJIHP cnepe)m 7,0, C33.UH 15,5; i=-8,5, t1h=
- 4,5 CM, h + LJh= 10,0- 4,5=5,5 CM. CJie.UOBaTeJibHO, sec BO.llbl B KOTJie 
COOTBeTCTByeT ll0K333HHIO CTeKJI3 5,5 CM, T. e. 11 500 KZ. 

23. 0 6 Me p K o JI e c. LlHaMerpbi scex JIBHJKyuwx Iwnec no Kpyry 
KaraHHH JIOJIJKHbl 6biTb o6MepeHbi c rol!HOCTbiO JIO 1 MM. 

24. 0 6 Me p c x eM hi n a p o p a c n p e .ll. e JJ e H 11 H. CxeMa rrapopac
npe.u.eneHH51 06Mep51eTCH )lJIH BhlHCHei;HH, HeT Jlli rpy6biX paCXOJK.Qe
HHJi C npOeKTHb!MH pa3MepaMH, H .QJI51 OpHeHTHpOBKH B HCnpasJieHH51X 
pasMepos a cJiyqae qpesMepHb!X KOJie6aHH~ JIHHeil:Horo npe.u.sapeHHH 
snycKa npH pa3HbiX orcel!Kax. 

25. 0 6 M e p U H Jl H H .lL p 0 B. Jll'laMeTp UHJIHH.ll;pOB TI~aTeJihHO 1Ip0-
Mep51eTC511 T3K K3K OH BXO,n:HT MHOJKHTeJieM B KBa,n:pare B MO,n:yJib 
CHJibl THrH. 

26. 0 6 M e p H rr p o s e p K a K o H y c a H T p y 6 hi. Bhrxo.n:Hoe celle
HHe KOHyca OOMepHeTCH, T3K I<aK OHO HMeeT 60JihiiiOe BJ!HHHHe Ha pa-
6ory KorJia H MaiiiHHbl. Dposepi<a cosna.n:eHHH oceii KOHyca H rpy6bl 
.n:oJIJKHa OhiTb npoH3se.n:eHa oco6eHHO riiJ,areJibHO, npu Henocpe.n:
craeHHOM yqacTHH pyKOBO.LlHTeJIH onbiTOB, raK KaK npaKTHKa roso
pHr, liTO cosna.n:eHHe oceti qacro CMeiiiHBaercH c nepecel!eHHeM 
oceil:. Cosna.n:eHHe oceii KOHyca H .llMMosoii rpy6bi H He3hi6Jie
MOCTh HX HBJIHIOTC51 O,n:HHM H3 OCHOBHb!X Tpe6oBaHHH K Onb!THOMY 
napososy. 

27. 0 6 Me p c H q, o H a. CHcfJOH ooMepHeTC11 )lJIH rrposepKH npaBHJib
Hocru H ,n:OCT3TOLIHOCTII OTBepCTHJ1 B KOJihHe CH4JOHa H B rrp06Ke 
KpaHa HJIH B KJianaHe. 

28. 06Mep cso.n:a H }KHBoro ceqeHHH peweri<H. Cso.n:H 
KOJIOCHIIKOB3H perneTKa li3CTO He COOTBeTCTBYIOT llepTe}KaM H TI03TOMY 
rpe6yiOr o6Mepa. 

29. 0 6 Me p per y JI 5I T 0 p a H y H H q T 0 >K e H He H r phi B IJ pH
B o .n: e. B cJJyqae paspa6orKH a coe,n:HHeHHHX npHso.n:a, Hrpa JLOJIJKHa 
OhiTh no B03MO>KHOCTH YHHLITO.IKeHa. B cnyqae HaJIHl!Hll cseprHbrx MYtPT 
Ha THrax 1IpliBO.ll3 HJIH ,n:pyrHX npiiCIJOC06JieHHH, Il03BOJI5110lll,HX MeHHTb 
)l;JIHHbl THrH, 9TH llpMCIJOCOOJieHHH ,n:OJ[}KHbl 6b!Th rrpaBHJihHO ycraHOBJieHbl 
H 33KepHeHbl. 0pH H3Jililllflf .n:syx peryJIHTOpOB, IJOCTOHHHO OTI<pbiTblH 
peryJIHTOp ,n:OJI./KeH 6b!Tb OOMepeH .llJIH npoBepi<!i COB!l3JI,eHHH ero 
TIOJIHOfO OTKpb!THH H CeiJeHHH npoxo.n:a C npoeKTHblMH, a perymiTOp, 
peryJIHPYIOIIJ,Hti snycK napa B UHJIHH,n:pbi, .ilOJI.IKeH 6hiTb o6MepeH no
.n:pooHee, raK qro6hr MOJKHO 6brJio onpe)J,e.IH1Th celleHHll npoxo.n:a napa 
npH mo6oM no.n:neMe KJianaHos. 

30. C H 5I T He ,n: II a r p a M M bl 0 T K p hl T H H p e r J JI H T 0 p a. 0pH 
HaJIHlJHH sy6uoB u 331UeJIKH Ha ceKTope PYliKII peryMITopa, orKpbi· 
THe ,n:OJIJKHO 6b!Tb H3MepeHO npH IJOJIO)I{eHHHX 33IIJ,eJII<H llepe3 I<3./K,n:bit1: 
3y6e~ H ,n:OJI)I(Ha 6b!Tb IJOCTpOeHa rpa4JHlleCI<351 33BHCHMOCTb Cel!eHH51 
rrpoxo.ua napa qepes peryJIHTOp or noJJo>KeHHH pylJI<H peryJIHropa. 
DpH orcyrcrBHH syouos Ha ceKrope ceKrop .llOJDKeH 6biTb pa3,n,eJJeH 
p11CK3MH Ha HeKOTOpoe lJHCJIO lJ3CTeH (Hanp. Ha 10) H JI,QJI)I{Ha 6h!Tb 
nocrpoeHa )lHarpaMMa, rro.u.o6HaH .QHarpaMMe npu 3y64aroM ceKrope. 
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31. [] p o Be p K a no JI o }!{ e H HH p y q K II per y JI H r o p a H a r o

p SI q eM rr a p o B o 3 e. Ha ropHY:eM naposo3e, BcJieJI.CTBHe pasHoro 

OTHOCHTe.llbHOrO Y.II.JIHHeHHH THfll KOTJI3, CeY:eHHe pery;mropa np11 TOM 

)!{e noJJo)!{eHHH ero pyl!J<H 1\W}!{er H3MeHHTbCH. D.JIH rrposepKH CJJe.II.yer 

~aHTH TY sna.II.HHJ CeKTOpa,Ha KOTOpOH H34HHaeTC51 no.a.neM KJianaHOB 

HJJH orKphrsaeroi 60JJbiiJOH KJJamm (9ro MO}!{HO owynnb pyKoii npH 

HaBh!J<e), H cpaBHHTb C nOJIO}!{eHHeM Ha XOJIO.IJ.HOM napOB03e. B CJiyqae 

pa3HHIJ.bl CJJe.II.yer nepeHeCTH H3 COOTBeTCTBYIOIUee KOJl!FieCTBO BTI3,1I.HH 

ceJ<ropa BC!O KaJJH6pOBJ<Y. 

32. K o H .II. e H car no .II. or pes are JJ fl. Dp11 noBepxHocrHoM nOJI.O

rpesareJie nHrareJibHOM BO.ll.bl sonpoc c no.zwrpesareJJeM pewaercf! 

nerKO: KOH.II.eHCaT OTBO.II.HTCH Hapy>Ky H Onb!THb!e nOe3,UKH npOH3BO

,Ll51TCH C nO,llOrpesareJJeM (HJJH 6e3 TIO.II.OrpesaTeJIH, no 33,ll3HI-Il0). npH 

rroJI.orpeaarene CMerneHHH HJJH HH}!{eKrope MHToro napa, so Hs6e}!{a

HHe l!pe3MepHOrO YCJJOJKHeHHH OIThiTOB, }!{e.naTeJJhHO BblKJ!IOtiHTh TIO)J.O· 

rpE'B, npeKpanm .n.ocryn MHToro napa a no.II.orpesareJJh. B CJiyqae iKe 

pa60Th! C TIO,llOrpesareJJeM CJ!e,llyer 03a60THThCH Bbi60pOM H YCT8HOB· 

KOH npHcnoco6JieHl1H .LlJJH o6Mepa nocryna10wero a KOreJI KOH)leHcara. 

33. f1 0 C T a H 0 B K a C lJ: e T l! If K 0 B H a B 0 3 )1. y Ill H hi e HaC 0 C bl. 

OpaKTHl!ecKH HaH6onee yJI.o6HblH crroco6 onpe.lleJJeHHH pacxo,11.a napa 

H3 H3COCb! 33 TIOe3.ll.Ky-no l!HCJIJ XO.U:OB noplllHH Hacoca. lJ.HCJIO XO.U:OB 

noornHH onpe.lleJJHercH cY:eT4HKOM. C'IeTl!HK MO}!{eT 6blTh rrocrasneH 

pasHhiMH cnoco6aMH. Han6onee Ha.u:e}!{Hbiii crroco6, HO rpe6yJOW.Hi1 

MHOfO BpeMeHH,-ycraHOBK3 lllTOlJK3 Ha noprneHh rrapOBOfO UHJJHH.II.pa 

C nporryCKOM 9TOfO liiTOlJKa C8JihHHKOM qepe3 BepXH!O!O Kph!WKJ; 

K IIITOl[KJ yKpenJIHlOTC5I BO.II.HJJ8, KOTOpble ll nepe.liBHf3IOT pwtar ClJeT· 

tJHKa, ycraHOBJieHHoro Ha KphilllKe Hacoca. B cnyqae nepeKoca lllTDl!Ka 

HeH36e}!{HO napeHHe. flpH sropoM cnoco6e wroqei< He yKpenJTHercH 

K IIOplliH!O, a TO.!IbKO Ha HeCKO,JibKO C8HTHMerpoB BXO.liHT B nOJIOCTh 

UHJIHH.llpa If CHJibHOH npy}!{HHOH Ha}!{HMaeTCSI BHH3. HaKOHeU, H8 Kph!llli<e 

Me}!{eT 6blTb yCTaHOBJieHa CTieUI18JlbH8H KOp06Ka, B KOTOpOH lllTOLJeK 

nO.liHHMaercH ,n:asJJeHHeM napa npH xo.a.e rroprnHH BHH3 H onycKaercH 

npy:iKHHOH np11 XO,n:e BHI13. noJie3HO ycraHOBHTh 9JieJ<TpOMarHHTHbie 

Cl!eTLJl1KH B .LJ.HHaMOMerpHl!eCKOM BarOHe. 

34. f1 0 C T 8 H 0 B I{ a C lJ e T 'l H K 0 B H a M a Ill H H hi n a p 0 B 0 3 a. 3tH 

CY:eTl!HKH nOJie3Hhl (HO He 06SI33TeJ1bHh!) ,!I.JIH onpe,n:eJieHHH l!HCJia 060-

pOTOB .!!.BH}!{YIUHX KO.~ec, C.lleJiaHHblX BO speM5I noe3)J.KH 60KCOB8HHeM 

H rro.u:cKaJib3b!B8HHeM. C4eT'lHKH ycraHaBJIHBa!OTCH Ha nJIOIII,a.liKax oKono 
XO.U:OJMeHbliiHTeJie:ti: H OT HHX TIOJiytJa!OT K8l!8TeJJhHb!e .liBH}!{eHH51 pb!l!ara. 

l.{sa C'leT'lHKa CTaBHTCH (a He O.l!HH) )J.JIH B38HMHOH nposepK!l. 

35. rr o c r a H o a K a c q e r q 11 K o s H a H a c o c bl n o .11 o r p e B a

re JI H. C4etYHKH craBlHCH ( ecJJH no,11.orpesareJih pa6oraer), raK me, 

K8K H H8 B03.11Yll1Hhle HSCOCh!. 

36. 0 0 C T a H 0 B K a C q e T q 11 K 0 B H a M a ill H H y C T 0 K epa. ClleT

'-llli< ycraaaBJIHBaercH B no.u:xonHIUeM Mecre, c rrpHBO.liOM K napopac

npeJJ.e.lleHH!O HJIH K .II.PYrMM Y8CT5IM, B 3aBHCHMOCTH OT KOHCTpyKIJ.HH 

11 pa3MeiUeHHH M81lli1Hhl. 

37. Y C T a H 0 B K a H H .ll 11 KaT 0 pH hi X TIp H B 0 ,11. 0 B. YJH,LlHKaTOp· 

Hble llp11BO,Ub! 5IBJIRIOTCH O)J.HOH H3 HaH60JJee OTBeTCTBeHHb!X qacTeH 

06opynosaHHH napOB038. npocreflrnee 11 )J.OCT8T0'1H0 TOliHOe ycrpOit

CTBO 38KJllO'l8eTC5I B M851THHKe, yKpenJJeHHOM B TIO.lllllHITHHKe K TIJIO· 
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IU3,!lKe, H CH36JKeHHOM BH113Y cepbrOH, ruapHHpHO CBH33HHOH C nOBO,ll.

KOM, yKpenJieHHbiM K KpeHUKOn!jly. li.OJIJKHO 6biTb o6pameHO BHI1MaHHe 

Ha np04HOCTb yKpenJieHIHI nOBO,ll.Ka K Kpei:II.lKOncpy (BO H36eJKaHHe 

llOJIOMOK npll 60KCOB3H1151X), OTCYTCTBHe 11rpbl B COe,llHHeHI151X (BO 

1136eJKaHI1e lfCI<aJKeHHH ,ll.HarpaMMbl), nepneH,ll.HKy.1HpHOCTb nonepe4HOH 
0 

llJIOCKOCTli, npOXO.llHIUeH qepe3 M3HTHI1K np11 cpe.n.HeM era nOJIOJl{eHHH, 

K OCH UliJiliHJlpa If OTCYTCTBHe JlpOiK3HHH llJIOlll,3.llKH pH .llBI1JKeHlfll 

napos03a, EcJIH nJioruaJJ.Ka y np11BOJJ.a 11 HH.D.m<aropHoro KpaHa He.llO

crarol!HO Jl{ecrKa, ee cJie.n.yer yKpenHTh. noso.LJ:QK-o6bPIHO JKeJie3Hhifi 

Ma51THHK (BO,li.HJJO)- )l.y6oBblH C Me.llHhiMI1 BTYJIKaMI1 B lll3pH11pax. 

38. Y C T a H 0 B K a If H .D. 11 K a T 0 p H hi X K p a H 0 B 11 T p y 6. YfH.D.H

K3TOpHbie KpaHhi ycraHaBJmBa!OTCH B Mecre, Y.ll06HOM .D.JIH onepHpo

BaHHH HH.llHKaTOpll.lliKY, TaK, l!T06b! HH,llHKaTOpHbie rpy6bJ 6h1JIIl 803-

MOJKHO Kopotte 11 6e3 KpyrhiX H3m6os. KpRHhi .n.oJIJKHbi 6biTb xopowefi 

KOHcrpyKU1111, 6e3onacHhie B CMhiCJie B03MOJKHOCTH o>Kora 11H.D.11Karop

JUHKa, c 3alll.eJIKOH Ha PYliKe, KoropaH no3BOJIHJia 6bi lfH.lliU{aropmHKY 

11yscrsosarh npaBI1JihHOe noJJO)I{eHI1e py-l!KI1, 11 c xopownM coorser

crsHeM KaHaJIOB B npo6Ke c KaHaJiaMH so sryJIKe. Bee aro .rr.oJI>KHO 

6b1Th rmareJihHO nposepeHo. YIHJlHKaropHhle rpy6bi )l.OJDKHbi 6wrb 

BHyrpeHHero )l.l1aMerpa or 15 .rr.o 25 M.M, rmareJibHO corHyrhl c necKoM, 

6e3 yMeHbllieHHH cetteHHH B Mecrax crH6a, 11 xoporuo H30JIHposaHw 

ac6eCTOM H rnnaraTOM • .UomKHO 6biTb o6parueHO BHHM3HHe Ha B03M0}f(

HOCTb npOXO)I{.IT.eHHH napOB03a C HH.IT.HKaTOpHbiMH rpy6aMH B BOpora 

.n;eno. 

39. YcraHOBKa 6y.rr.oK .n;JIH HH.IT.HKaropm11KOB. Ey.rr.I<H 

)I;OJI>KHbl 6b!Tb C)l.eJiaHhl ,llOCTaTOLJHO y .D.06HbiMH, C H30JIHpOBKOH OT KOTJia 

H1 OC06eHHO, OT ,ll.biMOBOH KOp06KH. 

40. 0 p 0 B e p K a 11 H )]. Il K a T 0 p 0 B H H X n p y }K H H. Yf3 pyttHhiX 

11 3JieKrpOM3rHHTHhiX HH,ll.HKa TOpOB O)l.I1H3KOBOfO KalJeCTB3 CJie)l.yer 

npe.n.noqecrh pytJHhie, noroMy IJTO OHM, xorH H rpe6y10r .ll.BYX Ha6JIIO

.n;areJieti (np!i .llBYXUHJIMH.llpOBOH M3illi1He) BMeCTO O,llHOfO, HO 33TO 

3HaqHreJihHD Han:eJKHee. OnhiT yq11r, IJTO 3JIOKrpoMarHHTHhle HH.llHKa

rophl rpe6y10r ol!eHb 6onhworo yxoJJ.a H HaJJHl!HH cHJihHOii 6arapeH, 

qacro orKa3bJBa!Or B pa6ore (He nepeso.n.Hr 6yMam), psyr 6yMary, 

.n;a10r CJIHWKOM 6JJe.llHYIO JJ.HarpaMMY 11 r. n. B cJiyqae HaJIHlli1H xopo

IllHX (T. e. )l.OCTaTOLJHO HOBbiX, 6e3 MepTBbiX XO.liOB) 3JJeKTpOMarHHT

HhiX IIH.llfiKaropOB, CJJe.n.yer, KOHelJHO, HCnOJib30B3Tb HX, HO BCe me 

JIYLJllie llOCT3BHTb K K3lli.llOMY 113 HHX HH.ll11K3TOpiUHKa ,UJIH TIOCTOHH

HOI'O H36JIIO,ITeHI151. l1H.li.HKaTOpbl CO ClleTLJ11KaMH pa60Thl 11 np011. He

npHMeHI1Mhl. 

Opymi1Hbl HH.IT.uKaropos .UOJilliHbi 6hlrb rrpoKaJIH6posaHhi mpHMH 

Ha crreuHaJibHOM 11p11 6ope. Kam)laH 11PYJKHHa .uoJJmHa 6biTh cHa6meHa 

3THKeTKOH {HOMepoM), ITO KOTOpOMY BCer)la M01I{H0 H3HTH COOTBeTCT

BeHHbiH K3JII:16poaoqHbiH JII1CTOK H Macrnra6. 

41. n p 0 Be p K a M a H 0 MeT p 0 B. Bee MaHOMeTpbl ,llOJJ>KHhl 6h1Tb 

nposepeHhi Ha cneuHaJibHOM npecce mpHMH, B KpatiHeM cny11ae 110 

nposepeHHOMY IWHTpO.llhHOMY M3HOMerpy. ,llJIH Kam.n.oro M3HOMerpa 

.rr.oJimHa 6biTh nocrpoeHa nonpaaol!HaH KpHBaH. Ha116oJiee y .ll06HhiH BH.ll 

110I1p3BOLJHOM KpHBOH CJJe,lly!Olll,HH: 110 OCH a6CUHCC OTKJ13,llb!B3eTCH TIO

K333HHe nposepHeMoro MaHoMerpa B Macrnra6e 2 am111= 10 AtM, a rro ocH 

Op.li;HH3T-p33HOCTh llOK333HHH rpyaa (KOHTpO.llhHOrO MaHOMerpa) Il 
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nposepHeMoro MaHoMerpa, B Macm ra6e 0,5 amM= I 0 MM. OoJIO>KHreJib· 
Hb!e Oll1H6Kii (M3HOMeTp IIOKa3biBaeT MeHbiiie HCTHHHOrO) OTKJI3J].biB310TCSI 
ssepx, orpimareJihHbie BHH3. OpH IIpoaepKe JI.OJilKHa 6h1Tb npoH3BeJI.eHa 

u 

3anHCb IIOHa33HHH K3K IIp11 IIOBbUlleH!1H ,LI.3BJieHI151, T3K H np1:1 IIOHI:I· 
)l{eHHH. 

42. Y C T a H 0 B K a T e p M 0 MeT p 0 B 11 IHI p 0 MeT p 0 B. no,uJielK3· 
ll(HMH H3MepeHHIO TeMII parypaMH 51BJJ5110TCSI: 1) TeMneparypa IIepe· 
rpesa a KOpo6Ke IIeperpesareJIH, 2) reMneparypa neperpe8a a 30JIOTHH· 
IWBOH i<Op06Ke H 3) TeMneparypa ra30B B ,ll.blMOBOH npo6Ke. nepBbie 
.nse xapai<repH3YIOT l<atiecrao napa 11 IIpoaepHtOT ,npyr JI.pyra. Tperba 
HY>KH3 ,1!Jl51 KOHTpOJI51 nepBblX JI.BJX 11 ,ll.J151 COCTaBJieHH51 KOTJIOBOro 
6anaHca. )J{eJiiiTeJibHO raKJKe MepHTb reMneparypy HCXO,llHlll.ero napa 
B 30JIOTHHI<OBOH KOp06Ke ,llJJH paclleTa IIO.llOrpesaTeJIH IIHTaTeJibHOH 
BO,llbi Ha napos03ax .uaHHoii cepmr. Op11 pa6ore c no.uorpesaTeJJeM, 
KpoMe roro, IIO.llJielKHT 113MepeHHIO reMneparypa no.uorpesa. 

Bo acex cJiylJaHx HenocpeJI.CT8eHHO yKa3biBaiOwHe xopoiiiHe repMo· 
MeTpbi cneayer npe.urroqecrh nl1poMerpaM, ec.rm TOJibKO B l!HCJie corpy.u
HHKOB rpynnhr, o6opy.uyiOw.el1 napoB03, Her JIHUa, cneuHaJibHO 3aHH· 
Maromerocll IIHpoMerpaMH 11 3HaiOwero see Hx CJia6ocrH. 

nn51 KOHTpOJIH pa60Thl nHpOMeTpOB IIOJie3HO ycraHOBHTb B KaMepy 
HaChiiii.eHHOro napa IIeperpesareJHl raKofl .JKe nHpoMerp, KaK H B Ha· 
Mepy neperperoro napa (c o.uwHaKosoJ.t pe3b6otl). 

B naposo3e ecrh eJ..Ue OlleHb MHOro .upynu 11HrepecHbiX reMrrepa • 
1'yp, HO H3MepHTb HX CJieLJ.yer ,TOJ!bKO B TOM CJIJ43e, eCJIH 3apaHee 
pa3pa6oraHhl IJ,eJJh 11x H3MepeHHH 11 cnoco6 HCliOJJb30BaHHH nony4eH
HbiX UHCpp. 

43. 0 p 0 Be p K a T e p M 0 MeT p 0 B 11 II H p 0 MeT p 0 B. ECJIH He 
npe.LJ.CTaBJ151eTCH B03MOlKHbiM C3MHM IIpOBepHTb repMOMeTpbl li IIHpO· 
MeTpbi, TO BO BCHKOM CJiyl.fae CJie.nyer rropy4HTb npoBepKy .ll0CT3T04HO 
Ha,uelKHOMY y4pe.lK.lleHHIO (nanare Mep 11 aecos, Hanp.) u paccMorpeTh 
pe3yJJbTaThl nposepKH. Oco6eHHO ocropo.lKHhiM CJieJI.yer 6hiTb c n:~:~po· 
MerpaMH H IIOMHHTb, qro repM03Jiei<TpHqecKHM IIMpOMerp IIOK33biB3eT 
He reMneparypy, a pa3Hocrh reMrreparyp ropH4ero H xono)IHoro cnaes. 

44. Y C T a H 0 B K a H II p 0 8 e p 1\ a B a K y J MeT p 0 B. Pa3pe>KeHHe 
li3MepHeTCl1 8 rpeX T04Kax: B 30JlbHHKe, npHMepHO B Cepe.AHHe 60KO· 
BOH CTeHKH; B OrHe80H KOp06Ke, llp11MepHO B Cepe.lli1He 60KOBOH CTeHKii, 
IIO.ll CBO,llOM; B .llbiMOBOH KOp06Ke, Me>KtlY .llhiMOrapHbiMH 11 lK!ipOBb!Mii 
rpy6aMH. 0pH60pbl (U-o6p33Hhie Tpy6KH) ycraHaBJIHB310TCH JJI160 
B 6y,uKe MallliHHICT3, JI1160 (JJy4rne) B ,lli1H3MOMeTpH4eCKOM B3fOHe. 
OposepKa rpy6onpOBO.ll.OB Ha IIJIOTHOCTb J].OJilKHa ,ll€JiaTbC51 He TOJibKO 
llOCJie JCTaHOBKI:I, HO 11 nepHO.ll11 !JeCK11 BO speMH IIOe3,llOK (Ha npOMbl B· 
KaX). np11 IIpOsepKe O.llHH I<OHeL( IIJIOTHO 3aTbiKaeTCH npo6KOH, a K .llpy
fOMJ npHCOe,lT.HHHeTCH pe3HHOB351 rpy6Ka CO CTeKJIOM H3 KOHIJ,e. 
B rpy6Ky HanHsaercH Bo)(a 1:1 IIposepHero:r no creKJIY orcyrcrsHe yre· 
'-IeK no.a. HanopoM a 2-3M. 

45. Y C Ta H 0 8 K a K a JI 0 p 11 MeT p 0 B. PacnpocrpaHeHHbiH K3JIOpH· 
Merp KapneHrepa .ll080JibHO HeHa.lleJli"Hhifi np116op. Ecnli onpeneJieHHe 
BJialliHOCTH napa BHeceHo B IIporpaMMy, ro cJie.ll.yer nocraBliTb no 
B03MO)!{HOCTH .LJ.B3 11JIH .ll.3lKe rpH K3JIOpHMerpa: H3.ll. TOIIHOH, IIO.ll. 
IIapocywHreJieM :1:1 Ha,LI. napocym11reJieM, IJT06br HMerh xorH 6hi HeKo· 
TOpoe CYlKJI.eHJ1e 06 HX OTHOCHTeJibHOH BepHOCTii. flaporrpOBO.LI; K J<a· 
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JIOpHMerpy nomKeH 6biTb c,a;e.1aH B03MO)!(HO KoporKIH'L KaK naporrpoao,a;, 

raK H caMbiH KaJIOP«Merp ,ZI.OJDKHbi 6b!Th xopowo H3DJIHPOB3Hbl. CaMH 

KaJIOp11Merpbr BHyrp11 ,ZI.OJDKHhi 6biTh OLJHlll,eHw or H3K11ITH. 

46. n p 0 Be p K a K a JI 0 pH MeT p 0 B. npoaepKa KaJIOpHMeTpOB 

B03MO)!(Ha TOJibKO a crre~Ha,TbHOti Jia6oparop1111, HO ace >Ke ore,ZI.yer 

y6e,ZJ.I1TbC5I XOTfl 6b! B 11X OTHOCI1TeJibHOH TOl!HOCni. npocreHW11H Cf10-

C06 COCTOHT B Orrpe!leJieHJ.-1!1 B.l!a:lKHOCTH napa ITOC.I!e,ZI.OB3TeJibHO Kalli.ZJ:b!M 

KaJIOpHMeTpOM B O.U:HOfi H TOM )!(e TOt:IKe. B TeiiJIOe BpeM5I rona Ha 

CTOHHKe np11 M3JIOM ypOBHe BOJJ;bl B KOTJ!e K3JIOpHMeTpbi ,QOJI}KHb! 

ITOK33b!B3Tb OT 1 ,AO 3%. KpoMe TOfO, no.ne3HO rrpoaep11Th K3JIH6pOBKY 

creK.I!a Ka.nopHMerpa HerrocpencraeHHO BO.AOH. 

47. npoaepKa ,QJI5I aH3Jill33 ra30B 11 npOBepKa Ha 

n JI or Hoc r h. 3ra pa6ora Hy}fma HCKJIJOqrrreJibHO .AJIH rroe3.U:OK II ~11-
K•la. 3a6op f330B np0113BO,li.11TC5I nepe,li. KOHYCOM, Me)Kny ,li.biMOfC:Ip· 

Hb!MI1 11 )K8p0Bb!MH rpy6aMl1 • .[{JIH B03M01KHOCTI1 nepi10.ZJ:HLJ€CKOH npO· 

.llYBKH acero ra3onpOB0.!{3, Me)KJJ;y na pOB030M 11 TeH.u:epOM nO.!{BO.LLHTCH 

C)!{8Tbllt B03,li.YX 113 f.'I3BH0f0 pe3ep ayapa no rpy6Ke C KpaHHKOM, 

a B ra3onpoao.ll. scraaJiflercH ylJacroK pe3riHOBoif rpy6KH. Bo3MOJKHOCTh 

npO.U:YBKH ,li.OJI)KHa 6biTb npe,ZI.yCMOTpeHa H ,li.Jifl BaKyyMerpOB. Opo

aepKa nJIOTHOCTH np0H3BO.[LHTCH T3K )l{e, K8K 11 npH B3KJyMerpax (pa· 

6ora 44). 
48. Onpe.aeJieHHe pacxo,ZI.a napa Ha ecrecraeHHhle 

y T e 4 K H. Ope,ZI.OXpaH!fTeJibHbie KJianaHhi nO.!{)!{HMaiOTCH Ha 0,6 amA! 
Bbiiiie HopMaJibHoro (npeneJibHoro) .n:aaJieHMH. KoreJI non.u:eplKHBaercH 

llO.U: nOJIHbiM .ZJ:3BJieHHeM (MOJKHO ,li.OnyCTHTh Ha 0,5 am;lt HHJKe Jl .11:0 

0,2 amM Bbliiie), B TeLJeHHe np!iMepHO 5-J LJ3COB npH ycraHOBHBllleMCH 

COCTOflHiil:f 6e3 paCXO,li.OBaHHH napa H BO,llb!. KaJK,li.ble 10 HJI!f 20 MH· 

HYT npo113BO.ZJ:I1TCH o6Mep .aaa.neHHH, creKJia 11 HlmeJIRpa. 06Mep cre

KJia CJie.ZJ:yeT npO!i3BO.ZJ:I1Tb no pe3KO Bbi,li.eJIHIOW.eM)'CH HHJKHeMy KpaJO 

MeHHCKa. 00CJie nOHHllieHHH ypoBH5I BO.ll;bl npMMepHO Ha 5 CM Onb!T 

npeKpaw.aeTCHj .n;aBJieH!fe B KOTJie B MOMeHThl Hal.[aJia li KOHLI;a OnbiTa 

.li;OJI)!{HO COBITa.!{aTb. np!i H3JII1LJHH .ZJ:BYX peryJIHTOpOB BHyrpeHHHH .U:OJI

)!{eH 6biTb orKpwr. ToLJHOCTh onpe.aeJieHHfl pacxo.aa napa Ha ecrecr· 

BeHHhie yreLJKH .!{OCTaTOLJHa 5%, nOTOMY l.[TO 3TOT paCXOLI: B HeCKOJibKO 

.u:ecHTKOB pa3 MeHbiiie noJJe3Horo pacxo.aa napa H TOLJHOCTb 5% o6ec

ne'IMBaer .ZJ:OCTaTOLJHYIO TOLJHOCTb MCnbiT3H111't .[{JIH Op!1eHTHpOBKI1 

pacxo.n: Ha ecrecraeHHhie yreLJKH o6bil.[HO or 0,5 K~ .L{O 2,0 KZ 

B MRHyry. 

49. 0 n p e ,ZI. e JI e H H e p a c x o ,ZI. a n a p a H a H a c o c r o p M o 3 a. 

3aMeLJ3HHH OTHOC!fTeJibHO npe.u:oxpaHHTeJibHbiX K.nanaHOB, .ZJ:aBJieH!fH 

B KOTJie l:f nopH,ZI.Ka 06MepOB Te llie, LJTO Jl B pa6ore 48. nasJieHHe 

B r JiaBHOM pe3epayape .ZJ:OJ!lliHO nO.ZJ:,ZI.epmHBaTbCH 6JI!f3KOe K HOpMaJib• 

HDMY (Ha 0,2-0,3 am,w. mrme) • .U.nH ycKopeHHH onhrra HeJih3fl .aepJKaTh 

HH3KOe ,ZI.aBJieHHe B r JI3BHOM peaepayape, TaK K3K paCXO,li. napa Ha O)IHO 

nOKa3aH!fe CLJeTl!HKa yMeHhiii3eTCH C yMeHbllleHReM .ZJ:aBJieHI1H B03)IyXa, 

a BO apeMH nOe3,li.OK .ZJ:aBJieHHe B03D.yxa 6hlBaeT HOpMaJJhHOe. npl1 

KaJK.ZJ:OM o6Mepe aanncbmaercH noKaaaHHe cqertiHKa Hacoca. CJie,ZI.yer 

Ii3paCXO,li.OBaTb Ii3 KOTJia 5-6 CM BO)I,bl B CTeKJie-!fCKJIIOLJiiTeJihHO H3 

Hacoc H ecrecraeHHbie yreLJKH. Ha aro norpe6yercH OKOJio 2 qacoa. 

Pacxo.ll napa Ha O.LLHO noKaaaHHe ctleTLJHKa npa raH.ZJ:eM·Hacoce nopH,ZI.· 

Ka 0,15 KZ (3a BbllJeTOM ecrecraeHHhlX yreLJeK). 
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50. Q ll p e ~ e Jl e H ll: e p a C X 0 JJ, a 0 a p a Ha H a C 0 C 0 0 JJ, 0 r p e B a a 

reJI )'!, HanopHaSI 1py6a OTBO)J,HTCH OT I<OTJia H 38H8HlJHBaeTCH HpaHOM, 
MeJK)(Y HaCOCOM H BblllYCKHhiM KpaHOM }f{eJiaTeJibHa JCTaHOBKa pe3ep· 
syapa C MaHOMeTpOM; peaepsyap (co C)l{8TbiM B03.li.YXOM B BepxHeH 
lJ8CTii) )lJJH BblpaBHHB3HHH )1,8BJieHlHI BOJJ,bl, MaHOMeTp H KpaH- )J.JUI 
perymtpOB8HHH )J.aBJieHHH BO.JJ,bi. ,UasJieHHe 00 M8HOMerpy BO,ll.bl L{QJI)l{HQ 
nop;p.eplKHBaTbCSI Ha 0,5 amM Bhiwe HOpMaJibHOro .n:asnemm a KOT Jie. 
nop~JJ,OK npOH3BOJJ,CTBa OilhiTa TOT )!{e, lJTO H B pa6ore 50, HO 
n0,!1fOTOBKa OTHRMaer MHOrO BpeMeHH H ,IJ;OJDKHa 6b!Tb CJJ,eJiaHa 3a• 
pa11ee. 

51. 0 n p e .!1. e JI e H H e p a c x o a, a n a p a u a M a w H H y c r o K e p a. 
no,!1rOTOBK8 I< Oilb!TJ COCTOHT B OTBO.JJ,Ke yr JIH H3 ropJIOBJ.!Hbl uasa)J, 
Ka nJIOll.la.!I.Ky. ]l.rrH aroro HymeH BhlruyThifi )!{eJie3Hhitl JIHcr. OnbiT 
)I,OJDKeH 6biTb C.!!.eJiaH npH rpex )J,aBJieHHHX B rraponpOBO.!J.e K MaWHHe 
croi<epa xo.n:oaoM, Ha I-2 amM HuJKe H Ha I 2 amM BblUie. OpH 
K3>KJI:OM H3 rpex OIIhiTOB )J,QJI)!{HO ObiTb H3paCXOJJ,OBaHO ue MeHee 4 CM 
crei<Jia (Ha MaWHHY CTOKepa H ecreCTBeHHble yrelJKH). KaiK)l;biJ1: OIIbiT 
3aHHMaeT OKOJIO .li.BYX lJaCOB. Pacxo.n; napa Ha MalllHHJ CTOKepa aa Bbl· 
qeroM ecrecrseHHhiX yreqei< nopH.!J.Ka 150 300 KZj'l, npH croKepe 
runa BK OKOJIO 0,015-0,20 K2 Ha O,li,HO noKasaHHe cqer'IRI<a (J!.BOH· 
HOH XO.JJ, Ka)!{JJ,OrO UHJHIH.!I.pa ). 

52. 0 n p e JI: e •H H He p a c x o LJ. a nap a H a r o rr JI a c T o K epa. 
Orrpe.rr.eneHHe pacxoLI.a napa )I.OJIJKHO ObiTb npoHase.zr.eHo raKJKe npH 
rpeX )l.aBJieHHHX. 00JI0)!{€HHe pery JIHpOBOlJHb!X B€HTHJI€H KaJK)I,OH rpyn• 
Ilhl COneJI )J.QJI}f{HO Ob!Tb HeH3MeHHOe, COOTB€TCTBYIOW.ee 06bllJHOMY 
nonomeHHIO Ha .zr,aHHOM rroposo3e. Pacxo.n; napa ue conJia nopHJlKa 
50-150 11.2 s qac. Ha KaiK,ll,hlii orrwr rpe6yercH npaMepHo 4 qaca. 

53. 0 n p e .JJ, e JI e H H e p a C X 0 JI: a 11 a p a H a C H qJ 0 H. CHcpOH OT· 
KpbiBaeTCH DOJIHOCTbiO (BO BpeMSI D0€3,1I,OK IIpH Ha)lOOHOCTH OH )l;OJI)K€H 
OTKpb!BaTbCH TaKme TOJibKO IIOJIHOCTbiO). fopeHHe B TOnKe peryJIHpy· 
ercH npnorKpwsaHHeM .zr.aepu.hl .!J.biMOBoti I\Opo6I<H. OnbiT .li.JIRTCH OKO· 
no I ,0-1 ,5 qaca. Pacxo.n: ua CHqJOH- rropSI.li.Ka 10 KZ B MHHyry. 

54. 0 n p e .n: e .rr e H He p a c x o ,11, a nap a H a r y p 6 o .n; H HaM o. 
ECJI!i MOiKHO H36emaTb paoOTbl ryp60,1I,HHaMO BO BpeMSI noe3JJ,OK, TO 
He scrpeqaercSI Ha.rr.o6HOCTH H a onpe.n:eneHHH pacxo.zr.a napa Ha Hee. 
ITpn ua,11,o6Hocrn me onpe.n:e.rreHHe pacxo,11,a napa npoHaBO.ll.HTCSI npu 
HeKoropoM onpe.n.e.rreHHOM pemHMe pa6onr ryp6HHbl, Hanp. npH acex 
BKJliOlleHHhiX JiaMnax, K8I<OBOH pelKHM )I,OJiiKeH rrpHMeHliTbCH H npH 
110e3JJ,K3X npM BI<JIIOlJeHHH typoHHbl, 

55. 0 n p e .ll. e .rr e H M e p a c x o )1, a n a p a H a rr p o r p e a hi. 3ra 
pa6ota npOH3BO,li,HTCH TOJibKO B CJiyqae He06XO,li,HMOCTH B IIpOrpeaax. 
TaK me, KaK H IIpH pa6ore 54, ycraaaBJIHBaercs:~ HeKorophtii onpeJI:e· 
JI€HHbiH peiKMM, KOTOpblj;t )I.OJiiKeH llO,!I.ll.epiKHBar:bCH If BO Bp€Mll OTibiT
I{Oij noe3.li.KH. 

56. 0 II p e JI: e JI e H H e tt 0 T e p H B 0 .II. hi II p 1'1 3 a I< a ll H B a H H H 
H HiKe K r o p aM H. KaJK,ll,biM HHmeKropoM cne.n:yer c,n:eJiaT no 10 3a
l\ai!HBaHHR CO COOpOM BO,ll,bl H3 B€CTOBOfi tpy6hl B 6alJOK, KOTOpbiH 
aasewuaaercH. MeiK.li.Y saKa'-lHB8HHHMH cnell.yer .D.enarn naysy a 3-5 MRH 
l(JI!l TOrO, lJT06bl HH)!{eKTOp npHWeJI B HOpM3JibHOe COCT05JHHe. 00bllJ· 
Hasr norepll 3-5 KZ Ha saKalJHBaHHe. 

57. OrrpeJI:eJieHHe nponyci<a napa qepe3 soJIOTHHKH. 
Onpe].{eJieHHe nponycKa napa npoH3BO.li.HTCH npa 30JIOTHHKax, nocra-
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BJieHHblX B cpe,lLHee IIOJIO>KeHHe, H OTKpb!ThiX npo.n:yaaTeJibHblX KpaHaX 

JJ,HJIHH)lpos (Ho He 30JIOTHHKOBhiX Kopo6oK). TeH)lep 3aropMalKHBaeTcl!, 

H peryJillTOp IIOJIHOCThlO 0TKpbiB3eTC51. 3ro onpe.rr.eJieHI:Ie- Ol!eHb 

rpy6oe H IIOJie3HO TOJlbKO .li.JIH HeKOTOpOrO OTHOCHTeJibHOfO CY>K)leHJU! 

0 K3lleCTBe 30,1QTHHKOB. 

58. n p 0 Be p Ka ,B, H HaM 0 Mer p a. HaHOOJiee YJlOOHb!M H pac. 

npocrpaHeHHhiM TlfhOM )lHH3MOMerpa SIBJHIIOTCH fH,Zlp3BJHil!eCI<He .li.HH3· 

MOMeTpb!, OCHOB3HHbie Ha IIpHHll,HIIe H3MepeHHfl M3HOMerpOM ,B,3BJieHIH:1 

iKH.li.I<OCTH (rJJHuepHHa) a ll,HJIHH.npe, Ha noprneHb Koroporo nepe,n,aerca 

BCR CHJI3 no CJJ,eiiHOMY I1pH60py B3rDH3. 06biliHO iKH,ZlKOCTb OT)leJIHeTC5:1 

OT IIOpWHH ,ZlHatflparMOH (Me,ZlHOtt l!JIH pe3HHOBOti) II XO.l( IIOpiiiHSI CO· 

CTaBJUieT BCero ,ZlOJIH MHJJJIHMerpa. ECJIH pa60l1Hfi .l(H3Merp IIOpWHll 

d CM, a ,lL3BJieHHe p amM, TO OIJeBH.l(HO, liTO CHJI3 B 1C2 pasHa 

nd2 

F= 4 p. 

Ha 3TOH ~OpMyne H OCHOB3H3 npoaepKa ll,H~ep6JiaTa M3HOMerpa .li.H

H3MOMerpa. ManoMerp >Ke ,n,o.n>KeH 6:r:.ITh nposepeH B no.uxo)lRll.leM 

Ha.rr.eiKHOM yt~pelK.nemm. Cne.rr.yer o6parHTb BHHMaHHe Ha npaaHJihHOe 

onpe.rr.eJieHHe pa6ot~ero .li.IHJMerpa noprnHSI )lHHaMoMerpa. 

KpoMe roro, .non>KHa 6biTh rmareJJ:DHo nposepeHa BCH nepe.nat~a or 

I<piOKa HJll:l CJJ,emm )J.O IIOplliHSI ,LJ;HH3MOMerpa H ycrpaHeHbl B03M0)!{

Hble nepeKOChl H aae.rr.aHHR. 3a .li.HH3M OMeTpOM .li.OmKeH ObiTb IIOCTOl1H

HhiH Ha.n3op. OH .n:o.nJKeH BKJIIOllaTbCH TOJJbKO npH HCIIbiTaHHSIX. Oco~ 
6eHHO CJie)J.yer rrpe,ZlOCTepel!h OT IIOIIhiTOK onpe)leJIHTb )J.HH8MOMerpOM 

CHJIY y.rr.apOB (pbiBKOB): H Cl!Jihi 3TOfi HeJih3R onpe.rr.eJJHTh BCJie.li.CTBHe 

HHepll,Hl:l >KH.li.KOCTH H crpeJII<H MaHOMerpa, H .llHH8MOMerp MO>KHO 

Hcrropr~:~u. EoJibiiiOe BHHMaHHe .rr.omKHO 6biTb y ,n,eJJeHo rrpe,n,oxpaHe

HHIO CTpeJJKH M3HOMerpa OT C)lBHra Ha CBOeti OCH. B CJiyllae C)J.BHra 

MOHOMerp .li.OJI}!{eH Ob!Tb BHOBb IIpOK3JIHOpOB3H. 

59. n p o B e p K a c K o p ocr eM e p a. CKopocreMep .li.OJiiKeH npo· 

BepHTbCR nepHO.li.HlleCKI-1 BO BpeMH OIIhiTHhiX IIOe3,LJ;OK B MeCT8X HaH60Jiee 

paBHOMepHOrO .llBl:l)!{eHHH, IIO BpeMeHH IIpOXOlK,B,eHHH O.lJ.HOfO KHJIOA 

Merpa no ceKyH.li.OMepy. Bo apeMH rrpoxmK.neHHH aroro KHJIOMerpa 

npOH3BO)lHTCH HenpepbiBH8SI 3anHCb IIOI<a33Hl:IH CI<OpOCTeMepa H BbiBO

.li.HTCfl cpen.Hee IIOK333HHe. OpH .li.OCT8TOliHOM KOJIH tieCTBe TOl!eK 

CTpOHTCH nonpaaoqHaf! KpHB3H. 

60. P a aM e r K a y q a c r K a. Pa3MerKe no.nneiKar: Mecro ornpa

sJJeHHH (ori<phiTHSI pery.nHropa)- c yt~eTOM .n.ocrarol!HO 6bicTporo 

pa3rOH31 MeCTO 3aKpbiTHSI perymiTOpa C yqeTOM OCT8HOBI<If B H3J(· 

JiemameM Mecre, H Mecra uaoJIIO,LJ;eHHii. )f{eJiaTeJibHO HMeTb Ha Yll3CTKe 

OT 10 )1.0 12 IIYHKTOB H30JIJO.l(eHHH. nepaoe H86JIIO,ll,eHHe )J.OJliKHO Ob!Tb 

He pa Hee, K3K qepe3 2 1CM IIOCJie nyHKTa OTIIp8BJieHHSI, ,ZlJISI )lOCTJUKe· 

HHH ycraHOBHBIIIeticSI pa6orhi MaiDHHbi. OcranhHhie Ha6JIIO.l(eHHH .li.OJJ1K

Hbi 6biTb pa36Hrbi 6oJiee HJIH Meaee panHoMepHo, HO c o6pameHHeM 

BHHM8HH5l: 1) H8 onpe.l(eJieHHOCTb IIOJIOlKeHHH napOB038 (B npHMOH H3 

H3BeCTHOM nO.l('beMe) Ha HeKOTOpDM paCCTO.RHHH, H3 KOropoM IIpOH:3" 

llO)IHTCH H36JIIO.l(eHHe He MeHee 50 M B o6e CropOHbl OT nyHKT3 

CHrHaJia H 2) H3 B03MOiKHO MeHbWee H3MeHeHHe CKOpOCTH B MOMeHT 
H36JIIO.l(eHHSI. 

lg4 
    
НБ

 

УД
УН
Т 

 (Д
ІІТ

)



61. Y C T a H 0 B JI e H H e p a C I1 li C a H H Sl 0 I1 hiT H hi X I1 0 e 3 ~ 0 B. 

Pacm:IcaHHe orrhiTHhiX: noe3~0B 33BHCHT, KoHellHO, or pacmrcaHHH noeg
.nos Ha yqaCTI<e, HO Bee JKe H3 0CHOB3HHH MHOfOJieTHefi npaKTHIOI 

MO)f{HO ycraHOBHTb CJie~yiOI.U.He OCHOBHhle Tpe60B3HHH. 0nhiTHhle no~ 
e3.1(Kli )lOJliKHbi npOH3BO~HTbCH HCKJIIOl!HTeJibHO B CBeTJIOe BpeMli CYTOK. 

Q!IbiTHbllf napOB03 HO%t0 L(OJJ>KeH H3X0)lHTbCSI B OCHOBHOM ~eno; B 

KpafiHeM CJiyqae, MOiKHO )lOTIYCTMTb 060pOTHOe .neno. l1CI1biT3HHH ~OJiiK· 
Hbl npOH3BO~HTbCH B O~Hy CMeHy; BTOpyro CMeHy MOiKHO )lOnyeTHTL 

TOJlbKO ~JlH noe3~0K BTOporo UHKJia. )f(eJiaTeJibHO HMeTb J(JIH BCeX 

cKopocrelf Ha ,naHHOM yqacrKe OllHO H ro iKe pacnHcaHHe (npH 6oJib· 

WHX CKOpOenlX MOiKHO I103>Ke ornpaBJiliTbCH) BO H36e>KaHHe nyraHIH~bl 
y areHron 9KCnJioaraUHH. He cJieJI.yer rHarlicsr 3a 6oJililliHM KOJIHl!e· 

CTBOM TIOe3,D;OK B .D;eHb: CJleJI.yer orpaHlll!HTbCli rpeMSI TIOe3,D;K3MH (npH 

JLIII1:He yrmcTKa no 35 KM), npH 3arpy:>KeHHOM yqacn<e MOiKHO .LJaJ«e 

ycraHOBHTb scero ,n;ee noe3arm. 06SI3aTeJ1bHO rpe6osarb Ol!IUUeHHH 

scero onblrHoro yqacrKa or noe3.1lOB so npeMH .LI,Bli:>KeHHH onhlTHOro 

noe3~a. 

8 CJiyqae TIOe3nOK Ha 33MKHYTOM KOJibUe 3TH rpe60B3HHH 1 KOHetJHO, 
OTI13ll310T. 

62. H 11 B e JI H p o B K a on hi rHo r o y tJ a c r K a. OnbiTHblil: y'4a-

croK .li,OJl:>KeH 6biTb npOHHBeJIHpOBaH 06H3aTeJibHO no H3'43J13 OllblTHbiX 

noe3.ZJ.OK. HHBeJIHposKa .D;OJI:>KHa 6hiTb cneJiaHa tJepe3 50 M. (HJIH 11e~ 
pea 100M.) H ,llOJI:>KHbi 6b1Tb I1pOBepeHhl paCCTOHHHH MeJK)ly TIHKeTHbiMH 

3H3K3MH. flpH nJIHHHOM y'4aCTKe MOiKHO orpaHHl!HTbCH HHBe.t'IHpOBKOif 

TOJibKO nyHKTOB Ha6JIIO,lleHJil1 (no 50 M. B ODe CTOpOHbl). OtreHb TIO· 

Jie3HO 06'bHCHHTb 6purane HHBeJIHpOBll{HKOB, I!TO rpe6yiDTCH TOJibKO 

pacCTOHHHH Me:>K,n;y TIHKeTHblMH 3HaK3Mli li YKJIOHbl B TbiCHl!HbiX C O.ZJ.HHM 
aHaKOM nocJie 3arrHroiL PeayJihTarhr HHBeJmpoBKH cJie,llyer npe.zr.cra

BHTb B BH,lle .ZJ.HarpaMMbl B npHMOyrOJiliHbiX KOOp.LI,HHarax: TIO OCH 

30CUHCC OT JIOiKHTb paCCT05lHHH, TID OCH Op,D;HH3T YKJIOHbf B TbiCH'4· 

Hb!X, TIOn'heMhi BBepx, CTIYCKH- BHH3. 
63. PaccrauosKa cHrHaJIOB Ha onhiTHOM yLJaCTKe. 

3HaKH: ornpaBJieHJ:IH OTILITHOfO noea.zr.a, H36JIIO,lleHHif H 33KpblTHli pe

ryJIHTOpa .ZJ.OJI:>KHhi 6biTb nocrasJieHhl .LI,D Ha1IaJia onbiTHbiX noea.zr.oK. 

3HaK CT3BHTC.II TipOTJ:IB 6y ,li;KH M3lllliHHCT3. 

64. n 0 .ZJ. r 0 T 0 B K a c 0 c T a B a. Cocras naJI:>KeH 6b1Tb 1:13 tJeThl

pexocHbiX rpy:>KeHhiX K3MHeM B3f0HOB Ha aBTOM8TH'4eCKOM TOpMoae 
TaK H83biBaeMoro iKeCTKaro rnrra. Bee cocraaa 3aBHCHT or npe,n;noJia

raeMo:tt npe)leJihHott CHJihi THrH napoBo3a H npoqmJIH. )f(eJiaTeJibHO 

MMeTb Bee cocrasa nollTH paBHhiM pactJerHoMy llJili aroro napOB03a u 

npocpHJIH, TIOTOMY tJTO OOllbll!Oit Bee COCTaBa .LI,aer I1JJ8BHble KOJie6a· 

HHli CKOpOCTH, HO MOJ«HO orpaHH!JHTbCH H 3H8'4HTeJibHO MeHhlliHM Be

COM, HO TOf,l!a MHOrO yxona I10Tpe6yiDT T0pM033, Ha .li,O.JliO KOTOpbiX 

Bhrnall.er 60JiblllaH pa6ora. 

65. 3 a roT o s K a ron JI 1:1 B a. .UJIH onpe.1leJieHJ:ISi T.llfOBblX xapaK· 

TepHCTHK (nOe3,llKli I UHKJia) cnenyer B3S!Tb B03MOJ«HO xopolllee TOll· 

J!HBO. flpH onpe,u;eJieHifH J«e TeTIJIOTeXHH!JeCKHX xapaKrepHCTHK Bbl6op 

TOITJJHB 38BHCHT OT 38)1;8HHH. 

66. Y C T p 0 H C T B 0 3 a K p 0 M 0 B B Y r 0 Jl b H 0 M .II W H K e. }lJIH 
onpe)leJieHHH TeTIJIOTeXHH'4eCKHX xapaKTepHCTHK (II UHKJI) yrO.llbHbl:tl 

HllJ,HI< TeH.zr.epa pa3neJIHeTCH CbeMHbiMH neperopO!l,K3MH Ha 3-4 OT,ll,e· 
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• 
JieH~H, B Kam.noe H3 KoropbiX 3aCbll1aerca 11epe.n 110e3,nKoa 011pe.ne· 

neHHOe B3BerneHHOe KOJIHI:IeCTBO T011JIHBa .lf.JIH 06JiertieHHH yqeTa ero 

pacxo.l(a. 
67. 3arorosKa secas, 6atiKOB, iKaposeH&, nocy.D.hl 

n JI .a n p o 6 r o n n H sa H n p o q. 3TH npe.nMeTbl HYJKHbl npH renJIO· 
rexHHGecK HX noe3)l.Kax .UJIH B3BernHBaHHH rnJiaKoB, nepeseca ocrasrne

rocsr TOI1JIHBa, OTOOpa npo6 TODJIHBa • .[l.n.a IlOJJHBI\H yrJI!I HYJKHO HMeTb 

cneuHaJI&Hhil't 6a1£0K Ha reH,nepe (npH noes.n:Hax o6oux UHKJIOB), Ho 
MO}!{HO orpaHH1£HTbCH yqeroM BO)l.bl, no.nasaeMofi H3 HH}!{eKropa • .[lJISI 

sroro Ha.[(o nocrasHTb cneuHaJibHbiH onblr " onpe.n.e.nMTb no.naqy llepe3 

pyKaBIJ:HK B MHHJTy. 
68. B 3 Be rn H sa H He nap o so 3 a. EcJIH Her .l(ocrarotiHO Ha)J.e}!{

HhiX )l.3HHblX 0 )l.aBJieHHHX Ha BCe OCH napOB03a B paooiJ:eM COCTOSIHHH, 

TO napOB03 CJie,nyer B3BeCHTb 11pH HaHHH3llieM ypOBHe BO)l.bl B KOT Jie 

H DpH HOpMaJibHOM CJIOe TOI1JIHB3 Ha KOJIOCHHKOBOn perneTI<e. 
69. 0 I1 p e 1l e JI e H He C 0 II p 0 T II B JI e H H !I 11 a p 0 B 0 3 a • .[lOJI}!{HQ 

OhiTb o11pe.neneHo y .nenhHOe conpOTHBJieHHe na poso3a KaK noB03KH 

w0' 1:1 y.neJibHOe co11pOniBJieHHe npu saKphiTOM perymnope w0' + W3• 

To H .npyroe onpeaeJIHeTCSI nyreM .cKaThiBaHHH" (eM. 11. 70). npa 
onpe.neneHHH w0' .li.OJI}!{Hhi Ob!Tb CHHTbl ee.nymHe .lf.biUIJia, H napos03 

)l.OJI)KeH pa3rOHHTbCH npymM 11apososoM. OpH 011pe.neneHHH w'0 + w3 
naposo3 pa3rOHHercH co6crseHHbiM napoM. 

0 pH He)l.OCTarKe apeMeHH MOJKHO OOOHTHCb 6e3 CK3Th!B3HHH II onpe
)l.eJIHTb conpoTimneHHe no craH.n.apTHbiM cpopMyJiaM. XorH w0' BXO)l.HT 

B cpopMyJiy, CBSI3h!B3IOIUYIO F• U f 8, TeM He MeHee, He60JihlliaH OlliliOKa 
a w' 0 npH onpe.neJieHHH ero no cpopMyJie He oKa3biBaer HHKaKoro 
BJIHS!HHH Ha TOIIHOCTb perneHHSI npaKTHll€CKHX 33)l.ati. 

B cJiyqae acnhiTaHHSI naposo3a Ha KOJJbUe, B cpopMyny Fk npHxo

nnrcsr BBO)l.HTb W0' + w/. 3ry senutiimy >KeJiaTeJihHO onpe.LJ:eJIHTb cKa· 
TbiB3HH€M Ha CaMOM KOJih[\€. 

70. n p o 6 H a a no e 3 .n K a. Bo speMH npot5Hofi noe3P.KH npose· 
p.aeTCH )l.efiCTBHe BCeX IIpH60pOB, npaBHJibHOCTb HaMeiJ:eHHbiX MeCT 
H30JIIO)l.eHHH, HaOJIIO)l.aTeJIH OCB3HB310TCH C IIpHOOpaMH, npoBepHeTCSI 

CKOpocreMep. Bo speMH XOJIOCTOH nOe3.l{Kll ycraHaBJIHB3IDTCH 3H3KH 
Ha6.niOP,eHHH. 

67. OllbiTHLie noe3.l{I(H, npn pa3pa60TKe npe.l(BapHTeJihHOH nporpaM· 
Mbl onbiTHhiX noes.noK cJie.nyer HaMeiJ:aTb Ha nepBbiJ:i: ,neHh cpeJJ.HHe 
CKOpOCTH (HJIH HeCKOJibKO Hll}!{e cpe.l{HHX) )l.JIH )l.3HH0f0 yqacTI\a H 

cpopcaposKH, HM}!{e cpep,HHx; 3areM nnasHo, HO 6blcrpo yseJIHl:!HBaTb 
cpopCHpOBKH, a TIO Mepe IIpHOJIHlKeHHH K IIpOMb!BKe OllHTb CHHlKaTb 
cpopcHpOBKH, BIIJIOTn .u.o caMbiX MaJibiX. B TO JKe speM.a JKenareJibHO 

B nepBble }!{€ )l.HH OXB3THTb B03MOJKHO 60JiblllOH .LJ:Haiia30H KpHBbiX 

F.= t (V' e, Q) H li =I (VIe, e), liTO Obi B03MOiKHO CKOpee HM€Tb 9TH 
KpHBbie B rpyoOM IIpHOJIHlKeHMll H OpHeHTHpOB3TbCS! B 3Hal:!eHHH KOM· 
6HHaUHH V, e, Q H z,. .U.JIH npe.ncrosrw.Hx noea11.0K. CoseprneHHO Heo6xo· 
)].HMO ew.e )1.0 HallaJia 110e3,ZJ;OK IIOCTpOHTb npe)l.IIOJlO}!{HTeJJhHble I<pHBble 

F11 H F.= I (V, e) .n.nH HCIIhiTb!BaeMhlx Q Ha O)l.HOM nnaHrnere c KpH· 

BhiMH F11 (F.)= I (V, zJI) aKpHBLie u = f (V,e) .lf.JIH rex e, KDTOpbie B .nefi· 
CTBHTeJibHOCTH HCilbiTh!BaiOTCS!. OocJie Ollh!THhiX II0€3.11.0K B TOT )l{e 
)l.eHb CJie,nyer CTaBHTb TOGKH F. H U H Ha6paCb!BaTb ,neHCTBHTeJibHble 

KpHBhle, liCIIpaBJIHH HX IlOCTeneHHO B COOTBeTCTBHH C HaKOnJieHKeM 
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)l3HHbiX. .UJIR BITOJIHe OTKpb!TOfO pery JIRTOpa me.JiaTe.'lbHO C.l{eJiaTb 

30-35 yll.alJHhiX ITOe3,noK, H3 HHX .LJ.JJH mnoro sy6a 6-7 noea11.oK, 

JI.JJH IJeraeproro 8-9, .l{JIH rpeTbero 7 8, t~;JIH sroporo 6-7, t~;JIH nep· 

soro 4-5 . .UJIH naccamupcKHX naposoaoa cJiet~;yer np116asHTb KOJIH· 

qecrso noesli.OK npH MaJJb!X orceiJKax. EcJIH nossOJHIIOT o6crosneJib· 

CTBa, CJie,nyer HCI1b!T3Tb TaKme OTKpblTHH peryJIHTOpa OKOJIO 1/ 8 H 
1/1s. Jl.JJH STHX HeiTOJIHb!X OTKpblTHM (oco6eHHO JJ;JIH (} = 1/ 15) MO>KHO 

orpaHHIJHTbCH HCIIb!TaHHeMTOJibKO IIHToro, rperbero H nepsoro sy6os 

H CJI.eJI3Tb Ha (} OKOJIO 1
/ 8 - IIpHMepHO 20 I10e3D:OK, a Ha (} OKOJIO 1ft5 -

npHMepHO 15 IIOe3JJ;OK. JJ.o6aBJIHH 15-200fo HeynaiJHbiX nOe3.l{OK, IIOJJY· 

•-laeM BCero OKOJJO (35+20+15)X 1,15 JI.O 1,2=80-85 II0€3.llOK. 

Bee BbiiileCK833HHOe OTROCHTCH I< THrOBbiM HCObiTaHHTIM (I UHKJia). 

B TOM cJiyqae, ecJJH DJI.HoapeMeHHo me npoHsBot~;srrcH H TerrnorexHH· 
lleCKHe HCI1b!T3HH51 (II UHKJia ), TO lKeJiaTeJihHO nepBbie ]l.HH )J.eJiaTb 

TOJlbKO THrOBhie IIOe3)J.KH (6e3 yqera TOIIJIHBa), a llOCJie roro, KaK 

rroes.nKH aofinyr B HOpMy H 6yt~;yr HeKoropbie ,naHHhie AJIH npe.nyra· 

){b!B3HHH cpOpCHpOBKH KOTJia II pH 3a.ll3BaeMbiX (}, 8 H V- TOJibKO ITOCJie 

~JTOrO MOJKHO BKJIIOIJHTb H BTOpOH UHKJI (aaMepbi TOIIJIHBa), HO 06H-

3aTeJJhHO C B03JIOmeHH€M BCeX pa60T ITO BTOpOMY UHKJIY Ha OT.l{eJib· 

Hyro rpyiTITY pa6orHHKOB. KaK yme yKa3biB3JIOCb Bbillle, t~;JIH o6oeJI.n· 

HeHHH ITOe3,llOK 060HX HHKJIOB He06XO.l{HMO raK KOM6HHHpOBaTb ITOe3JJ;KH 

I. unKJJa, tJT06bi, so-nepsbJX, see noes,nKH sa .neHh 6hiJIH c rrpnMepHo 

O,llHHaKOBOH q>opcnpOBKOfi KOTJia, BO·BTOpbiX, IJT06b! cpe,nHHe .l{HeBHbie 

cpopCHpOBKH KOT.IIa 6LJJIH pa3H006pa3Hb!MH H KaK pas TaKHMH, K3KHe 

rpe6yiOTCH .li.JIH nyiJIIlefi rpaccnpoBKH KpHBOfi Zrc = j(y), a-rpeTbHX, 

IJT06bl HaKaHyHe rroesnoK MOlKHO 6b!JIO I1011.CIJHT3Tb rrpHMepHbiH pac• 

xo.n ronJinsa Ha pa6ory rraposoaa Mem.ny o6MepaMH ron.11nBa H coor· 

BeTCTBeHHO sarpy3HTh 3aKpOMbi yrOJibHOrO Hil{HKa TeH,nepa. ,llJIH B03· 

MOJKHOCTH rai<oro corJiacoshlsaHHH nHrepecos I n II UHKJIOB rpe6yercH, 

KOHel!HO, noBO.JibHO BbiCOKaH CTeiieHb pa3yMHOCTH pyKOBO,llHliJ,ero aK· 

THBa rpyrrn OOOHX UHKJJOB. 

nocJJe ITepsbiX me IToes.noK Heo6xo,nHMO aasecm Ta6JIHUY ocHDB· 

HbiX pesyJibT3TOB H aKKyparHO 3aiiOJIH51Tb ee ITO Mepe o6pa· 

6orKH Ha6niO,neHnfi. 3ra ra6JIHua HMeer CJJe,nyrow:He npHMepHhle 

CTOJI6Ubl: 
1. HoMep noe3t~;KH I unKJia. B HPT HOMep noe3,llKH o6oaHatJaercSJ 

'I€Tb!phMH UHcppaMH: nepBbie l!Be HBJJHIOTCH IIOpHAKOBblM HOMepOM HC· 
IIbiTbiBaeMOR cepHH rrapOB03DB, IIOCJJe.l{HHe tJ; Be IIOpHnKOBb!M HOMe· 

poM rroes.nKH. HarrpnMep, naposo3 ceprm <P.U B 1932 r. 6biJI rpH.n· 
U3Th BTOpb!M ITO cqery HCilbiT3HHb!M cepHHHbiM napOB030M (cqer Be· 

.D;eTCH C KOHTOpbl OITbiTOB Ha.l{ THII3MH napoB030B) I109TOMY Tp11.1l.U3Tb 

nsnaH rroea.nKa (nepsoro uHKJia) c rra pDB030M cep1111 <P .U ( arrpeJib 

1932 r.) HMe.'la .N'2 3235. napoB03 HC (nero 1933 r.) SlBJIHeTCH 

rpun;uarb rrHTbiM. 

2 • .Uara. 

3, KoM6HHaUHH. 00.11. KOMOHHa[lHefi IIOHHMaercsr OTKpbiTHe peryJIH· 

TOp a Q1 OTC€IJK3 ( C TOI!HOCTbiO .l{O Q.l{HOH .D;eCHTOH) 8 H cpet~;HHH CKO

POCTh 110 rrpocpHJIIO vn c TOIJHOCTbiO .no lKM/ll. HaiTpHMep: 1-0,3-23. 
4. YIJaCTOK. Hal!aJibHaH H KOHel!Ha51 CTaH~HH HJIH IIOCTb!, a B CJiy· 

l!ae HaqaJia HJIH KOHua rroest~;KH s Heo6hitJHOM Mecre- coorsercrsyro· 

!41iH KHJIOMerp. 
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5. fo.li.HOCTb rroeJ.li.KH no Fk. 6. fo.li.HOCTb rroea.li.KH no Fi. 7. ro.li.
HOCTb nOe3.li.K H no U. 0oe3.li.K3 MOiKeT 6b1Tb fO.li.HOii (y .!1.3 tiHOH) no BCeM 
3THM rpeM OCHOBHblM HCKOMb!M BeJJHqllH3M, IIOe3.ZU<a MOlKeT 6b!Tb HefO.l{Ha 
no Fk> Harrp., ec.nH ao apeMH rroe3Il,KH o6HapymeHo rroaropMmKHBaHHe 
oceti napoao3a 1.:r.nn reHaepa (He BJIHHIO!llee Ha npaBHJibHOCTh onpeae
.neHHH Fi H u), HJIH o6Hapy.lKeHa HenpaBHJihHaH pa6ora .AHHaMoMerpa 
H r. n.; noe3.li.Ka MOiKer 6biTb HeroaHa no Fi, Harrp., ec.nH pacrnaranca 
HJlH Il0JIOM3JICH IIpHBO.ll. K HH.l{HKaropy HJIH K3KOH·JIH60 .ApyrOH IIpli· 
l!HHe He no.nyiiHJIOCb HH O.l{HOfO KOMnJieKTa fO.li.HbiX HH.li.HKaropHbiX 
.ztHarpaMM (nOHl:IM851 nO.ll. KOMIIJieKTOM .ztHarpaMMbl o6eHX IIOJIOCTeii 
BCeX ll,liJIHH.llpOB 3a O.l{HO H36JIIO)leHHe) 11 T. II.j nOe3.li.Ka MOiKeT 6b!Tb 
HefO.li.Ha no U, Hanp., ecJIH CHJibHO 6pOCHJIO BOLLY HJIH OCTaHOBHJIHCb 
a nyrH no KpacHOMY cHrHaJiy npn He.ll.ocraroqHoM pacxoae BO.Abl H3 
TeH.l{epa HJIH npH HeH3BeCTHOM TO'-IHO rryHKTe 33Kpb!THH peryJIHTOpa. 
Hero)lHOCTb noe3)lKH no O)lHOH ijJIH .ztame O.l{HOBpeMeHHO no .llBYM 
ll3 3TH X rpex OCHOBHbiX BeJIHqHH OTHIO.llb He 03Ha r.zaer ITOJIHOH Hero ll,
HOCTH nOe3)lKH: TO, liTO fOJlHO B noe3)lKe, .LJ:O.I!iKHO 6h!Tb pa3pa60T3HO. 
KoHeqHO, noea.n:Ka MOJKeT OK333TbCH Hero.zr.HOti no BCeM rpeM OCHOB· 
Hb!M HCKOMhiM BeJIIPIHHaM, Harrp. HeCJIO BO.li.Y DpO.llOJIJKHTeJihHOe 
apeMH H He ycraHOBHJICH neperpea. 

8. C11.na THrH Ha o6o.n:e Fk, cpe.llHHH npHae.zr.eHHaH. Cnoco6 ee no.n:
cqera yKa3aH HH}I{e, TaK }l{e I<aK H BCeX OCT3JibHh!X BeJIHl!HH B Ta6-
.1!Hll,e. 

9. CKOpOCTb Vk no CKOpOCTeMepy H3 COOTBeTCTBYIO!llHX Ha6JIIO.lleH· 
HhiM yqreHHbiM Fk. 

10. KOTJIOBoe .zr.aBJieHHe pk, cpe.ztHee H3 COOTBeTCTBY!OlllHX H30JIIO· 
)leHHbiM H yqreHHhiM Fk. 

11. CH.na THrn: HH.ztHKaropHaSI F~, cpe,llHHH npn:Be.ll.eHH351. 
12. CKopocrb Vi, cpe.li.HHH H3 cooraeTcrayiOIIUIX Ha6JIIO.lleHHbiM H 

yr.zreHHbiM F,. 
13. MomHOCTb Ha ooo.n:e Nk, cpe.l{HHH. 
14. Xo.n:osoe apeMH noe3.llKH tx B ThiCHl!HbiX .n:o.nHx qaca. 
15. 0oJie3HOe BpeMSI nOe3.li.KH f11 C OTKpbiTbiM peryJUITOpOM. 
16. nyrh no npocpH.niO, npoil)leHHhrii rrapoaoaoM c orKpblTh!M pe-

ryJIHropoM, S11 • 

17. Opoll,eHT HepaBHOMepHOCTH CKO pOCTH noes,n:a, 8. 
18. Cpe.llHHH HHTeHCHBHocrh napoo6pa3oaaHHH no MalliHHe, z.,. 
19. Cpe.n:HHH l:IHTeHCHBHOCTh napoo6paaoaaHHH no KOTJiy, zk. 
20. Cpe.U:H5151 HHTeHCHBHOCTb napoo6pa30BaHHH no KOTJJY B HOp· 

M3JibHOM nape (TeiTJIOBOe HaiipHJKeHHe KOTJJa), Zk><. 
21.. Pacxo.zt BO.llbl H3 reH.zr.epa Ha O.li.HH K 11JIOMerp. 
22. Pacxo.n: napa Ha OJlHH XO.ll noprnHH u, rrpHse.ueHHhifi. 
23. TeMneparypa rreperpeaa a KOJIJieKrope tkl cpe,llHHH. 
24. TeMneparypa neperpeaa B 30JJOTHHKOBOI1 I<Opo6Ke t', cpe.n:HHH· 
25. TeMneparypa HCXO.llH!llero napa t,, cpe.n:HHH. 
26. TeMneparypa OTXO.ASIW.HX rasoa Tom• cpetr.HHH. 
27. Pa3pemeHHe a .ztbiMoaoil: Kopo6Ke J3, cpe.llHee. 
28. Pa3peJKeHHe s omesoti Kopo6Ke L1 2, cpe.zr.Hee. 
29. PaspeJKeHHe a sOJibHHKe Ll1, cpe,n,Hee. 
30. 4HCJIO KHJIOMerpOB, npOH.ll.eHHOe napOB030M ITO OKOH'l3HHH 

nOe3.llKR, Cl!HT3H OT nOCJie.l(Heti: npOMblBKH. 
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fpyrma J l(HKJia .ll;OJI}KHa COCTOS!Tb li3 CJie,UyJOmHX corpy.n;HHKOB: 

1) H 2) pyKoBO)lHTeJib OnhrrOB H ero noMOIUHHK (saMecnneJih ), 3) Ha-

6JIIO.l(areJih H3 napOB03e, 4) )I;HH8MOMerpHCT, 5) H 6) HH.IIJIK8TOpiUHKH, 

7) rrHpoMerpHcT, 8) MexaHHK aaroHa, 9) cqerrm&: ( HJIH .lLBa cqeri.{HI<a). 

EcrecrseHHO, ecJm UHJIH:Hllpos 6oJILIIIe .l(syx, ro norpe6yercH H 6oJI&· 
we HH.UHKaropll(HKOB. Orib!r Y'IHT, rno CHJibHaSI rpynna B 9-10 l.{eJio

BeK H3HOOJiee BblfO.UHa H lJTO yseJIJ.PieHHe KOJII1'!eCTBa yqacrHHKOB 

OTHIO.l(b He Be.l(eT K YJIYI.JIIIeHHJO HJIH ycKopeHHIO pa60Thl. 0.l(H3KO, 

Bcer.l(a .iKeJiaTeJibHO HMeTb .l(OIIOJIHHTeJ!bHO O)lHOfO·.l(BYX tieJJOBeK 

)lJIH o6yqeHHH; B CJ1yqae HeOoXO)lHMOCTH B oOJiblllOM KOJIHlJeCTBe H3-

6JJIO)leHHH B 6y.l(Ke rrapososa HJIH npH nsMepemm cyxocrn: napa KaJio

pHMerpoM, rpeoyerCH .l(OIIOJIHHTeJ!bHhiH lJeJIOBeK (MO.iKHO H3 o6yqae

Mhi.X). flpH He,!I.ocrarKe onhiTHoro rrepcoHaJia saMecrHreJJeM pyHoBO)lHTeJIH 

orrwros MD)Ker 6bl Tb Ha6JIIO,a:areJih Ha rraposose, HD roua rpe6yercH 

OT,!I.eJibHblH COTPY.lLHIIK ,!!.Jill TOpMO.iKeHHSI COCT3B3. 

B o6HsaHHOCTH pyKOBO.l(HTem:r orrblTOB H ero saMecrHTeJisr, KpoMe 

pyKOBO)I;CTBa, CHOIIIeHHH C areHT3MH 1KeJie3HOti ,UOpOrH, HerrpepblBHOfO 

HanpaBJieHHH BCeit paoOTbi, pacnpe,UeJieHHSI pa6oTHHKOB, paspa60TKH 

rrporpaMM H nol\WmH s cna6Lrx Mecrax, BXD.l(HT raK.iKe peryJII-rposaHHe 

ropMo.iKeHHH cocrasa H naMOIIJ;b Ha6JIIOAareJIIO Ha naposose npH o6Me

pe BO.l(hi a reH.lLepe. 

B o6HsaHHOCTH Ha6JIIO)lareJJH Ha naposose BXOJI.HT o6mee Ha6mo

.ll.eHHe 38 rrapOB030M, 33 .l(OCT8TQqHQCTbiO 3anaCOB DO.l(bl H TOI1Jll1B81 

06Mepb1 AO 11 IIOCJie IIOe3.l(KH H H36JliO)leHHH B 6y.l(Ke II3p0B03a BO 

apeMH noes.UKH. 06Mep nepeJI. nae3AKOH .n;eJiaercH rrpi1MepHo sa 

5-10 MHH. liD MOMeHra ompasneHH.SI, nocne roro, KaK see Ha6JJIO,Ua

TeJIH 6y .n.yr roroBhi I< noe3.l(Ke. flepe.l( o6MepoM H Ha speMH o6Mepa 

l<OTeJI IIpHBO)lHTCH B YCT3HOBHBllleeCSI H3 CTOllHKe COCTOHHHe: 80,!1.3 He 

K343eTCH1 CHtPOH H H8COCbi He pa60TaiOT. 06MepHIOTCH, C 380HCblO 

BpeMeHH OOMepa B I.Jacax H MHHYT3X: HHBeJJHp (.Up06bJO: B lJHCJIHTeJie

snepeJI.H, s aHaMeHareJie- c3a.lLH); .l(3BJieHHe a KOTJie pk (rrOJI.BO.U.HTCH 

B03M0}1{HQ OJIH.iKe K HOpM3JibHOMy); DOK333HHe BO.l(OMepHOrD CTeKJia 

(IIJIH CTeKOJI); ClJeTtiHK H3COC3 TOpM033 nm; cqerql:IK M8IIIHHbl CTOKepa 

ncm; reMrreparypa BD.l(bl B reH.u.epe r; ao.ua B reH.l(epe (Ap06b!O: B lJH

CJJHTene-cnpasa, s 3HaMeHaTeJie-cnesa). CoaepiiieHHO rarme JKe o6Mephl 

npOH3BOJI,SlTCH H IIOCJie rrOe3,ll.KH IIOCJie HeKOTOporo ycnOKOeHHH KOTJ13 H 

~ose.u.eHHH .u.asneHHH no B03MO}I{HOCTH .u.o paseHcrsa roMy, Koropoe 6brno 

npH o6Mepe .u.o ornpasJieHHH. MeJKn:y 9THMH o6MepaMH npoH3BO.U.HTCH 

33nH:Cb OTKpbiTHH H 33Kpb!THH CHCpOHa. B MOMeHT OTrrpaBJieHHSI (OTKpbiTHH 

peryJIHTOpa) 33IIHCbiBaeTC5! speMSI C TOliHOCTblO Jl.O 5 C H MeCTO OTrrpa

BJieHHSI (KfiJIOMerp 11 MeTpbl C TOtiHOCTbiO .l(O 5 M). B MOMeHT IIOCT3HOBKl:l 

33.l(3HHOH KOM6HH8l(HH (OTKpbiTHSI perymiTOpa H OTCelJKH) 33DHChiBaeTCH 

BpeMSI. 

CHrH8JI H80JIIO)leHidi (JJ.JIHHHhlH IIO)lrOTOBHTeJibHh!H CBHCTOK nacre

neHHO yseJIHliHBaiOmeHCH CHJibl H KOpOTKHH CBHCTOK B MOMeHT npOXO.l(a 

6yJI.I<U: napOB033 MHMO ItYHKTa Ha6JIIO,!I.eHHH) ,ll.3IOTCH M3IIIHHHCTOM IIO)l 

Ha6JJIO.U.eHHeM Ha6JIJO,UareJISI Ha naposoae. Bee Ha6JIIOJJ.eHHH (I UHI<Jia) 

np0li3BO,!I.S!TCH BO BpeMSI KOpOTKOfO CBHCTKa; CJie)lyer OTMeTHTb, liTO 

eCJiij BO apeMSI KOpOTKOfO CBHCTK3 CTpeJIKa DpHoopa KOJie6JJeTCH, TO 

CJ!eJI.yer 38IIHC3Tb He CJJY43l!HOe IIOK333HHe CTpeJIKH B MOMeHT CBHCTK3, 

a cpe,!I.Hee ee IIOK333HHe 33 HeCKOJibKO ceKJH)l ,!1.0 KOpOTKOfO CBHCTKa 
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11 nocne Hero. Ha6~ronaren& Ha rrapono3e so apeMR cHrHana 3anMCM· 
B3eT BpeMH C TOl!HOCTb!O .!lO 5 HJIH 10 C, MeCTO Ha6JIIO,lleHHH, .!l3B· 

JieHHe B KOTJie C TOl!HOCTb!O .!lO 0,1 amAt, CTeKJIO C TOLJHOCTb!O ,llO ) CM, 
,!l3BJJeHHH no M3HOMeTp3M M3lliHHbl li COrieJI CTOKepa C TOl!HOCTblO .!lO 

0, l amM, reMneparypy neperpesa c TOLJHOCTbKl .11,0 1° 11 p~speJKeHHH ( ecmr 

BaKyyMeTpbl CTOHT B 6y )I.Ke) C TOl!HOCTb!O .!lO 5 MM BO)l. CTOJI6a. ECJIH pas

pelKeHHe (OC06eHHO B ,llb!MOBOH KOp06Ke) CHJibHO KOJJe6JieTCH B COOTBeT· 
u 

CTBHH C BbiXJIOf13MH napa B KOHyc, CJie,llyeT BBeCTH perym1pyeMbiH .!lpOC· 

CeJib1 KOTOpbiH 6bl TYIIH1Jl KOJJe6aHHH. 8 TOM i:l(e c.nyqae, ecm1 KOJie6aHIHI 

BaKyyMa TIO,ll03pHTeJibHO CJI36bi 1 He06XO)lHMO IIpOAYTb (IIOCJie IIOe3AK11) 

Bee rpy6onpoBO.!lbl saKyyMerpoB H nposepHTb IIJJOTHOCTb. Ha6.niO)la

TeJib H3 napOB03e OTMeLJaeT TaKlKe 33K34K11 HHlKt'KTOpOB B CBOeH 

KHHlKKe tiepTOl!KaMH (H3KJIOHeHHOM BnpaBO -)lJIH rrpaBOIO lJH)({eKTOpa, 

BJieBO nJISI Jiesoro HHJKeKTOpa) l1 CJiytiaH 60KCOB3HIHI napOB033 11 

HeceHHH BO.n:bi. Oco6oe BHHMaHHe Ha6JIIOJlareJIH Ha napos03e JlOJJ)({HO 

6biTb o6pa~eHO Ha: l) npaBH.JibHOe IIOJIOJKeHHe peryJJHTOpa H nepeBO,lJ,· 

HOIO BliHTa H 2) H3 f10.ll.lleplK3HHe )l.3BJieHHH B KOTJie, B03MOJKHO 6JIH· 

JKe K HOpMa.JJbHOMy; }Ke.JiaTe.JJbHO, tiT06bi STO .!l3BJJeHHe KOJie6a.JJOCb He 

6onee tieM Ha 0,2 amM s o6e cropoHbi. 

B MOMeHT 3aKpb!TI1H peryJIHTOpa JI.3eTCH KOpOTKHii CBHCTOK, H36JIIO· 

JI.3Te.JJb OTMellaeT BpeMH C T04HOCTblO .!lO 5 C H MeCTO 33I<pb!TiiHI. 

B MOMeHT OCT3HOBKH OTMeiJaeTCH T3K}Ke BpeMH. 00CJie OCT3HOBKH 

npOH3BOJI.HTCH o6Mep, aHaJiorH4Hbiii o6Mepy nepeA ornpaaneHHeM. He
MeJlJieHHO nOCJie nOe3,II.KH .D,eiKypHbiH Ha napOB03e CJIHl:!aeT CBOH 33nHCl1 

speMeHH H CHfH3JIOB C 33flHCHMH .!li1H3MOMeTp11CT3. 

HeMe,!l.JieHHO me IIOCJie noe3AKH, Cl!eTIJHK rrpH CO.ll,eHCTBHH H30Jll0· 

naremr Ha naposo3e o6pa6arb!Baer ero aarruc11: HcnpaanHer 3arrHcH no 

norrpaBOtiHbiM Kp11Bb!M, f10,li.C411Tb1Baer cpe.llHHe1 onpe.aeJIHeT paCXOA 

BOJI.bl 113 TeH,II.epa 11 KOTJia 33 IIOe3JI.KY Bk, nO.!lC4HTb!B3eT paCXOJI.bl 

napa Ha cnyme6Hbie HY)({JI.bl 11 norepH BOJI.bi, orrpeJI.eJmer pacxo.a napa 

Ha MaWHHY 8 111 H paCXOJI. napa Ha O,!lHH XO.!l IIOpWHH U ITO I!JopMyJie: 

lt = B"'nD HJIH U = B"'nD KZ. 
Sn2n sn2n, (139) 

n.1m BBe.ll,eHHH nonpaBKI1 H3 ll3BJieHHe B KOTJie, 9TO 3H31leHI1e U 
npHBOJI.HTCH K HOpM3JibHOMY ,li.3BJieHHIO pk nyreM YMHO)I{eHHH U H3 OT· 

HOUieHHe HOpMa.JJbHOfO ,li.3BJJeHHH B KOTJie K cpeJI.HeMy HaOJIIO,!leHHOMY 
BO BpeMH noe3,!lKH. 

TaK)I{e onpe.aeJIHIOTCH z~.~ H z~.~ no <flopMyJiaM: 

B B 
7"' = " KZ/M2 

• tt; z~.~ = "' KZjM2 • "l. 
tzH txH 

{140, 141) 

Ten.Jiosoe Hanp.H}KeHHe r<OTJia (s HOpMa.'lbHOM nape) Za
8 

onpe.uenH
erc.H no cpopMyne: 

- B'~~~~ 640 ' 2 z.~- KallJM .tt, 
fx H 

(142) 

r,!le B~m- 43COB KOJIHLJeCTBO renna, IIOJiyl!eHHOrO OT TOIIJIHB3 BO;l:OH 

H napoM B KOTJie, Bblpa}KeHHOe B e,!lHHHU3X TenJia, paBHbiX 640 1CQA. 
BS'If onpe.aeJIHerc51 no cpopMyJie: 
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• • 
r,ZJ;e '"' H ~~- renJioco.nep>K3HiiH rrapa, pacxo~ye~10ro MaiDHHo~ naposoaa 
H napa, pacxo~yeMoro Ha scnoMorareJibHhle HY}!{.ll.hl; .l'b-pacxo)J. napa 

Ha scnoMorareJJbHbie HY>K)J.hi; A pacxoJJ. BOJJ.hl H3 reH~epa npH ren· 

JIOCOJJ.epmaHifM t; 2a-norep!i RO)J.bl rrpH 33K3llHB3HHH HH>KeKTOpOB 

IIDH TenJIOCO.D.ep>K3HifH t'u ( N60); h-p3CXOJJ. BO.ll.bl 113 KOTJI3 npH Te• 

nnoconepJKaHHif q. EcJIR Ha BcnoMorateJibHble Hym~bl H.!leT rreperperbli1: 

nap, TO OH JJ.OJDK€H BKJHOl!3TbCH B B .11· 

,llJJH nposepKH Bbll!HCJieHHi1: H ){JIH npHI<R.liOK p3CXOJJ.3 BO.ll.bl H3 TeH· 

,nepa ~JIB 6y~yiiUIX IIOe3.li.OI< noJie3HO T3K>Ke nOJI.C411TbiB3Tb paCXO]I 

BO)I.bl H3 TeH)I.epa H3 KHJIOMeTp npH OTI<pb!TOM peryJJHTOpe: 

B +Ea 
" KZj KM, 

Sn 

r.ne Za-norep11 Ha 33IWmBalnre HHJKeKropos. Bee arH noJI.clieThT JIOJI· 
iKHbl 6b!Tb C.UeJI3Hbl no.npo6HO H3 O'I,li.eJibHOM JIHCTI<e, B BH)J.e, y ~06HOM 
)J.JISI nposep!<H. 

Bee .li.OKyMeHTbl no K3>KJJ.OH rroe3,n:Ke, IIO.li.!IHC3HHbie COOTBeTCTBYIO· 

ll{HMif H36JIIO):l3TeJIHMH1 xpaHSITCH B OT D,eJibHOM KOHBepre. 

Ha o6H33HHOCTH JJ.HHaMOMerpHcra Jie)f{HT Ha6JIIOAeHHe aa Hcnpas· 

HOCTbiO tJ,liH3MOMerpa H 06lll.ee H36JIIO.lleHHe 33 BCeMH B3f0H3MH 

Ollb!THOfO noe3tJ,3. OepetJ, H343JIOM liOe3tJ,Kl1 .ll.11H3MOMeTpHCT rrpoBe· 

pHeT CI.leiiJJeHHe napOB033 C )(HH3MOMerpwteCKI1MH B3rOHOM, CBepHeT 

ll3Cbi c >KeJie3HO.llOPO}!{HbiMH H c qacaMH Ha6nro.u.arenR Ha naposoae. 

Bee aanHCH speMeHH ~HHaMoMerpHcr se~er c roqHOCTb!OJJ.O ceKyH.nw: 

OrnpaBJieHHe, nOCT3HOBK3 KOM6HH3UHH, CHrHaJibl Ha6JJIOtJ,eHHH, 33I<pbiTHe 

peryJIRTOpa, OCT3HOBK3. )f{ypHaJI ~HH3MOMeTpHCTa .li.OJI>KeH HMeTb CJie

JJ.YIOII.lHe CTO.Il6I.lbl: 1) BpeMR (ll, M, c); 2) HOMep CHrHaJJa-COCTOHT H3 

HOMepa noea,n:KH c t~,o6asneHHeM nopH~Kosoro HOMepa cHrHaJJa (Hanp. 

3-e Ha6JIIO.ll,eHHe noe3)J.I<l1 ,N'Q 3 2[5 0603H3l.J3eTCH 32153); 3) MeCTO CHr· 

HaJia C TOllHOCTbiO )(0 5 M; 4) CKOpOCTb V C TOlJHOCTbiO .11.0 0,5 KMjll, 
33nliC3HH3H no CKOpOCTE'Mepy ll HCnpaBJieHH3R no norrpaBOl.JHOH KpiiBOH; 

5) Cf!Jia TS!fH IIO ~HH3MOMerpy F0, T3KH\e 33DHC3HHaH C TOl.JHOCTbiO ~0 
100 1(2 H HCnpaBJieHH3Hj 6) npHpameHHe CKOpOCTH, KMjtt 3a IIOJIMHHYTbl 

dV 1 dV 
(pasHoe 30 , ecnu t-B ceKyHt~,ax, liJIH , ecmr t-B tracax), H3Me· 

dt 120 dt 
pHeMoe Henocpe.u.crseHHO no neHTe cKopocreMepa c TOl.JHOCTbO .u.o 
0,25 KMjl.f.; 7) y,n. conpOTliBJieHHe napOB033 W0'; 8) IIO.ll,beM B MeCTe 

HaOJIIO)(eHliH i.; 9) rrpOH3Be)(elme p W0' + i1 + 30 dV ; 10) CliJJa T.SifH 
dt 

F., pasHa.H F8 + P w0' + i" + 30 dV ; 11) ~asnemre B KOTJJe P. (no na
dt 

poB03HOMY mypHa.ny); 12) CHJia THfll Fu, nprme~eHHaR K HOpMaJibHOMY 

~3BJieHH:lO B KOTJJe, paBH3H F,., YMHO>KeHHOMJ Ha OTHOllleHHe HOpM3Jib· 
" HOfO .li.3BJieHHH B KOTJJe K tJ,eHCTBHTe~bHOMJ )(3BJieHll10. 

C11Jia THfl1 no .li,HH3MOMerpy tJ,OJI>KH3 H3MepHTbCH He B C3MbiH MO

MeHT KOpOTKOrO CHrHaJJa, a .li.OJIJKH3 6paTbCH cpet~,HHH B€JIHI.J:HH3 3a 

npoMe}!{yTOI< speMeHH CeKyH.ll, B .ll.eCSITh, nepeKpb!Ba!Olli.I1H CHrHaJI B o6e 

CTOpOHbl. B CJiyqae CJIHlliKOM CHJihHOrD KOJie6aHHH CTpeJIKH B T3I<T 

not~,eprusaHHIO rraposoaa, cne11,yer t~,pocceJI!1posarb rpy6Ky Me)f{.u.y JJ.R

HaMoMerpoM II M3HOMeTpOM. Y H31JHHa10ll{HX .li.HHaMOMeTpHCTOB M:MeeTCH 
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TeH.ll.eHI..{IUI HeBO.JibHO 3anYICb!B3Tb HeCKOJibKO n pey B€.JIHII€HHYIO CHJiy 

THrH, CJie.zr.yer aamKblaarb .zr.a}Ke He cpeJJ;HJOJO aempmay H3 paaMaxoa 

crpeJIKH, a cpe.n.HeaaserneHHYJO, ooJibiiie on;eHHBaH npo.noJI}KHTe.JibHble 

OCTaHOBKH CTp€JIKH, qeM KOpOTKHe. B MOMeHT Ha6JIJO,lleHH51 .llOJI)!{Ha 

.li.€JI3TbC51 OTM€TKa Ha .JI€HT3X ,llHH3MOM€Tpa H CKOpOCTeMepa (eCJIH IIOC· 

.Jie.n.mlH HMeercH) HamarueM KHomm Hao.nJO.llareneM Ha naposo3e u.nn: 

,llHH3MOMerpH:CTOM. ,llriHaMOMeTpHCT .ll0Jllli€H napaJIJI€JibHO Ha6JJIO.ll3T€JI!O 

Ha napoaose aann:CbiBaTb Mecro ornpaa.JieHHH H Mecro 3aKpbiTH.!I pery

JIHropa, C TOl!HOCTbiO ,llO 5 .M. 
D,JIH roro qro6hi He ornn:oarbCH a sHaKe norrpaBKH CHJihi TSirH F~ 

H3 YCKOp€Hlle, C.JI€.llyer SICHO npe,llCT3BHTb ceoe, l:JTO IIpfl IIOBbiiiieHHll 

CKOpOCT!i 43CTb pa60Tbl HH.llHK3TOpHOfi CHJibi THrH 32.Tp3 1H'IB3€TCSI Ha 

IIOBbiiii€HHe KHH€THqeCKOit :meprHH napOB033 H He .llOXO)J.HT ,llO Kp!OK3. 

Hao6opor, npH noHumeHHH cKopocnf qacrb KHHeTHqecKoit 9Heprmr 

rraposoaa pacx DJlyerCH Ha yaeJiuqeHHe CH.Jihi THm. CJJe,lloBareJibHO, 

rrpH IIOJIOlliHT€.JibHOM ycKopemm K HaO.JIIOJl€HHOMJ F8 H3.ll0 IIpH03BHTb 

npOH3B€,ll€HI:Ie BeCa rrapOB033 (c T€H.ll.€p0M) H3 a6COJIIOTHYIO B€.JIHqHHJ 

H3M€H€Hl{51 CKOpOCTH B KM{ll 33 IIO.JlMHHJTbi, a rrpH 3aMe,llJI€HHI:I H3,ll0 

OTHHTb OT HaO.JIJO.ll€HHOrO F8 TY )!{€ B€JIH'UiHy. 

npH peryJIHpOB3HHH CKOpOCTH IT0€3.ll3 TOpMO}K€Hli€M He C.JI€,llJ€T 

.llOOHB3TbCSI B03M0}KH0 M3Jib!X KOJI€03HHH CKOpOCTH. KoJieoaHH€ B 10% 
l:l.nll ,ll3}1{€ B 150fo OT cpeJlH€H CKOpOCTH, Hanp. KOJI€03HHH OT 17 KMjll 
.llO 23 KMjll npH cpe.uHeH 20 KMj'-l, BITOJIH€ .llDIIJCTHMO H HHCKO.nbKO He 

orpa)!{aercH Ha roiiHOCTH onhlroa. CrpeM.nemre }!{€ .lLOOHTbCH MeHbiiiHX 

Ko.ne6aHHI1 ae,ZLer K HeHopMaJibHO 6oJibrnol1 pa6ore ropM03Horo Hacoca, 

3HaqHTeJibHbiM1 XOTH If KOpOTKHM YCKOpeHHeM H 33M€,ll.JI€HH€M, OC06€HHO 

spe,llHbiM BO BpeMSI ua6JIJO.lL€HI:IH, H K ObiCTpOMJ YTOMJ!€HHIO TOpMO· 

3HJJbW.HK3. 

HeMe.UJieHHO no OKOHIIaHHH noe3.UKH .llHHaMOMeTpHcr .zr.OJI)I{eH aa· 

rroJIHHTb ace cro.n6Ubi csoero JKypHaJia; no cor JiacosaHHIO c pyKoso· 

,llHTeJieM OnbiTOB BblKHHJTb, €CJIH IIOTpe6yeTCH, K3KO€·JIH60 IIO.ll03pH· 

Te.JibHO€ H36JIIO)J.eHH€ (ra KIIM 1J8CTO 51BJI51€TCH nepsoe H80JIIO.ll€HH€ 

BCJie,llCTBHe HeycraHDBHBill€fOCH COCTOSIHHH rrapOB03a); IIO,!J,CIIHT3Tb 

cpe.llHIOIO CKOpOCTb no H36.JIIO.ll€HHHM H cpe,ZJ;Hee Fk; IIO,l!;ct!IIT3Tb IIOJIHOe 

BpeMH XO,lla fx H Bp€MH XO.lla C OTk:pb!TbiM perymnopOM inC TOIIHOCTbiO 

.llO 0,001 IJaca; IIO.llCIIHT8Tb nyrb C OTKpbiTbiM pery.n51TOpOM ITO !IpOcpHJIIO 

sn; IIO.li.CqHT3Tb nyTb C OTKpb!Tb!M pery JIHTOpOM ITO nOK838HH51M Cl!eT· 

11l:IKOB Seq ITO JIHCTK3M .H:HJlHK3T0piUHKOB; ITO.llC111:1TaTb cpe,D,HIOIO CKOpOCTb 

ITO npocpi:IJIIO rrprr OTKpbiTOM p,ZLryJIHTOpe V n• paBHYIO IJ8CTHOMY OT ,lJ.e· 

.JI€HHH Sn Ha fn; IIO,llCIJHT3Tb 1IpOU€HT HepaBHOM€pHOCTll CKOpOCTH {), 

paBHb!H pa3HOCTH H31i00Jibiii€H H H3HM€Hblll€H CKOpOCTH no Ha6JIIO.Ue· 

HHSIM, .ue.neHHOti Ha CYMMY 3THX }l{e CKOpOCTeH II YMHOlli€HHOH Ha 1 00; 
ITO.llC4HT3Tb cpe.llHIOIO MOIUHOCTb Ha OOO.ll€, paBHYIO npOH3Be,ll€HHIO 

cpe.zr.Hefi CKOpOCTH ITO H30JIIO.li.€HHHM Vk H Fk (npH ,ZLetiCTBl!T€JibHOM 

,llaB.JI€HHH B KOTJie), .UeJieHHOMY Ha 270; IIO.!I:C1JHT3Tb npOI.J.€HT 60KCOBa· 

HHH, paBHb!M 

Ha o6HsaHHocrH }l{e JJ.HHaMoMerpHcra .nem1.n HaJJ.nHcaHHe 11 pa3Men<a 

JJeHThl ,llHHa MOMerpa. 
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Tol.{KH u u Fk (to u .1I.pyroe npiiBe)J.eHHOe K HOpMaJihHOMY JI.aaneHIHO) 

H3HOCHTCli Ha llJJ3HIIIeTh!: u- c a6CIJ.HCCO:t! v,jl Fk -c a6CIJ.HCCOH Fk ( cpe.n;

Hee no Ha6JIIO)J,eHHflM). 

HaHeceHHe TOl.{KH Zl Jiemur Ha o6H33HHOCTH Ha6JIIOJI.ateJJH Ha napo

B03e; HaHeceHHe TOIIKlf Fk-Ha o6H33HHOCTH ,li.RHaMOMetpHcra. 

CneJI.yer npeJlocrepeqb or Bhll!HCJieHHH no aruM u H Fk pacxoJI,a 

napa Ha CHJIY l!3C UjNk; 3TO HeJJb3H ,n,eJiaTb, T3K K3K U OTHOCHTCH K 

CKOPOCT!f v n• a Fk-K CKOpOCTH Vr,, 80061.1.\e rosopH, He COBfl3)1,3IOll.l,liM 

Mem,n,y co6o10. 

DHpoMerpHCT co)J,epmHT B HcnpaBHOCTH nHpoMerpHl.{eCKYIO ycra

HOBKY 11 see nMpOMerphi If repMoMetphi, npoH3BO)J,HT no cHrHaJiaM 

Ha6JUO,li.eHHSl B ,li.HH3MOMeTpll.l!eCKOM B3fOHe BCeX TeMrreparyp (B TOM 

l!HCJie 33TIHCbiB3eT 11 TeMIIeparypy HapyJKHOfO B03)J,y:Xa B TeHll) H pa3-
u 

pemeHliH, eCJili BaKyyMeTpbi ycraHOBJieHbi B B3fOHe; B llOCJJe)J,HeM CJiy-

qae Ha 06Sl33HHOCTH IIHpOMetpHCTa Jie)!{HT T3K)Ke II CO)J,ep)f(3Hlle B HC· 

npaBHOCTH BCeH YCT3HOBKH BaKyyMeTpOB. 

l1HJI,HK3TOpJ..Ul!KH C0,1I.ep)!{3T B HCIIpaBHOCTH HHJI,HK3TOpb1 H BCIO HH • 

,!lHK3TOPHYIO YCT3HOBKY1 pery JU!pHO K3)!{,1I.biH )J,eHb 110 OKOH1!3Hl1H 110-

e3,1I.OK pa36Hp3IOT 1 npotHpaiOT, CM33b!B3IOT HH,li.HK3TOpbi, BO BpeMH 

nOe3JI.OK CHHM3IOT HH,LI,HK3TOpHbie )J,HarpaMMbi IIO CHfH3JI3M, TI..IJ.3TeJlbHO 

HyMepyH K3)f(,ZJ.YIO )J,HarpaMMJ. HoMep Ha JI.HarpaMMax npasoro rtHJIHH

.upa CT3BHTCH B BepxHeM rrpaBOM yrJiy, JieBOfO-B JieBOM BepxHeM yrJiy. 

KpoMe roro Ha K3)KJJ:Oti ,LJ,HarpaMMe )J.OJI)KeH 6biTh nocrasJJeH s Kpy)!{Ke 

M3CIIIT36 .ZI:3BJieHHH COTJ13CHO nposepKH, H3IIp. 3 0, T. e. 3,0 .MM B O)J, • 

HOH arMoccpepe. }J.HarpaMMhi Ka*.rr.oro U.HJIHH.ll.pa c.rr.aiOTCH pyKoBO)lHTeJIIo 

OIIb!TOB B 06JIO)I(Ke C H3,ll.IIHCbiO: .N'~ TIOe3)J,Kl1, yqaCTOK, Cepl-15'1 napOB033, 

)J,3T3 1 npaBhlH HJIH JieBhiH li.HJIHH)lp, KOM6HH3I..J.HH H TIO)J,IIHCb H36JIIO

JJ:3Te.JIH. 

KpoMe roro Ha o6HaaHHOCTH HHJl:HKa ropiiJ.HKOB ne)KHT 33nHCb no

Ka3aHHti CIJeTl!HKOB M3IIIHH nepe.u OTTip3BJJeHHeM H B MOMeHT 33KpbiTHH 

pery.IIl1TOpa no KOpOTKOMY CBHCTKy. 0pH H3Jllil!HH repMOMeTpOB B ,LI,hi

MOBOti KOp06Ke, OHH )!{e 33TIHCbiB3IOT H TeMIIeparypbl TIOCJie CHHTHH 

,ZJ,Ha rp aM M hi. 

68. Pa3paOOTI{a pe3yJibtaTOB OfiblTOB H COCTCBJieHHe TRrOBblX xapal{• 

repucntH. Pa3pa6orKa peayJihraros orrhiTOB JI.OJIJKHa HaiiaThCSI BCKope 

)!{e TIOCJie H31!3JI3 TIOe3,ZJ,OK H BeCTHCb napaJIJieJJhHO liM T3K, l!T06bi IIO 

OKOH1!3HHH OIIbiTOB I li.HKJI3 MO)KHQ 6bJJIO COCT3BHTb OKOHlJ3TeJibHbie 

THrQBbie xapaKrepHCTHKH B HeCKOJ!bKO ,LJ,Heti (rropH.UK3 5 10 )J,Heti). 

BCH paapa60TKa ,ZJ,OJliKH3 BeCTHCb yqacTHMK3MH OIIblTOB HJIH BO BCHKOM 

CJIJII3e JIHU.3MH, npHCJTCTB8Blll11Mll Herrocpe.UCTBeHHO H3 OIIblT3X H 

06pa6atb!B3B lliHMH Henocpe,D,CTBeHHbie pe3yJihT3Tbi. 

HaH6onee rpy 110eMKOH pa6orofi HBJIHercR nnaHHMerpHpoaaHHe HH

JJ:HKaropHbiX ,ZJ.HarpaMM. 4ro6bi ara pa6ora He aa.n:ep)KaJJa scex ocraJJb

Hb!X pa6or, oua .n:oJDlma 6biTb nyi..IJ.eHa B nepsyiO ronosy, Paapa6orKe 

no.n.Jie)!{aT TOJihKO re H3 ro)lHhiX (yrBep*.1I.eHHhiX pyKoso.uHreJieM onhi

roa) ,ZJ,HarpaMM, KOTOpb!e HMeiOTCH B TIOJJHOM KOMIIJieKTe ,li.JJH )J,3HH0f0 

H36JIIO!\eH!iHj Hanp. npH li:BYXU.HJIHH.ZipOBOH M3lllHHe )J.QJI)KHhl 6hlTb 

roli:Hhl ace IIeTbipe ,ZJ.HarpaMMhi Ha6JIIO)J,eHHHi ecJIH ux MeHhiiie l!eThlpex:

OHH He pa3pa6arhiBaiOTCH. OrrpeJI,eJISieTCH )J,JIHHa Ka)!{.n:ofi JI,HarpaMMhi, 

ee TIJIOIIJ.3lJ:b ( o6paTHTb BHHM3HHe H3 np3BHJ!bHOCTb TI.II3HiiMeTpa H CTIO· 

COo IIOJ!b30B3HHH HM) H TIOlJ:Cl!HTbiB3eTCH P~· 
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9TH BeJnlliHHbl BIIHCb!BaiOTC51 Ha .ZU~arpaMMaX. nocJie OKOHlfaHHH 3TOH 
pa60Tbi ,D.JISI IIOe3.D.KH COCT8BJIHeTC51 mypHaJI fi C COOTBeTCTBYIOUUIM 

33fOJIOBKOM, COCT011IUHH !13 CJieLlyiO!.IlHX CTOJI6UOB; 1) HOMep D.HarpaMMbij 

2) OTKpb!THe peryrnopa Q; 3) OTCe\fl\8 e; 4) CKOpOCTb V; 5) D.3BJieHHe 

B KOTJie P
1

; 6, 7, 8, 9) cp. HHLlHKaropHoe n.as.lleHHe P, nepen.Hei'i npasoii, 

33LlHeti npasoti, nepeD.Hefi Jiesoti, 33LlHet! JieBOH IIOJIOCTeH U.HJIHHD.pOB; 

10) cp. pi llJHI acex qerhipex noJiocreti, 11) I:IHllHI<aropHb!W K03cpi:IU.HeHT s, 
paBHbifi OTHoweHHIO cpe.D.Hero P; .D.JIH acex U.HJIHHllPOB K .D.etictBHTeJib

HOMY P,. so speMH Ha6JIIOlleHHH; 12) HH.il.HKaropaa51 CHJia THrH Fi (npH· 

Be.D.eHH351 K HOpM3JibHOMY ll3BJieHH10), paBH3H npOH3BelleHHIO MO.llJJIH 

M3WHHbi napOB033 H3 11HllHK3TOpHblH K03cpHUHeHT; 13) MeXaHH\feCKHH 

K03cp11UHeHT IIOJie3HOf0 .ll,eHCTBHH M3lllHHbi 'fls, paBHblH OTHOIIleHHIO f" 
H fi ( o6e npHse.D.eHHble HJIH o6e D.eticTBHTeJibHhie). 

llJIH M3WHHbl-KOMD3YHll D.OJDKHbl 6biTb .LJ,063BJieHb! CTOJI6Ubl IIpHBe

.LJ,eHHOfO 11H.ll,HK3TOpHOrO .ll,3BJieHI-IH .ll,JIH QHJIHHJlpOB BbiCOKOrO 113BJieHHSI 

(T. e. p33.ll,eJieHHOfO Ha OTHOWem-te 06beMOB QHJIHH.D.pOB) H OTHOWeHHSI 

pa60T QHJIHH.D.pOB. 

nonciJHTb!BaiOrcH cpe.D.HHe V H F, H crasHTCH TOI.JKa Pi= I (V, s) 
npll .ll,3HHOM Q. 

He cJie.n.yer cMymarhCH, ecJIH np11 noD.Cl.[eTe '1/:n I:IHOr .n.a rronylfHTCll 

BeJIH'lHH3 60JibWe eJJ;HHHQbl. npaKTH'leCKH 'f/
111 

He MO)I{eT 6b!Tb 60JibWe 

0,97, )!.3 H TO T8K3S1 aeJI11'lHH3 B03MOJKH3 TOJibKO np11 60JibWHX OTCe4· 
u • 

K3X 11 M3JiblX CKOpOCT!lX, HO CJIY4311HOe COBnaneHHe IIOJIOIKHTeJibHOli 

OIIIH6KH B Fie (Hanp. B 30fo) H OTpHU31eJibHOH OlliH6KH B fi (Hanp. B 

2°/u MOlKeT .n.arb 1J111 6oJihrne e.UI-IHHUbi. TaK KaK raKHe oum6KH B e.zr.u

HH'lHbiX HH6JIIOJJ;eHHI1X BIIOJIHe B03MOlKHbl, TO COOTBeTCTBYIOlll,He 3Hal!e· 

HHSI fi H f~c He CJieJJ.yer C4HT3Tb HeaepHbiMH 11 Bb16paCbiB3Tb; npl:l 

60JiblllOM KOJIH4eCTBe Ha6JIIO.lleHHH 6y 11YT OWH6KH B pa3Hble CTOpOHbl, 

KOTOpbie, KOMneHCI1py.aCb, B pesyJibT3Te ,na,a:yr KpHBble F, H f 1 .ll,OCT3· 

TO'lHO TO'lHble. 

KpHBbie F11 H u =I (V, s), a no Mepe B03MOiKHOCTH H Fi, .D.OJiiKHhl 

yroiJHHTbCH H30 .li:HH B .zr.eHh no Mepe HaKonJieHMH MarepHaJJ:a. 

To me OTHOCHTCH H K .zr.pymM KpHBbiM (reMneparyphl, Z111 =I (zk) H 

npOl!.), HO UX nOCTpOeHHe HBJIHeTCH .UeJIOM BTOpOCTeneHHbiM, T3K K3K 

3TH BTOpOCTeneHHble KpHBble He MOryt 33CT3BHTb llOBTOpHTb nOe3)!.KH1 

H3TOJIKHYTb Ha llOTiyiUeHHhle OIIIH6KI:I HJIH 33D.epJK3Tb nOCtpOeHHe 

OCHOBHblX KpHBbiX. Ko BpeMeHH IIOCJie)lHHX TIOe3.D.OK .ll,OJI)I{Hbl 6b!Tb ro

TOBbi (HO eme OKOH4aTeJibHO He npoaepeHbl H He 3acp11KCHpOB3Hbi) KpH· 

Bbie Fb H u = j (V, e Q). Co6crseHHO roaopH, .nocraT04Hoti HaJJ.e)fmO

CTbiO 3THX OCHOBHbiX KpHBbiX H onpe)leJIHeTCH B03MOlKHOCTb 3aKOHlfHTb 

onbiThi I ll.HKJia. K KOHQY me onh!TOB noJimHa 6hlTh c.nenaHa HaMerKa 

KpHBblX Fi =f(V, e, Q), XOTH 6bl no HeCKOJibKHM T04K3M, H .zr.omKHbl 

6biTb npHKHHYThl KpHBhle 1J.~ == j (V, e, (I). K pHBble Fk H u c a6cuuc· 

C3MH V .LJ,OJimHbl 6b!Tb nposepeHbl M Bbl n paBJieHbl nepecrpOHKOH HX B 

Te iKe rpacpwqeCKHe 33BHCHMOCTH, HO C 36CUHCC3MH, BO·nepBblX, 6 (.D.JJH 

pa3Hb!X V H (J), BO BTOpb!X, Q (JJ;JISI p33HblX V H B). 
Ha <Pur. 122 H 123 npe.zr.craaJieHbi .ll.JIH rrpHMepa KpHBbie F11 u u = 

= f(V, e) npll (] = 1 .ll,JIH napOB033 <Pll, C T04K3MII, TIOJJY'leHHbiMH BO 

apeMsr HCTibiTaHHH c 8 no 24 arrpenH 1932 r. Bcero 6b1.no c.n.e

naHo 33 noe3.LJ,KH, H3 Korophlx 29 y.zr.a'lHhiX no F, H 29 y.zr.al.[

HbiX no u. 
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flo 0KOHI.J3HHM noe3_nOK .ll.OJI)KHO 6hJTb 6biCTpO 3BlWHI.JeHO fl.IIBHJIMeT• 
pKpOB8HHe HH).I.HKaropHbiX ).I.HarpaMM H IIO).I.CI.JeThl Fi. flOCJie rrpe.naa· 
pHreJibHOa rorOBHOCTH KpHBhiX Fk H Fi =I (V, e, Q), ).I.OnJKHhi 6biTb 
JT01£HeHhl KpHBble 17,11 = f (V, ~, Q) C OJJ.HOBpeMeHHOH nepeCTpOfiKOA: 
9THX TIOCJie).I.HHX KpHBbiX C' 

8 .U.PYrHX KOOp).I.HHaTBX 0( 1--r---r---,---r--------, 
R HCnpaaJieHHeM scex pa-
Hee rrocrpoeHHhiX KpH
BbiX. 

Terrepb cJie)J.yer ne
pecrpoHTb rpaqHPieCKOH 
HHTeprrOJISIUHefl (II. 21) f8000f---j-:'£ 
noJiyl{eHHhie KpHBhie Fk, 
Fi H u =I (V, E) B KpH
Bbie, y )J.06Hble ).I.JISI IIOJib-
30BaHHSI ( TaK HB3biBae
MbJe rracrroprHwe Kpfi
Bhie), ).I.JlSI 8, Bbipa)KeH
HbiX B Kpyr.JibiX I.JHCJiaX 
(0,1, 0,2, 0,3 H T. )I..). 
Bee )J.aJihHeflume rrpo
H3BO)J.Hhle KpHBble CTpO
SITCSI y)l{e Ha OCHOBe 

i---1----: r:p J1 NP / 
f~l 

t.J 28IY 32 
II 

0.495 

O.J90f---l 

3TMX IIBCIIOpTHblX KpH· tOOO 
BhJX, HO rrpH Hcnpasne- 1---t---t---t---...: 
HHH 3TH X H pHBbiX ,lJ.OJI· 

290 

JKHhl HCrrpaBJISITbCSI H BCe oOOOI----l--~ -1------t--+-----'10.1&5 
rrpeJJ.hi)J.YII.U1e KpHBhle. 

CJie)J.yiOI.J..J,HM 9rarroM 
.llOJIJKHO 6biTh rrocrpoe
HHe KpHBhiX pacxo.n.a 
napa Ha CHJJy-qac UfN~c 
H UjNi = f(V, e, Q) no 
!flopMyJie 27. 3TH KpH
Bble, TBK JKe KaK H BCe 
npeJJ.biJJ:YI.J..J,He, )J.JIH rrpo
sepKH H Bb1paBHHBBHHH 
rrepecrpaHB310TCH B KO
Op,llHHaTaX C a6CUHCCa

ct>Hr. 122. napOB03 cl>ll. OnbiTHMe KpHBble 

F~r,.=/ (V,e) npH (!=I. 

Ml1 8 (H 33TeM- C a6CUHCCBMH Q, IIpM HCIIhiTBHHH He MeHee rpex pa3· 
Hh!X ~) H B CJJyl!ae HcrrpaaJJeHHSI )J.OJI}!{Hbl 6biTh HCIIpaBJieHbl Bee rrpe).l.bl· 

.llYlUHe KpHBhle. 
Llanee (HJIH nepe)J. I<pHBbiMII pacxo.n.a napa Ha caJiy-1{ac) JJ.OJiiKHhi 

6biTb nocrpoeHw aasHCHMOCTH F. 11 Fi =I (V, zJ .li.JIH HCIThJraHHbiX e, 
1\al{ 3TO ITOHCHeHO B II. 27. 0.'18BHOCTb KpliBhiX )J.QJI)l{Ha 6b!Tb npo
BepeHa nepecrpoiiH:oit a ).l.pymx I<OOp).I.HHarax, r. e. rrpn z.11-rro 
a6cuRccaM. DposepKa JJ.OJIJKHa 6b!Tb c.n.enaHa raK)l{e rrocrpoeHMeM 
I<pHshlx TJ.11 =I (V, zJ c nepecrpoiiMofl B Koop)J.HHarax c a6CUIIC· 
caMH z.l!. KpHBwe Fk = f (V, z"') ,n:JIH pa3HhiX e .llOJDKHhl 6h!Tb co
BMemeabl II npose).l.eHhl omoaiOlUHe no MaKCHMBJibHh!M Fk (H F,) .li.JIH 

I<aJK.noro z"'. 
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IJ 

f/}Jl N£1 
P;' 

zal1! 32 

O.J9() 

;o ~ .50 6oV 
4»Hr, 123. napOB03 <l>ll. OnbiTHhle KpHBble u =f (V, e) 

npH 12 =I. 

Ct>P/Jfi t1J ,II 
=f 

c:t>Hr. 124. napOB03 IP,LL. Ko9¢HuHeHT noJJe3HOrO .neli
CTBHfl Y = j ( V, Z,11 ) OT yrJill Jl .UO 060J18, np11 CTO· 

Kepe 6e3 ao.nono.uorpeaa. 

206 

noJiy"'eHHble OfH6aro-

lll1Ie II HBJUIIOTCH OKOHI:{a

TeJJbHb!MH KpHBhiMH fk 11 

F; = 1 (V, Z,11). 3TH KpHeb!e 

TOJJbKO B OT .lf.eJJbHbiX CJJy

'IJ3HX llpOXO.lf.HT MeCT3MH 

(npii M3Jib!X c}>OpCHpOBK8X) 

Bhlllle COOTBeTCTBY IOlli,HX 

KpHBbiX .L{Jlll Q = 1; II OS
TOMy KpHBhie .llJJH f] = 1 
lJ3CTO npHHHM3IOTCll 33 

OKOH'IJ3TeJibHbie KpHBbie 

HaHBbiro.uHeiirnero pery JIH· 

pOB3HHll. 

KpHahle U"jNk II U"/N;, 
T, e. paCXO.lf. HOpM8JlbHOfO 

napa (npHBe.UeHHOfO K 

rennoco.uep)KaHHIO 

640 tcall/KZ) H a CHJIY B 1J8C, 

B <fJYHKlViH V II 8 CTpOHTCH 

YMHo)l{eHHeM op,li,HHaT co

oraeTCTBYJOlllHX KpHBbiX 

UfN~c H U/N; Ha KoacpHUH

eHT y, SIBJISIIOI.QHHCH OTHQ· 

liieHHel\1 TenJIOCO,ll,ep)l{aHHll 

.li,eiiCTBHTeJibHOfO napa npH 

COOTBeTCTBYtOIII.eti TeMne

parype neperpesa K renJio

co.n.ep)l{aHHIO HOpM3JJbHOfO 

napa 640. BeJJHlJHHa )l{e y 
33BHCHT OT <fJopCHpOBI<H 

KOTJia z.~· H onpe,ll,eJIHeTcH 

cne.n.yiOI.QHM o6pa3oM: Ha 

OCHOB3HHM KpHBOH t' = 
= l(z"') CTpOHTCH KpHB3H 

'I= I (z..,); AJJ51 HY)!{HOti KOM-

6HHaQHH 6 11 V onpe.n.e

JIHeTcH Z"' no !<pMBbiM 

Fk = f (V, s ), coaMelll,eH

HbiM c KpMBbiMII Fk = 
=I (V, Z,11), MJJH no cneuHaJib

HO nOCTpOeHHblM KpHBbiM 

z,. = f (V, s). , 
KpHBble U;Nk H UJN. = 

= f (V, zJ crponrcH H3 

KpHsbiX F~c H fi = f(V, zJt) 

no ¢opMyJie 26. TaK me, 
KaK H npe,ll,hi)I.yll(He KpH· 

Bhle, OHM )J,QJI)KHbl 6b1Tb 

nposepeHbl nepecTpof1Kofi 

B .n.pyrHX KOOp,li,HH8T8X.     
НБ

 

УД
УН
Т 

 (Д
ІІТ

)



3aBIIC!1MOCTH z.~~ = f (zk) HJIH zj, = f (ZnH) crposrrcR HenocpeJI.crseHHO 

!10 TO'-IKBM, IIOJiyqeHHhiM B pe3yJibTBTe IIOe3.llOK. 

3BBHCHMOCTI1 Zk = f (y) HJIH Z~ = f (yk) CTpOSITCH IIO TOllKBM, IIOJiy-

4eHHbiM B pe3yJJbTBTe IIOe3JI,OK Jl U,HKJIB ,llJIH .llBHHOrO TO!IJIHBB. 

HaKoHeu, noJIHbifi: K09cprm:IIeHT noJJe3Horo .ZI.eilcTansr napoeoaa Y 
(OT TOIIJillBB K o6o)ly) B 3BBMCHMOCTM OT V, e HJIM OT V, Z,11 , CTpOHTCH 

!10 cpOpMyJie 136 HB OCHOBBHHM KpHBbiX: Fk = f(V,s), ZM = f(V, e), 

z ... = f (zk) n zk =I (y), 11JIH Ha ocHoaaHnH KpHBbiX: F" = f (V, zM), z.~~ = 
=I (yk) n zk = f (y). 

Ha cpur. 124 .ll.IIH npRMepa npRBeJI.eH Y = j (V, z"') .ZI.JISI napoeo3a 41)1 
HB yrJie MBpKH )J. (CO CTOKepOM, 6e3 BO,llOIIO,llOrpeBaTeJIH) IIO OIIbiTBM 

1932 ro.ZI.a. 
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rJJABA Vll 

OfibiTHOE ODPE~EJIEHME CODPOTHBJIEHMH M TOPM03HOA 
CHJibl 

69. 06U(ne aaMe'laHHR. CHJihl corrpomaneHmi rro)!.BIUKHoro cocrana 

JlBlliKeHHIO H TOpM03Hble CHJibl .IIBJI!liOTCH IIO cyruecTBy CHJI3MH O}lHOfO 

H roro iKe rropHJJ:Ka, pa3.n:eneHHhiMH HaMH Ha am .n.se rpyrrrrhi TOJibKO 

JJ:JIH npaKriPiecKHx yJJ:o6cra paclferoa. IToaroMy MeTO.llhl OIIbiTHoro 

orrpe.u.eJieHHH 3THX CHJI IIO cymecray 0}lHH3KOBblj HeKOTOpaH pa3HHQ3 

o6yCJIOBJIHB3eTCH TOJibKO TeM, l.lTO TOpM03H3H CIIJJ3 Ha TOHHY aeca 

sHal.lHteJibHO 6oJihiiie ecrecraeHHoro corrponmJieHHH H rpe6yer rroaroMy 

MeHee TOlJHbiX HaMepeHHfi. Onpe.u.eJieHHe corrporHBJieHHH no.n.BHiKHoro 

COCT3Ba MOiKeT OTHOCl:!TbC.II l:!JIH K W0 (TO'!Hee, W0", W0') HJIM W0' + W3 
H era CJiaraeMblM HJIH I< W, (TOIJ:Hee, W/ HJIH W/'). 0CHOBHbiMH ~3KTO· 
paMH, OT KOTOpb!X 33BMCHT Wo Jl3HHOrO rrepe.H.BHiKHOrO COCT3Ba HBJ!ll· 

IOTCH: CKOpOCTb, }l3BJieHHe Ha OCb, KaiJ:eCTBO CM33KH meeK, HX COCTO!l· 

HHe H reMrreparypa, Kaqecrao rrytH, aerep. )lJIH wr, KpoMe roro, uo6aB· 

JLileTCSI (KaK OCHOBHOfi ~aKTOp) paJJ:HyC I<pHBOH. ,UOMl:!HHpyiOJ.I..(HM 

BOTipOCOM rrpH Orrpe}leJieHHH COIIpOTHBJieHHSI HBJJHeTC5I BOIIpOC TOlJHOCTH 

H3MepeHHt1 l:! yqera BJIIHIHHSI BCeX OCHOBHbiX <lJaKTOpOB. ECJJH rrpii 

Orrpe,neJieHMH CHJ!bl TSirH MOiKHO fOBOpHTb 0 TOI.JHOCTHX I10p5I}lK3 5% 
rrpH e.[I.HHIFIHb!X Ha6JIIO)l.eHHSIX H 1-2% B CpeJJ:HHX peayJJbT3T3X, TO 

rrpH Orrpe,neJJeHHH COIIpOTHBJJeHH5I W0 l:!JJH Wr IIpHXO,lJ,HTC.II HMeTb ,neJJO 

C TOI.JHOCTbiO IIOpll,nKa 200fo B e.[I.HHH'-!HbiX H30JIIO,lJ,eHIHIX H 50fo-B Cpe.n:

HHX pe3yJihTaTaX. )leitCTBHTeJibHO, eCJIH, H3IIp., W0-nopH}lK3 2 rczfm, 
TO }lOCT3TO'lHO TOJibKO COBepllleHHO ecteCTBeHHOH OliiHOKH B 0,1 Ofoo 
B orrpe,ZJ,eJieHHH YKJIOHa nynr, H3 KOTOpOM npOH3BO.li.SITC5I HCllbiT3HH51, 

lJT06bi cpaay IIOJiyqHTb OlliHOKY B onpe,n;eJieHHH W0 Ha 0,1 Kzjm, T. e. 

B 5°/oi ,lJ,OCT3TOqHQ OlliHOKH npH H3MepeHHH yCI<OpeHHH B 0,1 TCMj'l sa 

71/ 2 C (0,4 KM/'l sa llOJJMHHYTbi), IJT06hi cpasy IIOJIYIJHTb OliiHOKY 

B Orrpe,ZJ,eJieHHH W0 Ha 0,4 Kzjm, T. e. B 200Jo. He MeHblliHe OlliH6KH 

rroJiyqarorcH rrpH rrpeHe6pe)KeHim cocT05IHHeM H reMrreparypoH: IlleeK: 

TOT )Ke CaMbiH saraH npH TOH iKe CKOpOCTH MOiKeT HMeTb COIIpOTHB

JieHHe Ha 20-500fo H }l3iKe H3 100% OOJ!bllie HOpM3JJbHOrO, eCJIH CO

npOTliBJieHife OrrpeJJ.eJI.IleTCH IIpl1 HeyCT3HOBHBilleMC5I COCTOHHHH, celtlJaC 

)Ke IIOCJie )lJIHTeJibHOH CTOHHKH npH HH3KOH teMrreparype. 0rrbiT roBO

pHT, liTO OrrpeJJ.eJieHHe COIIpOTHBJieHHH llO,lJ,BHiKHOfO COCT3B3 MOiKeT 

ObiTb ycrrelliHO TOJibKO npH o6pameHHH OC06eHHOfO BHHM3Hl:!SI Ha TOll· 

HOCTb H3MepeHH.II YCKOpeHHSI H H3 COCTOSIHHe CMa3KH IlleeK. 

Orrpell.eJJeHHe corrporHBJieHHll npOH3BOJliHCll .UBYMSI MeTo.n:aMH: cr<a

TbiBaHHeM (6ea Herrocpe.u.cTaeHHoro H3MepeHHH CHJihi) H Henocpe.ucraeH

HbiM H3MepeHHeM CHJibl (c llOMO~biO )I;HH3MOMeTpHI.JeCKOfO BaroHa). 
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Onpe.neJieHHe TOpM03HOft CHJibl CBO.L{liTCH K .LJ:BYM 33.L{al!aM: 1) onpe

.n;eJieHHe BeJIH4HHbl 1 000 IJ.cpk H ee MHO)!{IiTeJieif npH yCT3HOBHBIIIeMCH 

coctOHHHH H 2) orrpe.neJieHHe 33BHCHMOCTH Me)!{.ny {}, Sm, V" (np11 Va = 
= 0) H ik .li.JIH onpe.n:eneHHOii cHcTeMbi TOpMosoa. Mero.LJ:hi peiiieHHH 

nepBOH 33,ll3l!H B OCHOBHOM He OTJ!Hl!3IDTCH OT MeTO.LI:OB onpe.n:eJieHHH 

conpoTHBJJeHnH, aropaH )!{e 33.ll.3l!a peiiiaercH Herrocpe.n:craeHHhiM on· 

pe.L{eJieHHeM TOpM03HOf0 nyTII Ha onpe.L{eJieHHOM ik npH p33H006pa3HblX 

IJ. H V" H nocrpoeHHeM KpHBhlX no TOIJK3M. 

70. Meto)( cKaTbiBaHH.JI. I sapHaHT. Mero.n cKarblaaHHH s aTOM aa

puaare (C H3MepeHHeM YCKOpeHm1) OCHOBaH H3 npHMeHeHHH <J>opMyJibl 

120, KOTopyro .li.JIH y.ll.o6crs3 sanoMliHaHHH nepenHIIIeM B BH.LJ:e (np!i 

t .. = 0): 
w.tb=-AV·-3_0 .120=-AV· 30 

5 
Ll t~ ~ Ll te 

1 (143) 

r.ne: AV -npHpameHHe cKopocrli s KM[tt, Ate npMpameHHe speMeHH 

s ceKyH.nax; r. e.: y )J.eJihHaH paaHo.n:eticrsyromaH CHJI3 s KZjm, .zr.eticTByro· 

Il.{3H H3BHe Ha e.L{HHHI.lY IIO.li.BIDKHOfO COCT3B3 (HJIH li3CTb COCT3Ba 

HJIH noes.n:), rro caoeli a6conroTHol1 seJIHliHHe H no 3HaKy pasHa npHpame

HHIO CKOpOCTH B HarrpaBJieHJ-Ui ~lTOM CHJ!bl B KM{q 33 30 C. 
3TO npaBHJIO HMeeT 60JibiiiOe npHMeHeHHe B np3KTHKe THfOBblX 

pacl!eTOB 1i IICIIbiT3HHH, II09TOMY 33nOMHHM era II TO, liTO ORO Bb!BO· 

.L{HTCH H3 yp·HHH .L{BH)!{eHHH IIOe3.L{3 npH .li.BYX .L{OIIyll.leHIU:IX, 

Depace .n:onyrn.eHHe s <IJopMyJie H a np3BHJie 33KJII04aeTCH s TOM, 

liTO cnJia a npe.n:eJiax H3MeHeHHH cKopocnr AV sa apeMH At c ocra

ercH IIOCTOHHHOH. 3TO .L{OITyiii.eHHe TeXHHlieCKH COsepiiieHHO ecreCTBeHHO, 

TaK KaK scer.n:a MO)!{HO rro.n:o6patb HaCTOJibKO MaJioe npMpameHHe npe· 

MeHH Af, liTOObl OIIIH6Ka OT H3MeHeHHH CHJ!bl 6biJia MeHbllle .zr.onyCTHMOH, 

Hanp. MeHbiiie 20fo H BO BCHKOM CJIJli3e-MeHbiiie 01IIH6KH B 113MepeHHH 

speMeHH. 

Bropoe .n:onymeHHe, KaK sro BH.li.HO H3 caMoti <J>opMyJibl, saKJIIO'!a

eTCH B TOM, liTO JCKOpeHHe e)I,HHHI.lbl IIO.L{BH)!{HOfO COCT3B3 B KM. B li3C 

33 tiaC npH ,ll,efiCTBI'UI CHJ!bl B 1 K2jm (~) rrpHHllTO paBHbiM 120 KM.(ll2• 

B .LI.eikrsHreJihHOCTH, era seJIHl!HHa s saBHCHMOCTH or rHna nO.li.BH)!{Horo 

COCT3B3 H OT Harpy3KH MeHHeTCH B npe.L{eJI3X npHMepHO OT 114 .L{O 123. 
0IIIH6Ka MeHbllle 5%, HO npH )!{eJI3HHH H STY BeJIHl!HHJ MO)!{HO Orrpe

.ll.eJIHTb TOl!HO H He BBO.L{HTb B03MO)!{HOH OIIIH6KH, HO rrpaKTHlieCKOH 

H3.L{OOHOCTII B 9TOM HeT. )lJIH JierKOCTH HCnpasJieHHH BeJIHliHHbl b B <IJop

MJJibl 143, 145 H 150 BBe)I.eHbl MHO)!{IfTeJIH 120; .li.JIH HCrrpaBJieHHH )1.0· 
CT3TOliHO 3aMeHHTb MHO)I{IfTeJib 120 6oJiee TOliHhiM. 

Bhliiie apHse.n:eHHaH <IJopMyJia .n:aer cne.li.YIDll.lHii npaKTHtieCKHii en a

co6 onpe.ll.eJieHHH conpoTHBJieHHH (HJIH cyMMbl conporHBJieHHH H rop· 

M03HOH CHJihl) e.L{HHHI.lbl nO.L{BHH{lfOfO COCTaBa HJIH HeCKOJihKO Cl{e· 

IIJieHHhiX e,li,HHHJ.l. 

Ope.n:craBHM ce6e, liTO e.n:HHHI.la rrO.LJ:BH)!{Horo cocrasa pasrOHHetcH 

napOB030M (K3K TOJIK3l!OM) .li.O HeKOTOpof:i CKOpOCTH H npe.LI.CT3BJieHH3H 

C3MOii ce6e, Ha HeKOTOpOM H3BeCTHOM O.li.H006pa3HOM IlpO<IJHJie IIOCJie

)l.OBaTeJibHO IIpOXO.L{HT B IIpOMe)!{yTKH BpeMeHH fh f2, f3 • • CeKyH.ll. 

paBHble paCCTOHHHH S MeTpOB, orpaHHqeHHbie IIYHKT3MH a, 6, B, Z • • , , 
T. e. paCCTOHHHe S OT a .L{O 6 3a BpeMH f1, paCCTOHHHe S OT 6 .ll.O 6 

3a speMH t2, paccroHHHe s or e ,ll.O 2 sa apeMH t3 11 r • .n:. Bo3hMeM 
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orpe30H nyTli or 6 .li.O 6, npoii.ll.eHHhlfi 33 apeMH t2t H onpe.ll.eJJHM .li.JIR 

Hero cpe.li.HIOIO CHOpOCTb V 2 II y.n,eJibHYIO CHJJy. QqeBH)l.HO, LITO 

s s 
V2 KM/ll=3,6· H, eoo6w;e, Vn=3,6 (144) 

t 2 111 

DpHHHMaeM, liTO CHJia, .n,eiicTeyrow.aH e npe;J.eJJax a no z (KaK yKa· 

3blB3JIOCb Bblille)-IIOCTOHHH3H. TOf.ll.3 CKOpOCTb B TOIJK3X 6 H 6 onpe· 

JI.eJIHTCH TaK: 

v =2·36· s . v =2·36· s 
O I t It I B I t +t 

1 T 2 2 3 

Cne.zr.osareJihHO, H3MeHeHHe cKopocrH 3a epeMH t2 pasHa: 

V - V = 2 · 3 6 s s = 2 · 3 6 · s (11 - I 
31 

, 
8 6 1 

12 -1-13 t,+iz 
1 

(tt-1-12)(12-1-13) 

a CHJJa, COrJJaCHO qJOpMyJ1bl 143, paBHa: 

+ b 120 · 1, 8 · SUa- t 1) 
wk = . 

f2 (I 1 + lz) (lz-1- Ia) 
(145) 

Ecmt:, Hanp., onpe.ll.eJIHeTCH w'0 (Y.l\· conpoTHBJieHIIe napoeo3a Ha 

npHMOH ropH30HTaJII1: CO CHHTblMH Be.li.YI.l.I.HMH ,UbiUJJiaMH), fk = 0, b = 0, 
i"=O, S=100 M, f1 =17,0c, t2 =18,0 c, !3 =19,0 c, TO; 

V 2 = 3,6 · IOO = 20 KMjt{, 
18 

I 120 ·1,8 IG0(19,0-17,0) 185 I 
W0 = = , KZ m. 

18,0(18,0+ 19,0)(17,0 + 18,0) 

EcJIH e.zuiHHUa IIO.li.BH.IKHoro cocTaea 3a O.li.HH 3ae3.ll. npofr.ll.eT n no· 

CJie.li.OBaTeJihHblX paBHhiX 3JleMeHTOB nyTH C H3MepeHHeM BpeMeHH npO· 

XO.IK.ll.eHIIH K8.1K,UOfO 9JieMeHT3 1 TO 33 3TOT 33e3.ll. noJiyi.JaeTCSI n-2 
3H3lJeHHH y.n,eJibHOfO COIIpOTliBJieHHH npH IIOCJie.li.OBaTeJibHO yMeHhill3lO· 

IUHXCH (HJlH yeeJIHlJHB3IOlUHXCH H3 CIIJCKaX) 3H3IIeHHHX CKOpOCTeH. 

l13 BbiUJerrpHBe.ll.eHHb!X <!JopMyJI H IIpHMepa HCHO, KaKOe 60JiblllOe 

3HatieHHe llMeer TOlJHOCTb Orrpe,ZJ.eJieHHH BpeMeHH IIpOXO.IKHeHHSI 9Jie· 

MeHTa rryni. C IIOMOW,blO 06b!lJHblX CeKyH.li,OMepOB MO)I{HO IIOJIYlJHTb 

TOllHOCTb JlO 0,5 C B pa3HOCTH f3 - f1, HO 9TO .ll.3eT TOtiHOCTb W'0 
IIOpH.li.Ka 20% TOJibHO OT SaMepa BpeMeHl1 1 liTO, KOHel.!HO, M3JIO H rpe6yer 

M3CCOBhiX 33MepOB .li,Jill llOJJyiJeHHH ,ll;OCT3TO!JHO TOlJHbiX cpeli,HHX pe3yJib

TaTOB. )KeJiaTeJibH3 TOtiHOCTb B 0,1 C, liTO MO)I{HQ llOJiyl!HTb XpO· 

Harpa¢oM c 3JieKrpwiecKHM 33MhlKaHHeM. XpoHorpa¢ npeJlcrasnHer 

C31110fiHITIYW:Hif npn6op C JlBYMil nepbHMH; Ha J3KOH JJeHTe, JlBH)I{Yli.LeikH 

or qacoaoro MexaHHSMa, O,ZJ.Ho nepo ,n;aer sy6Uhi Liepe3 nonceKyH.ll.hl, 

Jlpyroe rrepo .n,aeT sy6el.( B MOMeHT 33Mh!K3HH5! TOK3 KOHT3KTaMH Ha 

nyTH, YCT3HOBJieHHb!Mii Liepe3 50 HJIH 100 M. l13 TaKOH JieHTbl JierKO 

onpe.u.emreTCH BpeMSJ rrpOXQ)I{,ZJ;eHMH C TOllHOCThlO .li.O 0,1 C. 

Ha ¢rrr. 125 rrpMBe.lleH JlJIR npHMepa pe3yJihTar orrpeJleJJeHHH no 

9TOMY cooco6y l1HCTt-~TyroM PeKoHcrpyKL(HH THrH y,n;. corrpoTHBJieHHH 

w'0 + W3 napoB03a 0 8 c KJianaHaMH PHKypa. CKaThiBaHHe npOH3BO.li.H· 

JIOCb B 1932 r. Ha 10%0 rrpHMOM cnycKe 3apal1cKoi1 eersH M. Ka3. )1{, .u. 
Ha OCHOB3HMH 3HIIHCH xpoHorpa¢a MO)I{HO onpe,ZJ.eJIHTb JJ.etlcrsyro

myro y,ZJ.eJibHYIO CHJIY HeCKOJlbKO HH3lJe, nocpe,ZJ.CTBOM nocrpoeHHSI KpH· 
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soli V = f (t). EcJJH HMeeTCSI B03MO>KHOCT& ycraHoant& Ha MCiihlThiBae
MYIO e.ziJ!HHUY np1:16op, Henocpe.n.craeHHO BbllieptiUB310IUHA KpHBYIO 
V = f (t), TO .9TOT CIIOC06 (HH>Ke OllHCbiB3eMbiH) OC06eHHO npOCT H 
y.n.o6eH. I1MeeM Kpl1BYIO V = f (t) ( ~11r. 126) B Macrnra6ax: cKopocrH 

V m .M.M B 1 !Chtjtz; apeMeHH t ~ .MM B 1 C. Cor Jl3CHO OCHOBHOH 
60 

¢opMyJihi: 

w . + b = _ 30 tJ V = _ 30 Ll V . _n_z . x/60 _ 
J. Ll t Ll t m xf60 

X 
= tga · . 

2m 

mLIV 

xf60Lit 

30 x/60 
' -

m 

II. ~1 ,, 
I c 

u:. I . 
.(.) 0 

IVG 

( 

f(J • 
• 

' ' 
• 

' 

8 " 0 I"" 0 0 

0 
0 

l 
' 

,., 
£. 

0~ tO 20 1iJ 

lflHr. 125. napOB03 OB c KJianaHaMH PHKypa. 
OnbiTHall KpHBall w0' + W3 = f ( V). 

(146) 

CJie.rr.oaareJJhHO, ec.JIH Ha KaJibKe HaHecrH pa.D. JIHHHil no.D. yrJiaMll a 
K a6cuHcce, orrpe.D;e.JieHHhiMH no aToti qlOpMy.Jie .D.JISI sHalieHHti y!J.. 
CH.Jibl qepe3 0,1 K2/m, TO, HaKJia.D.biBa.ll K3Jibi<Y Ha KpHBYIO V = f (t) TaK, 
l.JT06bi OCH a6CUHCC 6biJIH rrapa.JIJieJihHbl H O,D.Ha H3 IIpHMbiX Ha KaJibKe 
6blna KacareJihHOfi K KpHBOit V = f (t), Henocpe.rr.cTBeHHO no Ha.u.rmcH 
Ha .9TOi1 rrpHMOH onpe.D.eJIHeM JJ.eiiCTBYIOWYIO y,n.eJibHYIO CHJiy. 

B Kat.IecTBe O)I.Horo IH npHMepoa npHMeHeHHH ¢opMyJI 143 H 145 
IIOKa}l{eM, KaK npocreHliiHM Onb!TOM npoaepHTb K09cpHUHeHT tpeHHH 
KOJIOJJ.KH o KOJieco rpk, CorJiaCHO nopMyJihl 143, nprr 

Qw0'' +P (w0' + w,) 

P+Q 
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Qwo" + p (wo; + w~) + ik + 1 000 .9-q>k =- 30 ~~ 1 
P+Q 

OTI<JAS: 
30Ll V Qw0" + P (Wo' + Wa) • 

- - -l 
Lit p + Q k 

• 
1000{} 

CJie~oBateJibHO, 3aropM03HB BH)KynmyrocH e.nJI HHUY no~BIUKHoro 
coc:rasa HJIH u.eJihlfi noe3~ npH H3BecrHhiX Q, P, W0", w0', W3, ik H {}, H 

v 
33TIHCb!B3H MOMeHThl BpeMe· 

HH, COOTBeTCTBYIDili.He rra~e

HHIO CKOpOCTH H3 Onpe~e

JieHHOe liHCJIO KM/t.z (Hanp. 

Ha 5 HJIH 10 KM/t.z), H3 Bb!llle· 

npHBeJJ.eHHOH <lJOPMYJihl onpe

JJ.eJmeM rp~. B TOM CJiyt~ae, 
' " ecJUI BeJI!P.IHHhi W0 , W0 , Wa 

-/Jt 

H {} B3HThl ITO npaBHJI3M 

np0113BOJJ.CTB3 Tf!rOBbiX pac

l.JeTOB1 TO, onpeJ.I.eJIHH OTibl· 

TOM rpk H cpaBHHB3H ero C 
~"::",--t pact~erHhiM, Mhi reM caMhiM 

411:1 r. 126. Onpe.l(eJJeHHe ycKopeHHII no KpM sofi 
V=f (t). 

npoBepHeM npaaHJia. DpH 

B03D.YIIIHOM TOpM03e CJie~yer, 

KOHetJHO, 3H3Tb ,U3BJieHHe B03-

.nyxa B TOpM03HOM UHJIHHJ.I.

pe. DpH HaJIHliHH xpoHorpa

q>a H KOHTaKTOB Ha rryTlt CJie.nyer BOCll0Jib30BaTbCH QJOpMJJIOH 145. 
71. MeTO.L{ cKaTbiBaHH.R. II aapuaHr. 3ror aapHaHr cKarwBaHHH-

" u C onpe).{eJieHHeM cpe~HeH C:HJ!b! ITO H3MeHeHHIO KHHeTHl.JeCKOH :meprHH 

OCHOB3H Ha npHMeHemm QJOPMYJibl 125, KOTopy!O Mbl nepeTII-IllleM 

B BH).{e (npH f k = 0): 
S • (wk +b)= -4,17 (V2

11+1 - Vn2), (J 47) 
r.u.e s- B Merpax. 

BbiAeJIHM B aroti ¢opMyJie pa6ory conporHBJieHHH or no.noeMa: 

s · (w0 + w,. +b)+ si = -4,17(V2n+t- V0
2). 

JlerKO .1J.OK33aTb, tiTO ara cpopMyJia coxpaHHeT CBOIO CHJIY H npH 

nepeMeHHOM i Ha yLJacrKe s. ,llJIH aroro ~ocraTOl.JHO pas6Hrb yl.JacroK s 
Ha 3JieMeHThl [ C TIOCTOHHHbiM i, H3TIHC3Tb npe,n:b!~YIUYIO cjJopMyJiy ,UJIH 

Ka>K~oro aJieMeHra II cnO>KHTb ace noJiyLJeHHbie cpopMyJihi. DoJiyqHM: 

s (w0 + wl' +b)+ ~li =- 4,17(V2
12+1- V12

2). 

Ho ~ li = 1 000 h, r.ne h- pa3HOCTh orMeroK a Merpax KoHetrHoro 

H HaqaJibHOrO nyHKTOB yqacTKa s; TIO.zt KOHeLJHbiM H HaLJaJihHbiM IIYHK

T3MH yl.J:aCTKa S TIOHHM3eTCH TIOJIO)l(eHHe UeHrpa TH)l(eCTH HCTib!Tb!Ba

eMOrO COCTaBa (HJI!f e~HHHUhl) npH CKOpOCT51X Vntl If Vn. HraK, 

4JopMyJia 147 OKOHqaTeJibHO nepem!llleTCH B BH~e: 

+ + b 
4,17(V2n+1 - Vn2) +I OOOh w0 w, = . 

s 
(148) 
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l13 arofi cjlopMyJibl CJie.li.yeT, liTO aeJUI!JMHY W0, MJIM W0 + W,. li.tm 
w0 + b MO)!{HO onpe.LI.eJIHTb KaK cpeauiOro a npe.LI.eJiax cxopocrefi V n+I H 

Vn CK3TbJB3HJ.feM Ha HeKOTOpOM yqacTKe nyTH S. npH 9TOM HY>KHO 

TOJ!bi<O H3MepHTb V H3 KOHJ..L3X 9TOfO yqaCTKil 1 3H3Tb ,ll.JIHHY yqacTK3 

n pa3HOCTh orMeroK ueurpa TSJ)!{eCTH CKarblaaeMoro cocraaa ua Kouu.ax 

yqacri<a. l13Mepeuu51 V Moryr 6b!Tb 3H3'1HTeJihHO rpy6ee, qeM npu nep· 

BOM sap11aure, ecJIH pa3HHLLY V ntl H V 
11 

C.LI.eJiarh ,li.Ocraroquo OOJibiiiOH, 

uanp., 10 KM/ll. B II. 55 yKa3biBaJIOCh, qro cjJopMyna 125 (11, CJie.LI.o

aareJihHO, BblBe,ll.eHH3R 113 Hee cpopMyJia 148) I1p3BHJJbH3 He TO.IIbKO 

np11 IIOCTOHHHOH CHJie, HO H npH CHJie, CBH33HHOH CO CKOpOCTbiO JII1Hefi

HOH 33BHCI1MOCThiO. TaK K3K 33BHCHMOCTb CHJI W01 W.,. M b OT CKO· 

pOCTH 6JIH3K3 K JIHHeHHOH, TO cjJopMyJiy 148 MO)!{HQ H3 npaKTHKe npH· 

MeHHTb B )I.OBOJibHO IIIHpOKHX IIpe)J;eJiaX CKOpOCTeH, ~.IIH yMeHhiiieHHR 

OTHOCHTeJILHOH OlliH6KH, CJie,ll.yer MMeTb B BHLly, 'ITO B cjJopMyJie 148 
K03cjJHUHeHT 4,17 paaeu 500: ~ np11 ~= 120. EcJIH ; npHHHMaercSI 

He 120,, TO CJieayer BBeCTH COOTBeTCTBYIOIUYIO IIOnpasKy. 

72. MeTOA uenocpe}:\craeuuoro H3Mepeunn cun. I :BapHaur. B aroM aa

pnaure (H3Mepeuwe CHJihi .LI.11H3MOMerpoM c norrpaaHo:H ua ycKopeu11e) Mc

IIhiTblBaeMhiH COCT3B 11JI11 e,ll.11HI11..L3 nOL(BH)!{HOrO COCT383 Be,ll.eTCR JIOKO· 

MOTHBOM C 113MepemreM )1.11H3MOMerpnqeCKOH CHJJbl Fa no Cl.l,enKe Me)!{.li.Y 

,li.HH3MOMeTp!11IeCKHM BarOHOM 11 MCllblT3T3eMbiM COCT3BOM. Merg)J; OCHO· 

aau ua np11MeHeHMH cpopMyJibi 121, KOropyiO nepem1llleM a BH)J;e: 

W + i + X6 = F8 _ LIV · 30 }20 =Fa __ 30 LIV (149) 
0 

k Q rpk Q Ate C Q Lite 
3ra cjJopMyJia auaJiornqHa cpopMyne 143 (n. 69) 11 ciipaae.LI.JI11Ba npH 

rex )!{e ,ll.orryrueH11HX. CoBepllleHHO raK )!{e, KaK 6biJia BblBe,ll.eHa cpop

M y Jl3 145, Bb!BO,li.I1TCR cpopMyJia 150: 

+.+X' FD + 120·1,8·s (t3 -t1) % lk rpk= • 
Q Q t2(t1 + lz) (t2 + ta) 

(150) 

Onpe.n.e.Jien11e conporHBJieHMH HJJH ropM03HOH cnJior npOM3BO.ll.HTCR, 

COBepllleHHO TaK :>Ke 1 K3K OI111C3HO B II. 69 ,li.JIH 3H3JIOflfliHOf0 CK3Thl· 

B3HHH, C TeM TOJ!bKO OTJIHq11eM, liTO )J;OOaBJIHeTCSI M3Mepemre CMJibl 

F0-cpe.1l;Heli Ha 9JieMeHTe s. HaJI11qwe )J;HHaMOMerpnqecKoro aaroHa 

rro3BOJifler onpe.rr.eJJHTb CI<apocrh He no cpopMyJie 144, a Henocpe;:J;· 

CTBeHHd IIO CKOpOCTeMepy, HJIH IIO KpiiBOH CKOpOCTH B cpyHKl.I,11H nyTH. 

CaMOe onpe.n.eJieHHe COIIpOTMBJieHHH 11JHI TOpM03HOH CHJibi MO)!{HO 
LIV 

BeCTI1 Herrocpe.li.CTBeHHO no cpopMy Jie 149, eCJII1 YCKOpeHHe · MO)!{eT 
Lit 

ObiTb .rr.ocraroquo roquo onpe,ll.eJieHo no JieHre cKopocreMepa. CJie· 

.ll.yeT H.MeTh B B11.ll.y, qTo nonpaaKa ua yci<opeHHe (aropoil qJieH IIpasoH: 

qacrH cjJopMyJI 149 n 150) qacro IIpesbilllaer no caoei1 seJII11.jHHe IIepablH: 
qJieH. 

, 73. Meron aerrocpeACTBeuuoro H3Mepeunn cnnbi, II BapHaur. 3ror sa pH· 

3HT T3K/Ke OTHOCHTCSI K nepBOMY B3plf3HTy 9TOrO )!{e MeTO.ll.a, 1<3K 

B MeTO.ll.e CK3Tbl83HHH BTOpOH BapH3HT OTHOCHTCH K IIepBOMY B3plf3HTy. 

OcHoBaH Ha npHMeHeHHI1 cjJopMyJihi 126, KoropyiO aHanonfqHo IIpeo6-

pa3osaHI1IO cpopMyJihl 125 a cpopMyJiy 148 (rr. 70) JierKO npeo6pa30B3Tb 

B cpopMy Jiy: 

+ + X 8 l:Fads 4, l7(Y2n+l- Vn2
) + 1 OOOh 

Wo Wr gJk = - ' 
Q Qs s 

(151) 
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r.n:e h-pa3HOCTh B Merpax OTMeTOI< lJ,eHrpOB T5DKeCTH COCT3B3 (aa ,li,H

H3MOMeTpHIJeCKOM BarQHOM) B KOHelJHOM H H3lJ3JlbHOM rryHKT3X Yll3CTK3 S 

(npH CKOpOCTHX v n+l li vII), a s-paccTOSlHHe Me>K.n:y 3TliMH nyHKT3MH 
:EF8ds 

a Merpax, ecrb cpe.n:HesaserneHHaH cH.na no ,li,HHaMOMerpy, paaHaH 
s 

rr.noll.l,a,li,H KpHsoti Po= f(s) (no .neHre )I.HHaMoMerpa), .n:eJieHHoti Has, r. e. 

BbiCOTe IIp51MOyrOJibHHK3 C OCHOB3HHeM S, paBHOBeJUiKOfO II.nQlll,3,li,H 

KpHsofi F8• 

K cpopMyJie 151 OTHOOITCSl BCe CK333HHOe B II. 71 0 <flopMyJie 148 
OTHOCHTeJihHO aepHOCTli ,li,JIH JIHHetiHOH 33BHCHMOCTH CHJihl COIIpOTH-

y 

BJieHHH HJIH TOpM03HOH CHJibi OT CKOpOCTH H B03MOlliHOCTH IIOIIp3BKH 

K03qJHUHeHT3 4,17. 
74. 06JiaCTH npHMCHCHH.R MCTO~OB lf BapHaHTOB onpe~eJlCHH.R CODpO

TliBJICHH.R H TOpM03HOH CHJIM. flpH Bbi6ope MeTO)I.a CJie,ll,yer HMeTh 

B BHJr.Y JI;Ba 06CTOHTeJihCTB3: 1) conpon:IBJieHIIe 33BHCHT OT H3JIHLJ:HSI 

rrpO.li:OJibHOH CliJibi ITO cuerrK3M, 2) IIpH cpe)l.HIIX H OC06eHHO 60JibWHX 

CKOpOCT51X JI060BOe H Tb!JIOBOe COIIpOTHBJieHHe B03.D:yxa OK33b!BaeT 

reM 60Jiblliee BJIHHHHe Ha COIIpOHIBJieHHe, LJ:eM MeHbille KOJIHI.JeCTBO 

e,lJ,HHHU B HCIIhiTblBaeMOM COCT3Be. C .llpyroti CTOpOHbi, MeTO,lJ, HeiiO

cpe)l.CTBeHHOrO H3MepeHHH CHJibl C IIOMOll.l,b!O .D:HH3MOMeTpRIJeCKOrO 

saroHa (c na,ZI.Jielliall!.HMH rrorrpasKaMH) rpe6yer 60JibWOro KOJIH'lecraa 

e,lJ,I:IHl:IU B COCTaae, IIOCKOJibKY H3MepeHHe M3JibiX CHJI )I.HH3MOMeTpOM 

Ol!eHb He TO!IHO. fl03TOMY CK3ThiB3HHe MOllieT 6biTb peKOMeH)lOB3HO 

TOJibKO )l..ns:! OIIpe.n:e.neHHSI COIIpOTHBJieHHSI JIOKOMOTHBOB (w0', W0' + W3, 

W,.'), cpaBHeHHH COIIpOTHBJieHHSI OT ,lJ,eJihHbiX e)l,HHHU IIO)I.BH}l<HOfO CO

CT3B3 l1 OTlJ3CTli TOpM03HbiX CHJI. Bo BCeX OCT3JibHbiX CJIYY3HX llieJia

reJihHO aae.n:eHHe cocraaa JIOKOMOTHBOM c Herrocpe.z:r.crBeHHhiM onpe,!I,e

JieHHeM CHJibi If C 06li33TeJibHOH IIOI1p3BKOH H3 ycKopeHl!e HJJH H3 

H3MeHeHHe Kl:!HeTI:Il.JeCKOH aHeprHH. 

l.Jro KacaeTCH K3}1{.li:OrO H3 Jr.BYX B3pH3HTOB B o60HX MeTO.LI:3X, TO 

rrpHMeHeHHe TOfO HJIH .n:pyroro 33BHCHT OT YCJIOB11H rryTH, H3JIHI.JHH 

xpoHorpa¢a, o6opy.z:r.oaaHHH .ll.HHaMOMeTpHtiecKoro aaroHa H T. n. TolJ· 

HOCTb llie 060HX B3pH3HTOB IIpHMepHO O,lJ,HH3KOB3. 

214 
    
НБ

 

УД
УН
Т 

 (Д
ІІТ

)



fJIABA VIJJ 

PACqET COCTABOB OOE3Jl0B 

75. 0CHOBHOH paC\feT. HaHBbirO;::r.HeihiiHM COCT8BOM TOBapHOrO nOe3,ll,a 

C TOIJKH 3peH!UI CTOHMOCTH O.llHOrO TOHHOKHJIOMerpa If C TQqi{H 3peHHH 

nporryCKHOH CIIOCOOHOCTH .l(OpOrH (T. e. KOJmqecrBa rpyaa, npOB03H· 

MOrO B CYTKH), K8K IIOK33b!B310T IIp3KTHK8 H p3C4eTbi, HBJIHeTCH COCT8B 

H3H00Jibillero BeCa, KOTOpbiH TOJibKO MOlKeT 6b!Tb Ha.ll.eJKHO H 6e3 

60KCOB3HHH (IIOHHJK810III.HX B03MOlKHbiH H8HOOJ!b UIHH z... H Be.llyiii.HX 

K IIOp4e JIOKOMOTHBOB H 00pb!B8M IIOe3.llOB) IIpOBe3eH JIOKOMOTHBOM. 

3TO oomee IIOJIO.>Kemfe OCOOeHHO pe3KO BbiCTynaer npH nepeB03Ke 

M8CCOBbiX rpy30B H HMeer )(83 HCK'JIIOI.JeHHll: I) rrpH OIJeHb CJI860M 

TOB3p110M .Ll.BHlKeHIUf1 KOr.LJ.a MOJKeT OK338TbCll Bbi[Q.LJ.Hb!M OTIIpaBJIHTb 

aerroJIHorpysHbie rroes.LJ.a so Hs6emaHHe sa.LJ.epmKH saroHOB H rpysos 

B OJKH.Lf.3HHH ccpopMHposaHm1 cocrasa npe)[eJibHOro seca, 2) rrpH 9KCIIJIO· 

ara~~om ){opomx cne~HaJihHbiX saroHOB-.LJ.JIH ycKopeHHH o6opora arHx 

B3rOHOB npH H36biTKe IIpOIIJCKHOH CIIOC06HOCTH H JIOKOMOTHBOB. 

l.lJIH II8CC8lKHpCKHX IIOe3.LJ.OB BOIIpOCbl 0 CTOHMOCTH TOHHOKHJIOMerpa 

H H8H60JibilleH npOB03HOH CIIOC06HOCTH OObllJHO HBJIH!OTCII BTOpOCTe· 

neHHbiMH H BMeCTO HHX npHXO.LJ.HTCH 33.LJ.8B8TbC!I HJIH speMeHeM npo

XO.ll8 IIOe3.LJ.8 OT H81JBJibHOU .lJ,O KOHeiJHOJ1 CT3HI.UHI, HJIH BeJIHqHHOA 

H8HMeHbWefi CKOpocnl H8 H8H60.rr'bUieM IIO.LJ.'beMe, HJIH .llPYrHMH C006pa· 

JKeHHHM H, He IIO)[.ll310mHMHC!I HenocpeD.CTBeHHOMJ pacqery. 

Pac11er npe.LJ.eJihHoro aeca cocrasa, KoropbiH .LJ.OJI}I{eH secrH sa.n;aH· 

Hbit1 JIOKOMOTHB H8 38.LJ.BHHOM yqaCTKe, IIp0113BO.Ll.HTC!I IIO H8HOOJiee 

Tpy.LJ.HOMY 38THJKHOMY IIO.LJ.beMy, npOXOD.HMOMy OJ].HHOqHOH THrofi, HCXOJJ.II 

113 npe.LJ.IIOJIOH<eHHR, liTO Ha 3TOM OO.LJ.'beMe ip (KOTOpb!H H33biBaeTCII 

nPY!WBO.Lf.HIII.HM IIO.LJ.'beMOM ") yCT8H8B.IIHBaeTCH IIOCTOHHH3SI CKOpOCTb. 

Ha yqacrKe Moryr 6blrb rrOJJ.'heMbi Kpyqe pyKoBO.LJ.HIII.ero, a HMemro: 

I) npOXO.llHMble JJ.BOi1Hmi HJIH TpOfiHOit THfOH, C ITOD.T3JIKHB8HHeM HJIH 

C npHMeHeHHeM CIIeUH3JibHbiX JIOKOMOTHBOB, II 2) KOpOTKHe IIO)['beMhi, 

rrpoxO.LJ.HMble sa cqer pasroHa. Pacqer cocTasa JJ.JIH .LJ.BOfiHoii HJIH Tpofi

HOH THm, c no)l.raJIKHBaHHeM, H JJ.JI!l THrH cneu:HaJibHhiMH JIOKO· 

MOTHB8MH HHqeM He OTJIHllaeTCH OT pacqera COCTaBOB IIO pyKOBO.LJ.II· 

meMy IIOJJ.'heMy. 4ro me KacaeTcH KoporKHX IIO.ll'beMoB Kpyqe pyKoBO.llSI

mero, TO H3J].eJKH871 B03M0}1{H0CTb npeOJJ.OJieHHSI HX C pasroHa LJ.OJIJKHa 

6b1Tb .rr.oKasaHa ocoohiMH pacqeraMH. 

Kor.LJ.a IIOe3)1. BCTyrraer Ha pyKOBO.LJ.Siill.HH IIO)I.'beM ip, TO ero CKOpOCTb 

H84HHaeT yMeHbW8TbCH, IIOTOMY LITO p3BHO.LJ.eHCTBYIOIII.aH yD.. CliJI3 

f1c- W 0 - ip OK83biB8eTCH HanpasJieHHOH B CTOpoHy, npOTHBOOOJIOlKHY!O 

HanpasJieHHJO .LJ.BHiKeHHH noes.LJ.a, scJieJJ.CTBHe yseJIHIJHBIIIerocH conpo • 

THBJieHHH OT IlO.LJ.'beMa, HO ITO Mepe yMeHbilleHIHI CKOpOCTH B03pacraeT 

h H HeCKOJibKO yMeHbWaercH w o• ECJIH IIOJ].'beM JJ.OCTaTOlJHO .llJII1HeH, 

TO h ypaBHHeTCH C W 0 + il', H .ll3Jlbiiie IIOe3JJ. nOHD.eT C II04TH paBHO· 
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MepHOfi CKOpOCTbl01 IIOTOMY 1JTO CHJ13 IIO H3IIp3BJieHHIO era .llBI.UKeHHH 

6yJI.eT pasHa HYJIIO HJIH 6yJI.eT KOJie6aTbCH a Y3KHX npe.rr.e.11ax OI<OJIO 

HYJIH. 

11Mell pacqerHyro rpaqmqecKyro aaBHCHMOCTb Fk = f (V) H Bb!5paB 

TY CKOpOCTb, Hlf}Ke KOTOpott He JI.OJilKHa IT3~3Tb CKOpOCTb ITOe3.l(3 Ha 

pyKOBO.llH~eM ITOJI.oeMe, Henocpe.n.craeHHO 113 rpaqmKa onpeJI.eJIHeM Fk 
33JI.3HHaro napoao3a npu Bb16paHHoi1 CKOpOCTH. TaK KaK npH ycraHo· 

u 

BHBilleHCSI CKOpOCTH 

F~ = Wk = P (w0' + ip) + Q (w0" + i,), 
• TO: 

(!52) 

E r rr 
CJIH W o = W o =. W0, K3K STO 1!3CTO rrpHHHM3eTCll rrpH pacqere COCT3BOB 

roaapHb!X noea.ll.OB, ro npeJI.b!JI.y~aH ¢opMyJia eme 6oJiee yrrpomaercSI: 

Q= Fk -Pm. 
Wo +ill 

(153) 

n pH Me p. Onpe.l(eJIHTb npe)leJibHhiFi COCT3B )lJIH napOB033 cepHH a 
BbiiiYCK3 JI.0 1926 f. npH Z"' = 30 H ycraHOBHBWefiCSI CKOpOCTH 10 KMjfl 
H3 33TSI1KHOM IIO.QbeMe i = +8,0 Ofoo KpiiBb!MH p3JI.HYC3MH 850 M. 

v . 750 F11 =13 500 KZ (cjllir, 24); W0= 15+- =2,0 KZjm; lk""' 8,0 + = 8,90fo0; 
20 850 

13 500 
P =125m; Q= -125= 1115 m. 

2 + 8,9 
n.ru1 Orrpe.QeJieHIUI ill CJIY}!{3T ¢opMyJihl 63, 67 II 69, npHBe.l(eHHb!e 

B n. 38. B cJiyqae, ec.n11 r<pHBhie KoMneHcHpoaaHbl yMeH&llleHHeM .a.eti-
~ . 

CTBHTeJibHOfO IIO.QbeMa, TO OObll!HO BeJIHliHH3 lp H3BeCTH3 K3K BEJIH1!HH3 

pyKOBOJI.HIUero IIO.Q'beMa. 

PyKOBOJI.HIIJJIH IIOJI.'heM SIBJilieTCSI BIIOJIHe onpeJI.eJieHHOH <lJ!13HIJe

CKOH BeJIHIIHHOti TOJibKO B TOM CJiytJae, KOr.Qa H3H60Jiee Kpyrofi ITO.l('beM 

Ha yiiacrKe He Kopotie npHMepHo 1 K.M. B aroM cJJytiae aror no.n.oeM 

(co BKJJ104eHHeM conponiBJJeHHH or KpHsoii) H HBJil!ercH pyKosonHIUMM. 

ECJIH >Ke H3H60Jiee Tli>KeJJblH 33TSI)I{HOH nO.Q,eM COCTOHT 113 KOpOT· 

KHX IIO.Q'beMOB pa3HOH KpyTII3Hhl, TO TSllKeJJhle Mecra CJie)lyer CIIpSlMHTb 

Ha paccTOHHHH npHMepHo I KJ'4 (s 3aBHCHMOCTH or no.a.xo.a.oa). Hanp., 

H306pa>KeHHb!H Ha ¢11r. 119 TlifOBhlH npo¢HJib yiiaCTKa 5IMa-HblpKOBO 

(no HHBeJIHpOBKe 1932 r.) HMeer pyKOBO)J.!l~Hfi ITO.l('beM 9,60fo0, XOTH 

Ha HeM IIOII3JI.810TCSI KOpOTKIIe ITOJI.'heMhl 3H3l!HTeJJbHO 60Jiblllefi; Kpy· 

TH3Hbl; HaH60JJee TlilKeJioe MeCTO-nepaaH IIOJIOBHHa BTOporo KHJIO· 

Merpa (6JIH30CTb OT CT3HUHH, X0JI0,1l.Hhle 6yKChl). 

BeJJHIIHH3 npe.QeJJbHOrO COCT3B3 orpaHHIIHB3eTCH He TOnbKO CHJJOfi 

TlifH JJOKOMOTIIB3 HJIH JIOKOMOTHBOB, HO H ,1I.JIHHOti 33IT3CHhlX rryrefl 

H3 OCT3HOBOliHbiX ITYHKT8X II KperrOCTbiO Cl.{eiiHbiX npH60pOB. ECJIH 

JlerKO T04HO onpe.n.eJII:ITb npeJI.eJJhHYIO JI.JIIIHY COCTaBa B OCHX TOfO 

HJIH HHOfO THII3 B3fOHOB B COOTBeTCTBHH C H3BeCTHOH .QJIHHOH 33II3C-
• 

HbiX nyreu, ro onpe.a.eJIHTh TOIIHD npe.a.eJihHYIO .UJIHHY HJIH sec cocraaa 

no Kpenocru cuerrHhlX nprr6opos He npe.a.crasJIHercH B03MO>KHb!M. Opo· 
VICXOJI.MT 3TO OT TOfO liTO MfHQBeHHhle .li.HHaMHlleCKHe CHJibi, pa3SH· 
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aaiOIUHeC5i B CUeTIHbiX npH6opax IIOe3~a, CHJibHO 33BHCHT OT TPJ.!I.HO 

yql1TbiBaeMbiX cpaKTOpOB; Ollb!THOCTH: M3UHIHHCT3, npocpH.IIH nyn1, paC• 

noJiomeHHH sarosoa B cocrase, creneHH CBliHI.feHHOCTH crSimeK H npoll. 

OpH 3TOM JI.JIHHa u sec cocraaa Hrpa!Or 6oJiblliYIO poJih, lleM pact.IerHaH 

cHJJa THrH JIOKOMOTHBa, Be.II.ymero eror cocras. PaapbiBbi 6hlaaiOT 11 
npH oqeHh KoporKHX 11 .11enmx cocrasax H yaeJiwmsaiOTCH c yaeJIH'I!e· 

HHeM JI.JHiHbi H aeca noea.ua. CaMoe noHHTHe npe.II.eJia cocrasa no CTHlKKe 

SIBJIHeTCH Heonpe.II.eJieHHbiM, TaK KaK HeJih351 ycraHOBIHb rpaHHIJ;Y 

Me>K.LLY J(OllJCTHMblM H HeJ(OllJCTHMblM 'I!HCJIOM pa3pblBOB IIOe3JLOB H3 

H3McpHTcJib. 

npH HaWHX BHHTOBb!X CT5l}l{K3X1 Hepaspe3HOH ynpH}l{H U CJI36biX 

6ycpepax cpe.LLHHM IIp3KTHt.IeCKHM rrpe.LLeJIOM no C~enKe HBJU!eTCH COCT3B 

B 2 000 m. npH XOpOIIHl.X npocpHJISIX (,IT.JIHHHhie 9JieMeHTbl C He60Jib• 

IIIOH pa3HHn;ei1 a KpyrHaHe) 3TOT npe.n:eJI nOBbllllaercH, nprr nnox11x 

npocpHJHIX-nOHH}l{3eTC51. no Mepe JBeJIH'I!eHHH H3 CeTH KOJIHlleCTBa 

TSIIKc.'lbiX B3fOHOB C pa3pe3HOfi: ynpHIKbiO 1i YMcHbllleHHH 'l!liCJia CJia6biX 

CT3pbiX CTHJKeK, npe,lleJI COCT3BOB no cn;enKe 6yJLeT nOBbllli3TbCSI. 

npH asrocn;enKe opHeHnrposo'iHhiti npe.ueJI cocrasa .UJIH aaroHOB 

C xpe6TOBb!MH 6aJIK3MH (r JI3BHbiM o6pa30M 'l!eTbrpeXOCHb!X) H3 6JI!i· 

}l{3Hllllie fO.lLbi- 6 000 m )I.JISI B3rOHOB 6es xpe6TOBbiX 6aJIOK (rJiaBHblM 

o6pa30M .!I.BYXOCHbiX)- 3 000 m. 
76. 8hi6op pacqerHoii ycraHosuswdic» CHopocru ua PYHOBO.!{HmeM 

nO.!{'LeMe. 8b160p pacqeTHOH ycraHOBHBillellCH CKOpOCTH Ha pyKOBOJLfl• 

IIJ;eM nO.LL'heMe 33BHCHT OT TOrD 1 flBJUieTCH JIH noe3JL TOBapHbiM HJill 

rraCC31KHpCKHM. ECJIH nOe3J(-n3CC3lKHpCKHll, TO BbiOOp 3TOA CKOpOCTH 

s cao10 oqepe.ub aaaHCHT or rrpHMepHo JKeJiareJibHoro aeca cocraaa u 
or )l{eJiareJihHoro speMeHn npoxo,na yllacrKa. 

ECJIH IKe noes,n:-TOBapHbiH, TO pacqeTH351 YCT3HOBHBIII3SICH CKOpOCTb 

eCTb Ta H3H60Jibill351 CKOpOCTb, npH I<OTOpoif COnpOTHBJieHHe nOe3.Ua 

Ha pyKoao.uHmeM no.u'heMe paBHHeTCH orpaHHI.feHniO CHJihl THrH no 

cuenJieHill01 HHaqe f0BOp51, CKOpOCTb1 COOTBeTCTBYIOIU3H TO'I!Ke nepe• 

celleHHH orpaHillleHHH no cn;enJieH!IIO c orpaHHljeHHeM no KOTJiy. Ho 

.!I.JISI: roro, qro6br cJiyllai1Hoe nosbllneane conpoTHBJieHHH noe3.ua HJIH: 

CJiyqat!HOe 60KCOB3HHe napOB03a He nOBJieKJIO 6biCTpOrO naJ(eHHH C!{Q• 

pOCT!i H OCT3HOBKH, paclleTH3H CKOpOCTb BbiOHpaeTCH He Hli)l{e 10 K.Mjll 
a B OTBeTCTBcHHbiX CJiyqaHX-He HHme 12 KMj'l. 

HanpHMep, .LLJIH napoaosa 0° npn z,.=25 pacqerHaH cKopocrb 

10 KMj'l, liTO ,naeT fk= 8 200 KZ, J(JIH napoaosa 3 nocrpotiKH .LLO 1926 r. 
npH z,. 60JibllleM 32, pacqeTH3H CKOpOCTb COOTBeTCTByeT nepece'l!eHHIO 

orpaHHlleHiiH no cuenJieHHIO c orpaHH'I!eHHeM no KOTJiy, liTO )J.aer 

Fk= 15 200 ICZ. 
Ha nOJL'he3JLHhiX nytl!X H BeTBHX paclleTHaH CKOpOCTb ua pyKOBO· 

,I{HIIJ;eM rJO,n'beMe )I.JIH 9KOHOMiflleCKH 060CHOB3HHbiX CJiyLiaeB MOJKeT 

ObiTb nDHH)I{eHa1 HO He Hli)l{e 8 ICMj'l. 
Ha cpHr. 127 rrpe.ucraaneHa sasncHMOCTb Q = f (lk) )J.JIH roaapHbiX 

napoaosos rrpH ycJioBHHx: 1) F~ B3HTO no orpaHHI.feHHIO no c~enne· 
HHIO, 2) w'0= w"0=2 rczjm. 

CJieJ(yer orMeTHTb, liTO a Hali6oJiee THJKcJihiX ycJIOBHl!X HaxoJ(HTCH 

rrapososbi Ha sarHJKHblX nOJL'beMax ropHb!X yqacrKOB c JI.JIHHHb!Mll u 

o6patHbiMH KpHBbiMH M3llhiX PMHycoa, TaK KaK HM npnxon;HTCH .LLJIIIQ 

reJihHoe apeMH pa6oratb o.n:HoapeMeHHO Ha npe.n:ene 11 no cn;enJieHHIO 
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H no I<or.Ty. TaK Kai< H ,l!.JIH napoaoaHotl 6pHrMbi H tr.JHI rrapoaoaa 
ropaa.ILo JiePie rrpeOJLOJieTh rrpe.ILeJibHblit ik Ha I<oporKOM ytJacrKe I<pH
soit paclJeTHOrO IIOJL'beMa paBHHHHOH lKeJie3HOH ,1!.0pOrH1 l.JeM .llJIHTeJib· 

• 
HOe BpeM51 HTTH ITO rrpe.D;eJibHOMY lk H3 ropHOM yqaCTKe, nepeXO,!IJI H3 
KpHBOH B KpHBYIO C KOpOTKHMH 11 He3H3lJMTeJibHbiMH 06JierlJeHJUIMH, 

ZIOO 1--l---l---l---.J.-

~o~+-~-~~-~~ ~ 

&OIJr-t--+--1--t--l---+--+--'~-

5 g 10 11 

¢Hr. 127. Ope.D:eJI&Hble COCT3BW B 33BHCI!MOCTH OT pacqeTHOrO nO,D,'beMa. 

TO B HeKOTOpblX CJiy!JaHX )I,JISI ropHblX Ylf3CTKOB paCtieTHblit npe.D;eJib
Hblll cocraa 5lBJIHercH HeCKOJibKD rrpeyseJIH!JeHHbiM, H crpeMneHHe rrpo
secrH ero a mH3Hb ae.ner K qacrhiM ocraHOBKaM rroea.noa a nyTH H 
paapyunneJJbHO .uelkrayer Ha rrapOB03bl. npaa.zr.a, STH HeKOTOpbie 
cJiy!JaH, Kor.ua pactJeTHbiH npe.ueJibHblit cocraa HBJIHercH npeyseJIM· 
!JeHHblM, 113CTO HBJIHIOTCH CJie.LJ;CTBHeM TOrO, liTO Ha ropHbiX yqaCTK3X 
rrpoeKTHhlfi ( ocjJHLI.HaJJhHbiH) npo4JHJib pe.nKo coana.rr.aer c ,ll.eficTBnreJih-
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Hb!M. HaCbinH C8J1.5ITCH, H B MeCTaX nepexo.na OT BbieMKII K H8Cb!TIII 

DO.ll'beM 06blqHQ MeHhiiie H8IIHC8HHOrO H8 IIpOqlHJibHOM CTOJIOHKe, a 

s Mecrax nepexo.na or HaCbinH K BhieMKe-60JibWe. flepe.n raKHM onac

Hb!M MeCTOM H IIOCJie Hero npoclJHJib 6b!BaeT HeCKOJibKO JiePie, H OII8C· 

HOe MeCTO npOXO,llHTCH l!aCTO 38 Cl!eT paarOH8 C IIOHHlKeHHeM CKOpO· 

cn1 HlnKe pacl!eTHo:lt EcnH .lf<e MeCTHhle ycJIOBIHI He6naronpHHTHhl, 

oco6eHHO IIpH ll8CTbiX OOKOBb!X Berpax, TO npHXO,llHTCll yiKe rryreM 

onhrra HeMHoro yMeHbiiifi!Tb seJIH'-IHHY rrpe.neJibHoro seca cocrasa 

nporHB pacqerHoro. 

4eM Kpyqe pacqerHhiH no.noeM, reM sepoHrHee ocraHOBKa rroesn:a 

npH cnyqaifHOM 6oKcosaHHH rrapososa. PeiiiHM cJie.nyromyro sa.naqy: 

Ha IIO,ll'beMe ik0/00 IIpl:i CKOpOCTH V KAtjtz rrapOB03 1 Be.llJlUfill1 COCT8B Ha 

rrpe.a:ene cuerrneHHH, c6oKcosan, H noes.n ocraHOBHJicH; orrpe.nenHTb 

rryTh, rrpott.neHHbli1 rroes.noM, H speMH rrpoUie.niiiee or MOMeHra Hal!ana 

60KCOB3HHH .!1;0 OCT8HOBKH, eCJil:f CHJI8 TSlni rrapOB03a H8 060.LI;e BO 

speMH 60KCO B8HHH B cpe.LI;HeM COCT3BJI5IJ!d a Ofo OT pacqeTHOH. no 

OOKCOB8HHH IIOe3,lliiieJI paBHOMepHOH CKOpOCTb!O, CJie.llOBaTeJibHO, y .neJib

HaH CHJI8 THnl rrapOB038 /~.; paBHHJI8Cb yn:eJibHOMY COIIpOTHBJieHHIO 

rroes.na, T. e. ik+ W0 K2jm, l1 pasHO.lleHCTBYIOIU85I CHJI8 B HarrpaBJieHMH 

.llBHiKeHHH rroes.na paBHHJI8Cb HJJIIO. Kor.na CHJia THrH ynaJia .no 

a (ik + w0) 'Kzjm, ro Ha rroes.n crana )l,eHcrsosaTb B cropoHy, ooparHyro 
100 

era .llBM}!{eHHIO, CHJia (ik+ 1V0)- a (ik+w0) = lOO-a (i,t w0) 'K'jm. 3ra 
100 100 

CHJJa ocraaoBHT rroe3.n (cpopM. 120 H 125) qepes 

t= 

Ha npOT5DKeHHH 

30V 3000V 

100-a 
-

1
-
0
-
0

- (ik+ Wo) 

-- ceKyH.n 

(100- a) O~c+ Wo) 

4,17 V2 

s = ---'-----
4,17 V2 

__ ....:...._ ___ MeTpOB. 
!00-a 

lOO (fkt Wo) (100- a) (ik+ W0) 

Ecmr, HanpMMep, V = 10 KAt/fl., W0 = 2 K2/m, a= 25%, TO: 

na i,. = 80fo0 t = 40 c s = 56 At, 

ik = 18/00 t = 20 c s = 28 At, 

. 2801 t 13 18 lk = J 00 = C S = M. 

5IcHo, '-ITO npM 3THX ycJIOBHHX napoaoJ Ha rrO.ll,'heMe 280fo0, npo· 

DOKCOB8BIIIHii 8 c, oope'leH Ha ocraHOBKY (CKOpOCTb yna.ner .no 

4 KAt(tz), TOf.LI;8 K3K Ha llO,ll'beMe 8°/ oo 8 C 60KCOB8HH5I UOHH3HT 

CKOpOCTb TOJibKO .llO 8 KM(tz. 
Oo3TOMY Ha Kpyr~:,rx no.a:oeMax .>KenareJibHO HMetb a cocrase ne

CKOJibKO pa60T8IO~fi!X JIOKOMOTHBOB, DO B03MOH<HOCTH B pa3Hb!X MeCT3X 

noe3)1,3 (CM. II. 28), UOTOMY qTQ O.ll,HOBpeMeHHOe OOKCOB3Hfile HeCKOJ!b

KHX JIOKOMOTHBOB MeHee sepOHTHO, lJeM 60KCOB8HHe O,llHOfO JIOKOMO· 

THBa. Kpo.Me TOrO IIpHXO.ll,HTCll IT0Bbllll8Tb pacqeTHyiO CKOpOCTb 33 Cl!eT 

rroHHmeHRH pacqerHoro npe.lleJia CHJibi tHrH no cuenJieHHFO. Y MeHbiiie· 
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HUe l!HCJJa U HHTeHCHBHOCTH OOI<COBOK BJielfeT 3a COOOf1 T3KlKe IIOBbl· 

WeHHe )l.eifcTBHTeJJhHOfO z ... 

OrrhiTHaH rrpoaepKa pacqerHoro npe.n.eJibHoro cocuaa B aKcnJioa

rauHDHHb!X noace.aHeBHhiX ycJiosusrx yqacrKa me.JiaTeJihHa so scex 

cJiyqaHx. EcJIH B .n.eilcrsureJibHOCTH B orrpe.n.eJieHHbiX roqKax npo<jJHJIH 

CKOpOCTb IIOe3)l.OB peryJIHpHO IIatJ:aeT HmKe 8 I<Mjlf. H IIO,A.llep}!{Y!B3Tb 

ee Bbiille He npe,n.CT3BJIHeTCH B03MO)l{Hb!M1 TO BeJIH4MHY npe)l.eJlhHOfO 

cocraaa cJie.n.yer noHH3HTh . 

• 
lH 

9r-;-
• 
l-S /IHflrPilHH/1 8 1--1--rr 

l~~##~~#ffi~~~##~H+--~--~r---r---T-~ 

s~~~~~#ffi~~~##f·H~~+---~--~--~---+---4 

5r-~~~~.ffffi~~~~·+rrm-~+---,_---r---r---+--~ 
I 

4r-H*~~ffl*mrr~t4·mtt~~---r--~--+---+-~ 
I 

3r-~ffffi~~~mtt* 

2~~ffffi~~~mtt* 

0~~~~ ~~W¥~~~~~~~~ 

1 ..._.,. tor ios I ~~~ 
2r-r---r---r-~r-~~~~~~~ffirr---r-mrr~+~ 

3r-r---r---r-~r-~--~--_,~~--~-4~~~ 

4~r-~--_,---+---+---r--~~--,_--+-~~~ 

$~~~---+---r--~--+---~~---+-*~~~ 

Gr-r---r---r-~r-~--~--~·--~--~~m#m#~ 

;~--+--r--r-~~--+--+--~~lr 

<llHr. 128. TRrOBb11l npoqmnb. 

77. T.RrOBbiH npocflUJib (rrO)J.'LeMOI<HJIOMerpoaan ~uarpaMMa). EcJIH 

,U.JUI M3CCOBOH nepeB03KH rpJ30B Ha 60Jihii1He paCCTOHHHH C,Ae.JiaTb 
u u 

paclfeT COCTaBa II0e3)l3 Ha Be,AeHUe ero O)lHHOl!HOH THfOH IIO BCeMy 

paCCTOHHHI01 npOXO)lUMOMY HM 6e3 nepeCOCT3BJieHMH1 TO OK3)KeTCH, 

lfTO p3ClleTH3H rrpe,AeJibH3H CHJI3 THrH JIOKOMOTHB3 HCIIOJib3yeTCH TOJibi<O 

Ha He3H3l!UTeJibliOM npOTH)KeHUH HaH6onee KPYTblX IIO)l'beMOB. noaroMy, 

ecJIIi 6hi ssecrH Ha :~mx KPYThiX no.n.'beMax no.u.raJIK11B3HHe noes.n.os 

UJIH 1 MO)KeT 6bJTb1 )(BOHHYIO THry Ha HeKOTOpbiX THfOBbiX ytiaCTKax, 

TO Bee COCT3B3 MOlKHO 6hl.IIO 6bi 3Hal!HTeJlbHO TIO)l.H!lTb 33 Cl!eT He· 

60Jiblll0f0 )l063BJieHMH npo6era llO)l,TaJIKUBaiOW:HX HJIH BTOpb!X napa· 
~ u 

B030B H sa ClleT HeOOJibllJOfO IIOHH)KeHHH cpe.n.HeH CKOpOCTH ,ABH)Ke· 

HHH !10e3)la Me)KJIY KOHellHb!MH nyHI<TaMif, l1Hor.n.a MO}!{HQ )l.OCTH!J:b 

IIOBbiilJeHHH Beca COCTaBa TaKUX llpHMb!X TIOe3)l.OB nyTeM npaBHJlbHOfO 

pacrrpe.aeJJeHHH cepl:lli napoB030B no seeM TRrOBblM yqacrKaM Ha nyrH 

rpyaoaora noroKa. 
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llJJH ooJierqemm Bhl6opa H rrpoaepKH aeca cocraaa, no.n6opa H 

pacrrpe.neJJeHHit cepHH rrapOB030B, MeeT TOJIK3HIUI, .UBOHHOU THrH, rrpH· 

MepHoro BhiHCHeHHH rex KopotKHX KpyniX no.noeMos, KOTOpbie Moryr 

6biTb B351Tbl C p33fOHa, IIOJie3HO nepecrpOHTb npoqHIJJb B HeCKOJibKO 

JIHOM BH)te, a HMeHHO, llOCTpOHTb rpa<IJHK y ,QeJibHOrO COIIpOTHBJJeHHH 

OT IIO.ll'beMa H KpHBbiX B <IJYH!(lVlH nyn1. 3TOT rpacpHK 6y.lleM H83bl· 

aarb TflfOBblM rrpocpHJieM, HJIH IIO)t'beMOKHJIOMetpOBOH ,llHarpaMMOH, 

HJm, coKpameHHO, ik- s (H Ka 3c) .n.HarpaMMOif. Ha qmr. 128 
rrpHae.neH rrpHMep ik- s .llHarpaMMbl .ztJIH npoqmJJH, Hao6pa}l{eHHOro Ha 

cpHr 175. CorrporHBJieHHe or IIOJL'beMa OTJIO}l{eHo aaepx, or crrycKa-BHHa; 

OT.lleJJhHO .no6aBJJeHO COIIpOTH BJieHHe OT KpHBb!X. L(JIH TOfO lJT06bl 

o.nHa H ra >Ke .nHarpaMMa ro.rurJJac& .UJIH o6oHX HarrpaaJieH HH JLBH)I{e • 

HHH IIOe3,llOB, COIIpOTHBJieHHe OT KpHBbiX H H3 IIO,ll'beMaX H HH CIIYCK3X 

OT JIO)l{eHO B BH,l!,e npH03BKH (aawrpHXOB3HHOH rop1130HT3JibHO) K a6CO

JIIOTHOH aeJYHY:HHe conporHaJieHHH or yKJIOHa (eM. 110-tl: KM Ha .llHa· 

rpaMMe, Koropb!if He noKaaaH Ha npo<IJHJie ¢Hr. 175). 3ro HCKa>KeHHe 

ik- S ,QHarpaMMbl He MO>KeT fiOBJiel!b HHKaKHX OlllH60K, TaK KaK COIIpO· 

THBJleHHe OT KpHBbiX HH CIIJCKaX HaC B .UHarpaMMe He HHTepecyeT, 

33TO rrp11 ,QBHJKeHHH B OJLHJ CTOpOHy Mbl IIOJlb3yeMCH rrpeHMyii.LeCTBeH· 

HO aepxHeH ITOJIOBHHOf:i )l.HarpaMMhi, a IIpH ,QBH>KeHJm B JI.pyryJO CTOpO· 

HY- rrpeHMymecraeHHO HH}l{Heti rrOJJOBMHOtl ,QHarpaMMbi. L(JJH o6parHoro 

HanpaaJreHHH eme YJI.06Hee noaopatrrmaTb aecb ;mer c JI.HarpaMMOH 
Ha 180Q. 

no.uo6HbiH me Tllroablti rrpo<IJHJib H3o6pa}l{eH Ha cpHr. 119 no cne

UHanbHOtl: HHBenHpOBKe llepe3 100 H 50 M. 
BMeCTO ik- S .li.HarpaMMbl MO>KHO fiOCTpOHTb TaK H83hiBBeMyJO TOHHO

KHJIOMeTpOBYIO )(HarpaMMy, B KOTOpOit llO OCH 30CUl:ICC OTJIO)I{eH IIYTb 

(raK me, KaK B ik- s Jl:HarpaMMe), a no oc11 Op.!!.HHar-npeJI.en&Hblfl sec 

cocraaa, KorophlH MO>KeT aeanr aa.n.aHHhiM napoaoa Ha JI.SHHOM aJieMeHTe 

npo¢1:1JIH (HJJH-JI.flH yrrpoii.J,eHHH pa6orbi-Ha BCeM neperoHe Me}l{.lly 

CTaHUHHMH). Bee COCTaBa OIIpe,QeJIHeTCH no cpopMyne 152 HJIH 153. 3ra 

.li.HarpaMMa noKa}l{eT re cJJa6bie Mecra rrpo<IJHnH, I<oropbie >KeJJareJJhHO 
u u 

JCHJIHTb IIOCT3HOBKOH TOflK3lleH C O,l!,HOBpeMeHHb!M ysenHl!eHHeM Beca 

COCT8B8 .11.0 BeJilll!HHbl, onpe,lleJISIIOII.LeHCH OCTHIOll.LHMHCll CJ136b!MH Me· 

craMH. 
npeHMyii.LeCTB3MH ik- S )l.HarpaMMbl rrepeJL TOHHOKHJIOMeTpOBOfr 

HBJ!HlOTCTI H€33BHCHMOCTb OT cepHH napOB030B H OT IIpHHHM3€MbiX 

orpaHHl!eHHH CMJ!bl THfll HX, 60JibW8H H3fJif!)l.HOCTb, OTCYTCTBH€ CTeC

HeHHOCTH B KOMOHHMpOB3HHH CIIOC060B TllfH ll B03MO>KHOCTh XOTH Obi 

OpHeHTHpOBOl!HO (Ha OCHOB3HHH rpa¢HK3 <IJMr. 133) onpe,lleJIHTh1 K3KHe 

H3 HMe!OII.J,HXCH KpyTb!X KOpOTKHX TIO)l.'b€MOB Moryr Ob!Tb IIpOH,l!,eHhl 

aa cqer paaroHa. 

Y ,ll06HO l!epTHTb ik- S )l.HarpaMMy B M3CWT803X }KM. nyTH= 10 MM 
H 1 K~(m CHJJbr=5 MM. Ha KycKe PYJIOHHOti MHJJJIHMerpoaKH raK, liTOOhl 

O)l.HHM aar JIH)l.OM MO.>KHO 6biJIO OXBaTHTb B03MO>KHO OOJ!blllYIO )l;.!IHHJ. 

HanpMMep, Ha KycKe MHJJJJHMerposKH rnHpHHOH 700 ~~.M H )l.JJHHOti 

B 1100 .M.M MO}l{HO ITOM€CTHTb )1.0 700 ICM )(HarpaMMbl npH npe)l.eJlbHbiX 

no.n.oeMax JI.O 8-9%0, pacnoJJO}l{HB )(HarpaMMY n 7 pH.li.OB. 

l13yl!aH ik-S .li.HarpaMMy, MO>KHO H3MeTHTb re fiO)(beMhl, KOTOpble 

rpe6y10r no)l.raJJKHBHHMH, yl!aCTKH, l<OTOpb!e Jiyllme o6cJJy.>KHBaTb .li.BOti· 

HOM THron HJIH TSlfOH JIOKOMOTHBaMH 6oJiee CHJibHOH cepHH H T. Jl, 
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11.JHI OpHeHTHpOBI\li CJie.zryer HMeTh B BH.Uy, liTO ITO,llTaJIKH'B3HHe 
M 0 >K e T 6 bl T b B bl r 0 ,1!. H 0 TOJibKO B TOM CJJyliae, eCJIH rrpoueHTHOe 
yseJJHlieHHe aeca cocraaa oKaablaaercH 6oJJhiiJe rrpoueHrHoro yseJIHlie· 
HHH pa6oliero rrpooera naposo3os, o6cJiy)!{HBaromHx cocraa Ha seeM 
nyTH era CJie,llOBaHHH. 

78. Pacl:JeT TOBapHblX COCTaBOB C yqeTOM BJIH11HH11 Beca BafOHa Ha 
YA· conpoTHBJieHHe, B <JlopMyJie 152 .U.JIH Q sxo,n,Hr w0" = y.n:. corrpoTH· 
sJieHHe saroHa Ha npSIMoti ropH30HTaJIH. TaK KaK wo" 33BHCHT He 
TOJ!bKO OT CKOpOCTH V, HO 11 OT aeca saroHa q H po.zra ero, TO Olle· 
BH,llHO, liTO Q 3aBHCHT OT rex >Ke <JlaKTOpOS, rrpH lieM B SH.UY TOrO, 
liTO W0" SXO,UHT S cpopMyJiy B CyMMe C ip, TO C yseJIHlieHHeM paclieT
HOfO rro.n:oeMa sJIHHHHe seca saroHa q Ha pacl!eTHhiH sec cocrasa Q 
yMeHomaercH. 

KaK ITOK33b!B3IOT cjmr. 94 H 95, 33BHCIIMOCTb W0" OT q y IIempex
OCHbiX BafOHOB Ha TeJie)l{KaX I1pOHBJIH€TCH ropa3,li,O pe3IJe, 1i€M y .!I.BYX· 
OCHhlX. 

EcJIH sec cocraaa H3 qerb!pexocHbiX BaroHOB Bhil!HcJJeH .n.m1 w0" = 
= 2 Kzjm, ro, .!I.JIH noJiylieHHli rrpaBHJibHOro paclierHoro aeca ero rrpu 
paciieTHOfi CKOpOCTH 10- 15 KMjll, Bbll!HCJieHHbiH Bee H3ll0 YMHQ)!{HTb 
H3 KOa<JlHUHeHT, rrpnse.zr.eHHbiH B ra6JIIiUe 16 ,li,JIH pa3HbiX ip H q. 3TOT 

2+1 
K03<JlHUHeHr paseH P , r.n:e w0" B3HTO no cjlopMyJie 47 ,nm1 V=lO. 

w"+i 0 p 

T ASJIHI..JA 76 

\. 
"-._iP 

0THOCHTeJILHLili npe~eJILHLilt sec COCTaBa lf3 IJeTblpeXOCHbiX BarOHOB. 
3a e~HHHQY npHHJIT Bee, paccquraHHLilt Jl!lfl w0" = 2 1ajm. 

4 6 8 10 12 14 16 18 20 22 25 
q~ I 

I • 

20 0,83 0,87 0,89 0,91 0,92 0,93 0,94 0 J 94 ' 0' 95 0 '95 0,96 

30 0,91 0,93 0,94 0,95 0,96 0,96 0,97 0,97 0,98 0,98 0,98 

40 0,07 0,98 0,98 0,99 0,99 0,99 0,99 0,99 0,99 0,99 I ,00 

50 1,02 I ,01 1 , 01 I , 01 I, OJ I, 01 1 ,01 I, 00 I, 00 1. 00 I ,00 

60 1,06 1,04 I ,04 I ,03 1,02 1,02 1,02 1,02 I , 0 I I , 01 I , 0 I 

70 I, 10 1,07 I ,06 1,05 I ,04 I ,04 1,03 I ,03 1,02 I, 02 I ,02 

80 1,12 1,09 I ,07 I ,06 I ,05 I ,05 1,04 I ,04 1,05 1,03 1.03 • 

I I 

30 

0,96 

0,98 

1,00 

1,00 

I ,01 

I, 02 

1 '02 

npu rrepeeo3Ke MaccOBbiX rpysos, ~<or .n.a see aaroHbi a co erase 
O,li,H006pa3Hhle If HCKJIIOl!HTeJibHO rpy)l{eHbie HJJH HCKJIIOl!HTeJlhHO IIO· 

u 

poll{HHe, rrpaBHJihHhiH pacqer rrpe.n.eJibHoro eeca cocrasa, r. e. c npM-
HHTHeM BO BHHMaHHe yMeHhiiJeHHH Yll· CODpOTHBJieHMli B3rDHa C yseJIH· 
qeHHeM ero eeca, He rrpe.LI.cTaBJIHer npaKTH.IIeCKHX 3arpy.n.HeHHif. B aroM 
CJiyqae ,li,/IH rpyJKeHblX H llOpOIKHHX COCTaBOB CJJe.n:yer 3a,li,aBaTb pa3Hble 
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seca. Ho I<aK OhiTb, ec.nH s cocraBe HMeiOTCH M nopQ}KHHe, u rpy}l{eHhle 

H HenoJIHorpyaHbie BaroHhl? PacCIJHTh!Barr, corrpotHBJieHHe KaJK;wro 

B3fOHa B OT.ZJ.eJibHOCTH npaKTJilleCKH HeB03M0}1{HO; .ZJ.eJIHTb BeC COCT383 

H3 1.£HCJIO B3f0HOB, IIpHHHMaTb cp. y)leJibHOe COIIpOTHBJieHHe I1 paCC1iH· 

TbiB3Tb K3:H\)lb!H e)(HHI14HblH COCTaB llO clJOpMyJie 152 npaKTHl:leCKH 

BeCbM3 33TPY.ll.HHTeJibHO. 

flo9TOMY IIpH paciJere Heorrpe,n;eJieHHbiX cocrasoa (r. e. Henopom

HHX H HellOJIHOrpy3HhiX) H3 )IBJXOCHbiX B3f0HOB H CMeWaHHbiX COCT3BOB 

C npeo6JI3J1.3HHeM .llBYXOCHhlX B3f0HOB 06bil:IHO npHXOJI.HTCH 33J1.3B3Tb 

sec cocraaa HeaaaHCHMO or Harpy3!<H Ha saraH, HJI.H Ha HeKoropyro 

neperpy3KJ JIOKOMOTHBa IIpH COCT3BaX, 6JIH3KHX K IIOpOlKHHM, H TOJibKO 

B HeiwrophiX c.nyiJaHx ua6eraH rreperpy3KH aa.llaHneM npe.II.eJibHoro . ~ 

IJHCJia oceH B cocraae no ycJIOBHHM .II.JIHHhl aanacHbiX nyren. 

flpH COCT3B3X 113 l:leTbipeXOCHbiX B3f0HOB HfHOpHpOB3HHe BJIHHHHH 

seca saroHa Ha era conporusneHHe ae.II.eT K HacroJibKO 6oJibiiiHM nepe

rpy3KaM H He.rr.orpy3K3M JIOIWMOTHBOB H napOB03HbiX 6pHra,li. (ra6JI. 16), 
oco6eHHO c He6oJibiiiHMH npe.uenbHhiMH pyKoBOJI.lliUHMH IIO.ll.'heMaMu 

(.li.O 8-10°(00), IJTO MHpHTbCH C HHMH MO}I{HO TOJibKO npH OTHOCHTeJibHO 

M3JIOM KOJIH'IeCTe Ha CeTH IJeTblpexOCHblX TOBapHbiX B3f0HOB H pa6ore 

HX npenMyW.eCTBeHHO B MapiiipyTHb!X IIOe3,U3X, XO.UlllUHX 06bJilHO JIH60 

IIOJIHOrppHbiMH, JIH60 nopomHHMH. B 6JJHiK3HIIIHe fO,ll;hl KOJIIll.!eCTBO 

qeThlpexocHbiX rosapHbiX saroHoB B CCCP B03pacrer HacroJibKO, 4TO 

He06XO,li.HMO rrepeHT!I K 60Jiee COBepiiieHHOMJ CIIOC06y paciJeTa COCT3BOB • 

.UJIH roro, IJT06hl crroco6 paciJera npHBHJICH, secbMa meJiareJibHO 

HMeTb o.rr.Hy H ry }l{e u11¢py npe.rr.eJibHoro seca cocrasa .II.JIH scex 
u 

TOB3pHbiX IIOe3JI.OB Ha Y43CTKe H B TO me BpeMH npeaeJibHhiH COCT3B 

.UOJI}I{eH HMeTb OJI.liH3KOBOe llOJIHOe COIIpOTHBJieHHe W 11 IIpH JIJ06bJX 

secax q, axo.n51IUHX s cocraa sarOHOB. E.AHHCrseHHbiH crroco6 YJI.OBJie

raopHTb 3THM )IBYM B33HMHO IIpOTl:IBOpeiJaW.HM IIOiKeJI3HH5lM- 33MeHHTb 

.ll.eHCTBHTeJibHbiH sec COCT3B3 Q clJHKTIIBHbiM BeCOM, HMeJOW.HM OJI.HH3-

KOBOe IIOJIHOe COIIpOTHBJieHHe Ha J1.3HHOM IIYTH. 3TOT clJHKTHBHbiH Bee 

6y.ueM H33biB3Tb BeCOM, np!iBe.UeHHbiM K O,ll.HH3KOBOMY IIO.IIHOMY COIIpO· 

THBJieHHJO COCTaBa, HJIH ,II pH Be J1. e H H hiM Be C 0 M", H 0603H343Tb Q¢. 
CJie.uosareJibHO, .II.JISI scex JIOKOMOTHBOB J1.3HHOH cep1m Ha J1.3HHOM 

yqacrKe, rrpli pa3Hoo6pa3HH .ZJ.eticraHrenhHhiX aecoa cocraBOB, Mhl 6y,neM 

HMeTb OJI.HH IIpHBe.II.eHHbltl Bee COCT3B3, IIpH KOTOpOM CHJI3 THrH H3 

KpiOKe H3 .ll.3HHOM ITYTH 6yJI,eT O,ll.HH3KOB3 ,ll..nll BCeX JIOKOMOTHBOB :lTOH 

cepHH. KoHeiJHO, cosepiiieHHO Heo6xo.uHMO Ha.nniJHe npocretiweti aasu

CHMOCTH MelK.ll.Y .II.eikTBHTeJibHbiM BeCOM COCTaBa Q H era IIpHBe.II.eHHhiM 

BeCOM Q</1. 
)lJJH IIoJiyiJeHHH IIpHse.ueHHoro sec a cocraBa, Korop11fi y .rr.osJierao

pHer BhiWeynOMHHJTbiM IIOJKeJiaHHHM, 6y.rr.eM IIpH63BJIHTb K .II.eMCTBH· 

TeJibHOMY secy K3lK.II.OrO tieThlpeXOCHOfO B3f0H3 q IIOCTOHHHYJO Ha 

LI.aHHOM yL~acrKe aeJJHIJHHY ¢ TOHH, Koropy10 6y;J;eM Ha3biB3Tb II p u

BO.li.HlUHM ¢aKropoM. CyMMY q+¢ 6y.II.eM H33hiB3Tb npHse

.ll. e H H hi M Be C 0 M Bar 0 H a. BeJIHIJHH3 (ft JI.0JI}I{H3 6b!Tb T3K Bb16paHa, 

lJT06bJ COIIpOTH BJieHHe W /• npHXOll.HlUeeCH Ha K3lK.ll.YIO npHBe.II.eHHYIO 

TOHHy, 6b!JIO npH 33)(3HHOM ip O)lHH3KOBO DpH JIJ060M q, HHaqe rOBOpH, 

He ,llOJIJKH3 33BHCeTh OT q BeJIHIJHHa: 
q (w0" + lp) 

• 
q+!fl 
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Crre~HaJibHOe HCCJie,!J,OBaHMe IIOK33biBaeT, 'ITO 3TO YCJIOBHe MO>KET 
6biTb BbiiiOJIHeHO TOJ!bi<O npH CJie.QyiOlll.eM BH].I.e 33BHCl:IMOCTH W0" OT q: 

, A+B Wo = -, (154) 
q 

HJIH 
W0"q = Aq t B, (155) 

T. e. IIOJIHOe COIIpOTHBJieHHe BarOHa W0"q ,ll;OJI>KHO thiTb JIHHeHHOil cpyHK-
1.\Heti era Beca. 

EcJIH cpaKrop ifJ B3HTb no cpopMy.Jie: 

B 
rfl = A+ ip ' 

(156) 

r.zr.e r<oa<lJHI.\IIeHTbl A H B OJ1.HHaKOBhl c K09<lJHUHeHraMH B <!JopMyJie 154, 
TO COIIpOTHBJieHHe W ,/ H3 Ka>K.zr.yro npHBe.zr.eHHYIO TOHHY Ha IIO,ll;'beMe i, 
6y.zr.er 33BHCeTb TOJihKO OT A H i,, T. e. He 6y.zr.er 33BHCeTb OT q, l.ITO 
H Tpe6yeTCH • 

.lJ.eiiCTBHTeJibHO: 

--

(157) 

HraK, <!JopMyJiy 47 na.n.o rrpe.n.craBRTh a BII.ll:e cpopMyJibi 154 rrpH V = 
= 10-20 KM/'I, nyreM no.zr.6opa 'IHCJieHHhiX ana'IeHHH r<o9<lJm..r.neHTOB A 
H B. no.n6op 9THX K09cpllUHeHTOB rrpHBO.li:HT K cpopMyJie: 

W "=08t~ 
0 ' ' q 

(158) 

rrocrpoeHHOti na ¢Hr. 129. B npe.n.eJiax q or 16 m .zr.o 80 m (.zr.aaJieHne 
Ha OCb OT 4 m )1.0 20 m) H V OT 10 KM/q )1.0 20 KMfq cpopMyJia 158 
Momer 3aMeHHTb <JlopMy.Jiy 47 (raKme rrocrpoenny10 Ha cpHr. 129 .ZI:Jill 
V = 10 KMjq H 20 KMjT.:J.) C TOT.:J.HOCTbiO, BIIOJIHe )1.0CT3TOT.:J.HOH .ZI:Jlll JII06b!X 
rrpaKTHT.:J.eCKHX ueJJett CJieJJ,oaareJibHO, A = 0,8 H B =55. CorJiacno cpop
MYJI 155, 156 H 157 IIOJIHoe conporHBJieHHe Kam.n.oro IJerbipexocnoro Ba· 

u 

roHa Ha npllMOH D.IJOlll.3JI.Ke paBHO: 

W0q = 0,8 Q t 55 KZ, 

• 
noJinoe conporMBJieHHe K3)KJ1.0ro lJeTbrpexocHoro Barona na rrOll.'beMe 1• 
paBHO: 

WoQ t i"q = (0,8 t i11) Q t 55 KZ, 

rrpHBO)I.HllJ.Hii cpaKTOp rp (rrp1163BKa) paBeH: 

!P= 8 = 55 ' 
A+ 111 0,8 +Ia 

(159) 

a COrrpOTHBJieHHe O)I.HOH rrpnse.zr.eHHOH TOHHbi Ha IIO.ll:'beMe i11 paBHO: 

w91" = 0,8 + i,., (160) 
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HHa!le fOBOpH, COTipOTHB.rJeHHe K8iK,li,OM rrpt1Be,ll,eHHO~ TOHHbl Ha npHMOit 
ropH30HTaJJH p8BHO 0,8 K2. 

<PopMyJJhl 159 H 160 rrpe.n:cras.1JeHw rpaqmlleCI<H Ha qmr. 130 (HHlHHHe 
npliM8H H KpHB8H). ,llJJH y.n:o6CTB8 pac'-!eTOB BeJJHliHHY cji CJJe.n:yer OKpyr
JHITb ){0 e){HHIII.(, liTO B C8Mh!X He6JJarorrpHHTHhiX CJIY'-18HX (nOpOiHHHK H8 
KPYThiX rro.n:oeMax) .n:aer onm:6Ky MeHh!Jle 2%. TaKoe oKpyrJJeHHe .n:o 
e)I.llHlll.( C)I.eJJaHO H8 ljJHr. 130 B BH)I.e cryrreHIJ8TO~ JIOM8HOH JI11Hllll, 38· 
MeHHIOI.I.J.HH C060H Kpl1BJIO. 3TOT iHe OKpyr JJeHHblti: l}JaKrop npe,li,CT8BJieH 
s cTon6ue 4 Ta6JIHU:hi 17. HarrpHMep, )I.JIH y'-lacrKa c paclleTHblM rro.z:r.oeMOM 
ip or 9,6%0 p;o 12,1 Ofoo !f>aKrop paseH 5 m, T. e. K secy KaJK.n:oro lleTbipex
ocHoro BarOHa Ha)I.O 11p1168BHTh 5 m, liT06bi IlOJIYliHTb rrpr!Be){eHHbif% 
sec saroHa. 

, 08+ f5. 
' fj , 

···~ 

7 

' I /{} fl !(j 18 
J/o&leff//1' HO OCb 

¢Hr. 129. YJJ,. conpomsJieHHe W0 " '!eTbrpexocH!oiX 11 nuyxoCHblX saroHOB 

np11 CKOpOCTliX 10-20 K.M/'1 B 3aBMCMMOCTH OT naBJieHKll Ha OCh • 

.UJIH pacllera rrpHBe.n:eHHoro seca cocrasa QIP Ha.n:o B ¢opMyJie 152 
(n. 75) 3aMeHHTb 3HaMeHareJib W0" + ip Ha 0,8 + ip ( COfJiaCHO lflOPMJJihl 160 
.D.JIH paci.JeTHoro i 11). CJie.z:r.osareJJhHO, HMeeM: 

Qdl= F11-P(w0'+rp) (l 61) 
0 J8 + r,. 

OoJIO)!{HM, liTO paclleTHhiH no.noeM yqacrKa s ,naHHOM HanpasJieHHH i
11
= 

= 100fo0• <PaKrop (rrpH6asKa) ero no 4>11r. 130 11 no ra6;mue 17 paseH 5 m. 
OpHBeJI.eHHhi~ sec cocrasa H3 t:IenrpexocHhiX naroHOB rrpH O,ll.HHOliHOA 
THe napososaMH 9Y Ha npe.n:eJie CII.enJieHIUI no !f>opMyJie 161 paaeH: 

Q 
16200-130(2+10) 1344 

iJ = = rrpHs. m. 
0,8 + 10 

Op11 cocrasJieHrtH rroes.u:a H3 lleTbipexocHbiX saroHoB Ha,Uo K Becy KaiH
.n:oro saroHa npH6aBHTb 5 m. 3ro olleHh rrpocraH onepaUHH.L{eiicTBH
TeJibHhlH sec cocraaa paseH rrpHse.n:eHHOMY sa BbJileToM npHBO.D.HIIJ.ero 
<flai<Topa, yMHO.iKeHHoro Ha IIHCJIO saroHoB . .3ror rroe3,n MOiHeT 6biTb co
crasJieH, HanpHMep, 113 18 rpy>KeHhiX BarOHOB DO 70 m, ITOTOMy I.JTO 
18 · (70 + 5) = 1350, HJJH 113 50 nop0lt<H11X B3rOHOB no 22 m, nOTOMY 

15 TnrOBbre pacqerbr H ncnbiT3HHR. 225     
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qro 50· (22 + 5) = 1350, Mlllt 113 10 rpyJKeHbiX BarOHOB ITO 60 m It 
25 ITOpOiKIHIX aarOHOB ITO 23m, IIOTOMY 'ITO 10 · (60 + 5) + 25 · (23 + 5) = 
= I 350. Bee arVI rpH cocraaa Ha rro.u.'beMe iP = 10%0 HMeiOr O.ll.HHa· 

IV; Kfm H !/!m_ 

25 
' 24 

23 

~ 22f 
1\ 21 

20 \I 

19 

18 ~ \J 
17 

16 igJ 
fS 
f~ ru 
13 

f2 -nJ 
f1 ' ' 

9 
d 

7 
6 

5 

~ I 

3 
2 

f " 1 to-n fit. 15 
IPHr. 130. npl!BeneHHbte cocrasbl. 

'3 

' 
-f\ 

1\ 

fl¢m JI)OO 

12900 

-iMOIJ 

i2700 

""4 

2§1), '0 
'() 25/J, 

240. '(} 

'(} 

'0 

'(} 

230. 

221), 

21(), 

200. '0 

!900 

1800 

170() 

1800 

!50{} 

14/J, 'D 

'0 

'0 

IJtJ, 

!2/J, 

ftco 
tOfJO 

goo 
&00 

700 

600 

SOD 
400 

3t}!J 

zoo 
tOO • 

fl [K 
19 20 

KOBOe COITpOTHBJieHHe li Tpe6yiOT O,lllii-Jai<OBOH C!1'JihJ nmr H3 KpiOKeFn paB
HOH (0,8 + 10) · 1 350 = 14 600 K~, HJIH Ha o6o.u.e F11 , pa BHOH 14 600 + 
+ 130 · (2 + 10) = 14600 + 1560 = 16160 KZ. Ho neficTBHTeJibHbiH aec 
nepaoro cocraaa 70 · 18 = 1 260 m, BToporo 22 · 50= 1 110 m, Tperhero 
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10 . 60 + 25 · 23 = 1175 m. EcJIH 6bi pacqer 5hl.n c.n.eJJaH no 4Jop· 

MyJie 152 npH W0" = 2, TO: 

Q = 16200-130(2 +tO) = 1220 m; 
2 + 10 

rpyllieHblX BafOHOB no 70 m Mhl B3HJIH 6bl He 18, a 17, T. e. He.rr.orpy. 

3HJIII 6bi noeaa, a nopOlliHHX saroHOB no 22 m Mhl B3HJJH 6hi He 50, 
a 55, r. e. neperpyaHJJH obr noea.a.. 

Ha qmr. 130, I<POMe ¢ar<ropa ifJ .!I.JIH qerbipexocHhiX saroHoB H y.rr.. 

conpOTHBJieHHH W rli" B <fJyHKU.HH ip, npe.U.CT3BJJeHbl .ZJ.JI.H npHMepa npHBe· 

.zr.eHHbie Beca COCT3BOB Qg, .zr..nSI rpex pa3Hb!X ycJIOBHH. 

KpHBaH Qrli 1 npHse.rr.eHHbiii sec cocrasa .U.JIH naposo3a 3Y no cu.en-

JieHHIO (F11= 16 200 XZ), Bbll!HC.neHHbiH no <fJopMyJie: 

Q _ Fk-P(w0'+ t1) _ 16200-130(2+ fp) (pH ) 
ifil- - m n B .• 

wg/' 0,8 + ip 

KpHsaH Q!fi2 - npriBe.rr.eHHhiii sec coer as a .U.JIH .rr.syx naposoaos ce

pHII 3 11
1 

O.ll.l1H II3 KOTOpblX II.U.eT TOJIIIKOM, BhPIIICJieHHhiA no <fJopMyJie: 

Q = Fk+0,8Fk-2P(w0'+tp) = 
¢2 wgt 

= 16 200 . 12 960-2 · 130 (2 + lp) m (rrpHa.). 

0,8 + ip 

KpiiaaR Qtfid- np11Be.rr.eHHhrii sec coer as a .!I.JIH rpex naposa30B ce-

pHH 311 (.1I.BOf!H3H THra C ITO.ll.TaJIKHBaHHeM), Bhltii1CJJeHHb!H ITO cpopMyJie 

Q 
_ Fk+0,8Fk+0,9Fk-3P (w 0'+ ip) _ 

~a- -
<I' W II 

!fi 
16200+12950+14580-3·130(2+ip) ( ) 

= m rrpHB •• 
0,8 + lp 

Bee Bhlllleci<aaaHHOe orHOCHTCH K t~ethipexocHhiM saroHaM. Bonpoc 

o mecn!OCHbiX saroHax (Ha .u.syx rpexoCHbiX reJieJKKax) peiiiaercH npocro; 

<fJai<tOp )I,OJI:lKeH 6biTb yse.ni1lleH B IIOJITOpa pa3a, liTO paEJHOCHJibHO npH· 

3H3HHIO O.ll.HH3KOB0f0 y.ll.eJibHOfO COIIpOTHBJieHHH IJeThipeXOCHblX H llleCTH• 

OCHbiX BafOHOB npH O.ll.HHaKOBb!X ,.QaBJieHHHX Ha OCb (n. 32). 
C .UBYXOCHblMH llie B3fOH3Mlf BOnpOC OCJIO)!{HHeTCH, taK KaK npe.zr.· 

ITOJIOllieHHe 0 paBeHCTBe y.rr.eJibHbiX COIIpOTHBJieHHH .ll.BYXOCHbiX H IJeTbl· 

pexOCHhlX BarOHOB IIpH 0.11.HH3KOBhlX H3rpy3K3X H3 OCb H O.UHH3KOBhlX 

CKOpOCTHX IIOpH.UKa ( l 0-20 KM/4), BIIOJIHe npHeMJieMOe )I,JISI rpylKeHbiX 

BaroHOB (¢Hr. 129), .u.aer 3H2IIHreJibHYIO onm6Ky (He.uorpy3) .U.JIH sa

roHOB C .zr.aBJieHHeM Ha OCb MeHhliie 6-7 m. l136elliatb ElTOH OIIIH6KH 

M OlliHO, HO nyreM HeKOTOpOrO yc,10lliHeHHH pacqera, a HMeHHO, HJlliHO 

npHHHTh .U.JIH .rr.syxocHhiX saroHoa secoM opyrro MeHee 14 m HHOH: 

cpaKTOp 1 l!eM .UJHI 6oJiee THllieJib!X B3fOHOB. JlJIH 3THX B3f0HOB BMeCTO 

!flopMyJJhl 159 CJie.U.OBaJIO 6w B3l1Tb <fJopMyJJy: 

, 0 8 + 17 Wo = , -. 
q 

(152) 

flpH no.zr.6ope cpopMyJihl 162 Mbl CBH3aHhl .nByMH ycJIOBIUIMH: BO·nep

Bb!X, cpopMyJia ,!l,OJiiKHa HMeTb BH,!l, qJOpMJJibt154, a BO·BTOpb!X, A ,!l;OJiiKHO 
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paBHHTbCfl 0 ,8, K3K B COOTBeTCTByiOmefi QJOpMy JJe )!,,'If! tJeTbipeXOCHbiX 

saroHoB, Jl.I!H roro, ttr06hi se.nHtJHHa npHBe)leHHoro seca cocrasa (cpop

MyJia 161) He 3aBHCeJJa or poaa 11 seca saroHos. DpHBO.llHlll,Hfi cpaKrop 

(QJOpMy.na 159) )J,JJH 9THX B3fOHOB )I,QJJ)f{eH 6b!Tb: 

¢ = 17 
(163) 

0,8 + t, 
OH npHBeJJ.eH B croJI6Ue 7 ra6JIHUbi 17. 

0JlH3KO B Ue.JISIX ynpOlll,eHMH COCT3BJieHIH1 fiOe3,li.OB H HMe5I B BH.JlY, 

BO-nepBbiX, HMeiOru:ee MeCTO OTHOCHTeJibHOe ITOBbillleHHe COIIpOTlfBJieHIH! 

nOpO>KHHX B3fOHOB B CBH3H C BBe)J,eHHeM 3BTOTOpM030B, 80-BtOpb!X, 

liTO HeKOTOphiH He)lOrpy3 nOpO)f{HHX COCT3BOB 1J3CTO HMeet MeCTO DO 

,11.pyrott rrpHIJHHe orpaHI·PieHHIO )J,JHIHbi ganacHblX rryreti, 11 B-rpetbHX, 

lJTO HeKOTOphifi He)lorpy3 rropO>KHHX COCT3BOB llOJie3eH ,li.JIH rrpe,li.OTBpa

uteHHH rreperpysa JIOKOMOTHBOB H OCT3HOBOK Ha IIO,ll.'beMaX rrpH CHJibHbiX 

aerpax (oc06eHHO ,ll.eHCTBYIOill,HX H2 COCT3Bbl 113 nopmKHMX .llBYXOCHbiX 

sarOHOB), >KeJJaTeJJbHO npHMeHeHlle )1,.1151 scex JlBYXOCHb!X B3fOHOB QJ3K

ropa (npH63BKH) B.D,BOe MeHbl!lerO, IJeM .II)IH 4eTbipeXOCHbiX B3rGHOB 1 T. e. 

no cpopMy ne: 

¢= 27,5 (164) 
0,8 + '"' 

3TOT cpaKTOp np11Be,ll.eH B CTOJI6Ue 6 T36JIHUbi 17. 
QqeBHJI.HO, IJTO npH pa3HOM THIIe B3fOHOB B COCTaBe (YeTbipeXOCHbiX, 

JJ.BYXOCHbiX, llleCniOCHbiX) )f{e,'IaTeJibHO HMeTb )J,eJIO He C IJI1CJIOM Ba

fOHOB, a C IJHCJIOM oceti B COCT3Be, H OTHOCHTb QJ3KTOp (npH63BKy) He 

K aarOHy, a K OCH. <l>aKtOp, OTHeCeHHhlH K OCH, IIpHBeJI.eH B CTOJI6Ue 3 
Ta6JIHU:bi 17. DpH cocrasnemur noe3.rr.a areHr JlOJI}!{eH CJJO>KHTb seca 

BCeX aarOHOB (Tapy + rpys) H K IIOJJJIJeHHOH CyMMe nprr6aBHTb npOH3· 

se)leHHe IJHCJia ocefi s cocraBe Ha cpaKrop OCH, noJiyqaeMoti H3 croJJ6ua 3 
ra6JJHUhl 17. MO>l<.H01 KOHeiJHO, CKJI3)lbiB3H )l.eHCTBI-ITeJJhHble BeCa Bare

HOB, npu6aBJI51Tb Henocpe)lCTB€HHO K Becy Ka}!{)lOrO BaroHa npOH3Be

)leHHe qnc.na ocefi a saroHe Ha cpaKtop ocu. ,[(JJH Ka)f{)J,Oro HarrpasJieHHH 

Ha CT3HUHH areHT JJ:OJI}!{eH JIOMHHTb TO.JlbKO OJI.HY nprr6aBKy. 

T AB!l11UA 17 
~3MTOp (npHfiaoua) B TOHHBX 

.[l1151 pi:!C'!eTHblX nO)J.l>eMOB 

Ofoo Ha Ha Ha Ha 2·0CHbli'r ea-
Ha och 4· OCHhiH 6-0CHbla 2-0CHblM rOH BeCOM 

MeHhWe am 

OT )J.O 
saraH saroH saraH 6pyno 

1 3 4 s 

- 3,5 31/z 14 21 7 4' ,, 

3,6 4,0 3 12 18 6 s• /, 
4' 1 4,4 23/4 11 161' 51/a 3'' /2 Jo 

4,5 5,0 21/z 10 15 5 3 

5' 1 5,7 21/4 9 131/2 41/2 3 

5,8 6,7 2 8 12 4 2'/1 
6,8 7,9 J3j4 7 JO!fz 31/2 2 
8,0 9,5 Jl/2 5 9 3 2 

12, I Jljl - 71/a 21/2 9,6 ,') 
11/. 

12,2 15_7 1 4 6 2 1 
' 

15,8 23,0 a;4 3 41/2 P/2 1 
23,1 - 1J2 2 3 I '/, 
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l13 ECero npe,llbl.li.Ylll.ero CJie,llyer, liTO CMb!CJI 0)!.HH3KOBOH np1I03BI<H cfl 
K l{a)!()!.Oll OCH 33KJIIOtraeTCH B TOM, liTO npHBe,lleHHbiH (yCJIOBHblll) 

DeC nopOIKHHX H M3JIOrpy3HhlX B3f0HOB yaeJIHLJHBaeTCH B 3H3tniTeJibHO 

60Jibiiieti CTeneHH, l!eM TIOJIHOrpy3HbiX, TI09TOMY npH O.UHH3KOBOM 

npHae,lleHHOM Bece Q,p .u.etlcTBHTeJibHhlH Bee Q nopmrmero cocTaBa 

6y.ll.eT MeHbiiie, l!eM ,lleHCTBHTeJibHbiH Bee rpy)!(eHOrO COCT3B3, H 003 

cocTaBa 6y .li.YT HMeTb O,ll,HHaKOBoe noJIHoe conporHBJiemre Ha pacqer

HOM TIO,ll,'beMe. 

CJie,ll,yer o6p3TI1Tb BHHM3HHe H3 TO, liTO paCCliHT3HHble T3KHM o6pa30M 

COCT3Bhl IIMeiOT OJJ;HH3KOBOe TIOJIHOe COTipOTYIB.lleHHe H, CJie,ll,OB3TeJibHO, 

O)J,HH3KOBJIO CKOpOCTb npH O,ll,HH3KOBOM HanpHIKeHMH JIOKOMOTHBOB-

TOJibKO Ha pacqerHOM rro.n:'heMe. Ha no.u.'heMax, MeHee KPYTbiX, treM pac

lleTHbiH, llOJIHOe COnpOTJ.IBJiemre COCT3BDB 113 nopO)!(HHX BarOHOB 6y.u.er 

OOJlbiiie TIOJIHOfO C011pOTHBJieHHH COCT3BOB H3 rpy)!(eHb!X B3f0HOB, CJie· 

)!.OB3TeJibHO, cpe.UHHH C!<OpOCTb nepBbiX 6y ,n:eT MeHbiiie cpe,ll,HeH CKO· 

pocnr aropbiX. Op11 pacqere no .zr.eikTBHTeJibHOMY aecy cocraaa, o,!Ul· 

HaKOBOMy ,ll,JIH rpy)!(eHbiX M nopO)!(HH:X B3f0HOB, HeD.ZI.HH3KOBOCTb cpe)I.HHX 
u 

cKopocTeH npoHBJIHercH eme peslle. 

MHome aMepm<aHCKHe :lKeJie3Hhle .u.opom, B TOM liHCJie OeHCHJih· 

B3HCK3H, l!3.U3BH3 paCCllHTblB3lOT COCT3Bbl no 3H3JIOflil!HOMY CriOC06y H 

,llalOT BeCa B TOHHaX, TIO,llpasyMeBaH IIO,ll TOHH3MH, BO·llepBbiX, aMepH· 

K3HCKHe TOHHhl, 8 BO·BIOpb!X-np~>meJI.eHHhie. ECJIH nepeaeCTH 8TH TOHHbl 

B MeTpHlleCKHe, TO llOJiy'laeTCH 3H3lllHeJibHOe CHH)!(eHHe ~H<\Jp. 
Pac'ler cocTaBoB no npHBeJJ.eHHOMY aecy, corJiacHo npasRJI, paspe

waeTCH .ll.OporaM c rrpeHMymecTaeHHblM o6pameHHeM qeThipexocublx 

BarOHOB. 

79, Upeo~oneuue I<OPOTKHX no,n'beMOB 3a C'leT pa3roua. Ha yqacTKe 

KpoMe caMoro Tpy.nHoro no)!.'heMa, Ha npoXO)!(,ll,eHHe Koroporo c ycra

HOBHBIIIeticH CKOpOCThlO Be,n:eTCH paC'IeT COCTaBa, MOryr 6b!Tb KOpOTKHe 

no)!.'heMbi 6oJibiiiei1 KPYTH3Hhi, qeM pacqeTHbii:f, rrpoxo.n:HMbie sa cqer 

pa3roHa, r. e. c pacxo)I.oBaHHeM )!(HBoft CHJibi noes.n:a. Pacxo,ll,oBaHHe 

IKHBOH CHJlhl nOe3,lJ.3 npOHCXO,lJ.HT H Ha ,llJIHHHhlX llO,ll,'beMaX, HO rrpHHH· 

MaTh ero B pacLieT JI.JIH no.a.'heMOB ,nJIHHHee 1 500-2 000 M He cne,llyer. 

ECJil! Ha yqacTKe HMelOTCH T3KHe KOpOIKHe KpyThl€ flO,ll,'beMbl, TO llOCJie 

pac'leTa cocraBa Ha npoxom.zr.eHHe sarHmHoro rro.n:'beMa Heo6xo,llHMO 

npoBepHTb paClJeTOM, )J.€HCTBliT€JibHO JIH nOe3,ll n pOH,ll,eT HX C pasroHa. 

OpH npoBepKe )!.onycKaerca na.ll.eHHe CiwpocrH B KOH~e KopoTKoro 
llO.U'beMa .ZI.O 8 K.M/'1-B TOM CJiyqae, KOHe'IHO, eCJIH Cefiqac IKe 33 8THM 

llO,ll'beMOM H3LJHH3€TCH IIJI01U3)!.K3 l!Jll! cnycK, HJIH TIO.U'beM, 3Hal!HTeJibHO 

MeHhiiilili pacqeTHoro (pyKoao.n:Hmero ). 

0pOH3BeJI.eM rrpOB€pKy Ha,n:elKHOCTH rrpDXOJK)!.emiH fiOe3.UOM Kpyroro 

KOpOTKOro ITO.ll.'beMa C pasroHa H3 O,llHOM H TOM iKe rrpHMepe H aHa

JIHTHll€CKHM H rpa~HlleCKHM Cl10C06aMH. 

PyKDBO,llHIUHfi no.u.oeM HeKoroporo yqacTKa B treTHOM HanpaaJieHHH 

paaeH 9%0 (HanpHMep, i = 80fo0 c KpHBOii pa,nHyca 750 Jli, r. e. i~r. = 

= i + 750 
= 8 + 750 =9Qj00). Dpe,lleJihHhlH cocTaB Ha 9TOM yqacTKe npH 

R 750 
napoaoae cepHH lll H z.~.~ = 30 «.Z/M2 • tt no ¢opMyJie 153 paaeH: 

Q = F~t p = 10 700 ~ 120 = 850 m. 
211+t 2+9 
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3ror cocTaB 11 HBJIHJIC51 npe.rr.eJibHbiM Ha 3TOM yqacri<e Mll na poao. 

308 UQ B l!eTHOM H3ITp3BJieHHH. 

B paBHHHHOti: qacrH yqacTI<a BCJJe.l(CTBHe Heo6xo.n:HMOCTH B KpynHbiX 

peMOHTHhiX pa60T3X ITpHUIJlDCb 3anpoeKTHpOBaTb 06XOllHb!H nyTb C ITOJI.b· 

eMOM B l!eTHOM H3npas,~eHI1H i1l = 120fo0 .l(JIHHOH B 500 M. ITepe.n: 3TMM 

TIOJI.beMOM ITpliXO.l(HTCH ITJI0lll.3.l(!{3 If ITOJ.I,beM B 1 Ofo0, a ITOCJie- ITJIQ. 

ma.n:I<a H ciTycK. ITo ycnosHHM peMOHTHbiX pat5or ci<opocrb ITo.n:xo.rr.a 

K o6XO.l(HOMY ITyni H CI<OpOCTb Ha 06XO.LI.HOM ITYTH: rrpe.urronaraeTC51 orpa. 

HHl!HTh 30 KM/l!. Tpet5yercH paccl!HTaTb, He 3acraawr .liM 3TOT ot5xo.rr.Hhrti 

ITYTb yMeHbll!HTb COCT3B ITOe3.l(a HJIH !IOCT3BHTb TOJIK3l! Ha !IO.UbeMe, 

C.LJ.eJiaeM cHal!aJia pacqer caMbiM rpy6hiM aHaJIHTHl!eCKHM crrocoooM, 

ITpHHHMaH, liTO paBHO.ll.eHCTBYIOlll.3ll ClfJia /1,-Wk Ha ITpOTHJKeHHH ITO.ll.beMa 

TIOCTOHHHa, H ITpHMeHRH cpopMyJiy 125. 
CI<opOCTb BCTYITJieHY!51 Ha no.rr.beM vl = 30 ICM/I.l; OITpe.rr.eJIHM ITYTb, 

rrpoti.rr.eHHb!H 33 Bpe!'MI IIOHl:DKeHHH CI<OpOCTH C V1 = 30 lUrljf.J .lJ.O V2 = 
= 10 KJrtjtl. ITo cjJHr. 29 ITprr V = 10 rr z." = 30, F" = 10 600, a ITPI1 V = 30 
H z.lt = 30, F k = 4 700. Cpe,n:Hee F k = llO 600 + 4 700) : 2 = 7 650 K2; cpe.n:

Hee fk=7650 IC2:(850 m+I20 m)=7,9 K2jm. Cpe.rr.Hee W0 =1,5+ 
+ 0,05 (V1 + V2): 2 = 1,5 + l = 2,5 1{2/m. C.rre.rr.osareJibHO, cpe.rr.HR.SI CHJia 

fk- W~c = + 7,9 2,5-12 =- 6,6 Kcjm. 
ITo ¢opMyJie 125 HMeeM: 

4,17 (102-30 2
) "'04 

S2 -S1 = =0 M, 
-6 6 

' 
T, e. nyTb, npoti.rr.eHHblti IIOe3.ll.OM K MOMeHTJ rra.rr.eHHH CKOpOt:r.H .li.O 10 ICM/ll, 
rrpaKTHl!ecKrr paaeH .li.JIHHe no.ubeMa. TaK KaK TOl!HOCTb rrpHMeHeHHoro 

HaMH cnoco6a HeBeJIHKa, To IToJiyl!eHHhiH pe3yJibTar He rapaHTHpyeT 

Ha.l(eJKHOrO ITpeO.l(OJieHHH ITO.l(beMa, 

003TOMY Bhll!HCJIHM npotiLI,eHHbiH ITOe3.li.OM ITYTb TOl!Hee, pa30HB ero 

Ha yqacrKH. Bo H36eJKaHHe B03MOJKHb!X Oll!H60K rrocrpoHM CHal!aJia 3a· 

BHCHMOCTb ,n:etkrsyiOI.l.\eft H3 IIOe3.ll. C~Jibl OT CKOpOCTH. 3ra 33BHCHMOCTb 

rrocrpoeHa Ha cjJHr. 131. CHai.JaJia ObiJia rrocrpoeHa ITO TOl!KaM KpHBaH h 
ITO cpopMy,'le: fk = F16 

, r.rr.e Fk B3HTO c cp11r. 29, a P + Q = 970 m. 
P+Q 

3areM nocrpoeHa I<pHsaH w0 ITO cpopMy Jie: w0 = 1,5 + 0,05 V, ITPHl!eM 

B rrpe,neJiaX OT 0 .[{0 10 KJrtjq Wo rrpHHHTO paBHhiM 2 K2jm. ,llaJiee, H3 Kp11· 

soJ.i fk Bbil!TeHa KpHsaH w0 .11 IToJiyl!eHa KpHsaR {1,-w0 =I (V), .n:aromaH 

CHJiy, .n:eiiCTBJIOlll.JIO Ha K31K.li.YIO TOHHY ITOe3.ll.3 Ha IIpHMOH ropH30HraJJH. 

EcJIH TeiTepb nepeHecrH Ha qaJio Koopmmar c HY Jiesotl a6currcchi Ha 

a6CUHCCJ, COOTBeTCTBYIOWYIO CHJie + 12 IC2/m, TO TIOJJYI.JHM I<pHBJIO /1,

- w0 12 = jk w1, = f (V) Ha ITO,nneMe 120fu0• 3aMeHHeM KpHBJIO cry· 

ITeHI.faroii JIHHHeti, pacnoJJarall cTyiTeHH qepe3 5-10 KM/ll, raK HM o6pa3oM, 

l!T06bi Hapy)KHble BbiCTYITbl ITpHMepHO KOMITeHC!IpOB3JIHCb BHJTpeHHHMH 

BbiCryrraMH. 00Jib3YHCb rerrepb cpopMJJIOH 125 H.U! np51MO IIO T36JIHUe 13 
oiTpe.n:eJJHeM ITYTH, npoti)l.eHHble ITOe3JJ.OM npH ITocne.n:osareJibHOM yMeHb· 

WeHI1H CI<OpOCTH Ha 5 KMjf.J. 

OT 30 .li.O 25 101/11. npH CHne -10 «ejm 
» 25 ;J> 20 » » » - 8 ) 
» 20 » 15 » » » - 6 » 
» 15 ) 10 » » » - 4 » • • • 

I 15 ,w 
117 , 
122 )) 
130 » 

Bcero OT 30 1lJrt/'l 11.0 10 rcM{~t 484 M     
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naJibHefiwee IIa,!l;eHI:Ie C!WpOCTI:I C 10 KM/ll )1;0 9 KM/tz )1;3CT )1;063BOl!
Hblli nyTb: 

_4..:..., 1_7 (~92_-_1_02~) = 26 M. 
-3 

CnenoaarenbHO, nO.ll.beM 6y)l;er npoi1)1;eH c yMeHbiiieHHeM cKopocrH 
OT 30 KMjll .11.0 9 KMjtz. 

Tor JKe pac11er npmBae.neH Ha ¢nr. 132 rpacjmqecKR, cnoco6oM 
J11meua. KpneaSI h-w0 pa3neJieHa B npenenax or 0 .n,o 30 KM/I.l Ha rpH 
yl!aCTKa: ] ) OT 30 I<M/!l )1,0 17,5 KMj!l; 
2) OT 17,5 liMj!l ,11,0 9,5 1{},4/'l; 
3) OT 9,5 KMjt.t .11.0 0. YI3 Ha IJaJia KO· ~-liJo 
opn~<mar KpYIBoi:J fk-wk = f (V), r. e. IZ 
H3 TOl!KYI Ha OCH CHJJ, COOTBeTCTBY· 11 
rometl ik = + 12 Kz/m, M 11epe3 10 
cepe.li.HHbi y11acrKoa KpHBOH npo-
ee.ll.eHbi JIYl!H H nepneH.li.HKYJIHpbi g 
K .'lyl!aM. CoornercraeHHbie or- 8 

u 

pe3KH Kp!iBOH, .nyqH H nepneH.li.H· 
Ky.nSipbi o6o3Ha'leHhl O.li.HHaKOBbiMH 
UHcppaM H 1, 2, 3. OonylleHa JIOM3HaH 

K0 
12 
ff 

fO 

J 
8 
7 

6 
5 

4 

j 

2 

1 

0 
0 

I" 
'II 

"' I\ -

\t 
~ 

10 20 

Ill 
P=t20r 
Q =850r 

• 

Z "'JOK% '.II .w. 

li10 
~ 

I 
I 

30 4 oV £ 

7 

a 
5 

4 
3 
2 
., 
' 

0 
-I 

-2 

"'-J ~-lllo s 

fQ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

v 
SIJ 

I 
I 

3 
I 
I 
I 
I 
I 
I 
I 

Vf(s) 

·f 

-2 

ll>Hr, 131. h- W0 = f (V). 
<I>Hr. 132. npooepKa cocraea Ha npeo.Jtolle
HHe KOPOTKoro no~geMa aa cqer paaroHa. 

JIHHIHI abed, KaJKnhrfi npSIMOH orpe30I< Koropofi JieilmT B rex }f{e npe· 
Il.enax CKOpOCTH, Kal{ 11 COOTBeTCTBYIO!UHH yqaCTOK KpiiBOH fk- Wk
- I (V). Paccrm1 HHe TO'lKH a or OCH cKopocrei1 OV- npOH3BOJibHoe. 
C IIOMOmbiO JIHHei1KH li yrOJJbHIIK3 JIIIHIIH abed JierKO CTpOIITCH 6€3 npO· 
BeD.eHHH KapaH113lliOM Jiy'letl 11 JIIIlliHliX 0Tpe3KOB nepneH.li.HKy.nSipOB. 
CornacHo n. 57 JT!i!Hiil~ abed eCTb c nocTaTOl!HO!% TOI.JHOCTblO KpwBasr 
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120m2 

V = f(s), np11 i!eM Macmrat5 nyn1 (¢opM. 133) ecrb: y = MM a 
k 

1 KM nyrrr, rne m ecrb Macrnra5 cKopocrH (m MM B 1 KM/tl), a k ecrb 

Macrnra6 CHJI (k MM s 1 r<zfm). 
Ha ¢11r. 132 Macrnra6h! cJJenyrom;Re: 1 r..zjm = k = 5 MM; 1 KM/'1= 

120m2 120 • 12 
= m = 1 MM; Macrnrao IIYTH y liOJJYI!HJICH: = = 24 MM. 3TH 

k 5 

MaCillT30hl CJIHlllKOM M3Jlhl, )J,aiOT He.ll.OCTaTormyiO TOIJHOCTb II B351Th! 

TOJJbKO J[Jill 3KOHOMIH! Me era. 0TKJia.Qb!BaH OT TOI!KH IIYTH, COOTBeT

CTBYIOIUeif CKOpOCTH 30 KMjll, nyrb 0,5 KM, T. e. B M3CillT30e 0,5 · 24 = 
= 12 MM, onpe)l.eJUleM KOHeiJHYIO CKOpOCTb, OK33blBaiOUJ,YIOCSl paBHOti: 

9 KM/'l. 
Op!i JKeJiaHHH C,IleJiaTh paciJeT eme TOIJHee1 HeOOXO.ll.IIMO 3HaTb TOlJHO 

ycnosHH rro)I.XO.Ila K rrOll.'heMy H B03MO:lKHOCTb nosr:.rrneHHH z" sa c11er 

llOHHJKeHHH ypOBHH BOll.bl B KOTJie. B 9TOM CJiyiJae liOJie3HO ,IleJiaTb paC· 

lleT He ITO I<pHBOH orpaHHIJeHIHI CIIJ!bl THrH ITO KOTJiy, a ITO KpHBbiM 

Fk = f (V, s, !?), sa,IlasaHCb s HeKoropbiX npe.n:eJJax cKopocreii onpeAeneH· 

Hh!MH OTceqKaMH II OTKpb!THHMH peryJIHTOpa. 

Bcer.ua, KDr.Ila Mhi HMeeM ll.eJio c ll.BHJKeHHeM noes.ll.a, Mbl npe.IlnO

JJaraeM ll.JIH ynpomeHH5l pacqeros, IJTD BCH Macca noe3)J.a cocpe.n:oroiieHa 

B ~eHrpe ee ni:lKeCTH, r. e. rne-ro OKOJIO cepeJJ:HHhr noes.Qa, a He pac

rrpe.n:eneHa no era JJ:JIHHe. Ha roqHocrH pacqera aro norryrueHHe rrpaK· 

rwrecKH He orpaJKaercH. B BhrrnepaccMorpeHHOM npHMepe Mbl npell.noJrara

JIH, IJTO CO CKOpOCTblO 30 KMj'l BXOL(HT H3 llOll.'beM cepeli.HH3 noe311.3, !I 

ITOJJYIJHJIH, l.JTO cepe.lJ.HHa noe3,rra BXO.lJ.HT llOCJie llOll.'heMa Ha llJ!OII.{3.ll:KY 

co cKopocTbiO OKOJJO 9 KM/'l. B .n:eikTBI·JTeJJbHOCTH cepe.n:HHa noe3.n:a 

BOHlleT H3 llOJJ:'heM CO CKOpOCTbiO MeHbllle:ti: 30 KM/'l, HO 33TO AO MO· 

MeHTa BXO,Ua H3 IIOll.'heM IIOCJieAHero BarOHa CKOpOCTb He 6y11.eT l13A3Tb 

TaK ohlcrpo, KaK Mbl npHHli.JIH B paciiere. B pesyJihTare HaHMeHbwaH 

CKOpOCTb noes.n:a, OKOJIO 9 'lM}ll, 6y.uer llOCJJe TOrO, K3K JIOKOMOTHB 

rrepesa.rmr Ha nJiomaJLKy; cepeAHHa :lKe noe3.n:a sof!.uer Ha nJioma.n:Ky 

yJKe C OOJibiiieif CKOpOCThlO. Ll.Jill crre~H3JlbHh!X 33.[(31! MO)KHQ npHHHTb 

BO BHHMaHHe H AJIHHY noes.n:a, orrpell.eJIHB TIOCJJeAOBaTeJJbHOe H3MeHe

HHe ero COllpOTHBJieHHSI OT IIO.ll.'heMa rrpH BXO)J.e Ha llO,ll'beM H rrpH 

Bb!XOll.e C llOll.'beMa, H COOTBeTCTBeHHO MeHSISI ¢ol\yC, H3 KOTOpOrO 

rrpoBO.QliTCH Jiyqn B cnoco6e JlHrre~a. 
DpH no11.6ope neca cocrasa II paccraHOBKe TOJIKaiJeii Heo6xo.IlHMO, 

XOTH Obi OpHeHTHpOBOIJHO, HO OhlCTpO orrpell.eJIHTb 1 K3KHe H3 BCTpel!a· 

IOIIUIXCH Ha yqacrKe KOpOTI<HX Kpyth!X IIO.lJ.'heMOB rrOe3JJ: MO.>KeT npe

OJJ:OJieBaTb C llOMO!llbiO IIa.QeHHH CKOpOCTII. Ll.JIH T3KO:ti: OpHeHTHpOBKll 

CJJY>KHT .ll.HarpaMMa qmr. 133, npeACT3BJIHIO!ll3H rpacpH.IJeCKYIO 3aBJICli" 

MOCTb MeJK.ll.Y .ll.JIHHOH npeOli.OJiesaeMOrO C IIOMO!llblO Il3.lJ.eHIISl CKOpOCTJI 

llO.ll.'heMa (Dp.ll:HH3Tbl) H era I<pyTH3HOH (a6C~HCCbl) .ll.JIH COCT3BOB BecoM 

OT 800 m AD 2 000 m, Be.li.OMblX napOB030B ceplUI 3 rrpii Z,~~ = 40, lf'k = 
= 1

/ 5, 2, npH yMeHbWeHHII CKOpOCTH .IlO 10 KM/IJ., eCJIII rrepe,u BCTy!l· 

JieHHeM H3 3TOT IIOll.'beM ITOe3,U HMeer CKOpOCTh 20, 30, 40, 50 ll 60 KJ.!/1/.. 
Ll.HarpaMMa nocrpoeHa no ¢opMyJJe 125 B npe.urroJJO}!{eHHH, IJTO pasHo

.Ilel1crsyiOIU3H CHJia Ha nponrJKeHHII nO.ll.'heMa nocroHHHa H pasHa cpe.n:· 

Heft ee BeJJHI!HHe. HanpHMep, cocraB secoM 1 800 m, paccllHTaHHhiH Ha 

H3llelKHOe IIpOXOJKJJ:eHHe 3aTHlKHOf0 !IO.Il'heMa 5,90fo0 , MOJKeT npH na.n:eHHH 

232 
    
НБ

 

УД
УН
Т 

 (Д
ІІТ

)



CKOpOCTH OT 40 KM/tz ,!1.0 10 KM/'l npeO,ll.OJieTb 1270 M IIOJJ.'beMa 70fo0, 

J 050 M IIOJJ.'beMa 80Jo0, HJ!H 800 M IIOJJ.'beMa 100Jo0• .lJ..nH COCT3BOB H 

30u 3 HEJ, 
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«PHr. 133. 3aBHCIIMOCTb Me>KilY llJIHHoll H KPJTH3HOH nO.Il'heMa, npeoJlOJieaaeMoro 
noe3)l.OM. 

CKopocrefi, He rroKa3aHHbiX Ha ,rr,HarpaMMe, rro.n.neMDl Moryr 6b1Tb onpe
.ZI.eJieHbt f!HTepiiOJIHUHeii Ha-r JI33. 
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80. npoBepJ<a cocrasa ua B3RTHe c Mecra ua ocrauoBoquLix nyuJ<rax. 
B n. 41 6bJJJo yKaaaHo, liTO np11 B3HTHH c Mecra corrporHBJieHHe noe3.na 
60JJbWe, lJeM np11 CKOpOCTH 10 'KM(li, 11 liTO .LlOIIOJIHHTeJJbHOe COIIpO
THBJJeHI1e wm MO)!{eT 6b!Th onpeJJ.eJJeHo no cpopMyJJe 74. B n. 17 obiJJO 

yKa3auo, rno rrp11 rporau1111 c MeCTa naposo3 MO)!{eT pa3BHTh uecKOJJhKO 
60JJbWYIO CHJiy THflf 1 lJeM paClJeTH351 no C~enJieHHIO, 11 IITO yBeJHtlle· 
Hl1e CHJ!bl T5ln! 1 + a MO)!{HO npHHHTb ITO cpOpMy.Jie 20. 

CneJJ.craaeM ar11x JJ.ayx cpopMyJI HBJIHercH ¢opMyJia 

(165) 

B KOTOpOfi im 0003H848eT H3HOOJ!blliHH IIO)J.'beM 1 Ha KOTOpOM MO)I{eT 
6hiTh B351T c Mecra cocras, paccrmraHHLIH Ha npoxo)!{,aeHHII pyKOBOJl.H· 
mero IIOJl.'beMa iP. EcJII1 cocraa pacnoJiaraercH Ha uecKOJJhKI1X aJJeMeH
T3X rrpoqJHJI51 1 TO IIO,ll im CJ!e,Uyer IIO,llpa3yMesaTb cnpHMJJeHHbiH IIO)J.'beM 
C yiJeTOM BJ!H51HHR I<p11Bb!X H8 paCCT051HI1H ,llJ!HHbl IIOe3,'1,3. 

OpoaepKa ua B3HTHe c Mecra rpe6yercH TOJJhKO Jl.JIH cocraaa Ha 
BHHTOBbiX CT51)!{K3X, IIOCKOJJbKY B CJJyiJae 3BTOCUenKH MO)!{eT OblTb 
pa3BI1T3 3H3lJHTeJibHO 00JlbJU351 CHJ!a T51rH C OC3)!{HB3HHeM 6e3 Oll3CHOCTH 
pa3pb!Ba rroe3.rr.a. DposepKe rro.rr.JJe)!{aT rJiaBHbiM o6pa30M rro.rr.oeMbi y 
6JJOKapoa0 1IHbiX rryHKTOB. Heco6Jllo.n.euHe cpopMy JJhi 165 .rr.onycKaercH 
TOJ!bKO rrpu He33IIOJJHeHHOH nponyCKHOH CIIOC06HOCTH 11 IIpH B3llTHH 
Ha OCOObiH yiJeT 3TI1X IIYHKTOB 11 CJJyiJaeB OCT3HOBKH IIOe3,llOB rrepe,ll 
HHMI1. DpH 3aiiOJJHeHHOH )!{e nponycKHOif cnoco6HOCTH cocrae ,llOmKeH 
6biTb rrpoaepeu Ha rrpoXO)!{,lleHHe cpHKTHBHOro no,ll'beMa i k = 1,33 (im + 
+ 1) (ara cjJopMyJia BbiTeKaer H3 cpopMyJJbl 165), npH4eM, rrpu im 60Jihwe 
10%0 06H33TeJieH TOJIK3lJj IIpH i,11 MeHbWe 10% 0 TO,'lKalJ CTaBHTC51 B 3aBII· 
CHMOCTII OT MeCTHbiX YC'JIOBHii. 

<PopMyJia 165 OTH!0.1f.b ue pa3pewaer pa3Meiii.eHIIH craH~Hil: u pa3'b· 
e3)J,OB H3 IIO)J.'beMaX. 

B ra6JI. 18 cse,lleHbi: uau60JibWHH nouoeM rporaHHH im no ¢opMyJJe 
165, COOTBeTCTBJIOlllHH paclJeTHOMY TIO,U'beMy i'P, Jl.003BOlJHOe COIIpOT!iB
JieHHe rporaHI1H IV,. (no cpopMy JJe 7 4) na nOJl.'heMe i," II rrpo~eHrHoe 
yseJmqeHue pacqeruoti CH.'Ihi rHrH 100 a (no cpopMyne 20) na no.uoeMe im. 

TASHH~A 18 

06cTonrenbCTBa TporaHnn c Mecra 

' 4 5 6 7 8 9 10 11 12 13 14 15 16 18 20 22 25 30 'r 
' 2,0 2, 7 3,5 4,2 5,0 5, 7 6,5 7,2 8,0 8,7 9,5 10,211,012,514,0 15,517,7'21,5 'm 

Wm 2,6 2,8 3,0 3,J3,53,N,9 4,2 4,4 4,6 4,8 5, I 5,3 5,7 6,2 6,6 7,3 8,4 

lOOa 10 8 6 5 5 4 4 3 3 2 2 2 2 I 1 1 0 0 
I 

81, YMCHbillCHHe pac\feTHbiX COCTaBOB IIOe3~0B B 3aBHCUMOCTU OT YC· 
JJoouii noro~LI. Pacqer cocraaoa noes.n.oa, KaK aro Bbiiiie yKaabJBaJIOCh, 
BelleTCH ua HeKOTOphre cpe.uu11e ycJIOBHH rrorO,llbi (reMneparypa ne 
HYDKe-1 oa, serep He 6oJibiiie 10 At(c, orcyrcreue cHe)!{HOH Merem-I 
HJJH rro3eMKa c rrepeuocoM cHera). Op11 uaJIHIJHH )i{e ue6.11aronpusrrHbiX 
ycJIOBHH ITOfO,ll,bl COCTaBbl )l0JI)I{Hbl 6b1Tb IIOHH>KaeMbl B K3>KJI.OM OT,llem:>· 
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HOM CJIY1I3e, BO H30e>Kal:iHe OCtaHOBOK H oGpb!BOB Ha pyKOBO,ll.HI.UHX 

TIO,ll.oeMaX, CHJlbHOfO na,n:eHHH TeXHHlJeCKHX CKOpOCTeH, nepeHanpsDKe

HHH JIOKOMOTHBOB H rpy,n:HOCTH B3HTHH TIOe3,ll.OB C Mecra. 

YMeHbWeHHe COCT3BOB B 33BHCHMOCTH OT yCJIOBHfi TIOfOJlbl rpy,li,HO 

nO.li)J,aeTC51 o6meti per Jl3MeHT1H.{Hll, 13!\ KaK CHJibHO 33BHCliT OT MeCTHbiX 

ycJJOBHti. HH3K3fl TeM neparypa (n. 40) BJII151 er TIOlJTH HCKJIJOlJHTeJibHO 

Ha nOBbillleHHe corrpon-IBJieHHH B meilKax, HO reMneparypa meeK Ha 

OO.LI.oeMe 33BHCHT He TOJibKO OT reMneparypbl Hapy)f{HOfO B03.li.YX3, HO 

H OT p3CCTOHHH51 OT OCT3HOBOlJHQfO nyHina .li.O TIO,ll.'beMa H rrpO,li.OJJ)!OI· 

reJibHOCTH CTOHHKH H3 fiO)loeMe. Berep (rr. 39) BJIH51eT fJI3BHb!M o6pa-

30M Ha rrOBbiilleHHe conponmnemm B03Jlyxa, HO rroBbiilleHHe corrpoTHB· 

JJeHHH OT Berpa Ha TIO)l'heMe 33BHCHT OT rrpOHMyll.leCTBeHHOI'O HarrpaB

JJeHHH BerpOB TIO OTHOllleHHJO K HarrpaBJJeHHJO .li.BH)f{eHHH TIOe3,1I.3 Ha 

pyKoBOAHW.eM nO.LI.'beMe. CHe>KHaH MereJib, no3eMOK (rrepeHoc CHera t:~epes 
peJibCbl) BJIIIIReT r JJ3BHb!M o6pa30M H3 yMeHb!lleHHe K03qJHUHeHT3 CUell· 

JieHHH JIOKOMOTHB3 (rr. 17), HO 3TO BJI1151HHe 33 BHCHT OT rpaCCbl TIO.LI.oeMa 

(.'IeCa, rrepeXO)I.bl H3 H3CbliTeti B BbieMKH) H MeCTHblX KJIHM3THTeCKHX 

YCJIOBHH. no3TOMY ,li.OpOrH, B 33BHCHMOCTll OT MeCTHblX ycJJOBHH CBOHX 

Y43CTKOB W H3K3TIJlHB3IOIUefOCfi OTibiT3, )l;OJDICHbl C3MH Bblp363Tb!B3Tb 

npaBHJI3 yMeHbllleHIH! COCT3BOB. llJIH OpHeHTHpOBKH )f{e npH Bblpa60TKe 

T3KHX np<IBHJI CJIY}KHT I·!H)f{enpHBe.n;eHH351 Ta6JIHU3 19, 

TASJIJ1l..(A 19 

npol{enrnoe (opuenrnposo'lno) yMeHbWeHne seca cocrasa 
no arMoc!(lepHbiM ycJIOBHJIM 

I Or Mopo3a Or CHIIbHoro oerpa Or cnera 
TeMneparypa 

cr 10 M/c 6oJib Ill e 
Ha pe11bC3X 

lp (MereJib, • 

'P .11.0 15 M/C 15 ,11/C no3eMoK) or- .11.0 6ou-
.11.0 

!lie 60Jib· 60Jib- 60Jib· ou .11.0 .11.0 .11.0 
f~ +B%o we me !lie 

+B%o +B%o tB%o +BOfoo +B%o +80foo +8° loo . -

I I 
1 2 3 4 5 6 7 I 8 9 

Bblllle -10 0 0 10 5 15 10 0 0 
-10-15 5 5 10 5 15 10 0 5 
-15-20 10 5 10 5 15 10 5 5 
-20-25 15 10 10 5 15 10 5 10 
-25-30 20 15 10 5 15 10 10 10 
-30-3j 25 20 10 5 15 10 10 15 
-35-40 30 23 10 5 15 10 15 15 

Hl!JI(e -40 35 30 10 5 15 10 15 20 

npoueHTHOe yMeHbUieHHe COCT3BOB CJiaraeTCH H3 Tpex CJiaraeMbJX: 

1) or Mopo3a, 2) or aerpa, 3) or cHrra. HarrpHMep, rrpH iP = 9°/00 nprr 

Mopoae 23° 6ea aerpa H cHera CHH)f{eHHe cocrasa 10%; npH roM )f{e 

MOp03e C BeTpOM 20 M/C CHHJKeHHe COCT3Ba 200Jo, rrpH TOM JKe MO· 

P03e li Berpe CO CHe)f{HOH MereJibJO CHH)f{eHHe 300Jo. 
MeHbWee CHH)f{eHHe COCTaBOB OT MOp03a If Berpa )lJIH 60JiblllHX 

pacqeTHb!X TIO)l;oeMOB 06'bHCH51eTC5l TeM, liTO Ha 60JibillllX TIO)l;oeM3X 

YBeJJHlJeHHe COITpOTHBJieHHH OT 3TMOC<lJepHb!X YCJIOBHH HBJJHeTCH MeHb· 
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weft .l(Onett or conponm.neHHS1 caM oro rro.n.'heMa n or o6m.ero conpo

THBJiemui W11, l!eM Ha MaJibiX IIO,ZJ;'beMaX, IIpli O,l.lHOM H TOM >Ke a6CO· 

JIIOTHOM yseJUf!Iemm corrponmJieHHH. 5oJiblllee 2Ke CHH>KeHHe cocraaoa 

OT CHera .ll.JIH 60JibliiHX pacqeTHbiX IIO,l.l'beMOB 06bHCHHeTCH Te~, liTO 

Ha 60JibliiHX IIO..QbeMaX CJIYll3HHOe 60KCOB3HHe JIOI<OMOTHBa 3H3qHTe.JibHO 

onacHee, lleM Ha MaJihiX rro.n,beMax (rr. 76). 
CI<a33HHOe Bbillle OTHOCI1TCH K TOBapHbiM IIOe3,l.l3M, lJro KacaeTCH 

rraccaJ~mpCI<HX rroe3AOB, TO, rrpH 3arpy,zrHHTeJibHOCTH yMeHhllleHHH CO· 

CT3BOB IIO Mepe H3.ll06HOCTH, pa3pelllaeTCH IIO rrpaBHJ13M yMeHbliiHTb 

aec cocrasa Ha ace xoJio,zrHoe apeMH ro)J.a or 0 .11.0 150fo a saBHCHMO· 

CTH OT MeCTHbiX ycJIOBHit 
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fJJABA IX 

TOPM03HbiE 3A):{A qH 

82. OoD.lHe cBe,l\eHHR. TopMo3HbiMli aa.ZI.aqaMH Ha3biBaiOTCH ra1me 

pacqerw, B KOTOpbie BXO.ZI.HT ropM03HaH CHJia rroe3Aa, roqHee rosopH,

ropM03HOH K03cill!UHeHT noe3}l,3 {}, KaK 33}1,3HH3H HJJH K3K 11CKOM35l 

BeJIHlliiH3. H33biB35l TOpM03HOH K09tlJHI.WEHT fJ., T. e. OTHOilleHHe CYMMbl 
v 

Ha}l{aTHH T0pM03HblX KOJIO)J,OK 110e3,Zl3 K ero Becy, H3BeCTHbiM, Mbl 9THM 

BOBCe He 11peJJ.110JJaraeM, 'I{TO {} HaM 33,Zl3HO, HO Mbl 11pe,ll.TIO.IIaraeM, 'I{TO 

H3BeCTHhl BCe Te )J,3HHble 0 TIOe3,Zle, Hanp. 4HCJJO T0pM03Hb!X BarOHOB, 

H3}1{3Tlie KOJIO)I.OK l1 T. II., KOTOpbre ,Zl310T B03MO:lKHOCTb Onpe)I.eJUITb {} 

Ha ocHosaHHH rrpaBHJI, l:I3JIO}I{eHHbiX B rnase IV. 
TopM03HOti K03qmuHeHr {} 6epercH 110 ero rroJIHOlt pac4eTHOH 

Be.JIH'I{J1He TOJibKO )J,JIH CJiy4aeB 3KCTpeHHOrO TOpMOlKeHl!H ( CHrHaJI OCTa

HOBKH, o6pb!B XBOCTa IIOe3)1.3 l1 T. .LL.). 0pH IIO,ZlXO)I.e }l{e K ITYHKT3M 

C rrpeJJ.BH)I.eHHOH OCTaHOBKOH {} npH 3BTOM3TH'I{eCKHX TOpM033X 6epeTCH 

110 B03MO}I{H0CTH He OOJiee 300fo )LJI5l I13CC3}KHpCKHX IIOe3)LOB H He 

6oJiee 50% .Zl.JJH rosapHhlX noe3.llOB OT ero HaH60Jibiiiero (pacqeTHoro) 

3Ha'l{eHHH; npH py4HbiX ropMoaax CJie.n.yer C'~HIT3Tb, 1.fTO npH no.ZI.XOJJ.e 

K CT3Hl(HH )LeHCTByer JIH!llb 113pOB03Hb!H ( eCJJH OH eCTb) H TeH)LepHbiH 

TOpM033, a BarOHHbie pyqHble TOpM033 CJieJJ.yer BBO)J,!iTb Jll:llllb B TOM 

cny11ae, ecJIH no pacqeTy 6e3 HHX rroe3JJ.a He ocraHOBHTb. 

TopM03HhiM rryTeM noe3JJ.a sk (s Merpax) H33biBaeTcH TO paccTm!HHe, 

KOTOpOe TIOe3)L 11pOXO)I.HT OT MOMeHTa BBe)J,eHHH TOpM030B B )LeHCTBiie 

IIpH HeKoropofl: H343JibHOH CKOpOCTH V,. .ZI.O MOMeHTa, KOr)La IIOe3JJ. 

6y.n.er IIMeTb HeKOTOpyr-o KOHe4HYIO CKOpOCTb Vk. 06b!IIHO DpH 

pacqeTaX vk = 0. 
B roM cJiy4ae, ec.rrw: 113 arHx ~eThlpex semt4HH: fJ., sk, V" H V M Tpw: 

l13BeCTHbl, TO l!eTBepraH MO}I{eT 6b!Tb H3HJJ.eHa, OpaKTHqeCKH K H3· 

XO}I{)I.eHHlO O,ZlHOfi H3 3THX qeTbipex Be,1Ht:[f!H H CBO)J,HTCH BCe TOpM03-

Hbie 3a,aa4H. Bee ropM03J-lble 3a.n.a11H Moryr 6biTb o6'he.ZJ.HHeHhl B 2 rpyrrnw: 

1) KOr)J,a {} H3BeCTHO liJI!i MO}I{eT 6h!Tb Bbl41iCJJeHO ITO 4HCJIY TOpM03-

Hb!X oceil: B 11oeaJJ.e, Ha}l{arm-o KOJIOJJ.OK n secy 11oeaJJ.a 11 2) KOr.ZI.a {}

HCKOMoe, r. e., Kor.n.a, HarrpHMep, rpe6yeTCH onpeJJ.eJIHTb Heo6xOJJ.IIMOe 

IIHCJIO TOpM03HbiX ocett B 110e3,Zle. 

83. PeWeHHe TOpM03HbiX 3a)l,aLI, KOf,ll,a T0pM03HOH K031}1Hl\HeHT DOe3,ll,a {} 
H3Becreu. Yp·HHe JJ.BHJKeHHH 3aropMa}l{eHHOro noeg.rr.a rrpH OTcyrcraHH 

CHJibl THrH HMeeT BH,LJ,: 

dV =A'!=- 120 (w0 + i,. + 1 000 ap,), 
dt 

(166) 
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a cpopMyJia 125, )1;3IO!l(3H 33BHCHMOCTb MeiK,llY rrpoif,n;eHHbiM rryTeM 
(B Merpax), H3!.!3.1IbHOfl H KOHel!HOM CKOpOCTHMH H II 0 C T 0 5I H H 0 ti: 
CH.IIOH, liMeeT BH)l;: 

(167) 

B ooeHx ¢opMyJiax: 

W _ P(w'0 +wai+Qw0" 

o- P+Q ' 

{} = cyM,wa Hamamuii liOilOOOIC ( 6 ICe) X6 + Xn + (2M) = ----"_;____-"-...:.......;.---''-- . 
Bee nmoa ( B liZ) I 000 (P + Q) 

BwmcJIHB W0 H ff, crpoHM Ha MH.II.IIRMerpoaoii 6yMare 3aBHCIIMOCTb 
y,n;. CliJibi-(W0 +ik+ 1000 {)cpk) OT CKOpOCTH V, 3aMBHf!eM IlOJiyt.IeH· 

• u 

HYIO HpHsyro cryneHIIaroll JIHHHeH ll onpeJleJIHeM nyr11, rrpoXOJlHMbie 
IIOe3JlOM ITO)!; )letlCTBHeM nOCTOHHHOtl CHJlbl, no cpOpMyJie 167 HJIH no 
ra6.'111ue 13, HJIH rpacpHtrecKHM crroco6oM Jlnneua. 

Bo3bMeM Jl.IIH npHMepa orrpeJleJieHHbili rroe3Jl Ha onpeJleJieHHOM 
cnycKe H npOH3Be.n.eM MH Hero pacqer paaHbiMH cnoco6ar.m. 

napoB03 cepl!H a (P = 125 m) Ha TOpM03e BecrHH ayaa, c paa
)!.BHJKHblMll ao.norHHKaMH; cocras 100 oceli, Ha pyt.IHbiX ropMoaax; sec 
cocrasa Q = 1 120 m; ropM03HbiX aaroHHbiX oceii 16% ecero qHcJia 
Bi:lfOHHblX oceft; BCe T0pM03Hbie BarOHbi-JlBYXOCHbie C rapoii 7,2 m. 
Onpe.n.eJIHTb, Ha KaHOM paccroHHHH or rryHKTa rrpHse.n.eHHH ropMoaos 
B .n;eiiCTBHe IIpH CKOpOCTH 35 KMjf.l. Hi:\ crrycKe 8°}00 noe3.11: ,li,OJIJKeH 
ocraHOBHTbCH rrpH He6JiaronpHHTHblX ycJIOBIHIX. Op11H5!Tb o = 0,5, rpk
no cpOpM. 80. 

06WJ1M JlJIH acex cnoco6oa pact.Iera HBJIHercH onpeAeJJeHHe 3aBH· 
CHMOCTH- (W 0 + i k + 1 000 ffcpk) = f (V). 

{}= X8 +Xn =l6·7200·0,5·0,5+23200+14150=0053· 
1 000 ( p + Q) 1 000 125 + I 120) I ' 

1 000{}cpk=53 f/Jk = 10,6 = 0,08 V K2/m, 

r,ll.e CfJ11 no cpopMyJie 80 pasHa: 0,2-0,0015 V; 

P(lV0'+w3'+Qw 0" J25(3,0+0,15V)t 1120(1,5t0,05V) w- - -
0

- p + b - 125 + l 120 -

= 1,65 + 0,06 V ICZjm; 

(W0 + i11 + 1 0008-rp11) = -1,65-0,06 V- i 11 10,6 + 0,08 V = 

= -12,25 + 0,02 v-iii= 12,25 + 0,02 v + 8,0 = 

= - 4,25 + 0,02 V 1<2/m. 

C~e)IOB3Te.11bHO, C H3MeHeHHeM CKOpOCTH OT 35 Kht/1.1. ,ll.O 0 )!,eti· 
CTBYKlll(3H Ha noe3.11: CH.na MeHHeTOI 0 -3,55 K~jm ,ll.0-4,25 1<2/m. 

HaH6oJiee rpy6hlfi cnoco6 onpe.n:eJieHHH ropM03Horo rrynf- no 
ra6miUe 20: TaK KJK Ha noea.n. JlelicrayeT cpeJJ.HHH CH.Jia-(3,55 + 
+4,25): 2 =- 3,9 K2jm, TO H3MeHeHHe CKOpOCTll OT 35 KM/1[ ,D.O 0 ,ll.OJIJKHO 
npOH30HTH B rrpeAeJiaX OT 1 275 M .D.O 1 701 M. 
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T ABJIJIUA 20 
llyTb (a Me'tpax), Hjl KOTOpOM H3M!HJieTC11 CI(OpOCTb OT V KM/'1. .110 HJn11 

(HJIH OT HYJI11 AO V KMj'l) RM AeilCTBHeVI DDCTOf!HHOlt CHJibl (a rczjm) 
:no lflopM. 125) 

J13ME~EHUe 

V-0 
5-0 10-0 15 0 20-0 25-0 KM/~ 

Cena Kl/m 

I 104 416 937 1666 603 
2 52 208 468 833 I 302 
3 35 139 313 556 868 
4 23 104 234 416 650 
5 21 84 1£8 3:J4 521 

6 17 69 !56 278 434 
7 15 68 134 £38 372 
8 13 52 117 208 325 
9 12 47 1U4 185 289 

\10 10 41 93 16:5 260 

I 1 9 38 85 151 237 
12 9 35 7d 139 217 
13 8 32 72 128 200 
14 7 29 66 118 185 
15 7 28 63 112 174 

< 

16 6 26 59 104 163 
17 6 24 55 98 t53 
18 6 23 52 93 145 
19 5 22 ~9 88 137 
20 21 47 84 131 . 

21 5 20 45 79 124 
22 5 19 43 76 118 
23 5 18 41 72 113 
24 4 17 39 69 109 
25 4 17 38 67 104 

26 4 16 36 64 100 
27 4 15 35 62 96 
23 4 15 33 60 93 
29 4 14 32 57 90 
30 4 14 31 55 86 

35 3 12 27 48 75 
40 3 1 I 24 42 E5 
45 2 9 21 37 58 
50 2 8 18 33 52 

' 

I ' I 

30-0 35-0 40-0 

' 

3749 5103 6666 
I 875 ~ 552 3333 
I 2~0 I 701 2222 

937 1275 1666 
750 1 021 1333 

625 851 1 111 
56 729 952 
46!:1 638 8 3 
417 567 741 
375 510 666 

341 464 606 
312 425 555 
2!i9 392 513 
267 364 476 
2b0 340 444 

235 320 418 
~21 300 392 
209 284 371 
198 268 351 
188 256 334 

179 243 318 
170 232 303 
163 222 290 
156 213 278 
150 204 't-67 

144 196 257 
139 189 247 
124 1tl2 238 
129 176 230 
125 170 222 

107 146 191 
£4 128 167 
83 113 1~8 
75 102 133 

' 

45-0 

8437 
4 218 
2 812 
2 109 
1687 

1406 
1200 
1054 

938 
843 

767 
703 
649 
6()2 
5v2 

5~9 
496 
469 
444 
422 

402 
384 
367 
352 
333 

325 
312 
301 
291 
281 

242 
211 
!f\7 
168 

50-0 

10416 
520 
347 
260 

8 
2 
4 

20 83 

173 
148 

6 
8 
2 
8 
I 

1 30 
115 
104 

94 8 
s 
2 
3 
4 

86 
80 
74 
69 

65 
61 
57 
54 

3 
3 
9 
8 

521 

49 6 
473 
453 
434 
417 

400 
386 
372 
359 
347 

298 
26~ 
231 
208 

n pH Me P· non .neil:CTBIIeM Cl!llbl 8 4 IU/m CKopocn. 113MeHRercR OT 35 M/ll 1!0 
HJ.IIH Ha nyrH 275 M, 
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To4Hee onpe.n:eJJHTh TOpM03HOif nyTh no cpopMy.rre 167, npe.n:no· 

JJaraH TO)!{e, liTO Ha IIOe3)1; .n:eJkrayer Bee BpeMH IIOCTOHHH3li epe,n;HHH 

eHJia-3,9 Kzjm; 
S = 4,17 (0-352) = 1310 M. 
" -3,9 

En.r.e TOlJHee TopM03HOti nyTh onpe.n:e.rrHereH no TOM )!{e cpopMyJJe 167 
no qacrliM. Harrpn:Mep, paao6beM aeeb TOpM03HOH nyTb Ha ,n;ne lJaeTH: 

rrepsy10 OT cKopocnr 35 l(Mjtf. JI.O 20 KAt/If. npn: epe,n;HeJ:l ct~.rre:- 4,25 + 0,02 
35 + 20 

=- 3,70 Kzjm, H BTOpJIO- OT Cl<OpOCTH 20 KM/Il )1;0 0 rrp11 
2 

cpe.n:Heti cn:JJe-4,25 + 0,02 20 + 0 = - 4,05 Kzjm, TioJiyqaeM: 
2 

S = 4, 17 (202 - 352) + 4,17 (02- 202) = 929 t 411 = 1 340 M. 
,; -3 70 -4 05 

J I 

I1Me5l B BH,li;J Te .ZJ:OilYill.eHHH, KOTOpble Mbl ,n;e.rraJIH npH onpe,n;e· 

JieHim tpt:, H3)!{3THli KOJJO,li;OK Ha 6aH)I,3)!{H H T. ll., a C .llpyrofi CTOpOHbl, 

33Mell3li, liTO .ZJ:JJH TOB3pHbiX IIOe3)1;0B llpH M3JiblX V H -8- H3MeHeHHe 

p3BHO)I;efiCTBYJOII(efi eMJJbl 33 BpeMH TOpMO)!{eHHli 06b!liHO HeBeJIHKO, 

Mbl MO)!{eM y )I,OBJieTBOpHThCH llOJIYlleHHOH Bb!llle L(Hcppoft S1 = 1310 M. 
Ho cJie,n;yer orMeTHTb, liTO npn: onpe.n:eJJeHHH ropMoaHoro nyrn: c aa

MeHofi nepeMeHHOH CH,l!bl IIOCTOllHHOfi Ha BeeM ero IIpOTH:lKeHHH Mbl 

acer.n:a 6y.l[eM IIO.JIY113Tb rrpeyMeHhllleHHbiH rryTb, IIpH lleM OliiH6Ka 

6y.n:er reM 6oJihWe, qeM CHJJhHee MeHs:~ercH eH.rra a npe)l,eJJax OT HallaJib

Hoti )1,0 KOHeliHOif CKOpOeTH. 

XorH !fJopMyJia 167, raK )j{e KaK H cpopMy.rra 125, rrpaBHJJbHa He 

TOJ!bKO IlpH IIOCTOliHHOfi C!Me (B 3H3MeHaTeJie npasofi 113CTH), HO H 11pH 

nepeMeHHOfi eiMe, CB5133HHOH CO CKOpoeTbiO JIHHeHHOH 33BHCHMOCTblO 

(K3K B H3llleM 11pHMepe), HO B 3TOM CJiyqae IIO)I, BeJIHliHHOfl (W0 f i11 t + 1 000 &-tp5) 111" + 1 CJie)l,yer no.n:paayMenarh (eM. rr. 55) eHJiy, cooraer

crayJOili.YIO He cpe,rr,HeJ:l CKOpOCTH (V n + V n + 1): 2, 3 COOTBeTCTBYIOIUYIO 

cpe.n:HeB3BellleHHol1 cKopocTH no cpopMyJie 127. TaK KaK rrpH ropMO)!{e· 

HHH KpHB351 V = f(S) 113pa60JJHlleCKOrO BH.11:3 C Bbll1YKJIOCTbiO BBepx, TO 

cpe)lHeB3Bel!IeHH3H CKOpOCTb TIO cpopMyJJe 127 60JJbllle Cpe,n;Hefi eKO

pOCT!f; CJieJJ:OB3TeJibHO, CHJia B QJOpMyJie 167 rrpH JIHHefiHOfi 3aBHCH· 

MOeTH OT CKOpOCTH JI:OJI>KHa 6h!Tb He cpe)lHefi, a MeHbllle cpeJI.Hetf 

( COOTBeTCTBYIOII(eJ:l 60JJhllleft CKOpOCTH), liTO II )1,3eT OlliH6Ky B TOp· 

M03HO~f IIJTif Beer )la B OJI.HY CTOpOHy. 

TioJJb3YHCb cpopMyJioti: 167, MO)!{HO onpe.n:eJIHTb ropM03HOli rryTb no 

113eT51M C JII060H crerreHbiO TOIIHOCTH, HO HaH60Jiee YJI.06eH HMeHHO 

npH TopM03Hbix sa.n:atJax r p a cpu 11 e c K H J:l e 11 o eo 6 JIM 11 e ua, K o· 

T 0 p bl R B 3TH X C Jl y 11 all X TI 0 6 bl C T p 0 T e, H a r JI 51 Jl H 0 C T H, 

ycrpaHeHHIO CJiyllaHHb!X Ol!IH60K H TQqHOCTH He HMeer 

C e 6 e p a B H bl X. <PaKnt;tleCKH 3TOT Cll0C06 51B.II51eTC51 rpacpHlleCKHM 

Bb!liHeJieHHeM no cpopM. 167 11acrefi npoxo)lHMoro nyrH H o.n:Hospe· 

MeHHbiM rpacpHlleCKHM CKJI3)1,b!B3HHeM BCeX IIOCJJe)I,OBaTeJJbHblX eJia· 

raeMhiX. 

Ha cpn:r. 134 pellleHHe BbilllenpHne.n:eHHoro rrpwMepa ropM03HOfi sa· 

.n:alJH noaropeHo rpaqm11eCKl1M cnoco6oM J11111el(a. 
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nocTpoeaa KPHBaH paBHOlleitcrsyiOmaH y/1... CHJ!bl til- w"- b = -
-4,25 + 0,02 V = f (V) B MacruTa6ax: 1 Kzjm=k = 5 MM, 1 KM/Il=m = 1 MM. 

KpHBaH pa31leJJeHa Ha yqacrKrr, B Jl.HHHOM c,,yqae qepe3 10 KM/IJ., 
T. e. Ha paBHbie, XOTll MOiKHO Ob!JIO 6bi pa3,rreJJTITb H Ha HepaBHble 
yqacrKrr. Onpe.n.eJieHbr TOIJKH Ha KpHBOH, coorseTCTBYJOII.Uie cpellHe~ 
cKopocTrr Kam.n.oro yqacrKa, 
T. e. 5, 15, 25, 35 H 45 KMjiJ.. 
4epe3 9TH TOIJKH H3 H3l!3JI8 
KOOp1lHH3T (H31J3JI3 OTCl!eTa 
crrJJ) rrpoBelleHbl JIYllrr. HaiJH-

"' u H851 Or JIJOOOH TOIJKH H8 
npo.n.oJimeHIHI Koop.n.~:~aanr, 

COOTBerCTBYIOII.leM H3'-!3.11bHOH 
u 

HJJH HyJieBOH CKOpOCTH, rrpo-
Be1leHbl rreprreH.li,HKYJillpbi IC 
nyiJaM B npe.n.e.nax KaK pa3 

u 

rex cKopocreH, Koropbre orpa-

~-- ·--· .. Kt·f---l·--·1f-+1 

HHIJHBaJOr COOrBeTCTBJIOIUI::Ifi 
JJYllY yqacroiC Kprrsoli yJJ... 
CH.nhl; I1p1I 3TOM KOHel( K8)!{· 
.uoro rrepneH1lHKJJIHpa HBJIH· 
ercH Hal!a.I!OM cJie1lyromero. 
Bee 3TH rrocrpoeHHH Ha MHJI
JIHMerposofi 6yMare .uenaJOr
Cll Ol!eHb !IpOCrO C ITOMO!Ub!O 
.11HHe~Kif H yrOJibHHKa, ,U3)!{e r·+-- --+- -+\-----+---1-- v 
6e3 rrpoqepl!HB8HHH JiylJeH H ! V 
JIHlllHHX Orpe3IWB rrepneH,UH- ! V 
KYJIHpOB. noJiyiJaiOI1(351CH JIO· sl( v 
M3H351 JJHHHll ecrb C 60.'1blllOH : V 
TOl!Hocrbro KprrsaH V =I (s). ! 

)lJill HCHOCrH Ha ljJHr. 134 rrpo- : 
u ' Be1leH8 H lleHCTBHTeJibH3H : 

KprrsaSI V =I (s). Macrnra6 ! . , 

cKopocrH KpHsoit V =I (s) 
TOT )!{e, liTO H KpHBOH 

f ~-Wk- b =I (V); Macrnra6 <t>ur. 134. PeweHue ropM03Hou aa.Ita'IH cnoco6oM 
120 m2 120 · 12 Jlurreua . 

.>Ke nyTH y = k = 
5 

= 

= 24 MM B 1 K.Af. )lJIH 33,l(3HHOH H81J3JlbHOH CKOpOCTH V
11 

=35 KM/r.t, 

24 
- hUdjM = 1 375 M. 
1 000 

B HarneM rrocTpoeHHH Ha4aJibHaH cKopocrb He rrprrxoJLHTCf! Ha rrepe
cetieHHH .UByx orpe3KOB KpHBOit V =I (s); TOlJHee 6hrJio 6bi pa36Hrb 
KpHBYIO fk- Wk- b Ha yqaCTKH raK, lfT06hl CKOpOCTb V ~ = 35 KMjq 
ObiJia Ha rpaHHI.(e .usyx yqacrKos. 

nocTpoearreM Kprrsofl V = f (s) peruaJOrcH see re ropM03Hble 3a
AallH, B KOTOpbiX {). H3BeCTHO. HarrpHMep, KaKOBa ll0JI}!{H3 6biTb H8· 
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1.1aJibHaH cKopocrb rroe3.n;a V11, qro6bl ropMo3Hot! rryTh He rrpeBocxo.n;u.n 

800 M? 0tK.n3.IJ;biB3€M OT T,01.1KH OCT3HOBKH 800 • 
24 

= 19 .MM, BOC· 
1 000 

u 

CT3H3BJIHB3€M neprreH.IJ;HKynHp .IJ;O nepeceqeHHH C KpHBOH 11 H3MepH€M 

ero ..UJIHHy, OK1l3bl· 
0 tO ZO !/J 40 50 c " ~....--- ¥-..,...!!;........~r--,......>![:....,_,::.......r-=i v K.ll i B a 10 IllY 10 5! p a BH 0 H 

I -

. 2 
ltr;-5,tJ%o 

3 -

~ 

-5 

/II 27 MM, 1.1TO B M3C· 

IIITa6e 1 MM = 1 /(Mjq 
.uaer 27 J(Mjr.z. MmKHO 

• 
[K=-IIJ.5%o 0 

ra1oKe o npe.n;en HTb, 

Ka1wti nyTb npoxo

..uur noea.n; npu yMeHb· 

llleHHH ero CKOpOCTH 

OT JII060ti vII ..uo JIIO· 

6oti V k' HJIH onpe..ue

JIHTb vk. 3H3H sk 11 VII. 

:of'"· 
II 
I 

-~ 
~ 

~ 

7 

~ 

9 

1() 
·-- --

12 

13 
"lim 

--v;=o I 

• 

s 

,llnn 60Jiblll€H TOL!· 

HOCTH H .IJ;.IISI COKpa

IUeHHH BpeMeHH Bee 

rrocrpoeHHH CJie..uyer 

/( '{) JIHMerposoti 6yM3re 

M B 60Jiblll€M M3C· 

rnra6e (eM. ra6JI. 14). 
Eenu HJiKHO no

crpoHTb KpHBble V = 
= I (s) .n;JIH HecKOJib· 

u • 

KHX 3H31.1eHHH !11 .IJ;JUJ 

O..UHoro M roro JKe 

noes.n;a, r. e. npM 

Oli.HOH H TOH iKe 3a· 

BHCHMOCTH /,.-W
0

-

- b = f (V), ro Bee 

KPHBhie V = f (s) MO· 

ryr 6b!Tb c y no6-
crsoM nocrpoeHbi Ha 

O..UHOM If TOM JKe 4ep
T€/K€, ,nJIH qero CJI€· 

..uyer rrocrpoHTb KpH· 

BYIO h-W0 -.b, a He 
¢Hr. 135. PerneHHe TOpM03HOH KpHB\110 tk- wk- b, 

3a)l.a '111 cnoco6oM J!Hne~a. 1 

H llpH nocrpoemm 

KpHBbiX V = I (s) .rr.nH 
pa3Hb!X 11, COOTBeTCTBeHHO M€H5!Tb H31.13JIO KOOp.D;11H3T1 T. e. rrepeHO· 
CHTb TIOJIIOC, 113 KOTOporo TipOBO.IJ;HTCSI JIYliM. 

DpuMep T3K0f0 IIOCTpOeHHH ..U3H H3 cpur. 135 .D:JHI CJiyllaSI, KOr,n,a 

H3 IIpOTS!lK€HHH TOpM03HOrO IIYTH ik H€1IOCTOHHHO, a HM€HHO: Tpe· 

6yeTCH onpe.n.eJJHTb TOpM03HOH ITYTb II0€3.11.3 C T€MH /lle TOpM03· 

HbiMM cpe,.UCTB3MH, K3K B npe,ll,bl,l!,YIUeM npHMepe, HO ,UJIH CJieJlyiO· 

mux o6cr05ne.nbCTB: rroe3,ll, HAeT no err) cKy ir; =- 50fo0; npH \KO· 

pOCTH 45 Kh!jq Ha paCCTOS!HlH1 1 000 M OT Ha qa,'Ia cnycKa-10,50fo0 
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npHBO)J.HTCH B )J.ei1CTBHe ace TOpM03Hb!e cpeACTB3 noe3)J.a (KpoMe 
KOHTpnapa). 

CrpOHM Kpimym- w0- b = 12,25 + 0,02 V = f (V) (qJHr, 135). Cnoco· 
ooM Jhmeua crpOHM KpHBYID V = f (s) .UJHI i11 = -50fo0 Ha nporH>Ke· 
!HIH l 000 M (24 MM Ha 6yMare) B npe,n:eJiaX CKOpOCTH or 45 KM('l JI.O 
20,5 KMjll. 11 JI.3Jiee-)I,JJH i"= 10,5°/uo B npe.ll,eJiaX OT 20,5 KAt/'l AO HYJIH. 

s,, = 1 000 + 27 ,s . J 
000 = 2 145 .tt. 

24 

B aroM rrocrpoeHHH CJJe,[(yer o6parHTb BHHMatme Ha HaXO}I{,n:eHHe 
T04!HI b KpHsoti: V = f (s) AJIH npoxo}!{.QeHHSI noe3AOM nepeJioMa npo
cpHJIH . .Ueno B TOM, liTO see HHrepsaJibi cKopocrel1 MO}!{HO 6parb npo· 
HSBOJibHble (KOHe'lH0 1 He OlJeHb 60JibWHe), KpOMe HHTepBaJia, TIOIT3)1,3· 
IOIUero Ha nepeJJOM rrpocjJIIJIH. 3ror HHrepsaJI AOJilKeH 6hiTb raK no· 
,n:o6paH, 'lT06bi CTbiK JJ.BYX IIOCJie)lOBareJibHbiX orpe3KOB i<pHBOfi V = 
=I (s) rrpHuJeJicll KaK pa3 Ha nepenoMe npocjJHJIH. B nporHBHOM cJJy· 

u 

qae CI1JI3, Jl.€ l1CTBYIOIU3H Ha flOe3,[( Ha HHTepsaJie, OTHOCHIUeMCH K ,n:syM 
pa3Hb!M i 11 , He 6yAer ,n:etlcTBIHe.llbHOfi cpeAHeH CH.IIOH. np11 pe3KOM H3· 
MeHeHHM CHJ!bl B 33BHCHMOCTli OT CKOpOCTH 9Ta OWH6Ka 6bi.II3 6b! 
BeCbMa OIUYT¥1M3: B H3W€M npHMepe OH3 6hiJJ3 6bi H€3Ha'lHre.llhH3 B 
Bl1l!Y M3JJOf0 HSMeHeHHH CHJJbl B S3BHCI1MOCTH OT CKOpOCTH. Tal{ K3K 
np11 cnoco6e J111neua ~noli oum6Ku JierKo Hs6e}l{aTb, TO ee JIYllllie M 
He ,n:enaTb. B Haw eM npHMepe nepsb111 HHrepsan- or 45 KMj'l, JI.O 
35 KM/tz, BTOpOH - OT 35 KM/'l ,n:O 25 KM('l. ECJIH 6bl TperHH HHrepBa.JI 
BSHTb TO:lKe B 10 KMj1.f., T. e. OT 25 KM/'l ,llO 15 KMj'l, TO Mbl 3aWJIH: 6bl 3a 
nepeJioM npoqJHJIH, or KOToporo Ha,n:o MeHHTb noJIIOC. BeJ(H nocTpoe· 
HHe Ha MH:JIJJHMeTpOBKe, Mbl BC€f)l,3 H 6hiCrpo MO:lKeM no,n:o6paTb T3· 
KOe paCflOJIOlKeHHe JJHHeiiKH M rpeyrOJibHMKa, l!r06bi CTOpOHa Jll1HeiiKH 
(nyq) KaK pas npornJia qepe3 cepe,n:HHY Toro orpe3Ka KpHsot'l CH:Jlbl, 
rpaHJ1U3MI1 KOTOporo CJIY)!{UT KOOp,ll,H:HaTa CKOpOCTH KOHU3 npeJI.bi,n:y· 
mero HH repsaJia H KOOplU1Hara cKopocrM rrpn rrepece'leHHH neprreH.UH· 
JIHpa K JJY'lY c Koop,n:uHarotf nyrH a TO'lKe nepenoMa npotpMJJH. 
Oco6eHHO yao6Ho secrM arM nocrpoeHMH np11 rrpospal!HhiX (u.eJJJIYJIO· 
HLIOBbiX) JlHHefiKe H yrOJJbHHK€. B H3WeM rrpHMepe TpeTHH HHTepBaJI 
IIOJIY'lHJICH B n pe)J.eJJaX CKOpOCTH or 25 KMjlf. ,n:o 20,5 KMj'l. 

84, PellleHHe TOpM03HbJX 38flaiJ 1 1\0rAa TOpM03HOH K031}1HI(HeHT DO· 

e3)la {) ueHJBecreH M nOAJie)KMT orrpe):leJieHMIO, 3TH sa)J.attM rpe6yror 3a· 
rparbt 6oJibwero speMeHH, lleM aa,n:aiJu c saJ~aHHbiM {), 11 perna!OTCH c 
TIOMOIUblO rpacpH'leCKOH H:HTepnOJIHUHH. 3a,n:aeMCH K3KHM·HH6y,n:b npM· 
MepHo no,ll,xo,n:HIUHM fJ, crpOHM ,n:m1 Hero KpHBYIO V = f (s) cnoco6oM 
JlHneua, J<aK s rrpe,n:bi,n:ymeM naparpacpe, onpeAeJIHeM s~ ,n:Jia 3a,n:aHHhiX 
V11 H V

11 
II H3HOCHM Ha MHJIJIHMeTpOBKY IIOJiy'leHHYIO B€JIHIJHHY S11 B 

1{3KOM·.III160 M3CWTa6e B KOOplliiH3T3X {}II S" (ifJIIr. 136). nycTb 9TO 6y
.ll,eT TOIJK3 1. 3aMe'laH, tJTO Mbl ITO"~YGHJIH Sk MeHbWe 33A3HHOfO, )l,e
JJ3eM sTopoe nocrpoeHHe KpHsoii V = f (s), 3a,n:aswHcb MeHhlliiiM ff, 
lJeM B nepBbiH pas. noJIO:lKHM, liTO Ha 9TOT pas Mbl ITOJIYl!HJIII CJIHU1· 
KOM 60JJbWOH {J. (rO'lKa 2). 3a,n:aeMCH B rpeTHH pas seJJH'lHHOH {), 
npoMe>KyTO'lHOli Me)I<JlJ TOGK3MI1 1 H 2, M TaKHM :lKe o6pa30M ITOJiy-
43eM TO'lKY 3. 4epe3 ITOJJyl!eHHble rpu TOIJKH IIpOBO,!!.HM IIJI3BHYID 
KpHBYJO. Ta BeJIH'liiH3 {J., KOTOpaH flO TIOJiyqeHHOM KpHBOH 6y)J.eT CO· 
OTBeTCTBOB3Tb 33,ll3HHOMY S~, H eCTb HCKOM35I. .D,JJH 60JibWefi TOlJHO • 
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crw MO»<.Ho HatirH 11ersepry10 " .rr.a)!{e mny10 rotiKY i<pwso~ .a.= f (sk), 
~ 

IIOCTerreHHO npMOJHDK31!Cb K 33)1.3HHOMJ Sk. 

BMecro Kpu sotl .a. = 1 (sk) c OJlHHaKOBbiM yen ex oM MOJKHO crpoarb 

KpHByJO lf = I (V,.) MJIH {) =I (V,J 
85. llyTb, IIpOXOAHMLIH noeJAOM Ja BpeMfl llOArOTOBKH I< TOpMO)I(e. 

HHIO, BCHKOMY TOpMOlKeHHIO ITO CHrH8JIY OCT3HOBKH npe,llrnecrsyer 
" u 

HeKOTOpbiH nepMO,ll IIOJI,rOTOBKH K TOpMO}!{eHHIO, HClfHCmieMbiH OT TO· 

ro MOMeHTa, KOr,!Ia M3WMHHCT YBHJI,eJI CHfH3.11 OCT3HOBKH HJIH rrpemiT

CTBHe Ha nyrrr, ,!IO MOMeHTa H843JI3 ,lleHCTBMII pacqeTHOtl TOpM03HOH 

CHJihl. TIOLI. CJIOB8MH , TOpM03HOH nyTh" Mbl IIOHHMaeM TOT IIYTb (sk), 
u u u 

KOTOpb!H IIpOXO)l.HT IIOe3.ll. IIO,ll ,lleHCTBHeM H8 Hero TOpM03HOH CHJibl 

(c HalKaThiMH KOJIO.li.K3MH) or HalfaJihHOH CKopocm V11 .li.O KOHelfHOH 

cKopocrH V,. (o6bllfHO paaHoi1 HYJIIO). Tio.ll. CJIOBaMH }j{e ,nOJIHhiH 

11 
~ 

i a 
-~ -----
~ r·· ~------+----

' -~ ------·----+--··-+-~ 

~ ; -------- _,_ ____ + 
'0!: ~ 
~ ~ ' 
~ l : .. 

' ' ' ' 

I 
' • • • ; 

"'~ . •' 1· ,. " 
N 'I' : : : 

' ' . • • I I f f 

tl f lo~J'faJIIOH R!ITb j S. 
---+-----"-~ . ..:.:::..:.:=~~__;:, 

' ' 
"--Jal/aHHMi Sf(·.;, 

X, •X8 

; /l!!Tt; s 

ll>Hr. 136. OnpelleJJeHHe ropM03Horo K03c!JH- ¢Hr 137. TopM03Holl nytb s" H nonHblll 
UHeHra HHTepnOJIHUHefi. (pacqeTHbl~) TOpM03HOfi nyTb Sm. 

ropM03HOH nyTh" s_,, HJIH npacqeTHblH nyrh ropMOlKeHlill" I Mbl IIOHH

MaeM cyMMY ropM03Horo nyrM s~ 11 rryrrr, rrpoxo,llMMoro rroe3)l.OM 33 

speMH IIO,llrOTOBKM K TOpMOJKeHI-110 (,rryTb IIO,llf0TOBKI1 "). 

f1o HCTelfeHHH HeKOTOporo IIpOMe}!{yTKa BpeMeHH IIOCJie MOMeHTa, 

KOr,lla M8IliHHHCT YBHll:e.II CHrH8JI OCT3HOBKH, H34HH8eTCII IIOBb!IIIeHHe 

TOpM03HOfi CHJ!bl noe3JI,3 OT HJJieBOfO ee 3HaqeHH~, B COOTBeTCTBHH 

C llOBblll!eHftleM CYMMbl H3}!{3THH KOJIO,llOK H3 6aH,ll8)1{!1. L!r06bi He 

BBO,lll!Tb B pacl!eT nepeMeHHOH BeJIHl!HHbl CYMMbl H3lK3THH KOJIO,llOK 

(~Hr 137), Mbl 38MeHHeM KpHBYIO ee ITOBbiiiieHH!I HeKOTOpoA cpe,I[.Hefi 

cryneHb!O (nyHKTHp Ha qJHr. 137), rrpe,lliiOJiarall, IJ:TO TOpM03H351 CHJ18 

n Oe3.Qa TIOBbiiiiaeTCll MfHOBeHHO ,!IO ee pacl!eTHOM BeJ!HlfHHbl, HO CIIJ· 

CT!I HeKOTOpOe BpeMH IIOCJie TOro, K3K OHa B .QeHCBHTeJibHOCTH H3· 

43.113 !10Bbllll3TbC!I. 3a BpeMH IIO,llfOBKH K TOpMQ}KeHI-110 f0 CeKJH.ll. IIO· 

e3,!I npoxo,n:HT IIYTb (VH to 1 000): 602 = 0,278 v!l to Merpoa, r,lle VH
H3l!3JlbH3!I CKOpOCTb Ha TOpM03HOM rryTH, npaKTHlfeCKH He MeHSUOlli.351CH 

33 KOpOTKOe apeMH 10• 

f1pH OCT3HOBKe ITO CHfH3JIY BpeMH H3 llO,llfOTOBKY IIpHHHM3eTC51: 

npH aBTOM8THqeCKHX TOpM033X !13CC3}!{!1pCKOf0 THII8- 5 C, liTO 

COOTBeTCTByeT nynr 1,4 V H'M; 

244 

    
НБ

 

УД
УН
Т 

 (Д
ІІТ

)



npH aBTOM2Tlfl-IeCKHX TOpM033X TOBapHOfO THITa - 12 C, liTO CO· 
OTBercrByer nyrH 3,33 V" M; 

npH PYliHbiX TOpM03ax-25 c, liTO COOTBeTCTByer nym 7 vj! :II; 
np11 cMernaHHOM ropMoJKeHJm, KOr.LLa roJiosa cocrasa H.LLer Ha as· 

TOM3THtJeCKOM TOpM03e TOBapHOrO nma, a XBOCT- Ha pytJHbiX TOpM0-

33X- TO JKe, liTO H npn pyqnbiX ropMo3ax. 

0CHOBHa51 pa3HHJ..J,a B 3BTOM3TH4eCKHX TOpM033X naccaJIUipCKOfO H 

TOBapHOfO nma, 51B.Ull0ll.l3HCH npHtJHHOH H33HatJeHHf! .!IJIH HIU pa3H0f0 

pacqernoro t0, 33KJnoqaeTcH B 6biCrpore rroBbiilleHHH .LLaBJieHHH B rop· 

M03HbiX I.J,HJIHH,U:pax; Ha cpHr. 138 rrpHBe)LeHbl cpaBHHTeJJbHble KpHBbie 

ITOBbiilleHHSI ,!{3BJieHHSI B TOpM03HbiX UHJIHH,U:pax npH TOpM03aX rracca

)ICHpCKOfO H TOBapHOfO nma B 3aBIICHMOCTH OT BpeMeHH, nporeKaEO• 

mero c MOMeHra rrosopoTa pyqKH Kpana MalllHHHCTa • 

.llJHI cJiy"'aH o6pbiBa cocrasa, H.ll.Ylllero Ha pytJHhlX ropMo3ax, na 

ITO,ll;'beMe H CTpeMJieHHSI 33)LHefi l!aCTH yfiTH BHH3, paC"'eTHbiH TIYTb 
• v 

TOpMOllieHHSI CtJHTaeTCSI OT MOMenTa Hy.~eBOH CKOpOCTH OTOpBaBilleiWI 

tJ3CTH1 a BpeMH IIO)LfOTOBKH K TOpMO)KeHHIO- B 30 C OT MOMeHTa 

HyJieBOH CKOpOCTH. 3a 9TO BpeMH ar 

TIO.ll;rOTOBKH OTOpBaBII1351Cli l!3CTb 5 

npoif.ner no cnycKy i0fo0 paccToH- ~ 
HHe (rryTb ITO)Lf0TOBKI1) 4,17 · (i

i 
I 
I 
I 

flacc a }!(HPCK"'' i .,, ... .... ---.--- -
i ' " • I 

I I ro~___... I 

!• -· ''bv ___ jlPPOblli tflrOH 

~ '/ I 1j--' I 

- 2) M (no cpopMyJie 132), a cKo-
3 

pOCTb ee- ttepe3 30 C ITOCJie MO· 2 

MeHTa HyJJeBOH CKOpOCTH 6y,neT 1 
pasHa (i -2) KM/tz (rro cpopM. 120). 
HarrpHMep, oropsaallla51cH Ha TIO.LLb-

0 
o 5 ro r5 2o 25 ;o 35 40 45 so rPI' 

li /1 ~--.- f!O~JIIfllii 08//Jif 
: I i I j I "--

eMe 15%o qacrh cocraaa npoii,u:er <I>Hr. 138. XapaKTep rroBhriUeHHSI .IlaBneHHSI 

OT MeCT3, r ,ne ee CKOpOCTb 6biJJa B TOpM03HbiX UHJJHH.Ilpax rrpu TOpMOlKeHHH. 

pasna nyJIIo, .no Ha'Ia.Jia ropM03-

noro IIYTH (15- 2) · 4,2 = 55 M, a ee CKOpOCTb B MOMeHT Hal!a.Jia 

TOpM03HOfO rryTH 6y,LJ.eT: (15- 2) = 13 KA1(tz; pactteTHbiH nyrb TOpMO· 

JKeHHll Sm B 9TOM CJiyqae paseH: S11 +55 M. 
86. Pac'ler npe)J.eJILHhiX CI<opocreif )J.BHX<eHHR Ha cnycHax 3Hcnnoaru

pyeMLIX )l{eJie3Hb!X ):{Opor. flpH HCIIHCJieHHH rrpe,u:eJibHbiX CKOpOCTeH 

.ll.BH)KeHHli HJIH TOpM03HOf0 K09cfHl~HeHTa Ha CIIJCKaX CJie.zr.yeT npHHH

MaTb B pacqer TOpM03HyEO CH.JIY OT ,LJ.efiCTBHf! TOpM03HbiX KOJIO,ll;OK na

pOB033, TeHll.epa H TOpM03HbiX BarOHOB. flpH pytiHb!X TOpM03aX IIpH 

.ll.JIHHe cocrasa CBhlllle 150 oceti B pacqer na ocTaHOBKY rroe3,LJ.a ,LJ.OJI-
" )KHbl BBO)J.I1TbC5!, KpOMe TOpM03HbiX OCeH rrap0ll033 H TeH,!lepa, mllllb 

Te TOpM03Hbie OCH, KOTOphle HMeEOTCf! B rrpe.zr.eJiaX 150 rOJIOBHblX 

oceif, HMeH B BH,ny ITJIOXYEO CJihllllHMOCTb napOB03HbiX CHrHaJIOB B 

XBOCTe .ll.JlHHHOfO noe3)L3. flpH aBTOM3THtJeCKHX TOpM03aX rrpH HCIIHC

JieHHH TOpM03HOH CH.Tibi B pacl!eT CJie.LLyer BBOJI:HTb, KpOMe TOpM03-

HblX oceu rrapoao3a H reHJJ;epa, ne 6oJiee 80% acex TOpM03HblX aaro-
" u HOB Ha CJiytJaH B03MOlliHb!X Bb!KJIJOlfeHHH. 

l.JHCJIO ropM03HJihiUHKOB a rosapHb!X rroe3JJ;ax Ha py~:~HbiX ropMo-

3ax 9KCITJI03THpyeMbiX )KeJie3Hb!X ,!lOpor orrpe,LJ.eJI51eTU! 113 YCJIOBHfl 

ocraHoBKH noe3,na Ha 3a,n:aHHOM pacqerHoM nyTH TopMolKeHHH, c pac-

4eTHhiM H3)KaTMeM TOpM03HbiX KOJIO)J.OK rrapOB033, TeH,nepa H TOpM03· 

Hb!X BarOHOB, HaXO,ll;HUJ,HXCSI B rrpe,neJiaX 150 fOJIOBHbiX B3fOHHblX ocefi. 

8BO)J.HTb B pactteT TOpM03Hbie OCH, HaXO.ll.Sill.lHeCH 3a rrpe,ll,eJiaMH ro-
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JIOBHbiX 150 ocet\, MOJKHO TOJlbKO rrpli yaepeHHOCTH B ,LI,OCT3TOlJ.HOil: 

CJihlillHMOCTH CHfH3JIOB B XBOCTe. 

KpoMe roro, B 3THX cJiyqaSJx ll.OJJJKeH 6b!Tb czr.eJiaH npoaep04Hhlfi 
u u 

pacqer Ha ocraHOBKy oropsaaweHcH Ha ITO,n:beMe H yxo,n:5HII.eH Ha3a.l( 

qacrH IToe3.ua. 

Pacl!eTHOe H3)K3THe KOJIO,UOK npHHHMaeTCSI B 0,6 OT rapbl B3fOH3. 

B He6JJaroiTpHHTHhiX cJiyqaHX (rrJJoxaH CJJbiiiiHMOCTh cHrHaHaJJOB, nJJo· 

xoe COCTO.IIHHe TOpM030B) pacqerHOe H31fWTHe CJie,UyeT llOHH)K3Tb 

,ll,O 0,5. 
OpH pacqere Ha ocraHOBKY oropBaBIIIefic.H qacrH cocrasa Ha pyq

HhiX TOpM033X paC4eTHOe H3JK3THe KOJIO,UOK MOJKeT 6b!Tb ITpHH.SITO B 

0, 75 or ra pbi saroHa. 

Ko:HpHUHeHT rpeHHll KOJIO.l(OK 0 KOJJeCa <p11 npHHHMaeTCH flO <!Jop • 

MyJJe 82. B He6JiaronpHHTHbiX c.!lyiJaHx (3aTHJKHhle cnyCim Kpyqe 15%0 co 

3H3YHTeJibHhlM HarpeB3HHeM KOJJOAOK) <p1C ITpHHHM3eTCH ITO cpopMyJie 80. 
4ro KaraercH Bhr6opa pacqerHoro rryrH ropMoJKeHHH (s11 + nyrh 

flO,llfOTOBKH), TO ,UJISI py'IHblX TOpM030B ITpHHHMaerCH 1 200 M, a ,UJISI 

asroMaTH'leCKHX 800 M. CosepiiieHHO oqeBHJLHO, 'ITO lJeM 6o.1hiiie Bhi· 

6paH paC4eTHhlH rryrh, reM MeHhllle rpe6yeTCSI TOpM03HhlX BarOHOB 

llpH TOH iKe CKOpOCTI:! H reM 60J!bllle ,ll0JI)KH3 6b!Th BH,llHMOCTb CHf· 

HaJIOB HJIH paCCT051HHSI OT npe,Uynpe,UHreJJbHbiX CHrH3JIOB ,UO CHfH3JIOB 

ocraHOBKlf. BMecre c reM yseJJHqeHHe pacqerHoro ropM03HOro rrym 

Be)l.eT K ITOHH)f{eHIO 6e30IT3CHOCTH ,llBHJKeHI-:IH, T3K K3K ITpen51TCTBHe 

Ha ITYTH He scer.ua 6hJBaer orpa)KJLeHo CHrHaJJaMH Ha Ha.uJJelf<alll,eM 
u 

paCCT051HI1H H C H3,UJI€JK3/Kel:l Bl:l.li.HMOCTbiO. 

)!JIH 6bicrporo paciJera rrpe,ll,e.!lhHbiX cKopocrefi ,li,BIDKeHHH HJIH lJH· 
u 

CJI3 TOpM03HbiX OCelf, rapaHTlfpy!OIUHX OCT3HOBKY ITOe3,U3 Ha CflJCKe 

HJIH oropBaaiiieticH ero qacrH Ha no.n.heMe B npe.D.eJiax 33.LJ.3HHOro pac· 

lJeTHOfO ITYTH (BH.l(HMOCTH CHfH3JIOB), H3 cpHr. 139-157 rrpHBe,UeHbl 

rpaqJHKH, HHJKe ITOHCHeHHble. 

<l>Hr. 139 -142 H 143-146 ,LI,aJOr 33BHCHMOCTb MeJK.uy KPJTH3Hotl 

CITYCH3 i H He06XO,llHMbiM ,UJISI OCT3HOBKH ITO CHfH3JJY TOpM03HblM KO

acpHI.,\HeHTOM f} ITOe3.n.a c cocrasoM Ha pyl!Hhrx ropMo3ax (1:1 CMeiiiaH· 

HbiX, r. e. aeroMarwtecJmx rosapHoro r11na M pyl!Hwx) ,UJIH 'IeTbipex 

pacqerHbiX nyreti (700, 800, 1 000 H 1 200M) H 9 cKopocreti llBHJKe· 

HHH, OT 10 AO 50 KMjtt. 3TH rpacpHKH 6b!JIH flOCTpOeHhl B COOTBeT· 

CTBHH CO CBeMH BhiWerrpHBelleHHbiMH <!JopMyJJ3MI:I H YK333HHHMH
1 

npH 

'!eM W0 npHHHTO paBHbiM: 1,5 + 0,05 V, cJieJLOBareJJhHO, w3 npliHHTO 
u 

paBHblM Hy.~JO, qro .l(aer He3H3IJHTeJlbHhiH 3anac H cymecraeHHO ynpo· 

maer rpacjJHKH, .n.eJJaH HX He3aBHCHMhiMH or seca cocrasa, cepMH ITa· 

pOB033 ll ero 06opy.l(OB3HHH ITpH60p3MH XOJIOCTOfO XO,ll3. 

<l>Hr. 139-142 ITOCTpOeHbl llJISI K09<lJHUHeHT3 rpeHHSI <p11 ITO cpOp· 

MyJie 80 (He6JiaronpH51THhie ycJJOBHH) H ll.OJJJKHbi HMeTb ITPHMeHeHHe 

.llJISI 33THJKHhiX CITYCKOB CBbiiiie 15%0 H .llJJH CITJCKOB MeHhiiieti KPY· 

TH3Hbl rrpH oco6o He6JJaronpHHTHhiX ycnoBHHX. 

<!>Hr. 143-146 IIOCTpoeHbl )I.JIH K03cpHUH€HT3 rpeHHSI rp
11 

ITO cpop

MyJJe 82 (cpe,UHHe pacqeTHhie YCJIOBllSl) H ,UOJllKHbl HMeTb ITpHMeHeHlfe 

)I.JIH cnyCKOB He CBbiille 15°/00 B 06bll1Hh!X JCJIOBHSIX. 

HanpHMep, ecJIH BH.IUIMOCTb CHrH3Jia ocraHOBKH (paclJeTHhifi rryrh 

TOpMOJK€HHH) = 800 M (cjJHr. 144), TO H3 crrycKe B 14°/00 rrpH pa3pe· 

IIIaeMofi cKopocrn V~~ = 30 KM/lf. rpe6yercH ropM03HOfi K03qJHUHeHr 
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& = 0,09, T. e. 9 m Hallianul I<OJIO.ll.OK Ha K3lli,ll.ble 100 m eeca noe3.rr.a 

(BK<l!OlJ3SI JIOKOMOTHB). L{pyroti npHMep: eCJJH BH.l{HMOCTb CMrH3JIOB 

OCT3HOBKH- 1 000 M ( qmr. 145 ), a noea,n: HMeer TOpM03HOH K03¢1iLUI· 

eHT {} = 0,1 0, TO Ha cnycKe 8°/00 MOllieT 6b1Tb ,ll.OnyJ..U.eHa CKOpOCTb 
He 6oJJee 45 KM(tt. 
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¢Hr. 139. PyqHbJe H CMelllaHHble TOpM03a; Sm = 700 M; 
'Pk = 0,2-0,0015 v. 

Ha cpnr. 147 npe,ll,cranJieHa 3aerrcrrMocrh Melli.llY I<pyrrr3Hoif nonyr· 

HOfO flO,ll'beMa i H lle06XO.l{HMbiM TOpM03HbiM K03qJHI.(HeHTOM .l{JHI 0 C· 

T a H 0 B K JI 0 T 0 p B a Bille H C 5I H3 .9TOM flO,llbeMe lJ aCT H C 0 C TaB a 

Ha pylJHhiX ropMo3ax a npe.lleJiax pacLJerHoro nyTir or 700 M (sepxHHH 

KpHB3H) .llO 1 200 M (HHlliHHH Kp11B3H) npH f0 = 30 C C MOMeHT3 Hy.'leBOH 

CKOpOCTH. 8 .l{3HHOM CJIY1Iae ITO,ll; & CJie,n:yer DOHHM3Th OTHOllleHJie 

CYMMbl H3lli3THH TOpM03HbiX I<OJJO.l{OK OTOpBaBUieHCSI IJ3CTH K ee Becy 

(a Kc). HanpHMep, 'IT06hi rapaHTHpoaarh, liTO oropeaslllasrcH Ha 

TIO,ll'beMe B 20°/00 H ll31J3BW351 YXO.liHTb BHH3 tJ3CTh COCT3B3 H3 pyi£· 
Hb!X TOpM033X 6e3 TOJJKaqa 6y ,n:eT OCT3HOBJieHa B npe,lle.nax 1 200 M, 
Heo6XO,ll;HMO, l!T06bi {} ee 6b!JI He MeHbUie 0,088, T. e. He05XO,l.l.HMO, 
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LJT06bi Ha K8>K,ll.bJe 100 m seca C 0 C TaB a IIpHXO,li.HJIOCb He MeHbllle 

8,8 m Ha>KaTml KOJIO.ILOK Ha B3fOHHhie OCH. 

4ro KacaercH cnyqaes o6pbiBa rroe3.n:a Ha py11HhiX ropMo3ax Ha 

CIIYCKe, K0f)1.3 OTOpB3Bll13llCll 113CTb crpeMHTCll HafH3Tb YXO.ZUllllYIO 

BIIepe,ll. rOJIOBY IIOe3)1.3, TO ,ll.eJiaTh pacqer llllCJia TOpM03llJihllJ.HKOB Ha 
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ci>Hr. 140. PyqabJe H cMewaHHhle ropMo3a; Sm = 800 M; 
'Pk=0,2-0,0015 v. 

OCT3HOBKY OTOpBaBrneii:CH 113CTH- 3H311HJIO 6hi OTK333TbCH OT BBe)J.e· 

HHH B paClleT TOpM03HbiX OCefi JIOKOMOTHB3. C ,ll.pyroft CTOpOHbl 1 f3· 

p3HTHpOB3Tb OCT3HOBKY OTOpBarueii:CH 113CTH B 3THX CJIY113HX MOlKHO 

TOJibKO BBe,n:eHHeM HerrpepblBHOfO 3BTOM3TH11eCKOf0 TOpM03a, IIOTOMY 

liTO, CKOJibKO 6hi TOpM03HJ!bllJ.HKOB HH 6b!JIO B XBOCTOBOH 113CTli CO· 

crasa, OHH MaJio rroMoryr, raK KaK OObiiiHO He qyscrsy10r MOMeHra 

o6pbraa. Cocpe.n:orotiem-re JKe ropM03HJibll1.HKOB a xaocroaoH: qacrH 

COCT3B3 33 ClleT rOJIOBHOti, ITOJie3HOe H JI:.IIll IIJI3BHOCTH npOXO)I{,ll.eHHH 

rrepeJIOMOB IIpOcpHJIH, He6e30II3CHO B TOM OTHOllleHHH, 11TO 33.UHlle 

TOpM03HJibll1.HKli He YCJibiillaT TOpM03HblX CBHCTKOB JIOKOMOTHBa IIpH 
CHrHaJie OCT3HOBKH, 
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¢Hr. 148-151 .naiOT 3aBUCUMOCTb Mem.ny KpyrH3HOi% cnycKa u ue· 

OOXOJI,HMbiM ,li)IH OCTaHOBKH ITO CHrHaJiy TOpM03HbiM KOS<}:JHUHeHTOM 

nOe3JI,3 C COCT3BOM Ha 3BTOM3TH4eCKOM T 0 p M 0 3 e T 0 B 3 pH 0 r 0 T If II a 

)1, H JI,BYX pactreTHhtX nyteH (700 H 800 M) H 10 CKOpocreii )I,BIUKeHHH 

(15 .no 60 T<M/tz). 3TH rpac[JHKH 6wm nocrpoeuw HHrep-H aKcrpanoJJH

l.(Heti rpac[JHKOB qmr. 139-146 c yqeroM, Konet~Ho, pa3Horo i
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<I> Hr. 141. PytiHLJe H eMewaH!Ible ropMosa; Sm = 1 000; 
rpk = 0,2-0,0015 v. 

¢Hr. 148 u 149 nocrpoenbl .nJist JW3cPHI..{Heura rpeHHSI rpK no !flop· 

MyJie 80 (ue6naronpHHTHhle ycJIOBHH) H ,noJI>KHbi nMeTh npHMeHeHHe JI,JIH 

3aTH)I{HbiX CTIYCKOB CBblllle 150fo0 H npH O,nHOCTOpOHHeM TOpMO>Ke• 

HHH ,l!JIH rpy>KeHOrO pemHMa (60JibiiiOe y,neJibHOe JI,aBJieHHe HOJIO,li.KH 

Ha KoJieco). <l>nr. 150 H 151 nocrpoeHbi .II:JIH Koa!fJHUHeHra rpeH HH (/JK 

ITO !}>opMyJie 82 (cpe,n:HHe YCJIOBHH) H J{OJDKHhl HMeTb npHMeHeHHe 

.U.JIH CIIYCKOB He CBbiille 150fo0 B o6bit!HbiX YCJIOBHHX . 

.[lJI51 aarH)f{HbiX cnycKos CBhliiie 20%0 TOPM03Hotl: Ko3tPHQHeHT, orrpe· 

JI,eJieHHblll no qmr. 139-140 l1 148-149, ,li.OJI>KeH 6b1Tb IIOBbillleH Ha 50fo 
(Hanp11Mep, BMecro 0,20 cJie,nyer 6paTb 0,21), a .IJ.JIH 3aTmKHbiX cnycKOB 

CBh!llle 25°/0, B qacrHoCTH .llJIH CypaMcKoro H .Ilma.n:mypmoro cnycKos, 
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3armei<aao:ux meJI • .nopor, ropMoaHofi KOsqmu!IeHT .nonmeH obiTb no· 

BbillleH Ha 1 OOfo. no rpacpHK3M cpHr. 146 H 151 COCT3BJJeHhl Ta6JIHUhl )l.e~CTBJIO~HX 
npaBHJI paclJeTa lJHCJI3 TOpM03 B TOB3pHb!X noe3)1.0B. , 

<f>Hr, 152 153 )l.aJOT 33BHCHMO Tb MeiKJJ.Y Kpynt3HOil cnycKa l 
u 

H npeneJibHOH CKOp CTbiO noe3.U3 H3 8BTOM3THlJeCKOM TOpM03e TOB p· 

HOrO nma )I.Jifl .!lBYX H3lJ HHH paclJeTHOrO nyTH ( 00 H 800 M) 1 11 3H3· 

lJeHHH 8- (or 0,04 )1.0 0,24) H JJ.BYX cpopMyJI (80 ll 82). 

0.01 
~,L..L.-1--J-..LL...LL..L..L..J....L.J....L..L..L...L..L...L..L...J....J....L...l~ loA.l () 

1302& 26 Z4 2210 ld IS 14 12 fO & 6 4 2 0 
((}II(/( %o 

<I> .Hr. 142. Py'IHble H cMeWaHHbie ropMo3a; sm = 1200 M; 
'Pk = 0,2-0,0015 V. 

3TH rpacpHKH noJiylJeHhi npocroft nepecrpoi1Koi1 rpacpHKOB 

ciJ11r. 148-J 55 . 
.[{JIH o6JiertJeHHSI nepexo.ua oT ff, onpe.!leJieHHoro no ycJioamo acTa· 

HOBKH no CHrHaJJy, K He06XO.!lHMOMY KOJIHlJeCTBY TOpM03Hb!X OCe~ 
B noe3.ll,e, H.'IH o6paTHO, OT KOJIHlJeCTB3 TOpM03HhiX oceti K {), CJiymaT 

rpacjJHKH Ha cpHr. 156 H 157. TopM03Hoti K03cpHI.HieHr noest1.3 {} ecrb 

OTHOllleHHe CYMMbl HaiK3Tl:lli BCeX )l.efiCTBYIOl.UiiX TOpM03HbiX KOJIO.UOK 

K Becy noes.n.a. ECJTii 33 e.n;HHHUY CHJtbl Hi.UKaTlf!I ClJIUaTh He 1 1CZ, 
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¢!Hr. 143 11 144. PyLJHble 11 cMewaKHWe ropMo3a; Sm =700 M 800 M; 'Pk == 0,24-0,0018 V. 
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ci>Hr.!45 H 146. Py'lHble H CMell!aHHble TOpMosa; Sm=l 000 If 1 200 Mj 'fik = 0,24-0,0018 V. 
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a 1 800 K2, T. e. Ha>Kan:re pyiiHbiM TOpM030M H3 O.li.HY OCb CaMb!X 
pacrrpocrpaHeHHh!X y H3C TOB3pHb!X JlBYXOCHbiX B3fOHOB C rapOM 7,2 m 
npH 0=0,5, TO cyMMa H3>K3THH BCeX )leMCTBYIOliJ.HX TOpM03HbiX HOJJO,llOK 
rroes)la 6y.n.er pasHa 1800 Tl,w r.n.e nom -TIMCJIO ropM03HblX oceii c Ha-

rU 0,1.5 
i\ t-f\; PllCCTO!JH11E 11EHr',Q!I11YfiHT!l11H -Q./4 

1\ i\ • 
HYflEBOH CHOPOCTif ?OO~t!?OO 11 - 0,13 

1\ 1\ 
~ = 0.24-0.00 18l/ 

'I? 
fo =30CEH 

f- 0.11 
f\. f\. 

IO.tO i\\ 
-., r-..\ '9 0.0: 

' 0,08 

0,01 

0,06 

0,05 

0,04 

0,03 

0,02 

%o 
' /'} ll4 

l 
, 

' 

30 28 28 -.?4 22 20 18 16 74 10 8 {j 2 0 

¢nr. 147. Py"'Hble n CMelllaHHb!e ropMo3a; o6pbiB Ha nO,II.'beMe. 

>K3THeM no 1 800 KZ, 3KBHB3JieHTHOe .n.efiCTBHTeJJbHOMY l!HCJIY TOpM03-
HbiX oceif. l1Haiie roaopa: 

{}= 1 800n9m =I ,Bnam 
• 

(P + Q) -1 000 P+Q 
(168) 

,UJIH YCJIOBHH pacqera Ha 0=0,6, T. e. H3 Ha>KarHe 2 160 K2 H3 OCb 
.nayxocHoro aaroHa c rapoii 7,2 m, cpopMyJia 168 npHHHMaer BH.n.: 

tf= 2160n9m • _ 2, 16n9m • 

(P + Q) • I 000 P+Q 
(169) 

I1HaTie roaopa, Ha Ka>K.ll.bie 100 m aeca noes.na (BKJIIOIJaH na poaos) 
rpe6yerca 46,3 · {} aKBHBaJierHhiX ropM03Hhlx oceti (r. e. c HamarHeM 
no 2 160 Kz). 

,UJIH 06bi!JHhiX npaKTH!JeCKHX paciJeTOB MO>KHO npiiHHTb, l!TO napo
B03 cepmr 3 (c TieThlpexocHhiM reHJLepoM) 6e3 npHMO,lleiicrayJOII.lero 
ropMosa aKBHBaJieHreH no ropM03HOH CHJJe 21 oc11 c HamarHeM no 
1800 KZ HJIH 18 OCHM C H3>K3THeM no 2160 KZ, C npHMO,UeHCTBYJOII.lHM 
TOpM030M COOTBeTCTBeHHO 22 liJIH 19 OCHM; napOB03 Ill (C tJerwpex
OCHbiM reHJLepoM)-Ha 1 ocb MeHbllle, r. e. c:ooraercraeHHO 20, 17, 
21 H 18j lleTblpeXOCHblH TeH,!I,ep-8 OCflM C Ha>KaTHeM ITO 1800 KZ, HJJH 
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7 OC51M C H3l«3THeM no 2 160 KZ; rpeXOCHb!H TeH.n:ep- COOTBeTCTBefiHO 

6 HJJH 5 ocSIM; Kam.n:aSI ropM03H3H ocb mo6oro aaroHa Ha pyl!HOM 

ropM03e 3KBHB3JJeHTH3 OJl,HOH OCH Jl.BYXOCHOfO HOpM3JibHOfO saroHa 

(B .n:efiCTBHTeJibHOCTH .ll:JJSI B3f0HOB ITOCTpOHKH IJOCJJeJl,HIIX JJeT-He

CKOJlbKO 60JibWe), K3}K)l.35I TOpM03H35I OCb JIJOOOfO saroHa H3 B03,n:yrn-

4(} 5.5 45 50 
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ci>Hr, 148. ABTOMaTH'IeCKHe TOpM03a TOBapHDfO THna 

S111 =700 M; 1fk = 0,2-0,0015 V. 

HOM TOpM03e (C nopO>KHl:IM peml:IMOM)-2 OCSIM, OOTOMY 'lTO K094JH· 

~HeHT H3>K3THH 60JibWe npo~eHTOB H3 50, a Tapa-rrpo~eHTOB H3 30. 
HarrpHMep, )I.JUJ. noesJJ.a c napososoM Qn, 'lerwpexocHbiM reHn:epoM 

H C COCT3BOM Ha py'lHbiX TOpM033X, l:IMeiOII.J.eM 10 .n:el!CTBYIOII.J.HX TOp· 

M03HblX OCeii, n,111=0+8t 10= 18 9KBl:IBaJieHTHhiX TOpM03HblX OCeii 
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t H8iK8THeM no 1800 K2 HJIH 0t7t10=17-C H8iK8THeM no 2160 K2j 
.ll.n51 nOe3Jl8 C napOB030M 3 H COCT8BOM Ha CMernaHHhlX TOpM038X, 
HMeiO!lleM 4 TOpM03HblX OCR Ha B031l:YiliHOM TOpM03e M 6 TOpM03HblX 

oceti Ha PYliHOM ropMoae, nam=2l +4. 2+6=35 8KBHBaJieHTI:lb!X TOp· 

~ aM 
~ -++-++~I\ -H-+t-H-1 0.24 

1--+--+N-++-+ -++++ H++--1---R -+-t++-w-++++t-1 0. 2] 

JS N- r\ ~" , 0.22 
1\1 \. I ' \1 

t-+-PI.- 1\ ~ -+-++-+-'---t+++++-' -+-t-HO. ?1 
Jo 1\~ r'\ :\ r+-H++-1\J-+-+-~o,lo 
? r\ ' 1\ 0.19 
c'$ 1\ 1\ \ 

1\ l '\ ~ ~0.13 
20 f't++ --+- :-+-+--~¥--+++- ++++ +++-H 0,17 

fj ["\ cH--t-' ++-+- :t--+-t-+- .-+-+--H {}.15 ' '~ \ 
II \ 
~ + ' i-;Hf\-+ t;+-H-+ 1-H-t--1\ 0. 15 

1\ ---'~<--++ 1\ N-- 0.14 

• 

+++- <++++\.I 0.13 
r\ I 

----1'1 ~ ~ ~c+-t--iO, 12 

\ 

\ 

1\..--t-'~ 1\ ~~ fi\++- \ 0.11 
H-+++-t-H--+-++ N- r\ I \l +++ [\ /}.1/J 

1--t--lH--+++++-++++'1\ H\ N\ r\+1--l 0. 09 

H-!-1-::D'--'-W'-'----l:-'--.1-'----l-l-f--f 1\ 1\ r- N 0. 01 
r'i!C'IflHb/11 PYTIJ ~ 

1---t-1 8 00 J/. · 1Jt-+--l 0 f16 

$1( • JUU- 3, Jj ~ +1\ I O,O$ 
H---1 1.'2 0. 04 t0 • Ct'K 1 

I 
(!JIJ[/( roo 

0.03 

0,02 

O.IJI 

l 30 28 26 2<t. 22 20 !8 f(j 1+1210& 61, z 0 

<f~Hr, 149 ABTOM&THLieCKHe TOpM033 TOBapHOfO THna; 

Sm = 800 M; lfix = 0,2-0,0015 V. 

M03Hb!X oceti c HamarlieM no 1800 KZ HJIH 18+4 · 2+6=32-c HaJKa· 
THeM nO 2 160 KZ. 

4ra6hi Ha6aBHTbCll or seca JIOKOMOTMBa P, sse,n:eM .nonymeHMe, 
lJTO p = 1 QQ m. Ll,Jill MO!llHblX JIOKOMOTHBOB 9THM Mbl HeCKOJibKO 

• yMeHbrnaeM tJHCJIO ropM03HbiX oceli B noea.n.e, 11ro onacrM KOMneHCH· 

pyercH sse.n.eHHbiM paHee nonymeHHeM, tJTO conpori:IBJiemte Mall!HHbl 

napoaoaa npH 3aKpb!TOM peryJIHrope paBHO HYJliO. 
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4 

fo =!2C£Jf 

!!H=a24·aooJoV 
s,., = ?00-3.33llrt 

n = (Q+IOO) 11 
1m 1,8 

n = (Q+IOO) ~ 
•m 2 lfi 

I 

~ 

(170) 

(171) 

ao2 

/ CllY,C!f.~O 
a~ O/. am 

· C17!1fK -,oo 
o ~ 2 o t zo !8 lo t4. 12 ro 8 5 q, 2 d PO 19 t$ 14 12 !0 8 

<l>11r. 150 If 151, ABTOMaTHtleCKHe TOpM03a TOB3pHOfO THna; Sm = 700 H 800 M; 
tp,. = 0,24-0,0018 v. 

no 9THM QJOpMyJiaM, 3H35I BeC COCT3B3 H Tpe6yeMhlll TOpM03HOH 
KOEHfH!UJileHT {} (nO rpacpHI<8M cpHr. 139-146 I:! 148-155), JierKO onpe· 
,ll.E.'Jil1Tb n

3
,. H Tpe6yiOrueecH !JHCJIO ,ZJ.efiCTBHTeJibHb!X TOpM03HbiX ocefi 

pa3Horo po)l.a. no aTHM cpopMyJJaM 11 nocrpoeHbi rpacpHKH ¢11r. 156 
R 157. B CJiylJae ,ZJ.BOMHOH THfH B cpopMyJiaX 170 R 171 H Ha cplir. 156 
H 157 CJie,llyeT npH6aBHTb K ,ZJ.eHCTBMTeJibHOMY Q elll,e 100 m (sec 
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sroporo noi<oMonma). HrriKe .n;aHo 4eTblpe npHMepa noJib30BaHHH 
3TI1Mif rpatiJHK3MH. 

0.21, 
0.22 

0.20 

so 

I;(} 

0,18 t--t +--~ ~ +--+ '--r- If-+- f--+--+-~ 20 

0,{}4 

¢lHr. 152. AsroMan!qecKHe ropMoaa rosapHoro rnna; 
Sm = 700 M; '1'11 =0,2-0,0015 V. 

n p 11M e p 1. Orrpe,n:eJIHTb .n.onycKaeMyiO CKOPOCTb Ha crrycKe 6° loa 
)I.JIH noeg.n,a c rrapos030M Qs H cocrasoM Q=800 m Ha pytiHbiX ropMo-

0.21; 
0.22 

0.20 

0.18 

• 

:::: :;:::<! 
sl( • J!J0-3,33 'Itt 

L /t :~ 
I ::::0 0::::: ~~ A 

"'J.. I~ ..,. .... / 

/ .A 

y 

vi 7 / 
o.1. 1~ 0.08 0.~6 .fl. 0.14 ao4 

C fiY,Ctr :~oo 
l~UM~~MM$~~m8o4 20 

¢lHr, 153. ABTOM3TH'IeCKHe TOpM033 TOBapHOrO THna; 
Sm=800 M; 9'~=0,2-0,0015 V. 

~ 
60 

so 

3{) 

20 

10 

33X C 16 .n,eiiCTBYIOIII;HMH B3fOHHb!MH TOpM03Hb!MH OCHMH npH: BH)J.HMOCTVI 
CHrH3JJOB 1 000 M; Ha>KaTHe Ha B3f0HHYIO OCb 2160 ~~. K09tPHUHeHT 
rpemm rro ¢opMyne 82. OpH lfeTbrpexocHoM reH.n,epe n.m= 7 + 16 = 23, 
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1110 no !lJur. 157 .uaer 19-=0,055, npu KaKOBOM J9. no ¢ur. 144-npe· 
,lleJibH3H CKUpOCTb 35 KMj'l. 

n pH Me p 2. OnpeD.eJIHTb KOJ!lflieCTBO B3fOHHbiX TOpM03HbiX ocefi 
Ha asroMarw.JeCKOM ropMo3e roaapHoro nma, rapaHnlpyiOmee ocra
HOBKY noe3.ua Ha cnycKe B 260fo0 npu CJie.nyiOlll,HX ycJIOBJuix: .nsa naposo3a 
cepHH 3, sec cocraaa Q=l 000 m, BH.llHMOCTh CHrHaJlos (paclJeTHhiii: 
IIJTb Sk)- 800 M, CI<OpOCTb Ha cnycKe-20 KM/'l, H3lK3THe Ha sarOHHYJO 
OCb 1800 KZ, K03QJHUHeHT rpeHHH 110 GJOpMyJie 80. no 4J11r. 149 
H3XOJ!HM HeOOXO,llHMbltl 19-, a HMt'HHO, 0,15. no !lJHr. 156 H3XO,ll,HM 
nsm=100 ,H.JIH ycJIOBHOrO Q=1 000+100 (BT0pOJ1 napOB03). lJ:HCJIO 
BarOHHbiX TOpM03HhiX ocefi paBHO: [100-2 (13+8)]: 2=29, "!TO COOT· 
BeTCTByer, HanpHMep1 7 lJ.eTblpeXOCHbiM B8fOH8M, 

SH''l00-3,33 H 

0,2~ ·0,0018 v 

021;!:;:;; 
a22 
().20 
a1e 
a to 
at4 '----f-: 

l Cfl!ICH, 0/oo 
20 !8 18 12 !0 8 8 

v, 
SH=800-333 H 

=0,2~·0.0018 v 

l Cfl!ICH, 

20 18 f5 !2 /0 8 8 4 

Ci1Hr. 154 H 155. ABTOM3THgeCKI1e TOpM03ll TOBapHOrO Tl1ll3; Sm = 700 H 800 M; 

1(,;=0,24-0,0018. v. 

n p u Me p 3. Tor lKe rroe3)1., 11ro u s npe)J.hlll.YUJ.eM npuMepe, HO 
BH)J.I1MOCTb CHrH8JIOB 700 M, a CKOpOCTb Ha CIIYCI<e 25KMj'l. no q)Hr, 148 
19-=0,166, 1J.TO ,llJIH ycJJOBHOfO Q=l 000+100 HaXOD.HTCH 33 npe.neJiaMH 
rpa(jJHKa 4J11r. 156. no3TOMY MhiCJJeHHO .ueJIHM noe3.ll norroJiaM u onpe· 
.n:eJIHeM n9m ,llJIH O,llHHOIJHOH THfH rrpH Q=500 m; IlOJIJIJ3eM nsm = 55, 
a ,llJIH Q= 1 000 n9m=55 · 2= 110, l..JHCJIO BarOHHblX TOpM03HhlX OCeii 
paBHO: [110-2 (l3+8)J: 2=34, T. e. 81/ 2;:; 9 lleTbipeXOCHbiX B3fOHOB. 

n pH Me p 4. QnpeD.eJHITh .llOnycKaeMJIO CKOpOCTb H3 cnyci<e B 10°/00 
)lJJH IIOe3.lla C napOB030M lU ll COCT3BOM B 750 m Ha CMellla HHhiX 
tOpMoaax: 8 ocefi Ha asroMarwJecKoM TOpMo3e 11 10 oceti-Ha PYIJHbrx 
TOpM03aX. BH.llllMOCTb CllfH3JIOB 800 Af, H3lK3TMe Ha B3f0HHYIO OCb 
2160 KZ, I<03tPlll.I;HeHT TpeHHH 110 ¢opMyJJe 82. npu lJ.eTblpeXOCHOM 
TeH.nepe n~m=l7+2 • 8+10=43. Oo ¢11r. 157 &=0,11, npli I<3KOBOM J9. 
npe,D.eJJbH3H CI<OpOCTb no <lJHr, 144 pasHa 40 KMj'l. 
17 THrooble pac~erbl H ~cnhiTaHHH. 257     
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ECJIH TOpM03a napOB03a H TrHlleoa B pac'-leT He BBO..UHTCH (..UJIH 
Janaca H ..UJIH coxpaHHOCTH 6aH.n:a>Kei1), ro peJyJJbTaTbl pemeHHH no
cJieJJ.HHX rpex npHMepOB COOTBeTCTBeHHO H3MeHHTCSI • 

.llJIH on pelleJJeHHfl lJ:HCJJa oceti Ha py'-IHOM ropM03e coer a sa Ha py'l
Hblx HJIH CMelllaHHblX T0pM03aX H a C JI y lJ a it: 0 6 p bl B a II 0 e 3 Jl a 

Bee cocrada () = 300 350 400 450 5/JD 550 600 

4------lt---JL----hi+-:A 
700 

"·', 1--l-+-+-+--+-+--1:--+---H-f--cf-+--l+--; - '- bt----ht---h~Y---A---,.q ?50 

....-~~~~~f--f--f--!--lf----,1--lf-- o<-t F--+>'-+..4-.'l--. - ~ &00 

--jf.-l--1---1--+-+--1---+-l---+-1'-f--.4--H-- ~4-----1 >--,lf------.,~1--IL- &50 

f- :.._ '-J.- c......., ~~~~ 900 

171--l---l--~--l-11-1-1--1---1---t-++-++-+ YJ''---lf- ,/...- ~:.__ ILsf---,.f---7'!950 

0.16 f--f--f----.j~--f--1-J<L- --lr--1 
fOOO 

a ts f--l---l---l--+--+-+-+++++-¥--: ---r ....,,£+-,,L.-J-,<L.¥......., '-.,4-,A-,.£... 

0,14 f--l--l--l--+--+-- "----+--++-+-+1 ---¥---A---A-7L.JI'-Y,-,4-,.<'-t 1200 

0. fJI--I--f--1f---l----1--+t-++f'--lr-++-;----¥~+-t>'--J '-.£f-.,.L- f 300 

0. f21---l---l---l--+--++-l-l--l+- '--,t-j,f-- '-.Lf+--. '~-'17'-,. .4---~~ ,.L-;___,..q-----,1 /1,.00 

0.11 1---1--+---1--f---l~-'1-f-l+-~-fr-1' 15 00 

0. fO f---f----f---~+-A-1--11-'--'"+~'--' +..++-, f-.L-1"'-,L 

0.08 ~1-----+--+++h 

0.071---1--+---it--l-lr+ 4'-HV/10 

o. O.fl---+--h£,hll m~ 

o,o4 H--!flh~ 
0.031---J--l 

TOHH 

\ 
4JHr, 156. 33BHCHMOCTb Me)l{llY TOpM03HbiM KO!l~HUHeHTOM, BeCOM COCTaBa H qucJIOU 

TOpM03HbiX oceii c HamarueM no I 800 KZ. 

Ha IIO,.U'beMe IIO H3BeCTHOMY {}' ( 0 rrpe)l.eJieHHOMy 
<PopMyJia: 

DO tPHr. 147) CJIY>KHT 

(172) 

rJi.e Q2 secb cocrasa, a n-'-IHCI!D scex )l.eticrsyJOUJ.IH BaraHHbiX 
·'OCeu Ha py'-IHOM ropMoJe, ecJIH rroe3)1.-Ha py'-IHbiX ropMo3ax H rop-
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M033 pacnpeJJ:eJieHI>I paauoMepHo. EcJIH >Ke PYliHhle ropM03a cryrueHbl 
K xaocry HJJH roJioBHaH LJaCTb cocraaa-Ha aaToMaTHLJeCKOM ropMo3e, 
TO TIO.ll: Q2 H8.li.O IJOH11M3Tb BeC TOH XBOCTOBOH lJ3CHI COCTaaa .IJ.JJH 
KOTOpOH onpe.II.eJIHeTCfl n. .LlJJfl TIOCJJl'.IJ.Hero npHMepa (napOB03 ill 
Q=750 m, cnycK 10°}00, 8 oceli Ha_jaaroMaTHLJecKOM lropMo3e_. H 10 

fj 
0.25 

0.24 
0,23 

0.22 

0.2! 

020 
0,!9 

0.!8 

0.11 

0.!6 
0,15 

0,!4 

0,/3 

0.!2 
0.11 

0.!0 

0.09 
0.08 
0.01 

0.08 

0.05 

0.04 
0.03 
0.02 
0.01 

SEC COCTilBA f1 = 300 350 400 450 500 5~i0 GOO 850 700 750 
"T 

lf//11 I 
ftll!ff!lTHE 2/, 7 1(1 

I I I I I I I 111 850 
lj lj v;r I 900 ' I I I I I I I 

I VI v v/ /.tv 950 
I 

'· II v, '/ //V/ !000 
/ 

1/ 1// I I /V, v/ /A' 
/100 Ill VI VI I /V/ // .. / 

I 

I I I /V; VI /V/ v/ I' y 1200 / 
I I I I /Y/1/// v VJ4.c.t3oo 

I /1111
1 #/1/V,jf / v y ~/41)0 

I' I I !I. I /Y;V:~ /1/ vv,/ /it5oo 
,(/1/VI~~~ v/ y/ vvv /1800 

I 'l/;V;Yjl_b v /V v/ ~ ~~ I I I / / // 
1 V;V;~v./0/ /~/ vv V.~ 

v~ :::.1 12200 
v ~£ v ........ ~· vv 

/ 
1s-r~ I 

~ /, ~~~~v ::::---: v--
TQIIH 

~ ~ N ~~~~_, ~ v:~/ 
WJ /,/./ / ~/.::V "~=_..;~' ;;jo 

IJIJ /.,. ;,.;; ~ ,. . / 
·~:% /,.... ' 

~ 
....... 

~ ~/ 
~ 

0 5 ro 15 20 25 30 35 I;{} 45 so 55 80 85 10 75 80 85 90 .95 100 nJm 

4'Hr. 157. 3aBHCHMOCTb MelKllY T0pM03HbiM KO~t1JifUileHTOM, BeCOM COCT3B3 H 'IIJCJIOM 

TOpM03Hbl;( Ocefi C Ha>KaTHeM DO 2 160 KZ. 

oceli Ha pytJHb!X ropMo3ax) Ha no.II.oeM~ a 10°}00 no qmr. 147 19-=0,043; 
ecJIH Q2= 600 m, TO rpe6yeMOe l!HCJIO TOpM03HblX OCeH XBOCTOBOH 
11acrH cocraaa Ha py4HbiX ropMo3ax n=0,036 · 600:2,7 = 8. 

D.11H cilOPMYJJbl 172 JJerKo 6biJJO 6bl nocrpo11rb rpacilwK Hano.n.o6He 
rpacill:!Ka 4l11r. 157, nocrpoeHHOro no q>opMyJle 171. <l>opMyJJy 172 
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MO>KHO Bblpa3HTh CJIOBaMH raK: Ha Ka>K)J.hie 100 m Beca cocrasa rpe-

6yercH 37 {). ropM03HbiX ocei1 c pacqerHhiM Ha>Kan!eM 2 700 KZ. 
CaMO co601o pa3yMeeror, liTO npH asroMarHqecKOM TOPM03e HJIH 

rrp11 rro.nraJIKHBaHHH He rpe6yercH npoBepKH Ha ocraHOBKY rrpH o6pbiBe 

cocraBa. 
Heo6xo.nHMO o6patHTh BHHMaHHe Ha ro oocroRreJihCTBO, liTO o.nn

HaKOBblA pacqeTHbiH TOpM03HOH nyrh BCe N<e He .naer O.ztliHaKOBOti 

o6ecnel!eHHOCTH ocraHOBKii rroe3.na Ha crrycKax pa3Holi KpyrH3Hhi. )l!JR 

11JIJIJOCTp3l(IH! 3TOro IIOJlO)l{eHHH pa36epeM tpH C!Iyl!aR OCT3HOBKl:l IIO

e3)J.a: H3 CIIYCKe 80foo, 15°(00 l:l 300foD· npe)J,ITOJIO>KHM, liTO npH BCeX 

rpex CJIYli351X Vn=30 KM/t.t, Sll=l 000-7 VH, ((11=0,2-0,0015 V, Wo= 
=1,5+0.05 V.Cor JiaCHO cp11r. 141, .nnH 81/ 00 &=0,063, .llJIH 150fo0 IJ.=O,l 06, 
)J,.nH 30°/00 tr=0,198. np11 TOpMO)l{eHHII 3aBIICHMOCTb Me>K.llY 1I.eHCTByiO

meii Ha TOHHY Beca IIOe3)J,3 CIIJIOH-W11-b H CKOpOCTbiO V Bblp33HTCSI 

CJie.llYEOIUeti cpOpMynoif: 

-W11-b=-W0-i-1 OJO fJcpK = 
=-1,5-0,03 V-i-1 003 fJ. (0,2-0,0J15 V). 

3ra 33BHCHMOCTb )J,JIH yKa3aHHb!X Bbiiiie i H COOTBeTCTBYIOIL\HX HM 

fJ. rrocrpoeHa rpacpHl!eCKH Ha cpHr. 158. 
npH CKOpOCTll 30 ICMjt.t y)J.eJibHaSI paBHO)J.eHCTBYIOmaSI CHJia pasHa: 

rrpH i =- 8Dfou + 5,0- 9,8 = -4,8 Kz/m 
i = -150fo0 + 12,0- 16,4 = 4,4 

i=-30°/00 +27,0-30,7=-3,7 

f.lle BTOpble CJiaraeMbie aJire6paHl!eCKIIX CYMM HBJ!SliOTCH y!leJibHb!MI{ 

TOpM03HbiMH CHJ13MH, IIO)J,l!HHeHHblMH BOJie lleJIOBeKa CHJI3MH, HarrpaB

JieHHbl MH B CTOpOHy, rrpOTHBOIIOJIOlHHYIO .li:BH>KeHHIO IIOe3.li:OB, a rrepBbie 

cJiaraeMhie- OTPHL\ateJibHbiM corrporHBJieHHeM rroe3)J.a, HanpasJieHHbiM 

B cropoHy )J.BmKeHHH noe3.na. 

Mbl BH.llHM, liTO npH H3li3JlbHOH CKOpOCTl:l paBHO,!leHCTBYIOIU:3H 

ocTaHaBJJI!Ba!OmaH CHJia rrpu Kpyrblx crrycKax MeHbiiie, qeM rrp11 MeHee 

KpyrhiX (3a cl!er o6paTHoro H BJieHHH rrpH yMeHhiiieHHH cKopocrH)

Y)l{e o.nHo aro )J.aer .li:JIR KpythiX crrycKOB MeHbiiiYK> npaKrHqecKyiO 

o6ecrrelleHHOCb, Ho 9TO eme He Bee. npe.nrroJIO>KHM, liTO 6b!JIO rrpa

Be)J.eHo B )J.eHCTBHe TOJibKO 80°/0 BCeX TOpM03HblX cpeJJ.CTB IIOe3)J.a, 

a OCT3JibHhie 200fo OKa3aJIHCb Bb!KJI!OlleHHbiMH HJIH He IIpr!Be)J.eHHblMH 

B ,llet!cTBHe BCJie]lCTBlle llJIOXOH CJlbllllliMOCTll CIHH3JIOB C JIOKOMOTHB3. 

Tor )J.a rrp11 CKopocm 30 K.M/tt y .lleJJbHaH paaHo.neticrsyEOmaa CRJia 
OKaiKeTCH paBHOH . 

. - so; IIPII l- - 00 

i =-15%0 

i = 30Dfo0 

+ 5 0,8 · 9,8 = -2,8 [(2/m 

+12-0,8·16,4=-1,1 

+ 27-0,8.30,7 = + 1,4 

T. e. C yBeJIHL(eHHeM KpJTli3Hhl CIIYCK3 OCT3H3BJIHB3Klll\351 CHJia pe3KO 

YM euh IIIaercH, a .ztJIR c nycKa 30°/00 nOJIYllfiJia Cb .llaiKe He aaMe]lJIHIO maR, 

a YCKOpHIOI'-\351 (HarrpasJieHHaR B CTOpOHy )J,BHlKeHHH) CHJI3, T. e. CKO· 

pocrh rroe3,!la 6y.n:er yseJIHLJHBaThCH (sepoHrHo, .u.o KpyiiieHHH). 
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C .ll,pyrofi CTOpOHbi, Kpyrble CllyCKii HaXO.l{HTC51 B JTYIJlUIIX YCJTOB!fHX 

BCJie.UCTBHe 60JTbWefi BHHMareJibHOCT!f TOpM03HJiblli.HKOB H JIYI.!lllero 

yxo.ll,a 33 TOpM033Mii. 

K lJHCJIY TOpM03Hb!X cpe.UCTB nOe3.Ua OTHOCHTCH TaK>Ke 6alllM3KH 

H B006LUe 11p1160pbl, 33KJIHHHB310III.He BarOHHYfO OCb 8 CJJyqae o6pbiBa 

noe3.ua Ha no.ubeMe. Ha cp11r. 159 npHse.a:eHa 33BHCHMOCTb MeJK.a:y Ha· 

rpy3KOH Ha OCb, 3aKJIHHHBaeMyfO 6a!llM3KOM, H IJHCJIOM B3rOHHblX TOp

M03HbiX OCeH C H3)!{3THeM B 2160 1C2, KOTOpbie Moryr 6biTb 33MeHeHbl 

O.QHHM 6arnM3KOM. n p 11 paciJ~THOM H3iK3THH 2 700 K2 Op.!tliH3Tbl CJie.Qyer 

YMHOJKI1Tb Ha 0,8. 3ro KOJIHIJeCTBO OCeil:, B CJiyiJae H3JIH4l1H B 110e3JI.e 

o 20 JoV 
11--t-1---HI---1----1 

2 t---lf-+-+-+-l----1 

31--1---1--I---IHI----I 

~ 1--+-+--+--+--....f-.-.., 

71'---J,.£-1---4 C..,i---1~ 

6 t--·.-:--..-, 4--!-~ 

9 f---!-c "-·--+--+-+-

SH=!000-7Vft 
~=30 

$fir. 158 3aBfiCIIMOCTb MelKAY 

pasHoael-fcrsyweii ya. CH!IOlf 

If CKOpOCTbiO Ha p33HbiX cny

o:ax npH OJIHI!X " rex lKe 

s~ " Vw 

12 

ff 

v 
I 

~tj 
v v 

/ 
f. / 

tr~ v 
~ ~/ ,~· ' ~? ¥~ . 

"~/' vy 
/ 

v/ v 
j 

-1-
17/1 

r/' 

0 2 4 6 & 10 f2 fi. 16 ld 20 TOiflliJ 
HarPYJtra Hil otD, Jiltr/llfJtlfdiimYI() 

OiJIU 1'11'1 tr0/'1 

¢1i!f. ]59. 3KBii!BaJJeHT TOpM03fiOfO 6alliMaKa. 

o.n:Horo 6arnMaKa, HYJKHO BbiiJeCTb H3 IJHCJia Heo6xol{HMhiX saroHHbiX 

ropM03HbiX oceH:, onpe.n;eneHHoro no cpopMyJie 172. 4>Hr. 159 nocrpoeHa 

B npe.QI10,10JKeHHH, 4TO 3BTOM3THl.!eCK!fH 6alllM3K H3'l.HHaeT .QeHCTBO

BaTb B MOMeHT HyJieaolf CKOpOCTii OTOpBaBilleHCH lJ3CT!i HJIII He 1103>Ke 

D.QHoro-JI:ayx o6oporoa KOJiec Ha3aLJ.. 0 rHocureJibHO JKe pytiHoro 

03UIMaKa npen.noJiaraeTCH, IJTO OH Hal!HHaer .n:eHCTBOB3Tb He I103JKe, 

KaK IJ:epe3 30 c nocne MOMeHra HyJieaoii cKopocm oropsaarnelicH 

qacrli. PyiJHOH 6arntviaK, ecJIH Ofl He HMeer npHaon:a Ha ropM03HYIO 

fiJIOlll,3.li.KY, MOJKeT 6blTb BBe)(eH B pacqer TOJibKO npH YKJIOH3X 

ue CBbiiiie 60fo0• 

B aacroHmee speMR 6:ImMaKu rrpHMeHiliOTCH pen.Ko: pyiJHhie liMeiOr 

orpaHHlJeHHY!O 06JJ3CTb npH:MeHeHHH H B006ll.(e MaJIO I1pHr01{Hbl )l;JIH 
" u OCTaHOBl<H oropsaameHCH li yiKe )(Blmyamewc!l BH!f3 IIacn! cocraaa; 

3BTO M3THIJeCKHe-Heyn:o6Hbl C 9KCI1JIOaTal..lHOHHOH TOIJKH 3peHHH; llOJiy

asrOMaTbl )ICe (pyqHbie c npHBO.!tOM Ha nJIOLUan:Ky) o6h!IJHO orsepra

JIHCh, raK KaK JIYLiillee (asroMaTbl) ecTh acer)(a spar xopomero (noJiy

aaroMaroa). 
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§ 87. TOpM03HO" Dytb HI IBTOTOpM03e TOB8pHOf0 THna B 38BHCH• 

MOCTH or ff, V,. Hi,. Ha 4J11r. 16f1- 172 npe.ncrasJieH rpaqmqecJ<n noJJHbli1 

ropMo3HOH nyrb sm = s. + 3.33V,. (or MOMeHTa nosopora py'-lKH rop

M03Horo Kp8H3 110 OCT3HOBH11) Ha 3BTOM3THl!eCKOM TOpM03e TOB3pHOrO 

TUna B 33BHCHMOCTH OT rnpM03HOrD K03QJH~HeH1 a {} .HJJR H3'-13JibHbiX 

cKopoCTei1 V,. or 10 .n.o 75 T<M[Il na YKJJOHax i = + 10, + 5, + 2, 
0,- 2,- 4,- 5,- 6, -8, -10, - 12, -15, - 2GOfo0• HanpnMep, npH 

TOpM03HOM K09QJHUHeHTe {} = 0.15 H npH H3'-13JlbHOH CKOpOCTH V 11 = 
= 40 IUt/ll, np11 9KCtpeHHOM TOpMO}I(eHliH noe3)1. npOH,D,eT nyTb H3 TIO,D,'b· 

eMe 100fo0 295 M, Ha nJioma.D.Ke 345 Jlt, Ha cnycKe 10°/00 445 M, Ha cnycKe. 

200fo0 730 M. 
KpHBhle nocrpoeHbl no ¢opMyJJe 125 c HHH'pBaJJ3MH vn+l- Vn= 10, 

npu WIC = 1,5 + 0,025 ( vfl + v n+l) + i, IJl~~:=O 24-0,(C09 I v n + v n+l), fo= 12. 
Q n b1TH351 npoaep1<3 3TH X KpHBbiX Henocpe.D.CTBeHHblM 113M epeHHeM 

TIOJIHOrO TOpM03HOrO nyTH ,D,3eT H3HJJYLIUJYIO 11 .D.OCT3TO!JHYIO CXO.UHMOCTb 

c TOlJHOCTbiO .no 5% )I.JIH ropM03a Marpocosa. TeM He MeHee, nplf 

npHHSITOM speMeHH H3llOJIHeHHH TOpM03HOrO ~HJJ11H)I.pa B 40 C, f0 
OK33b!B3eTCH paBH hiM OKOJJO 14 C BM€CTO 12 C, lJTO pa AHOCHJlbHO 

yseJJH4eHHIO ropM03HOro nyrH Ha (V11 : 2)M, r.n.e V11 -B KM/Il. 
B 6y.llyiUeM npn HeKoropoM yMeHbWE'HHH speMeHH uaroJJHeHHH 

UHJIHH,D,pOB npH 3KCTp€HHOM TOpMOHeBHH QJHf. 160-172 OK3}1{YTCSI 

TOlJHO (HJIH ,D,(I>Ke C 3!!TI3COM) COOTBeTCTBYIOlli,HMH ,D,€MCTBHTeJJbHOCTH~ 
tiO H3 6.1lM>K3HWee Bp€MSI IIOJJ€3HO npH63BJIHTb (VH: 2! M K $

111
, IJOJJY· 

\l3eMDMY no cpHr. 160-172. 
¢Hr. 160- 172 )I.OJDHH bl 6bJJJH 6bl IIOJIHOCTbiO COOTBeTCTBOB3Th 

«flHr. 150 H 151. B )l,eticTBHTeJJbHOCTH, B ¢11r. 150 H 151 HMeercSJ 

HeKoropbiH 3anac (nopH.D.Ka 5%) nporns ¢11r. 160-172 B cropouy 

6esonacHOCTH. Hanp. npH i = 100fo0• S11 = 7(0- 3.33VH (r. e. Sm= 100M), 
8- = 0. 16, no ¢Hr. 169 HMeeM V H = 52 T<M/tt, a no qmr. 150 .n.onycKaercSJ 

50 KM/'l. 3TO H€ITOJIHOe CXO}I(,D,E'HHe SIBJJHeTCH pe3yJibT3TOM TOro, lJTO 

¢Hr. 160-172 6biJJH nocr~oeHhl a 1932 r. Henocpep,crEeHHO 11 He3aD 

BHCHMO OT QJHf, 150 H 151, TIOCTpOeHHbiX B 1929 r. HHT€p· H 9KCTpa· 

fiOJIHUHE'H .UpyrHX rp3QJHKOB: npH nepec·lpOiiKe rpa<fJHKOB BO H36ema• 

HHe B03MO}I(Hb!X eCTeCTBE'HHb!X 0Wl160K B OIT3CHYIO CTOpOHJ, 6h!JI3 

c.neJJaHa HaMepeHHa~ He6oJJbUJaH OUJH6Ka B 6esorracuy10 cropouy. 

§ 88. Pac\feT npeJ{eJibHhlX CKOpOCTfU )lBJI)I(EHHJI Ha CllYCKax llpOei{TU• 

pyeMhiX )I{CJJC3HblX JI.Opor. JlJIH npOE'KTHpyeMhiX >keJle3HbiX ,D,Opor MO>KHO 

npHHHM8Tb, lJTO TOBapHble TIOE3,D,3 06opy.U.OB3Hbl HenpepblBHblM 3BTO

M3TH!JeCI<HM TOpM030M TOBapHOfO THna, H BBOAHTb B paclJeT 30% 
TOpM03HbiX B3rDHHbiX OCeit C H3>K3THEM KOJIO.ll.OK H8 63H.D.8>KH B 0,7 T3pbl 

saroHa .D.JUI nopo>KHHX BarOHOB n B 1,2 rapbl aaroHa .ll.JlH rpy>KeHb!X 
B3fOHOB. 

l1Ha!Je fOBOpH, BeJIHttHHY TOpM03HOfO KOacpH~HeHra {). H BpeMH TIO,Zl.

fOTOBKH f0 MO)!{HO npHHHM3Tb 
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.D.JJH TIOpO}I(HHX COCT3BOB: 

f) = Xn + Qm • I 000 • 0.30 · 0, 7 , 
I OOO(P + Q) ' 

)J.JIH rpy>KeHhiX co era so a: 

fJ.= Xn + Q111 ·1 000 · 0,30 · 1,2, 
1000 (P + QJ ' 

f0= 12 c; 

t0 = 12 c, 

V" 1 ~ = 3 33V · 36 ' .M, , 

v.to = 3 33V M. 
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np11 i = + ID%o· 

25]     
НБ

 

УД
УН
Т 

 (Д
ІІТ

)



2(4 

Sm 
\1 

.., 

700~ \ 

' u 

~75 

70 

5S 

4m \ .... ofl 

)'....""' .5S 

JOO S/J 

~ i 

200~ \ lt{J 

........... J{l 

100 ?S 
20' .. 
15 

+5%o tO 

0'} 
0.10 azo aJO 

41Mr. 161. AotoMatH':IeCKHe ropMo3a rooapuoro IHna; Sm =I (ff, V .) 
npu i = + 5%0, 

    
НБ

 

УД
УН
Т 

 (Д
ІІТ

)



. 

• 

8001 

-

7{}{) 

I 

75 

70 

~ \ 
"""~55 

\ 

..... 59 

~ 
ss 

1\ 

300~ o;;;;;; SIJ 

~ . +5 
......... 

w 

35 
\ 

~ 30 

z; 

!ZU 
f5 

I . • 

+2%u 1m 
tt.~C' 

IJU dM 13§ a. 
¢Hr. 162. AstoMam'leCKHe ropMOH rosapaoro ntna; sm'=J (0, V") 

llpH j = + 2°/oG• 

255     
НБ

 

УД
УН
Т 

 (Д
ІІТ

)



266 

Sm ., i 

JOoj-

' I~ f-- q 

l7.f 

60~ ' 

711 

~ 
'"'ios 

~ 
'HJO 

' jss 

JttJl ~ [Jil 

" ""!~.~ Iff 

-\ ~ Jl) 

fOO --, 
25 
l;n 
IS 

O%o 
1/ 0,10 -, a1o •?"0!) 

~Hr. 163. AsrowaTH'IeCKHe ropM0311 rosapHoro tHna; s. =I (D, V .) 
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41Hr. 168. AstoMaTH'IeCKHe TOpM03a TOBapHoro mna, sm = I (fJ, V .J 
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<l>11r. 170. AsroMani'IECKHe ropMo3a TOB~pRoro THna; Sm = 1 (6, V11) 

npH i = -12Dfo0. 

lS TRrosble pacqerbl 11 KC!lbiTdHK•-
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CuMBOJJOM Qm ooo3HatJ:eH sec raphi scex saroHOB cocrasa. flpu .li.BoaHoA 

HJIH TpOHHOH THre II .!1. p CJJe.u.yeT TIOHHM3Tb CYMMapHhiH sec BCeX 

JIOKOMOTHBOB (napoB030B H TtH.ll.epoE), a no.u. X,. cyMMapHoe HaiKaTHe 

TOpM03HhlX KCJIO.li.OK BCeX JIOKOMOTI1BOB (napOB030B 11 TeH.U.epoB). 

flpe.u.eJibHhie C!<OpOCTH :lKeJiaTe.IIbHO 

'J; 11'0; Bb!paiKaTb B t<pyrJihiX I.mcppax, H3IIpHMep, 
I,J 

1.2 

t/ 

{{) 

,. 
~J 

.\'c:l~ 

01 

1/65{0 

\ 

\\ \ 
1\\ 

~\ 
1\ \ 
\. 

1\. ' 
" " ~ 

~ 

-wo 

BMeCTO 34 KMj'l 6paTb 35 KM/tl, a B ),teCTO 

33 KM/'l 6paTh 30 KM/'l. 
89. TopM03HOH B€C TOBapHOrO B aroHa 

x npa. 

o no

.li.KH H3 

H1e a-

u 

COfJiaCHO Me)l()]yHapOJI,HbiX eoponeHCKii 

BHJI. B 3an. Espone BMecro Hawer 

H5lTH51 0 KO:OcpHUHeHTe H3iK3THH I<O.IIO 

KOJieCO 0 H 0 TOpM03HOM K03cpHI..I,11e 

~ 
~ ~ -......,-, ........ 
~ 1'~ ... 1"'-....... -..... 

)j'/J_ . 
·c 

Ho.mfn /Ill "J 0 1 1(0/lllf'i.t! -~~~ 

1500 ][}(](] ; nymu 
!JJ(] 1607 2222 26"67 110 C!nOfllll(f! 

4>Hr. 173. Koa¢HUH€)1Tbl 3aropMalKHB3HHll saroHa y1 H y2• 

ynorpeoureJJbHO noHHTHe o ropM03HOM (3aropM3iKJ.IBaeMoM) sece saroHa. 

3ro iKe rroHHTHe yrrorpe6JI5lJJOCh B PoccHH npHMepHo .u.o 1910 r., 

K0f)l3 OHO Ob!JIO 33MeHeHO OOJJee ecTeCTBeHHb!M TIOHHTHeM 0 .u.eiiCTBH· 

TeJJbHOM K03cp11UHeHTe H3}1{3THH KOJIO.ll.KH. fTO.ll. TOpM03HblM BeCOM IIOHH· 

MaeTCSI Ta 1J:3CTb Beca B3fOH3, KOTOpaH COOTBeTCTByer 3311.3HHOMY H3H· 

60JJb!lleMy K03<j:JHUHeHTY H3}!{3THH, H31IpHMep, K03cpHU11eHTY 0,7; HHatJ:e 

rOBOpSI, TOpM03HOH Bee B3rDH3 paBeH CYMMe ll.E'HCTBHTeJibHblX H3JKi:ITHH 

H3 KOJIO.ll.KH, paa,ll.eJieHHOfi Ha HeKOTOpbiH IIOCTOHHHblH K03cp11UlleHT, 

061HHO 0,7, 
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B ITOCJJell.Hee BpeMSI (193'2/33 rr.) BBOll.liTCH YTO\.fHeHHOe ITOHSITHe 

0 T0pM03HOM sere B CJiyi.Jae 3BTOMaTH'leCKOrO TOpM03a TOBapHOrO THna 
• 

C nonpaBKOH Ha xapaKrep nOBbiWeHHH 1!.3BJieHHH B TOpM03HOM UHJIHHll.pe 

npH ropMo>KeHIH1, a HMeHHO, no.A ropMOJHblM secoM B rosapHoro saroHa 

ITOHHMaeTCSI BeJIHI.JHHa: 
10 

B = p · n · · y, 
7 

(173) 

r.ne 

p -.ll.aBJieHHe Ha O.ll.HY KOJIO.li.Ky, H3MepeHHOe BO BpeM51 .RBHlKt'HHSI 

U paBHOe (cpell.Hee H3 Onb!TOB) 9/8 11.~8/leHHH Ha KOJIOUKy, H3MepeHHOrO 

Ha CTOAHKe, 6e3 yll.apOB no TOpM03HOH nepe11.a1.Je, npH IIOJIHOM TOpMO

)KeHHH C ,ll,aBJieHIUI B MamcrpaJIH 5 amAt, npH Cpel!,HeM XO,ll,e nOplllHHj 

n- l!Hcno TOpMo3HbiX I<onoaoK; 
i'- K09cpHUHeHT 3aTOpM31KliBaHIHI B3fOH31 paBHblH npOI-BBe,ll,eHHIO 

1lBYX K03cpHUHeHTOB: 

i' = i'l. i'2• (174) 
onpe.lleJIHeMbiX rro cp11r. 173. 

i'J- K09iPHUHeHT CKalJKa .ll.aBJieHI:IH, 3aBHCHI1LiiH OT H3)!(aTHH Ha KO

JIO.llKY HOT npou.eHTHOrO COOTHOWeHHH Memny ll.aBJieHHeM B TOpM03HOM 

UHJIHHll.pe noure nepsoHai.JaJibHOro CKa4Ka (tiJur. 138) u rrOJIHhiM .AaBJie

HHeM B TOpM03HOM l{HJIHH.llpe; 

i'- K03cpHUHeHT BpeMeHH H3IIOJJHeHHII, 33BHCAlllHti OT H3>K3THSI 

H3 KOJ!01li<Y 11 OT opeMeHH H3llOJIHeHHSI TOpM03HOf0 l{HJIHH.llp3 ,li,O ,li,3B· 

JieHHSI B 95~ OT ITOJIHOfO. 

HanpHMep, rrpH HalKaTHH H3 KOJIO.llKY B nyTH 1600 KZ, CK3tfKe 

B 0,5 am,W, llOJIHOM .ll.aBJieHIHI 3.4 amM. H BpeMeHH H3IIOJIHeHHSI 45 C, 
j'1 = 0 98 (.JlJIH CK3l1Ka B 15~). y2 = 0,89, i' = y1 · i'l = 0,87. 

TopM03HOH Bee oaroHa. OKpyrJieHHblH .llO ITOJIHblX TOHH (0,5 H BbiWe

BBepx, MeH bllle 0,5- BHH3), fiHllleTCSI Ha 60KOBblX lllBeJIJiepax sarona, 

OKOJIO H33BaHHH TOpM033, 

DpH HaJIHlJHH .llBYX pe>KHMOB ropMomeHHH (nopo>KHHil: u rpy>KeHhl~ 
pE'>KHMbl) T0pM03HOH Bee npH K3>KLI.OM pe>KHMe orrpeJJ.eJIHeTCH TaK me, 
KaK Bhlllle JJ.JIH o.u.uoro peiKHMa. Tor HaHMeHt:.WH~ sec 6pyTTo oarJHa, 

npH KOTOpOM MOlKHO yme IIOCTaBHrb rpy>KeHblH pe>KHM, OIIpeJJ.eJif!eTCH, 
• Kal< npOH3BelleHHe cyMMbl ,ll,aBJieHHH Ha BCe KOJIOAKH oaroHa, IBMe-

peHHblX BO speMH .D.BH>KeHHSI (HJIII 9/ 8 .11.3BJieHHfi Ha CTO!IHKe) IIpH HaU· 
100 

MeHbllleM XO.ll;e IIOpWH!I, Ha • 3 ro npOH3BeJJ.eHfle OKpyr JIHeTCII ,li,O 
85 

UeJibiX TOHH B CTOpOHY yseJIHlleHHSI H H3,li,OHCbiBaeTCH y peiKIIMHOrO 

pw1ara Me>K.llY llHCJiaMH, o603Halla101.I.{HMH ropM03HOA aec oaroHa npH 

ITOpO>KHer.t H rpy>KeHOM pe>KHM3X. 

Haa60JiblliH~ ropM03HOH rryr& onpe.11,em1ercH no tiJopMy ne: 
4,25VH 2 

s = --------------~-------------. 
"' 13 6 + 40a V 

40a • " +0,0006V2 +3,6 
0,6+40a V11 +30 

(175) 

r.zr.e a- K03tiJHUHeHT TOpMO>KeHHH IIOe3113, T. e. OTHOWeHHe TOpM03HOrO 

aeca rroe3n.a K no.IIKOMY oecy noe3.11,a. TopM03Hoil: sec rroe3n.a cocrao· 

JIHeTCH H3 CYMMbl TOpM03HbiX oeC08 B3rOHOB + CYMM3 Ha>K3THH KOJIO){OK 

ua KOJieca napooo3a u rea.nepa. 

<l>opMyJia 175 npe.ncraBJieHa rpa!f>HlleCKH Ha !f>Hr. 174. 
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TJJABA X 

PACqET BPEMEHM XOJ:{A I10E3,I:(OB 

90. CrrocofiLI paclfera u oomue CBe,ll,eHHH. Cnoco6oB pacrrera BpeMeHH 

xo.ua, HYIKHoro .UJJH npoxOIKAE'HHH 3a.uaHHbl M noe3.llOM orrpe.n.eneHHoro 

rreperoHa, cyiUecrsyer .li.OBOJJbHO Ml!oro, roli HJII1 HHOii creneHa TOrr

HOCTH H roi1 HJIH HHoi1 CTeneHH CJIO)!{HOCTH H TPY.llHOCTH. Bee cnoco6bl 

Moryr ObiTb pa36HThl Ha .nse rpynnbi: TaK Ha3blsaeMbie • rot~Hwe" 
H raK H33hJBaeM hie • rrpH6JIH JKeHHble". B cymHOCTH rosopH, cnoco6bl 

OOeHX rpyrrn- npH6JIH}I{eHHhlE', T3K K3K OCHOB3Hbl H3 .UDIIYlllE'HHHX, 
u 

He COOTBE'TCTBYIOlllHX AeHCTBHTE'JibHOCTH; HO .llDIIYlllE'HHH, !IOJIOIKeHHbie 

B ocHooy TOllHhiX cnoco6os, Moryr 6biTh rnenaHbl CKOJJb yrD.llHO 6JIH3· 

KHMI:l K ,lleHCTBHTeJJbHOCTH (C COOTBeTCTBYIOIUHM yBeJIH4E'HHeM paCXO.lla 

Bpt>ME'HH H3 paCLieT), 3 JJ:OIIyll.leHHH, IIOJIO>KE'HHble B OCHOBY npHOJIH• 

)l{eHHbiX CIIOCOOOB, BCer.na )l31leKH OT ,netiCTBHTeJibHhiX HBJJeHHH, npO• 

HCXO.lllllllHX C IIOe3.flOM, XOTSI H .ll310T pe3yJJbT3 bl, npaKTHifeCKH BllOJIHe 

npHeMJieMble BO BCeX CJIYlJ3HX, KOr,lla He TpeoyerCH OCOOOH TOlJHOCTH 

pacrrera. 

K TOllHbiM CIIOC003M OTHOC!ITCH CIIOCOObl, yrrHTb!BBIOll.llfe HepaBHO· 

MepHOe .llBH)I{t'HHe IIOE'3.ll3 H3 3JieMeHTE' !IpO<fJHJIHi OHH 0CHOB3Hbl 
u u u 

Ha 33MeHe HenpepblBHO H3MeHSIJOllleHCH CHJ!bl, .ll€HCTBYJOllleH H3 IIOe3.ll, 

nOCTOHHHOH CHJIOH, H3ME'HSIIOll.leHCH cryneHSIMH. lh HME'IOlllHX rrpaKTH• 

I:IE'CKOE' IIpHM€HE'HHe TaKI1MH C!IOC003MH SIBJISIIOTCH, npHMepHO B nop J).Ke 

TO~HO TH, CJIE'.llYIOlllHe CIIOC06hJ: 3H3JIHTH4eCKHH, Jhmeua-Jle6eJ).eBa, 

Uesapa, Jiuneua·MJOJIJJepa, 1Ie1 repesa, MeneHTbesa. 3a HCKJJJOrreHHeM 

nepAoro, see 3TH cnoco6hl-rpacpHLiecKHe HJIH rpallJoHoMorpaqmqeci<ne. 

AHaJIHTI:lllt!CKHH cnoco6 c ytJeToM HepaBHOMepHoro .llBH}I\eHHH noe3JJ.a 

H3 3JieM€HTe !IpO<fJHJJH, OCHOB3HHbiH H3 npHMeHE'HHH <fJopMyJI 119, 125 
H 131, XOTR H IIOCTaB .. 1eH Ha nepsoe MeCTO IIO T011HOCnl, npaKTH4E'CKI1 

He HMeeT HHKaKHX npeHMYIUeCTB, ,ll3>KE' B TO'IHOCTH nepe.ll rpaQJHI:IeCKHM 

cnoco6oM JIHneua·Jle6e.nesa, 3Ha'IHTeJihHO ycrynaH seeM rpacpH4eCKHM 

CIIOCOOaM B 33Tpare BpeMeHH H YMCTBeHHOH 3Hepruu, B H3fJIHJI.HOCTH 

If Jlt'fKOCTH npoaepKH. 

Cnoco6bi JIHneua Jie6eJJ.eBa (rrn. 5711 58), Ue3apa H Jlurreua ·MJOJIJJepa 

(rrrr. 57 H 60) OCHOB3Hbl H3 li.DliYIUeHHH, IJTO B HeHOTOpbiX (JIIOObiX, 

IIpOH3BOJibHO Bb16HpaeMblX) 1-IHTepsa.naX C K 0 p 0 C T H y.lleJibH3A paBHO· 

.lleHCTBYIOlll3H CHJ13 fk- Wk-b llOCTOSIHHB 11 pasHa ee 3H34E'HHIO npH 

cpenHeH CKopocnt. B crroco6e JlHneua·MJOJIJJepa BBOJJ.HTCH, KpoMe roro, 

JJ.pyroe ,ZJ,OnyiUeHHe: B npe,neJiaX HeKOTOpblX HHTE'pBaJJOB BpeMeHH 

(paBHblX H 33p3Ht'e npOH3BOJlbHO Bbi6HpaeMblX) CKOpOCTh !IOe3JI.3 IIOCTO

HHHa H pasHa ee 3H34eHHIO B cepeJJ.HHe HHTt'pBaJJa BpeM€HI1. 

Cnoco6 ll.enepesa ocHoBaH Ha ,llonymeHHH, LITO a npeneJiax HeKo

ropblx HHTE'pB3JIOB B p eM e H If (paBHbiX H 3apaHee npOH3BOJlbHO Bbi6H· 
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paeMbiX) CHJJ3 IIOCTORHH3 H pasua: B HelJ:eTHbiX HHTepB3JI3X -ee 3Ha· 
qeHJHO B MOMeHT H3'13JI3 HHTepBaJia, a B lleTHbJX HHTepsaJiaX ee 
3H3l!eHHIO B KOHUe HHTepBaJia. 

C no coo MeJn~HTbesa ocuosau ua .n:onymeHinr, qro a rrpen.eJiax He
KoropbiX HHTepB3JIOB B p eM e H H (p3BHhlX H 33pauee rrpOH3BOJihHO 
Bbi6HpaeMb1X) CHJI3 ITOCTOHHHa H pasHa ee 3HaqeHHIO B MOMeHT H3l!3JI3 
HHTepsaJia, YMHO}l{eHHOMJ Ha HeKOTOphiH IIOCTOHHHblH IIOnpaBOl!HhiH 
K03cPHUHeHT. 

B cnocooe JI~:~neu:a-Jieoe.n:esa seer .11.a crpoHrCH KPHBhie V = f (s) 
H t = /(s). B cnocooe Ue3apa crpo~:~rcsr KpHsaH t = f (s); KpwsaH >Ke 
V = f (s) MO}l{eT ue crpoHrbCR. B cnoco6e JI~:~neua M!OJIJiepa crpOHTCH 
KpHsaH V =I s), a speMH onpe.n:eJIHercH nO.llC4eTOM KO.JIHqecrsa HHrep· 
saJIOB, no.JiyllaeMhlX ua ocH nym. B cnoco6ax llerrepeaa H MeJieHTbesa 
ue crpoHrcsr HH Kpr~soti V =I (s), HH KpHsoii t =I (s), apeMH }l{e onpe
.n:eJIHeTCH IIO.llC!J:eTOM KOJIHlJeCTBa HHTepsaJIOB, IIOJiytJaeMbiX Ha OCH IIYTH. 
CaMo coooi-i pa3yMeercH, liTO KpHsble V = f (s) u t = 1 (s) Moryr 6b1Tb 
nocrpoeubl rrpH JII060M cnoco6e .llOno 1HHTeJibHO, ecnH OHH ue noJiy-. . ~ li3IOTC!I, K3K pe3yJihTaT IIOCrpoeHIHI, CBOHCTBeHHbiX: C3MOMY CIIOCOOy. 

KpHBbie V = f (s) 11 t = f (s) rroJJe3uo crpo11Tb rrp11 JII06oM cnoco6e 
pacqera, B TOM qHCJie H npH auaJIHTlHeCKOM CIIOCOOe, BO·IIepBbiX, .ll.IISI 
CaMOIIpOBepKH, a BO-BTOpblX, .nJI!l TOrD, liTOObl O.llHHM B3fJ!SI.llOM ua KpH
Bbie, oco6euuo ua KpHBYIO V = f (s), MOJKHO OhiJIO oxsamrh see ycJIOBHH 
H OCOOeHHOCTH .llBH/KeHHH IIOe3.l{3. 

K npHOJIH/KeHHhiM CllOC06aM OTHOCSITCH OCHOB3HHhle Ha rrpe.llnOJJO
iKeHiili, liTO noeJ.ll Ha KaiK.llOM 3JieMeHre npoqJHJIH (yllacrKe O.llHOo6pa3-
HOH Kpytli3Hhl) .llBHIKetcH pasuo:-.~epuo, co cKopocrbK>, 33BiiCHLUefi 

• or KpyrH3Hbl aJieMeHra, HO ue saBHCHUJ.eH or ero .li.JJHHhl, rrpH t~eM 

cKOpocTb noe3la ua nepeJIOMax (rpaHHUax aneMeuros npo!j)HJIR) MeHHercH 
MrHoseHHO or aeJIWIHHbi, cooraercrsyiOUJ.eti KpyrH3He npe.IJ.bi.llYUJ.ero 
sneMeura .llO seJHiliHHbi, coorsercrsyiOI.IJ.eti KPYTH3He rrocJie.llyiOUJ.ero 
3JieMeHra. TaKHMH cnocooaMH srs.JIHIOTCH, rrpHMepHo a rropfl.llKe yMeHb
weuHa T04HOCTH, cJie.llyiOLUHe: cnoco6 pasHOBeCHbiX CKopocrefi (raK 
H33blB3eM blii rpacp03H311ff THlleCKHH), CIIOC06 9KBHB3JieHTHbiX IIO.llbeMOB 
1-1 cnoco6 33.11.3HHbiX cKopocrell. 

B cnoco6e pasHoaecublx cKopocr('ti: rrpe.llTIOJiaraercH, qro rroe3.ll 
.llBH}l{eTCSI Ha 9JieMeHTe npoqHI.IIII CO CKOpOCTb!O, COOTBeTCTBY!OUJ.eti 
paseacrsy CH:Jibi THrH H conpo rnsneur~H, r. e. c roti:, K .llOCTH/KeHHIO 

u u 

KOTOpOH noe3.ll B .IJ.eHCTBHTe.JihHOCTH CTpeMHTCH, H.llH IIO .ll3HHOMY 9Jie-
MeHTY IIpOcllHJISI1 H KOTOpOH OH .llOCT!iraer npH .ll0CT3T04HOH .llJIHHe 
aJie~l eura. 

Cnoco6 3KBHBaJieHTHbiX IIO.ll'heMOB HBJIHercsr ynpoLUeHHeM cnoco6a 
paBHOBeCHblX CKOpOCTeH npH M3CCOBbiX IlO.llClleTaX .llJIH 3KCIIJI03THpye
MbiX iKeJie3HbiX JlOpor. B 3TOM cnoco6e npocpHJib scero neperoHa 
saMeuaercH O.llHffM 3lleMeHTOM O.llHOo6pa3uoif KpyrH3Hbl, K KaKOBOMY 
aneMeHry npuMensrerca cnoco6 pasHosecubiX CKopocreti. 

Cnoco6 3a.llaHublx Ci<opocreii (Llerrepesa) HMHercR ynpomeuHeM 
cnoco6a pasuosecuwx CKopocreit npH npe.llsapHreJibHbiX no.rr.cqerax .llJIH 
rrpoeKmpyeMhlx >KeJie3HbiX .llOpor. 3ror crroco6 HBJI!le rcsr, s cyLUHDCTH, 
CIIOC060M paBHOBeCHbiX CKOpOCTeH C 33MeHOif .aefiCTBHTeJibHOH 33BH
CiiMOCTH BpeMeHH !lpOXOlK.lleHH!I 1 KM CipH paBHOBeCHOH CKOpOCTH 
OT KpyTH3Hbl 9JieMeHT3 IIJTH 33BHCiiMOCTbiO, Bblp3lK3IOlUeHCH rpa!l>H· 
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lJeCI<H .llBYM!I HJIH TpeMH 0Tpe3K3MH npHMbiX, onpe.lleJJHeMbiX Tp!:MH 

33.ll3HHbiMH CKOpOCTHMH: H3 npe.lleJibHblX U0)1.'beMaX (Hanp. 15 KM/'l)p 
Ha nnomuKax (Hanp. 40 KM/'l) w Ha npe.u.eJihHhiX cnycKax (Hanp. 30 KM/'l). 

Oco6o CJie.llyer ynoMHHYTb o TOl.!HhiX MexaHHllecJ<wx cnoco6ax pac

l.lera BpeMeHH XO,ll3 noe3,ZI.OB C DOMOI..IJ.biO cneUH3JibHb!X M3WHH HHTer· 

paropOB, MeX3HH4eCKH npeo6pasyiOIUHX I<pHBYID CHJ!hl B tPYHKUHH CKO

pOCTH B KpHBbll' CKOpOCTH H apeMeHH- B tPYHKUHH nyrH. TaKHMH M3-

lllHH3MH fl8JHIIOTCH HHTerparop 5opOBCKOro, HCITOJIHeHHbiH 8 HeCKOJibKHX 

3K3eMrrJillp3X B BopoHe)I{CKHX M3CT€pCKHX lOro-BOCTOl.!HblX lK. Jl,, HHHTer

paTOpbl nenepesa H CynpyHeHKO. 

I1HTerparOpbl He npHBHJIHCb B )KU3HH BCJie.llCTBHe CBOeH Bb!COKOil 

CTOHMOCTH H CJIO)KHOCTH, He06XOJlHMOCTH ClleUHaJlbHOH KB3JIH!flHK3UHH 

pa60THHK3 H rpy.llHOCTH nposepKH. 

B rex c JI yqaSJx, I< or Jl3 no ycJIOBHHM aKcnnoarauJm speMH XO.lla 

rrOe3.ll3 OT CT3Hl.IJIH .llO CT3HUHH He06XO.llHMO OnpeJleJB!Tb C TOlJHOCTb!O 

.llO MHHYTbl HJIH Jl3)Ke .llO l.I3CTeH ee, Heo6XO.llHMO rrpHMeHHTb TOlJHbie 

cnoco6br (Hanp. J1Hneua-Jle6e.n:esa). 

npu npHMeHeHHH roiJHbiX cnoco6os Ha neperoHax nepesaJJncroro 

rrpo¢HJ!II, B OC06eHHOCTll, eCJIH, KpOMe BpeMeHH XO.ll3, )KeJJaTeJibHO 

noJJyl!HTh H npasnorro,ll06Hyro KPHBY~ CKopocru, Heo6xo~HMO npHHH· 

M3Tb B p3C4eT Bblp360T3HHbiH np3KTHKOH 11.nl1 cnei.J.HBJ!bHO yCTBHOB· 
u ,., 

JieHHbll'! CnOCOO e3)lbl, T. e. ynpaBJieHH51 JIOKOMOTH80M H TOpM033MH ,C4H-

T3HCb C MeCTHbiMH YCJIOBHHMH, BH,ll.HMOCTbiO CHfH3JIOB H T. n. 

8 COOTBeTCTBHH C 9THM peKOMt'H.llyeTCII rrpH T3 KI:IX pactJeT3X CHJIY 

THrH 6p3Tb DO KpHBbiM .ll.JIH onpe,lleJieHHblX KOM6HH3UHH OTKpbiTH51 

peryJISITOpa H OTCe'IKH, 3 B CJiylJae, eCJIH CHJI3 THrH 6epeTCH no KpHBbiM, 

COOTBeTCTBYIDlUHM Onpe,lleJieHHbiM MHTeHCHBHOCHIM napoo6pa30B3HI151, 

rrpHHHM3fb BO BHHM3HHe B03MO)KH0CTb 33HMOB li3 KOTJI3 npH nepesa· 

JIHCTOM' npotlJHJie. 

nJIH npoeKTHpyeMbiX )Ke.ne3HbiX ,llOpOr BO BCeX CJJYIJ3HX, a T8K)Ke 

.ll.JIH )lOpor, 3KCllJI03THpyeMbiX 8 CJIY43SIX, He rpe6yiOIUHX OC060H roq

HOCTH paCl.leTa, 8rJOJIHe ,li.OrJyCTHMO rrpHMt'HeHHe npH6J!H)KeHHbiX H ynpo· 

IUeHHblX CrJOC0608 1 OCH083HHbiX H3 npe.llllOJIO)KeHMH p38HOMepHOf0 

.ll8H)KeHMH noea.n.a H3 3JieMeHTe npo!flHJJH CO CKOpOCTbiO, COOTBeTCTByiO

W.efi paBeHCT8Y CVIJ!bl THfH H conpOTMBJJeHHII. 

n.11Sl rrpOeKTMpyeMbiX )KeJie3HhiX .11.0p0r BpE'MH XOA3 H paCXO.ll. BO.ll.bl 

.llJIH TOB8pHbiX ITOe3,llOB ,ll.OJI)I{Hhl Onpen.eJJSITbCH: 

a) npH pactJere HaH60JiblllOH nponycKHOit cnoco6Hocnr coor8er-

crseHHO Bbi6p3HHOfi cepHH napOB030B H TOIT./IHBy, eC.JJH T3K08ble 6y .llYT 

YCT3HOBJieHbl rrpH rrpoeKTHpOBClHHH JlOpOrH: B rrpOTHBHOM CJJY43e

ITO 33.ll3HHb!M CKOpOCTHM Ha pyKOBOJlHI..IJ.eM UO,ll'beMe, cnycKe H H3 llJJO

J..U.3.ll K e; 

6) npH pacqere Ha nepsoHa4aJJbHYID nponycKHYID cnoco6HoCrb

COOTBeTCTBeHHO Bbi6paHHOH H3 OCHOBClHHH 3KOHOMH'leCKHX p3C'leTOB 

H yraep)K)leHHOH HapO,llHbiM KOMHCC3pH3TOM nyrefi C006meHHH CepHH 

napooosa H3 trHCJia cyi..IJ.ecrsyroi..I.J,Hx: seJIHtJHHa z .. npuHHMaercH no ra-

6JIHUe 8, n. 18. 
91. CnpRMJieHHe npoljJHJIR. ,llJIH ycKopeHHH pa6oTbr Heo6xo.llHMo no.llb-

3osarbCH He .lleficTBHTeJJbHhiM npo¢HJieM yiJacri<a, a raK Ha3bJBaeMbJM 

cnpSIM.JJeHHbiM. CnpHMJieHHhJli rrpo¢11Jih He CJie.n.yer cMeWHBaTb c coxpa

I..I.J,eHHhiM npocjJHJieM. CrrpHMJieHae npo¢H•lH COCTOHT B TOM, '!TO rpynrrbl 
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psor.oM nemamHx cxo.n:HhiX no KpyrH3He aJieMeHTOB npoqmJIH saMeHH

IOTCH OLI.HHM npHMblM B npocfl!ille If D/13He 3JieMeHroM, Jl.MtHa KOTOpOfO 

pasHa cyMMe .llJIHH axo.u.suu11x s Hero aJieMeHroa, a YKJIOH onpe.a.eJIHercSI 
TeM ycJIOBHeM, qro pa6ora conporl1BJieH11H or Hero Ha seeM nporstmeHHH 

pasHa cyMMapHOH pa6ore con~OTHBJieHHH or .n:eiicraHreJibHbiX yKJIO· 

HOB H OT KpHBblX Cllp!!MJIHeMOH rpynnbl 9JieMeHTOB H3 BCeM HX npo

THJKeHHH. 
Cop51MJieHHe npocjHfJIR COCTOHT H3 rpex OnepaUHH: 1) pa30RBKa 

neperoRa Ra y1.1acrKH npuMepHo o.u.Hoo6pa3Horo npoqJHJJH; 2 cnpHM-

"' .... ::::. .., ") .... <:J" ..... "' 
0TI1(!fKII d Jl c::; ~- ~- ..... ...... ...... ..... cti ~- -:g· ::g· 

"" 'Q " "' "' "'"' 
~2.5 

J( llnOI'IeTPbl 

/(PH!Jblf ...J.....i~

PiJO!fYI7JI6 .IJ 

!lro.R, a~ 

I 
I 

' 
' I 
,. 
I 

' I I 
I I 

' ' ,... ____________ ------·4515·------------------ .. 1 ... ____ .. __ -----3785---
1 'I 0. 
1 +l,J%o 1 · -O.l%o 

-6.3~ •0.7%o---
¢Hr. 175. Cnp!!MJiemte n po<jHtJill'. 

'0 ..,. 
"' 

I 
I 

I 
I 

I 

I 
I 
I 
l ... 
• 
t 

neHHe Ka>KLI.OrD yqacrKa B npocjJHJiel r. e. 3aMeHa acex YKJIOHOB yiJacrKa 

O.llHHM; 3) CripHMJieHHe K3)1{L{ )fO yiJaCTKa B nJiaHe, T. e. npeapatneHJfe 

Kp!iBbiX y4acrKa a aooopa)l{aeMbiH .u.ooaaoiJHblfi noJneM. 

nnlJ HJI.IIIOCTpaUHff CDpHMJie!lltSI Ha cflHr. 175 H306pa)l{eH KYCOK 

npocflHJJH, cnpRMJieHHblii B .u.sa 3JieMeHra. B sepxHeii qacrH cnnolllHbiMll 

JIHHH!IMH IB06pa>KeH .zr.eHCTBHieJibHbiH npocflHJib B M3ClllTaoe 1 KM 
,n,nHHbl = 1 .MM; 1 M B03BblllleHHR Ol(HOfO nyHI<Ta H3.ll. JJ.pyrHM = 10 MM. 
nepeJIOMbl npocflHJIR OD03H3IJeHbl aepn!KaJibHblMH JIHHH~MH. YIJaCTOK 

npOqJHilR Me)l{,n:y D.BYMH CMe)I{HbiMH nepei!OM3MH Ha3blB£1eTCH 3/leMeHTOM 

IIpOqJHJI!I. 8 nepBDif rpacfle BblriHC3Hbl OTMeTKH riepeJIOMOB npocflHJISI, T. e. 

HX BbiCOTbl H31( ypOBHeM MOpH B Merpa:< (B CT3pb!X npD~IiJI!IX-B Ca

JKeHSix); BO aropoii rpacpe n.aHbl yKJIOHbl (noa.heMbl H: cnycKHl 3JieMeHroa 

IIpOqJHJIR B TbiCRI{HbiX H: ll.JIHHbl 3/leMeHTOB B Merpax (B CT3pb!X npo

cflHJIIIX-B ca>KeHHX). 3Ha4eHHSI YI<JIOHDB H .U.JIHH pa3!le.lleHbi Ha I<.~OHHOR 
qepro 11. noKB biB a 10 ~eii Ha rip a BJieH He no.zr.beMa. OrMeTKH h, .li.JIHHa s 
H yKJIOH i CBH33Hbl cpopMyJIOH: 

i = (h,.t1 - hn) • 1 000 Dfoo· (176) 
5n,nt1 
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HanpnMep, .n;mr nepooro aneMenra uamero npoqmnSI: 

._ (68.8-60,0)·1000 -+BOOJ 
I- - , oo· 

l 100 

3ra QJOpMyJJa CnpaBe.!l,JJHBa H JJ;JJSl DpOQJHJJei:f, B KOTOphiX h H S Bblpa~ 
lKeHbl B C3)K('HI1X. 

HH)f{e rpacpbl, H30opa)f{arometl KHJIOMerposbre 3H3KH, n.n.yr rpaclm, 
OTHOCSilli,HeCSI ){ DJIBHY JIHHHH )KeJJl'3HOH !lOpOrH: paCnOJIQ)f{('HHe Kpli· 
BblX, HX pa!lHYCbl B Merpa~, HX !lMIHbl B Merpax H HX yrJJbl (l..leHrpaJJb· 
HbJe yrJJhl KpHBbix) B rpanycax (lj:JHr. 100). 

y roJI ao, .D.JU1H3 .Kp11BOH s, B lit H paAHYC R B M CBSI33Hhl iflopMy· 
.!IOH 63: 

a0 = 57,3 Sr, 

R 
(63) 

cflopMyna 63 COXp3HfleT CBOIO CHJIY H B TOM CJiyqae, eCJJH S, H R 
Bhlpa)!{eHb! s ca)!{eHHx. YroJI KpHBOH a .n.ocraTOI.JHO Bblll.HCJIHTh c TOll· 
HOCTb 10 !lO I 0 • 

CJJe.llyer HMeTL B BH!ly, 1JTO HROrlla H3 npOQJHMIX .113JOTCH He UeH· 
rpaJJbHhJe yr.nbl KpHBhlx a, a .n.onoJJnHre.nhHhJe K HHM .n.o 180°, KaKae 
H3 arnx .n.syx yrnos .ll3Hbl, nerKo onpeneJIHTb no senH4HHe 11x. 

Ha30BeM Hanpas.neHHe Bnpaso-He!J(;'THbJM, a BJIE'BO-l..JeTHbiM. nep
eotl onepauHefi cnpSIM.neHHH H3o6pa)l{eHHbJH Ha QlHr. 175 npoqmJib
pa36Hr Ha .n.Ra yqacrKa O.llHOo6pa3Horo npocjJHJJH: nepsbrfi yqacroK
JlJIHHOti 4575 M, BTOpOH Y43CTOK-.D.JJ.HHOH 3 785 M. 5oJJee DOJ.\p06Hble
YK833HHH o nepsoA onepauHH 6y~yr naHw B .n.aJJhHetlweM. 

BropoA onepauHefi cnpRMJJeHMH 3aMeHHeM see a~eMeHT~ cnpHMJJH· 
eMorO Y43CTK3 OAHMM, IIOK333HHb!M Ha qmr 175, IIITpHXOBOH JJH.HHefl, 
nMelOll..lHM JKJIOH: 

i' = (hn+1 - h11) • I 000 %o, (177) 
SG 

r.n;e h ntl H h,-OTMeTKlf npoqJHml, COOTBeTCTBYfOIIlHe rp3HHU3M CIIpSIM• 
JISieMoro yqacrKa, a s,-ero .D.JIHHa B rex >Ke eJ.\HHHLJ,ax, KaK H orMeT· 
KH, T. e. TO H .npyroe-B MeT pax HJIH 10 H .11.pyroe- B Ca>KeHHX (.li.JJSI 
crapwx n poifJHneil ). 

)lnH nepsoro yqacrKa HMeeM: 

i' = (91 ,3- 60,0) · I 000 = + 6 S4 ~ + 6 so; . 
e 4 575 ' - ' /Oel 

.IVIH BToporo yqacrKa: 

i' = (88,6-91,3)·1000 =-0 7IQQ-0 701 • 
• 3 785 ' - ' /Oe 

To H npyroe-s He!JeTHOM HanpasneuHH; a tteTHOM uanpaaneHHH se
JIHI.JHHbi i', Te )ICe, HO C o6paTHblM 3H3KOM. 

Tperhe~ onepauHe~ cnpHMJJeHHH pacnpe.n.eJISieM conporHBJieuue or 
KpHBbiX, H3XO.D.RlllHXCSI B npe).leJJaX CnpHMJieHHOrO yqaCTI\3, paBHOMepHO 
no sceMy yllacrKy H onpenenReM no6asoqHwfi <\JHKTHBHhJH noJI:beM 
i",, aaMemuow.nfl co6oJ1 conpontsJJeHHe or Kp.HBbiX, no ifJopMyne: 

., _ 750 "'Sr _ 13 ~ oo; 
l 1 - ..:;; - ~a /OO• 

Sc R Sc 

(178) 
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Ecm1 sG BhipameHo B calKeHHX, ro BMecro K03~HUHeHra 13 cne.l(yer 
r10CT3BJfTh K09cpHUHeHT 6. 

B crreuHaJibHbiX cJiyqaHX, orosopeHf-lbiX B rr. 37, Momer OhiTb npa
MeHeHa .l(pyraSJ cpopMyna AJIH i" c: 

i"e= 630 ~!.!_ = 11 l:ao%o, (179) 
S0 R S0 

B HarueM npxMepe MH nepBoro yqacrKa i'/ = 
13 

· 157 = 0,50fo0, 
4575 

AJIH sroporo yqacrKa j'' = 13 
• 5=0 02 N 0. 

e 3785 ' -

CnpHMJJeHHbiH yKJJOH 
(180) 

Cne,n:yer HMerh B BH,n:y, '-ITO i"c scer.ua noJIO>KHTeJibHO H B qacrHOM 
CJiy'-lae MO>KeT Ob!Tb paBHO HyJifo; i'c B O.UHOM HanpaBJieHHH IIOJIO>KH
TeJJbHO, B .l(pyroM-0TpHU3TeJJbHO, B 43CTHOM CJiyqae MOlKeT 6b!Tb paB
HO HYJIIO. no3roMy i~ B He'-leTHOM H l{erHOM HanpaBJieHIUIX B 06U.J.eM 
CJJy'-lae JfMeEOT He TOJibKO pa3Hble 3H3Kif, HO H paaHyiO a6COJIIOTHYIO 
BeJIH'-IHHY. 

B HaweM rrpHMepe AJIH nepsoro yq:acrKa B HeqerHoM Hanpaaneana 
ic = + 6,8 + 0,5 = + 7,3%0, B '-leTHOM HanpaBJJeHHH ic =- 6,8 + 0,5 = 
= -6,30fo0; .ll;JIH sroporo yqacrKa B HelJeTHOM HanpaBJiemm ic =
-0,7 + 0 = -0,70foD, a B tieTHOM ic = + 0,7 + 0 = +0,70fo0 . 

.Unfl onpe.11;eneHmi .ll;ooasolJHOro nol{neMa i/', aaMeH51IOLUero KpH
Bbie, BMeCTO cjJOpMyJJbl 178 y_n:o6HO IIOJib30B3TbCH rpallJHl{QM cpHr. 176, 
nocrpoeHHhiM no :no it ~opMyne. HanpHMep, onpeAeJIHTh i c'' Ha )lJl!1He 
S

0 
= 2 760 M npH 2a = 185°. nepeceqeHHe MbiCJieHHblX JIHHHit S0 = 

= 2 760 11 2a = 185 .uaer ic'' 6oJihllle 0,85, HO MeHhWe 0,9; cne.rr.osa
re.nbHO, i/' = 0,90fo0 • .Upyroii rrpHMep: Ha .lJ.JIH"He S0 = 16 000 M ~a= 
= 500,; onpe.ll;eJIHTb i/'. YMeHhrnaeM sc H ~a B O.ll;HHaKoaoe tzHCJJO pa3, 
HanpHMep B 10, H: onpe.uenHeM ic'' = 0,4%D· 

Bo3BparHMCH K Bhi6opy rpaHHU rpynnbi aJJeMearoa rrpocjJHJIH, cripH
MJmeMbiX B O!I.HH yqaCTOK (3JieMeHT) ,n:,HIHOH S0• 4eM 60J1blli3H TOlJHOCTb 
rpe6yercH or pacqeroa, reM ocropolKHee cne!lyer 6blrb riPH cnp51M
neHHlf, OC06~HHO, eCJIH rpe6yeTCSI IIOJIYt:[HTb 6JIH3KYIO K .n;eilCTBHTeJib· 
HOCTH Kpimyro V = f (s). C Apyroti cropOHhi, rrpw rex crroco6ax pnc
qera BpeMeHH XO.ll;a, KOTOpbie OCHOB1Hbl Ha ycraHOBHB WHXCfl CKOpOCTfiX, 
yMepeHHoe crrpfiMJieH:He rrpocjl~JIH .11;3lKe nOBbJruaer TOt:[HOCTh pac'-lera H 
3Hal!HTeJibHO o6Jierqaer MaccoBbie pacqerbl. Bo BC51KOM cJiyqae, Moryr 
6biTb CnpHMJieHbl Jll06bie Kpf!Bble, H npH Bbl6ope rpaHHU CripHMJieHHOrO 
ylfaCTKa He CJie,n:yer o6paJU3Tb BHHM3H HH Ha pa,n:flyCbl H yr Jib! Kp~BbiX. 

nmi OpHeHrHpOBKH B Bbl6ope rpaHHU cnpHMJJeHHbiX Y43CTKOB npH 
pac'!erax apeMeHH xona TOlJHbiMH cnoco6aMH: peKoMeH.ll;yercf! noJib30· 
BaTbCfl CJie.ll;yiO~HM npaKTH'!eCKHM np3BHJIOM: 

..?" 2 000 M 
s ~ Lli ' 

(181) 

r,n:e s-.l(JIHHa I<am.uoro aJieMeHra cnp51MJIHeMoro y'-lacrKa B Merpax, 
a Lli-a6coJIIOrHaH pa3HOCTb MelK!I.Y o6LUHM yKnOHOM cnpHMJIHeMoro 
yt~acrKa n YKJIOHOM A3HHoro 3JieMeHra a ThlCHt:[HbiX. 
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Opu pacqere BpeMeHU XO.ll3 npHOJIH>KeHHbiMU CfiOC003MH MOlKHO 
cnpHMJUITb ropa3.zr.o cMe.llee, npnMepHo o npe.zr.eJiax ¢opMyJJw: 

5000 s<. M. (182) 
Lit 

¢opMy JJbi 181 u I82 H3o6pa>KeHbl rpa4JHqecKH H3 <fmr. I 77. ,IJ..ru1 
npHMepa ll0Jlb30B3HHH aTHM rpa<fJHKOM npooepHM, C K3KOH <fJopMyJIOl\ 

S COJ'JI3COB3HO CflpHMJieHHe rrpo<fJHJUI, npo-
JI M3Be)l,eHHoe Ha cj:H1r 175 Ha nepaoM 

500/J • • 

~000 

' 

'000 

2fJOO 

~ 
l 

IODO \ 

"' 

1 

JJO
'beM 
Hei1 
.ll. e

yqacrKe aroro npocjJHJJfl HMeercH n 
W3.lll<3 (i=OJ )l,JIHHOH S=300 M H fiO)l, 
+2°/00 )l,J!HHOH s=40Q M; no HH}f{ 
KPHBOH <P11r. 177 Haxo.zr.HM, qro sse 
HHe 9TOH fiJIOIU3.llKH B cnpHMJJe H 

• 
aJJeMeHT )l,onycrHMO npu zc npHMe 
.uo 70fo0, a sse.ueHHe nOD. 'beMa roJKe 
ie )l,O 70fo0 (5+2=7); T3K K3K npH 

Hhlti 
pHO 
np!i 
H3· 

MeqeHHH rpaHHU cnpHMJJHeMoro yqac TKa 
3Tb, 
){0-

TKa 
I 8 I; 
181, 
oro 
acr-

MOlKHO 6biJIO B )l,3HHOM CJJyqae CK33 
rno i~ npHMepHO 6yD.eT 7%0• TO, CJIE' 
oareJJbHO, cnpHMJieHHe nepsoro yqac 
npoH3Be.lleHo B n pe.lle.nax <!JopMyJihi 
TOIJHee roaopR. Ha npe.lleJie qJOpMyJihl 
T3K K3K B CYIUHOCTH, Mbi )13lKe HE'MH 
BbiWJIH 33 ee npe.ueJihi. Ha oro poM yq 

~ 

• 
l%u J. l 

1 ~ f 6 a J 1/J 

<PHr. 177. )lJJHHa H yKJJoH 3JJeMeHTa, BXOJlllll.lero B c:npiiMJJHeMbiH y'laCTOK. 

Ke C npe.llfiOJiaraBIIIHMCR cnycf\OM OK0./10 1%0 HMeeTCR o6paTHbiM fiO,ll.'beM 
B J,50fo0 )lJ!HHOfi 335M; np11 Lli=I,S-(-1)=2,5 no HHlKHeH Kpl!BOH MO· 
lKHO 6biJIO .uonycTHTb o6paTHbiH fiO)l'beM B I,5%0 ,llJIHHOM .llO 800 M. 

92. Onpe~eJieHHe opeMeHn xo,11.a noeJAa no cnocofiy pasHoaeCHhiX 
CKOpocreii. 3ror cnoco6 HaH60Jiee pacnpocrpaHeH BCJie.ncTBHe caoeti 
SJieMeHTapHOCTJf H npOCTOTbi. 0H OTHOCHTCH K rpynne npH6JJH>KeHHbiX 
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COOCOOOB II SIBJHieTCH OCHOBHbiM II H3M:OOJiee TOI.(HbiM CllOCOOOM STOA: 
rpynuhl. B ocHosy era noJio>KeHo aaBelf.OMO HesepHoe rrpeD;~IoJiomeHHe, 
liTO Ha K3>Kli.OM 9JieMeHTe npoqH1JI51 lll.eHCTBr!TeJibHOM HJIH CllpHMJieH

HOM H3 HeCKO.IIbKHX ll.etiCTBHTe.llbHblX 3JieMeHTOB) UOeJl!. LI.BH>KeTCH C 

paBHOMepHOti CKOpOCTb!O, COOTBeTCTBYJOill,eH paseHCTBY CHJibl THfH H 

COUpOTHBJieHIHI. 3ra CKOpOCTb1 COOTBeTCTBY!OI11,3H p3BHOBeCI1!0 CHJihl 

TRrH H CHJibl CO!lpOTHBJleHHR, H33biBaeTCH paBHOBeCHOH Cl<OpOCTb!O. 

nm1 33)),3HHOrO 110e311.a OHa 3CiBHCHT TO.~bKO OT KpyrH3Hbl yKJIOHa 

-~ 

~~~-+~ ~~~-+-Ji~~ 
~ ¥-~y---+--+-+--+-+--+----+--1 
~~t-t--+-+--+-+-+--F-~'--t---i 
I I 

4 

J 

2 

I 

-

'7lf v~~ 
• J 

-.wt ~ 

--i'O~ 

~ 
·f!J 

It%) 
-1 0 f 2 J ~ S 6 7 I 9 

.s 

J 

1 2 J 
i% 

s k.JJ -2 -1 0 1 2 J ~ 5 6 7 8 9 

¢Hr. 178. Cnoco6 pa3HOBeC:Hb!X cKopocreii. 

(ic rrpH crrpHMJTeHHOM rrpoqm:Jie), H orrpe11.eJIHTb ee Ol.JeHb nenm. 3HaSI JKe 

CKOpOCTb, C KOTOpOH 110e3LI. HlleT Ha K3lKllOM 3JieMeHTe npOilJHJIH, Jieri<O 

OrrpelleJIHTb BpeMR rrpoXO)!{l!.eHHH KaJK)l,OrO 9JleMeHTa, a CYMMHpyH

u speMSJ rrpoxo>K,ll.eHHH scero rreperoHa. 

Y li.OOHbrii crroco6 3TH X IIOli.Cl.Jeroa rroKaaaH Ha qmr. 178 JlJIH noea.11a, 

BellOMOrO rrapOBOJOM cepH!i lll C COCTaBOM B 850 m IIpH ilJopC!i

pOBKe KOTJra ZM=30 KZ/M2 • 'l. B sepxHeM JiesoM yrJiy rrocrpoeHa KpHBaH 

/ 11 -W0 B 31BHCHMOCTH OT V. 3ra KpHB3H UeJIHKOM B3f1T3 C ¢11r. 131. 
th KpHBOH CJiell.yeT, l.JTO B 11.3HHDM npHMepe paBHOBeCH3H CKOpOCTb Ha 

nJiomallKe pasHa 40 KM/'i, rroroMy 'ITO npH 9TOH cKnpocrH fH-WH=O. 
EcJIH noe3n: BXDl!.HT Ha nJiowanKy c noll. beMa, ro ero cKopocl b nocre

neHHO yseJIHqHB3eTC51, rrpH ,LI.OCTaroqHOH ,LI.JIHHe TIJIOll.l311.KH llOXOllHT .LI.O 
40 KM/'l li ll.aJiee OCTaeTCH TIOCTOHHHOH; ec.llH .lKe rroe3,LI. BXOll.llT H3 llJI0-
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warrxy co cnycxa, TO npH nepexo.ne ua nJioma.nKy ero cxopoctb no~ 

creneHHO na.naer .no 40 KM/Il. no KpHaoA l,-w0=f (V) onpe.neJIUTh paa
uoaecHyJO CKOpOCTb )1,,1SI Jl!OOOro YKJIOHa T3K JKe JierJ<O, KaK H ,nJUI 
IIJIOLU3,li,KH. L{JI!I fiJIOIU3,li,KH Mbl 6epeM CKOpOCTb, COOTBeTCTBYIOWYIO 
nepece'IeHHIO KpHBOii f~-W0 C HyJieBOii KOOp,li,HH3TOH CHJiblj ,li,JI!I YKJIO
HOB (OO,ll,'beMOB U cnyCKOB) Mbl ,li,OJIJKHbl B3HTb CKOpOCTh, COOTBeTCTBYIO
LUYIO nepeceiJeHHIO KpHBOH fw-Wo C TOH K00p,li,11H3TOH CHJibl, KOT0p351 
COOTBeTCTByet aeJIHliHHe YKJIOH3, DOTOMY liTO ,li,JIH paseHCTBa CHJlhl 
rsrru u conpotHBJieHUH HYIKHO, IJT066J /11 -W0= ic. 

HanpHME'p, paBHOReCH351 CKOpOCTb Ha fiO,ll,'beMe 70foo oy.ner 151CM/tt, 
Ha cnycKe 1 Ofoo 6y .ner 46 KM/Il. 

Ha OCHOB3HHH 9THX C006paJKeHHH B npaBOM aepxHeM yrJiy QJHf, 178 
nocrpoeua aaaHCHMOCTb pasuoaecuofi CKopocru V or YKJIOHa. KpHsaa 
V = J (ic) HBJIHetcH, B cymuocrH, KOnHeti KpHBOH V =I (fh- w0), TaK KaK 
paauoaecuaH CKopoctb cooraercrayer paaeucray I~- w0 = ic. 

flpH DO,li,Cllete BpeMeHH XO,ll,a Y.II:OOHO OIIepHDOB3Tb He CO CKOpOCTbiO 
60 

noes.na V KM/Il, a co speMeneM npoxo~~<.nenHH 1 KM s MHnyry • Ha v 
ocuoaaHHH KpHBOH V =I (ic) B HHlKHeM npaBOM yr11y nocrpoeua KpHaas:~ 
60 = f (iJ 3ra KpHBaH o6opaaHa ua crrycJ<e-20Jo0, Ha KoropoM noeaJJ. v 
H.ner c npe.neJibHoit cKopocr&JO 50 KM/Il no ycJIOBHHM aepxuero crpoe-

60 
HHSI nyTH. Ha CIIYCK3X V H 33BHC!IT OT TOpM03HbiX cpe,li,CTB noea.na. v 

60 
Kpuay10 Jierxo .nonoJIHHTb ,li,JIH cnycKOB, ecJIH aa.nauhl rrpe.neJibHhle v 
CKOpOCTH fiOe3.ll3 H3 CIIYCK3Xj E.'CJI!i lKe CKOpOCTH He 33,!1,3Hbl1 TO ee 
CJJe.nyer llOCTpOHTb, HCXO,li,H li3 tpe60BaHH!I OCT3HOBKH noea.na no CHr
HaJiy Ha H3BeCTHOM paciJeTHOM IIyTH TOpMOlKeHH!I. 

11MeH KpHBYIO 
60 =I (ic), Mhl MOlKeM .li,JIH JIIOOOrO npocpHJUI onpe-
V 

.neJIHTb apeMH xo.na: 6epeM no oqepe.nu xaJK.!lblH 9JieMeHT .nmmofi s". 
HMeiOW.HH YKJJOH ic, onpe.nE'JIHeM no rpa<jJHKY 'IHCJIO MHHyr, rpe6yeMoe 
ua npoxolK.l{eHHe 1 KM :nora YKJIOHa, YMHO)l{aeM aro l!HCJIO MHHYT Ha 
,li,JIHHY MeMeHT3 B KHJIOMetpax, CKJI3,ll,blB3eM see npOI13Be,ll,eH!1.R U llOJiy
~aeM apeMH xo.na noea.na no aceMy neperouy. 

Bblllle 6biJIO cKasauo, liTO crroco6 paauoaecubJX cxopocreii ao scex ero 
B3pH3HT3X OCHOR3H Ha HBHO HeBepHOM npe,ll,llOJIOlKeHHH. TeM He MeHee, 
STOT CIIOCOO .ll,aeT ,n.nH OObllJHbiX CJiyl!aeB rrpai<TUKH ,li,OCT3T04HO TOliHbl€ 
pe3yJibTaTbl, raK KaJ< npH 6oJJhlllOM KOJJHIJecrae 3JieMeHTOB rrpoqmJIH UJIH 
npH 6onhwofi .nmme neperoua npeyaeJIHlleHHe apeMeHH npoxo.na O,li,HHX 
3JieME.'HTOB 60Jiee HJIH Meuee J<OMlleHCHpyeTCR rrpeyMeHbllleHHeM speMeHH 
npoxo.lla .npyrHx sneMeHTOB. He KoMneHcHpyercH TOJJbKO rrorepR speMe
HH Ha pa3rou or nyuKra ornpasJieHHR H ua aaMe.llJJeHHe K rryHKTY npH-
6wrHH. fl03TOMy K llOJiylleHHOH CYMMe BpeMeH npOXO,lla 9JleMeHTOB 
,D:JIH TOB3pHbiX DOe3,llOB H3,ll0 IIpH03BHTb H3 neperOH np11MepHO 3 MHH., 
CliHT3H 1,5 MHH. Ha pa3rOH H 1,5 MHH. ua OCT3HOBKYi Ha IIO,li,XO,ll, llOA 
ao.ny cne.nyer .no6aBHTb ew.e OJJ.HY MHuyry, ua paarou nocJie ,li,JIHTeJJbHOii 
CTORHKH 311MOI1-eme O.li.HY MHHyty. L{JHI naCC31K11pCKHX IIOe3.llOB H3.ll0 
rrpH6asHTb Ha rreperou, ua paarou H aaMe,li,JJeHHe, scero 1-2 MHH. Do· 
npaBKH noJieauo onpe~eJIHTb no cnoco6y JlHIIell.a-Jie6e.nesa. 
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.ll.nH TOI'o, YTo6bl He .zr.eJraTb yToM HreJJbHbiX nepeMHO:lKeHHll ,ll.JIMH 
9JieMeHTOB Ha BpeMH npoxo,na 1 KM, CJJJlKHT rpa4JHK B JJeBOM HlDltHeM 
yr JJY ciJHr. 178, KOTOpblH JierlW ITOCTpOHTb H3 OCHOBaHHII rpaciJIIKa 

~ = f (ic) Op.ni:marhi aroro rpaclJHKa ,ll.aiOr apeMH npoxo.n;a scero aJie· 
v 
MeHTa. nocrpoeHne aroro rpa4JHKa OlleHb npocro: no ocii a6c~Hcc 
OTKJJ8JlbiBaeM KHJIOMeTpbl B TOM me M8CWT86e, K8K li H8 npo4JHJ!e, a DO 
OCH Op.D.HH3T-MHHYThl B JII060M M8CWTa6e; Ha Opli,HHaTe, COOTBeTCTBJ· 

IOII.lefi 1 KM, OTMellaeM roqKH, .naiOlll,He apeMH rrpoxo.na 1 KM H3 
60 

= 1 (i,), v 
,Zl)HI p83JlHl{HblX YKJIOHOB; 11epe3 9TH TO!{KM II H848JIO KOOp.D;MH8T npO· 
BO.!U'IM npHMhie, II rpacpm< roros. HanpHMep, BpeMn npoxo.lla aJJeMeHra 
)l.JIHHOH 2,4 KM, HMeiOII.lero flO.D;'beM + 10fo0, paBHO no rpaclJHKY 4,2 MHH. 

LJ.JIH npaKTH:lleCI<OfO fl0.11b30- oiJ 
saHHH rpact>aK HY}!{HO neJiaTb V V 
H3 MHJ!JIHMeTpOBKE', npHMep- 60 6 
HO )10 I 0 15 KAf (no .!lJHfHe 
HaM60.Jibrnero sneMeHTa rrpo- 50 
¢r!Jlfl Ha yi.JaCTKe) 11 npuMep· 
HO JlO 30-50 MMH. 

Eme 6oJJee o6ner<taereSI 
BCH pa60T8 H CTaHOBHTCH H3· 30 
rJJH.D.Hee, ecl!H rpacjHtK c.zr.e-

JHlTb Ha np03p8llHOfi 6yMare. ?0 """ 
Tor.na, H8KJia..QbJBa51 rpac!JHK -.. 
Ha npo¢HJib T8K, 4T06bl OCH 1{} 
nyTH 6 biJIIi na paJJJieJibHhl, a 

cosna.uano c HatJaJJOM orcqera 5 4 
60 

-2 

ci>11r. 179. OrpaHHt!eHHe Vu V Ha cnycKax. 

J 

2 

f 

BpeMeHH K8lf<ll0f0 9JieMeHT8, 
H npOK3JI~BaH 6yJJaBKOA CO

OTBeTCTBY!OlllYIO TO'-IKY Ha H3· 
KJIOHHOH JJMHHH rpa4JHK8 1 Mbl flOJIYIIHM Ha rrpo¢a.ne pH.U npOKOJIOB. np H 
nepBOM H nOCJie]lHeM npOI<OJI8X CT3BHM rpacj>MK Ha 1,5 MHH. BbiWe. 
Ol!eBH.li.HO, qro paccro>IHHe nocJienHero npoi<oJia no sepraKaJIH or ocu 
nyrH nacr a Mac w r a 6 e B p eM H npoxona scero neperoHa. 4ro6bl 
He Bb!XOJlHTb 38 npeneJJbl WHpli!Hbl npOcPHJIH, He06XO,llHMO 4epe3 onpe· 
.lleJieHHOe KOJIHlleCTBO MHHYT CHOCHTb TOIIKY Ha OCb nyTH. Tai< K3I< Bee 
apvtcj>MeTHlleCKHe nei-iCTBH51 OTTI8lt810T, a paciTOJIO}!{eHHe npOKOJIOB Ha 
npocjm.ne ( OC06eHHO, eCJIH HX eoe]lHHHTb JJHHIHIMH) CJJY)I{HT npoaepi<Oli 

Beet! pa60Thl, TO OWH61<H flOl!TH HCI<JI!Oli8IOTCH. 

B 
u 60 

epHeMCH K KpHBOH AJill cnyCI<OB li ..QOTIQJ!HIIM 9TY KpHBYIO B HarneM v 
npHMepe, rrpeli.ITO.IIOlKHB, llTO noe3.D. H..QeT H8 HenpepbiBHOM TOpM03e 
TOBapHOfO TH na C 0. = 0,12 npH pacqeTHOM IlytH TOpM omeHI-IH 800 .M 
H 'Pk=0,2-0,00J5 V. 6epeM eOOTBeTCTBYIOlllYIO KpHBYIO V=f (i) 

c <P11r. 152 H cTpOHM 
60 

= 1 (i). Ho Jiyqrne c.zr.eJJaTb raK, KaK aro 
v 

c.neJiaHo Ha cj>Hr. 179, r. e. 3aMeHHTb KpHBYIO V = f (i) cryneHqaroii 
JIHHHefi C orpaHHileHIHIMH CI<OpOCTH B KpyrJiblX UH¢pax: 50 ,liJIH CflJCKOB 
~0 40fo

0 
BK.IIIOliMTe.llbHO, 45- ).!,Jill crryCKOB OT 4,1 Ofoo ,li,O 80foo H T • .n;., 

19 Torollble pac'<en• w HCnbiTAHMR. 
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H y)Ke Mcxo.zur H3 cryneHtJaroA aaBHCHMOCTH V = f (!), nocrpmrrh cTy

neHtJarym )Ke 3aBHCHMOCTb ~O = f (i). 

60 11Hif.. v K.O 

f----1------4---+ 5+--+--+-+ 

f----+-+-t-.3 I--

-4 -z 0 z 6 

<I>11r. 180. flaposoa Qa, z)1 =28; 

60 -v Mflrf/Hn ~ 
a=~ 

1--+-+-+ 5 f--t---t---r--+ r--1-Jjh 

-4 -2 0 2 6 

fO !2 

speMll npoxolK)leHHll I 101 s MHHyrax. 

• 
!0 f2 14 to t8lc 

IPI!r. 181. napoB03 m. z, = 27; BpeMll npoXOlK,l{eHHH I KM B MHHyrax. 

Ha <flHr. 180-185 rrpe,n:CTaBJJeHhi KpHBhie 60 
= f (iJ ,n:JJH rrapoaoaoa: v 

0 8 rrpR z,~~ = 28, ill, npH z ... = 27, E rrpR z ... = 32, 3 rrpH z,,
1 
= 33-

3Y np11 z,. = 33 H 2F II pH Z.11 = 36. OocrpoeHMe HX 51CHO li3 rrpe,n:biAY· 
w.ero. BeJIHI.JHHbl Q HamicaHbl y KpHBbiX. YA. conpon!BJJeHHe w0 npn 
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HHTO IIO $OpMyne: W0 = 1,5 + 0,05 V. J1.JIH ycKopeHHH IIOCTpOeHHH 

KpHBhiX ~O = j (ic) IIOJie3HO COCT3BHTb npHMepHO CJieAyiDII.lyiO T30JlHqKy: 

Dapouoa I.Q, z.., = 27, P = 120 

• 

60 le 
v - Fk Wo v Q=l500 Q=l400 Q=1300 

10 6 10400 2,0 4,42 4,85 5,32 
12 5 9450 2' 1 3, 73 4,12 4,55 
15 4 8 250 2,25 2,84 3,17 3,55 
20 3 6 600 2,5 I ,57 1 185 2' 15 30 2 4150 3,0 --0,44 -0 '2.7 -0,08 

' 40 1,5 2 900 3,5 -I' 71 -1,59 -I ,46 
50 I I 2 2100 4,0 -2,70 -2,62 -2,52 

~-+J+-+--

-2. 0 2 6 8 fO f2 
~Hr. 182. napOB03 E, z,. = 32; BpeMSI npOXOlKJleHHR I /CM B MHHyrax. 

YKJJOH ic B 3TOH TaOJIHliKe BhlliUCJ15IeTCH no Q>opMyne paseucrsa 
CHJiht THrH H rroJiuoro corrpoTHBJJeuuH: 

i _ F.-(Pwo' +Q ·o") o; (183) 
c- p + Q oo· 

B cJiyqae paseucrsa w0' H wo'' (KaK s uarneM rrpHMepe): 

. F• Of 
l = Wo oo· 
c p + Q 

(184) 

93. Onpe,!l,eJieuue speMeuu xo)J,a rroe3)J,a no crroco6y Jlunel.{a-Jleouesa. 
Crroco6 Jhmeua-Jle6e,11.esa ~BJJRercH OCHOBHhiM, uaH6onee T04HhiM, 
YHHBepC311bHbiM H H3fJI5l.UHbiM CIIOCOOOM B rpynne T3K H33biBaeMhiX TOll· 
HLIX CIIOCOOOB. Ero TeopeTHlleCKOe OOOCHOB3HHe C,ll.eii3HO B DII. 57 
H 58, []Q3TOMy orpaHHlJHMCR 3,1I.eCb HeOOJlblllHM KOHKpeTHbiM DpHMepOM 
onpeAeJieHHH apeMeuu xoua no rreperouy ($Hr. 186). 

0apOB03 lU C t:JeTblpeXOCHbiM TeH,ll.epOM (P = 120 m), COCT3B seCOM 
850 m H3 PYIIHbiX TOpM03aX, z ... = 30. npo4JHJib (cnpRMJieHHblJ;i): 
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OCT3HOB04Hb!H nyHI<T1 500 .M DJ!Olll3Jli<H 1 1395 M CDY<'I<3 4,0°{00, 917 M 
nO.ll'beMa 3,0°/00 , 1 105 .M no)l'heMa 1,0%0 octaHOBOIJHbiH nyHKT. Orpa
HlflleHHe cKopocrH no neperoHy 50 KMjtz; ocoooro orpaHHl!eHHH CKO· 

poCTH Ha cnycKe 4°/uo HeT. 

6() 1111 H / :>:1 s::, v /1( ~ ~ ~%<;:) ~ ~ ~ ~ ~ 
/(JJ "' ~ ~ ~ ¥i ~ ~ ~ ~ ~ t<:::; 

r---r--,- 0 ~.--.--.--T- ......,.......,,.;-...,., ,;....r---t 

1------l-+ 61---f--f--+------A 

-z 0 2 IJ 10 t2 to ts 
4>Hr, 183. flapOBOJ 3, Z,~~ = 33; apeMll npOXOlK.ll.eHHll 1 ICM B MHHytaX, 

~33 

" 

2 0 6 8 10 12 f6 1J l 

4>Hr, 184. flapOBOJ 3Y, Z.H = 33; BpeMR npOXOlKJleHHII 1 ICM B MHHytaX, 

tlJJH 9KOHOMlUI MeCTa Bb!Op8Hhi MaC'lllTa6bl (n. 59): CIJJI, k = 5 .MM 
120m2 120 • JZ 

B 1 KZ/m; CKOpOCTH, m = 1 .M.M B 1 KM/Il; nyTH, y = = 24 .MM 
k 5 

2Lim 2 • 12,5 • I 
8 1 KM; Lf = 12,5 .MM; BpeMeHH, X = = = 5 MM B 1 MHH. 

k 5 
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B STHX MBCIIITa6ax Ha JJeBOti CTOpOHe qJHf. 186 nocrpoeHbl KpUBble 

YJJ:eJibHOI't pasuo,neilcrsyJOmeii CHJihl ua nJioma.l!Ke L!JHI rpex cJiyllaes: 

J) C OTHpbiThiM perymnopOM fk- W0 npH ZM = 30; 2) C 33Kpb1Tb1M pery• 
PW3 ) Ptv 

JIHTOpOM -I W0 + H 3) T,OpMOJK€HH51- W 0 + 3 + 1 OOOJ9.cpk • 
\ P+Q P+Q 

nocrpoeuHe KpHBOti fk- w0 = f (V) ,nJIH aroro cJJyiJaH 6h!JIO c,neJiaHo 

B n. 79, DpH liE M W0 npH OTKpblTOM peryJIHTOpe 6bJJ!O npHHHTO DO 

cf>opMy.ne: w0 = 1,5 + 0,05V. 
KpHBaH w0 = f (V) npH saKpbiTOM peryJJHTope nocrpoeHa no ¢opMyJJe: 

w =15+005V+ Pwa =15+005V+ 120
(
1
·5 +0,3V)=169+0087V 

O I I P + Q I I 120 + 850 1 1 
J 

B npe)J,IIOJIOJKeHHH, liTO napOB03 o6opy)J.OB3H p33.llBHJKHbiMH 30J10THHI<3MH 

Voo "'"%./J ~ ~ ~~~ ~ ~ ~ ~ 
~~~~~~~~ ~ 

z. 0 2 6 11) 12 14 f6 

¢1Hr, 185. flapOB03 3Y, Z.11 = 36; BpeMSI npOXOlK.!leHHSI J K.M B MHHyTaX, 

TopM03Hoii Koa¢HU:HeHT J9. BhllJHCJJeH o npe.llnOJiomeHHH
1 

qro npH 

fiO.llXO.lle K CTBHUHH B3rOHHhle TOpM033 OTITY!Ut'Hhl 1 H M3WHHHCT nOJih

ayeTCH nOJIOBHHOil TOpM03HOH CHJihl napOB033 H TeH.nepa. CJJe)J,OBaTeJibHO: 

-8- = 2160(10 + 7) = 0 019. 
970 . I 000 • 2 I 

Ko3qmuneHT rpeHIHI cpk = 0,2- 0,0015V. CJie,nosareJJbHo: 

w0 + Pit's + 1 OOOJ9.cpk = 1,69 + 0,087V + 1 000 · 0,019 (0,2- 0,0015V)= 
P+Q 

= 5,49 + 0,058V. 

3ru rpH KpHBbJe CJ!€.ll083JIO 6hi c,neJJBTb H3 OT.lleJibHOM KyCKe 

MHJIJIHMeTpOBKH H nepeMema rb no cnpHM.IIeHHOMY IIPOtPHJIJO no Mepe 

nocrpoeHHH Hp11BbiX V =I (s) H t = 1 (s), TaK, lJT06bi och CHJI cosna.na.na 
C OCbiO nyTH. 

BeCL H3IU neperoH, COCTOS!Il(HH H3 qeTblpex 9J!eMeHTOB, npoillleH 

a llBeHa.nu:arL nepeMeH seJIH'lHHbl ,netlcroyromeH cHJibJ. Ha KpHBhJX 

CHJI TOliKH, llepe3 KOTOpble npose.a.eHbl JIYliH (cepe,llHHbl HHTepaaJJOB 

CKOpOCTH), 0603H3ljt'Hbl U:HcflpaMH OT 1 J[O 12, TOLJKH, B KOTOpblX 

BOCCT3HOBJieHbl nepneH)J,HKYJIHphl K JIYIJ3M Jhmeua, 0603HalJeHbl TeMH 
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~Hr. 186. Pac"er BpeMeHH xoAa no cnoco6y J1Hneua-Jle6e.zteaa. 
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.>Ke UH~p3MH 1- 12, a TOIJKH, B KOTOpb!X BOCCT3HOBJieHhl nepneH~H· 
KYJHlpbi K JiyGaM Jle6e.neaa, o6oaHa'leHhl uH~paMu 1'- 12'. CooTaer
CTBYIOIUHe orpeaKH KpHaoii V =I (s) o6oaHalleHbl l.I,H~paMu 1-11, 
a KDHBoil t =I (s)- Ul1~paMH 7' -12'. 

llhpHXOBhiMH JIHHHHMH l1306paJKeHhl paBHOBeCHbie CKOpOCTH (llJIH 
Broporo aJJeMeHra- npe,ne.JibHaSI), JierJ<o onpe,neJJaeMble ua rpa~uKa 
f~-Wo =I (V). 

nocTpoeHHe KpHBbiX v =I (s) H t =I (s) se~eTCSI O.IJ.HOBpeMeHHO, 
a HMeHno: ceJiqac JKe noc.11e nocrpoeHHs:I orpeaKa KpHaoii V = 1 (s) 
crpoHTCH coorsercrayiOIUHii orpeaoK KpHaOI1 t = f (s). Jlyqu u nepneH· 
JlHI<YJIHpbl B ll.ei!CTBHTeJJbHOCTH He npOBOASITCSI: JIYll 38MeHReTC11 CTO
pOHOH JII1HeHKH 1 a nepneHJI.HKYJIRp K HeMy- CTOpOHOH rpeyrOJibHHK3. 
B noJIIOC y.no6Ho Bt<aJihiB&Tb 6ynaaKy. 

npoCJJeJI.J.1M Kp3TKO BCe DOCTpOeHHe: 
1) PeryJISITOp OTKphiT1 JifHTepBaJI CKOpOCTeii 0-10, DOJIIOC 0. 
2) PeryJUITOp OTKpblT1 HHTepBaJI CKOpOCTefi 10-20, DOJIIOC 0. 
3) Perymnop OTKpb1T 1 HHTepaaJI CKOpOCTeii 20-25,8, DOJIIOC 0. 
nJIOUl3JlK8 KOH43eTCSI, nO::JTOMY KOHel!H3SI CKOpOCTb HHTepB8JI3 KpH· 

BOit CHJI n OJI.06pa Ha T3 I<, l!T06bl OH8 COOIBeTCTBOB3JI3 I<ORel!HOH CKO· 
pOCTH HHTepBaJia KpHBOH CKOpOCTeU, 

4) PeryJIRTOp OTKphiT, HHrepaaJI CKOpOCTeit 25,8-35, UOJIIOC-4 
( cnycK 4%0). 

5) PeryJISJTOp OTKpblT, HHtepB8Jl CKOpOCTeit 35-45, DOJIJOC- 4. 
6) PeryJHITOp OTKpbiT, HHTepBaJI CKOpOCTeil 45-46.5, DOJIIOC-4. 
CnycK KOHlJaercH, KOHeGHaH cKopocrh HHrepaana no.no6paHa. EcJiu 6bl 

Ha CDJCKe Mbl llOWJIH llO orp3HHtH~HHSI CKOpOCTefi, TO CJiellOB8JIO 6hl 
.no KOHI..l3 cnycKa )I.JISI V nposecrn ropH30HT3JJbHYIO npRMyro. 

7) PerymiTOp OTKphiT, HHTepBaJI CKOpOCTH 46,5- 37,5, DOJIIOC + 3 
(no.uoeM 30fv0). Becb no.noeM B 3%0 npofi)l.eH aa OAHH npHeM. KoHel!HaH 
CKOpOCTb HHTepBaJJa DOll06paHa, 

8) PeryJISITOp OTKpbiT, HHtepB8JI CKOpOCTeei 37,5 37, DOJIIOC + 1. 
BhiTR HYB noe3.n Ha nOA'beM B I 0/ 00 , MaWHHHCT aaKpblBaer peryns!Top. 

9) PeryJIRTop 33KpbiT, 1-lHTepaaJI cKopocrrii 37-30, nomoc + 1. 
10 -12) TopMomeuHe or 30 KM/tt .no 0. OrpeaKH 70- 72 nocrpoeHht 

C KOHU3, T. e. OT nyHKT8 OCT8HOBKH. l1HTepA3Jlbl DO 10 ICMjtt, OOJJIOC+l. 
BpeMH npoxo.na acero neperoJla oKasaJJOCb paBHhlM 8,8 M;;::;. 9 M. 
npu ~JIHHHbiX neperOH3X 1<pfiB3SI f = f (S) qepe3 onpeAeJJeHHOe KOJIH• 

qecrao MHHYT (nanp. I 0- 20) llOJJJKHa o6pblsancSI H Hal!HHaTbCH BHOB& 
OT OCH nyrw, B npOTHBHOM CJiyqae KpHB3SI BbiH)I.eT 3a npe)l.eJihl qep
TeJKa, raK KaK apeMSI scerAa B03pacraer. 

lJaCTO Tpe6yeTCSI CTpOHTb KpHBYIO BpeMeHH nocne DOCTpOeHHR KpH· 
BOD CKOpOCTH; nan pHMep, eCJIH, B n pouecce nocrpoeHHSI KpHBOJ':l CI<OpO· 
CTH H nOcJie nOCTpOeHHSI npHXOllHTCSI ee HeOAHOKp3THO nonpaBJIRTb 
H nepe.lle.llhiB3Tb. ro Bbtro.nHee KpH syro t = l(s) crpOHTb nocJie OKOH4areJih
Horo ycraHoaneHHSI Kpusofi V =Is) neperoHa. B aroM cnyiJae noCTpoe
HHe KpHBOH i=l(s) J)I.06Hee BeCTH T8K, K3K DOK833HO Ha qJHr. 187, 
r. e. orpeaoK A ( AB) oTJ<Jia.nwsarb B JJI060M y.no6HOM Mecre, 
'lepe3 l.l,eHTphl 3JJeMeHTOB KpHBOH V = l(s) npOBOAHTb ropH30HT3JIK 
.no nepneHnnKynSipa A, npoBOJI.HTb JJYIJH 11. :?1, 31 ... 11a TOliKH B 11 orpe3KH 
DpHMbiX ] 11 , 211 ,311 ,,, COOTBeTCTBeHHO nepneHJlHKYJIHpHO JiyllaM B CO
OTBeTCTBYIOIUHX 3JieMeHT3M npe.neJiaX CKOpOCTefi. 
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npu M3CCOBbiX pacqerax lf.JI51 9KOHOMHU BpeMeHH >KeJiaTeJibHO aap::mee 

nocrpOHTb KpHBhie Cl<apocnt H opeMeHH nJIH ropMomeHH51 npH no.nxone 

K CT3HUH51M Ha BCtpeqaiQ!UHXCH YKJIOHaX If HaHeCTH HX Ha npoapai{HYIO 

6yMary HJIH Bblpeaarb H3 IIJIOTHOH 6yM3flf rna6JIOHbf. 

ut 

=ffs) 
...... 

- ·- f' ' --.. .. -- ---- ... --- ... ------
/J 

4lHr. 187, Pacqey RpeMeHH xo.11a no Clloco6y JlHnena-Jle6e.lleRa. 

npH lKeJiaH!fH MO}I{HO ITOCTpOJiTb 3apaHee Ha np03p3tiHOR oyMare 

nyqK!f KplfBb!X CI<OpOCTeti H BpeMeHH .ll.JIH XO.ll3 C OTKpbiTb!M peryJIH· 

ropoM .ll.JI51 YKJIOHO B qepe3 1°/00• ,UJIH yKJIOHOB, BbrpamaeMbiX .o;eca· 

TblMH .D;OJifiMH TbiCH4HbiX, KpHBbie MOryr 6blTb OOJIJlteHbl HHtepoOJISII.\HeA 

Ha-r Jia3. 

B cnel.\lf8JihHbiX cnyqaHx, KaK, HanpHMep, rpe6ooaHHe ocoooti TOLJHO· 

CTH npH nepeaaJIHCTOM npoqHIJie, npooepKa OllbiTHbiX .11.3HHbiX, paCCJie• 
.D;OB3HHH H T. ll., MO)KeT BCTpentTbCSI H8lJ.06HOCTb B llOCTpOeHHH KpHBbiX 

CKOpOCTH H BpeMeHH He IIpH IIOCTOHHHOH HHTeHCHBHOCTH napooop330· 

B3HHH z,., a npH onpe.o;eJieHIIb!X KOMOHH31.\H!IX OTKpbiTH!l peryJISITOpa H 

OTCetiKH B HeKOTOpb!X HHTepBaJiaX CKOpOCTII. HanpHMep, OpH V OT 0 
.11;0 10 KMjfl-llO rrpe)leJiy CUenJieHH51; IIpH V OT lO .11.0 15 KM(fl (l=l, 
e =0,45; npH V or 15 110 25 KM/'l Q=l. e =0,3 H r • .o;. nocrpoeHue 

KpHBblX V H f=j(s) B 9THX CJiytiaHX HH4eM He OTJIHtiaetCH OT Bb!We· 

paao6paHHOf0 llOCTpOeHHH npH DOCTOHHHOH Z.,. 
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fJJABA XI 

ODPE,[{EJIEHME PACXO,[{OB BO,J:tbl M TOllJIMBA HA DEPEfOHE 

94. Oo~ue CBeAeHUH. PaCXO,l(bl BO)(bl H TOITJIHBa rrapOB030M Ha nepe
roue onpe.n:eJIHIOTCSI s CJie,n:yiO~eii nocJie.n:osareJibHOCTH: 1) pacxo.!l napa 
ua MaiiiHHY BM; 2) KOJHI'Iecrso napa, o6pa30BaHHoe KOTJIO~e Bn; 3) pac
XOll. BO,l(bl H3 TeH.D.epa B H 4) paCXO.ll TOITJIHB3 £. npu MaCCOBbiX 
pacqerax 8 1 H B onpe.u;eJIHeTC.H uenocpe.n:crseuuo, 6e3 npe.n:oapureJib· 
Horo onpe.n:eJieHHH B M" 

95. Onpe.neJleuue pacxo.na napa ua Marnuuy BM ITO z M" EcJIH paclf:er 
BpeMeHH xo,n:a se,n:eTC!I no KpHBOH CHJibi TSirli, COOTBeTCTBYIO~eil: ITO· 

to ( ) "'' uua-~~- _,.~1 ' 
I CTOHUHOMY pacqeTHOMY Z 

g 

4 

1 

6 

4 

J 

l , 
0 

•1 

-2 
-3 

-~ 

-5 

~ 
U/, P+O. = 970m 

-V 
,A 

'~~ 

1.~ 

\ 
5/J 

Hf. 188. nocrpoeHHe z.~~ =I Cic)· 

qe fOBOpH,-B npe,n:nOJIO JKeHHH 
cxo.u;a 

z.~~. TO 
nepe· 

euu z,. 
y liTO, 

UOCTOHHUOfO qaCOBOfO pa 
napa ua Mamuuy U = H 
B .D.eHCTBHTeJibHOCTH ua 
roue TOJlbKO '1aCTb BpeM 
6yJJ,eT pactJeTHblM, UOTOM 

,<., 
~ 

~ jl'<') 

(\, p 
" 
~ 

~ ~~ ~ ~ ~ .... 
----- - --- -- - I 

:;;, 
.~ 

il>t) ------ vJ 
'r ----- r--- - Jo. N 

· .. ~ 
,c:; 

.i.J 'i" 

KOr,n:a napOB03 H.lleT C 33Kpb1ThiM peryJHITOpOM, TO Z"' paBUO 0, a KOrp;a 
napOB03 H,U;eT C npe,n:eJlhHOH CKOpOCTbiO (no KOHCrpyKL{HH, HJIU no nyru, 
HJI!i no TOpM033M), TO Z"" MOJKeT 6b1Tb MeHbllle pacqeTHOfO. 

no3roMy, npeJK.u;e '1eM Bbl'lHCJIHTb pacxo.u; napa ua Mawimy ua nepe· 
roue B.~~. Heo6xo.D.HMO nocrpOHTb 3aBiiCHMOCTb ZM=J(i0) .IIJJH .u;aHnoro 
noe3.u;a. 3ro noCTpoenae c.u;eJiauo ua cpar. 188 JJ;JIH KOHKperuoro npH· 
Mepa: napooo3 ll.(, z.., = 30, Q= 850, P + Q = 970. CrpoHM Kplf· 
Bble /It Wo=f(V,z ... ). 0rMe'1aeM ua aTHX KpHBblX TOlii<H, COOTBeTCTByiO· 
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IAJ.JJ.He npe)l.eJJbHOi1 CKOpOCTH. 8 JJ.8HHOM CJJyqae Ha BCeX cnyci<aX (JJ.O 60fo0) 

rpHHHTa 0.1I.HHaKoBaH npe.1I.eJJhHaH cKopocrb V=50 KMj'l. OtMeqeHHhle 
BoqKn nepeHocuM Ha rpa<jlHK z;ll= f(i.). Ha aroM rpafl>uKe no.11yqaeM 
B Ham eM npHMepe qeTblpe TQqKH, COOTB€TCTBYIOll1H€ Z.~~= 15, 20, 25 H 30. 

Qrrpe.lleJJHeM eme TOT H3UMeHbll1Hti cnycK, Ha KOTOpOM D0€3.11. H.lleT 
C npe,llt'JibHOH CKOpOCThiO npu 38Kpb!TOM pery JHITOpe. 3TOT cnycK 
onpe.lleJISJercH ua ycJIOBHH paBeHcraa conporHBJIE:'HHH or YKJIOHa u 

u 

COnpOTHBJI€HIUI H3 npHMOH rOpH30HT3JIU npH OTKpbiTOM peryJJHTOpe 
npu npe.neJibHOH CKOpOCTH. 

· _ P(W'o+W3) + QW"o Oj 
le- P+Q co· (185) 

npuHHMaH Wo' = Wo" = 1.5 + 0,05V " w3 = I ,5 + 0,3V I nonyttaeM 
JJ.JIH V =50 i = 6,0°/00• 3rot ic npu z.~~ = 0 TO)I{e HaHOCHM Ha rpa<jlnK. 

4epe3 noJiyqeHHble TOqi<u npOBO.LI.HM DJ18BHYIO KpHBYI01 KOTopaH H 

HBJJ!IeTCH 3CIBHCHMOCTbiO ZM = f (ic)· 
lllrpuxoaoti JIHHHeH ua rpacf>HKe HaueceHa KpuaaH z. =I (ic) JJ.JI!l. 

Toro cJJyqaa, ecnu 6bJ npH ic= -5%0 cKopocrh 6biJJa orpaHHqeua 40KMjq, 
TotJKa .llJIH z ... = 0 1 ic = -5, I) B3HTa H3 KpHBOii w 0 .llJJH a a I<pblroro pe· 
ry.rnJTopa <jlHr. 186, KaKOBaH KpHaaH nocrpoeua )VIH rex .JKe ycJiosuti, 
KaK u a paccMarpuaaeMOM npuMepe. 

80 BCeX 06bJqHbiX CJJyllaHX 38BHCHMOCTb nepeMeHHOfO z .. OTic MO)I{HO 
38MeHHTb npHMOJIHHeHHOti, npe.llCT8BJJeHHOH Jl.JIH Harnero npHMepa Ha 
¢111r. ]88 nyHKTHpHO·lllTpHXOBOH JIHHHeif. 

EcJJu pacxoJl. BO.llhl onpe.neJJ!IercH o.nuospeMeHHO c pactJeTOM ope· 
MeHu xo.na HJIH nocJie Hero, ro nocrpoeHHall Kp11BaH z,. =I (ic) ,11.aer aoa· 
MO.lKHOCTb onpeJJ.eJJHTb EM 6ea .llBJJbHeiiwux nocrpoeHHH, uenocpeJl.· 
CTB€HHO YMHOJK8H BpeMJI npOXOJl.3 K81KJl.Of0 aJieMeHT3 B MHHyrax H8 

Hz 
seJIHIJHHY M, rJl.e H- nocroHHHaH aeJJuqHua (nosepxHocr& uarpeaa 

60 
KOT Jia), a z.- nepeMeuuaH, onpeJl.eJIHeMaH .LI.JJH Ka>KJl.Oro aJJeMeura ua rpa
¢lHKa zM =I (ie). EcJiu npH atoM speMH xo.lla 6b1JIO onpe.lleJleHo roqHbJM 
cnoco6oM, ro npH onpe.lleJieHH u .neAcraureJJhHoro z., Ha.no, Kouequo, 
npHHHMarh so BHHMaHHe 11puable V = f (s) H t =I (s). BpeMH npoxoJl.a rex 
3JieME:'HTOB, H3 KOTOpblX ZM paBHO CBOeH pacqeTHOH BeJJifqJ1He Jl.JJH yMeHb· 
WeHHH HenpHHTHbiX nepeMHO.lKeHHit CJie.llyeT npocyMM11pOB8Tb H y>Ke 

Hz 
cyMMY YMHO.lKHTb Ha M • 

60 
Opu MaccoBbiX pac11erax, ,l(JJll yMeHhrneHHH apH<jlMerHqeci<nx .llefi· 

CTBUH CJJeJl.yer no I<pHBOH Z,., = j (ic) noCTpOHTb KpHBYIO pacxo.na napa 

ua MalllHHY s 1 Mnuyry: Hz..,_ =I (ic), HJIH Kpnayro pacxoJl.a napa Ha 
60 

Mawuuy ua 1 KM: 

_Hz-"'-M = f (iJ. 
v 

nocJie.llHHH KpnuaH aecbMa )l{eJJareJJbHa B roM cJJyqae, ecJIH B. onpe· 
,lleJJHercH 6ea pac'iera apeMeHH xo.na noea.na. KpHBble: 

~~M = l(ic)t H:M = l(iJ 
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J{JUI uawero npHMepa nocrpoeubl ua <}>Hr. 189; z ... B3HTO H3 <}>ur. 188 no 
UITpHXOBOH Kp11BOH, T. e. B npE'llDOJIO}KeHHH orpaHU4etfHH CIWpOCTH Ha 
ie = -50fo0 ,li,O 40 Klrtjtt; H = 206; V B3SITO H3 cpur. 188, 3 HMeHHO, llJIR 
nO.n'beMOI:l H cnyCKOB ,li,0-1,40fo0-no KpHBOH /n-Wo =f(V) npH z ... =30 
a .llJIH CDJCKOB Kpy4e -], 40fo0 V =50. D.JIH CJIY43H pa3rOHa Z~~> npMHif
MaeTCH paBHbiM paC'leTHOMJ. 

-jwo 
Hz.~~ Hz4 
T" V 

~~ 

v-,, 

~0~ ~ 

~ooj H 
BV 11/rlf. 

-6 -.: -2 -1 . J + J 5 t 

ll>ur. 189. PacxoJt napa Ha Maimmy B MHHyry H Ha KHJIOMerp 
• 

B 38BHCHMOCTH OT 1. 

Onpe.uenHM B ... ua neperoue, npocpHJib Koroporo H3oopflmeu ua <f>Hr.l86, 
nocJie.UOB3TeJibHO B Tpex npe,li,DOJlOJKeHHHX: 1) p3C4eT BpeMeHH XO.ll3 He 
DpOH3BO.!l,HJICH; 2) paC4eT BpeMeHH XO.ll8 npOH3BO,!J;I1.1ICR CDOC060M paBHO• 
aecnhlx cKopocreii H 3) pac4er speMeHH xo.n.a npou3BO.LJ.HJICH cnoco6oM 
Jhme~a-Jie6e.nesa. 

Pacller B ... .ZI.JIH nepaoro cnyl.faH npe.ncraaneu B cne)l.yJO~eii raonu~e: 

Hz Hz ... se 
Sc 101 l,%o M «Z/KM liZ v v 

0,500 0 157 78 
1,395 -4.0 64 89 
0,917 +3,0 240 220 
1,105 +1,0 182 201 

3,917 - - 588 

3na'leHu!l .llJIH rperbero cron6ua (pacxoll napa ua M3WHHY na 1 KM) 
B3BTbl no sepxneii KpHBoit cpur. 189. B ... = 588 ~ 590 KZ. 

299     
НБ

 

УД
УН
Т 

 (Д
ІІТ

)



Paci.Jer B,~~ .zr.na eroporo cnyqaH npe.zr.craaneH a cne.zr.yrow:eu raoJmue: 

60 60se Hz.., Hz ... 60Se - MUll • ICZ . Oj v s, KM lc o v 60 60 v 
MUHjKM 

Z..,=30 z .• <30 
KZ/MU/l 

Z,~~=30 zM<30 

0,500 0 1 ,5 0,8 - 103 -I I 8 0 I I 

1,395 -4,0 1 ,2 - 1, 7 53 - 90 
0,917 +3,0 2,3 2,1 - 103 -I I I I I I 

1,105 +1,0 1, 7 1 '9 - 103 -•••••• 

4,8 1 I 7 495 90 

3,917 - 6,5 - 585 

+3,0 

9,5 

3HaqeHIIe .zLJIH rperhero cront5ua (apeMH npoxo.zr.a 1 KM) B3!1Tbi c 4lHr. 178 
3HalleHUH ,ZLJISI rnecroro CTOJIOUa (pacxo.n; napa Ha MallliiHY 8 1 MHH. 
B3HTbi no HHlKHeti Kpiiaofi cpHr. 189. BpeMH npoxo.ll.a neperoHa=6,5 
MHH.+3 MUH. (Ha pa3rOH H 33Me,ZLJieH11e) = 9,5 MHH. BM = 585 ,....._, 590 K2. 
Ynpow:eHHe nporua nepaoro pacqera BM 3aKJIIOllaercH B YMHOlKeHHH 
cyMMbi, a He or.zr.eJibHhiX cJiaraeMhlx, pe3yJihrar JKe O.li.HHaKoB. 

Pacqer B ,~~.lLJIH rpeThero cJiytiaSI ( qJH:r .186): noJIHoe a peMH XO.ll.a 8,8 Mn:H., 
BpeMSI XO.ll.3 C pactieTHbiM Z"' 6,0 MHH.; apeMH X0.[(3 C IlOHHJKeHHblM Z, 
0 MHH.; pacXOll: napa H3 M3WIIHY 103 · 6,0=618~620 K2. ECJIU 6bl BCTpe
THJIHCb raKrre rrepHOll:hi apeMeHH, KOrll:a rrapoao3 pa6oran Ha rrpell:eJib· 
HOH CKOpOCTH (c IlOHH:JKeHHhlM z..,), TO OhlJIO Obi IlOJie3HO COCT3BHTb Ta-
6JIH4KY C Bhi,ZLeJieHHeM ~lTOfO BpeMeHH H BpeMeHII XO,ZL3 C 33Kpb1ThiM 
peryJISITOpOM, Cll:eJI3Tb IlOll:ClleT CYMMW BpeMeH C z ... <zM pacqeTHOfO II 
c z ... =O, ClJ:eJiarh ITOlJ:Cller pacxo11:a napa Ha MarnHHY aa aro apeMH, onpe-

Hz 
ll:eJIHTb speMH xo.n:a c z" pact~eTHhiM II YMHO)I{HTh ero Ha '" • 

60 
B rex cJiytiaHx, Kor.n;a np11 pacqere speMeHII xo11:a Ha nepeuanucroM 

npocpHJie MecraMH rrpHHHMaJUI z .. Bhillle pacqerHoro 3a cqer aanaca BO.LI.hl 
u 

8 KOTJie, He rrpe.lJ.CTaBJISieT HHK3KHX 33rpy.LJ.HeHHH Bhi.ll.eJIHTb 8 TeX JKe 
ra6JIHqKax speMSI xo.II.a (HJIH nyrii) c rroshlrneHHhiM z'". 

96. OnpeAeJieHHe pacxoAa napa ua MaWHHY BM no KOMOHHaQH.RM OTKPLI· 
TH.R peryJUITOpa H OTWII{H, Ha.li.06HOCTb B TaKOM Orrpe.ll.eJieHHH pacXO.LJ.a 
npaKTU'leCKII BeCbMa pe.LJ.K3, 1103TOMY orpaHHlJHMCll TOJibKO KpaTKHMif 
CBe)J.eHIIHMH 06 3TOM CI10C06e. 

EcnH pacqer apeMeHH xo.II.a c.LJ.eJiaH cnoco6oM JllmeQa-Jlet5e.LJ.eaa He 
u 

no orpaHH'IeHHIO CHJibi TSlfH ITO KOTJIY Z_.., a ITO CHJie TSirii, .zr.asaeMOH 
MaWHHOfi rrapOB03a, T. e. 110 onpe.ll.eJieHHblM KOM6HHaUHSIM OTKpbiTIISI 
peryJISITOpa p H OTCelJKH 8 B HeKOTOpbiX HHTepB3JI3X CKOpOCTH, TO B. 
onpe.LJ.eJUiercSI nyreM rroc'rpoenaH II nnaHHMerpHposaHHll Kpuaoa pacxo.LJ.a 
napa H3 O,ZLHH XO.LI: 110plllHSI U=j(S). 3ra KpiiBaH CTpOHTCSI 110 TQqKaM 
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H3 KpHBbiX U=j (V, 6'7 g). TaK K3K H3 npOTHlKeHHH 1 KM npOHCXO.llHT; 
2nl08 2n810' -- HJIH ---=-
nD nD 

XO)l;OB IIOpiiiHef:r, pa6oraK>~HX CBe)IU!M napOM, TO paCXOJJ: napa Ha Ma· 
WHHY ua nporHlKemm 6ecKOHelfHO MaJioro nyrn ds KM paseH: (2nl06 : nD) 
uds KZ HJIH coorsercrseHHo: (2n~106 : nD) uds KZ, aHa nporR)I{eHHH s KM: 
(2n 106 : nD) x cyMMa uds HJIH: (2n, 106 : nD) x cyMMa uds. CyMMa uds 
eCTb nJIOIUa,llb, orpaHHl!eHHaH KpMBOit U=j (S), OCbiO nyrH H H3l!3Jib· 
HOit H KOHellHOH Op,llHHaTaMH. ECJIH Macwra6 nyTH S eCTb y .MM B 1 KM, 
MaCWTa 6 paCX011.3 napa U eCTb n .MM B 1 KZ, nJIOII.la.LI.b=W MM2, TO: 
B.u= (2n 106 : :nD) · (w: yn) KZ .llJIH Ma!IIHHhi Oli:HDKparuoro pacwHpeunH, 
HJIH 8..,=(2n, 106

: nD) · (w: yn) ICZ ,ZI)IH MaWHHhl·I<OMOayH.ll. 
97. OnpeAeJieHHe pacxotta napa, oopa3ooauuoro I<OTJIOM B •. EcJIH Ma· 

lliHH3 rrapOB033 IIOTpe6mieT B qac HzM KZ napa, TO KOTeJI fOTOBHT B 
"laC Hz" KZ napa, npH lleM z. scer11.a 6oJibwe z..,, raK KaK, KpoMe Ma
WHHbl, nap paCXO.llyerCH H3 H3COC TOpM03a, CHtPOH H T, n. MOlKHO npH· 
HHTb, liTO z. H Z.u CBH3aHhl JIHHeHHOH 33BHCHMOCTbJO nO q>opMyne: 

z. = Zo + azM, (186) 
r.ne Z0 eCTb HHTeHCHBHOCTb rrapoo6pa30B8HHH no KOTJIY Ha CTOHHKe. Be· 
IUfllHHhl Z

0 
H a MOJKHO IIpHHHMaTb HHJKeCJie.llyK>W.He: 

p 0 11: T 0 n JI H B a Z
0 

a p 0 11: T 0 n Jl H B a Z
0 

01 

Yronh, .Ziposa, spy11uyro 1 1 He<Prh JieroM • . • • • 1 1,05 
Yronh rrpHcroKepe •.. 2 1,02 HecpTb3HMOit •• " •• 2,5 1,05 

l'13 cpopMyJiw 186 cne.nyer: 

(187) 

f,lle T -BpeMH XOJ1:3 B qacax, T0-BpeMH CTOHHKH B lfarax. 
,llJIH rosapHhiX noe3,llOB cyMMY T + T0 MO)I{HO 3aMeHHT& lfepea 

1,3 T, a CJie.nosareJJbHO, OTHO!lleHHe To: T -lfepea 0,3. 
EcnH pacxo11: napa Ha MaWHHY BM H pacxo.ll napa Ha CTOHHKax HT0Z~ 

Hac B OT.lleJibHOCTH He 11Hrepecyer, a rpe6yercH TOJibKO onpe.u.eJIHT.L 
B11, ro npH MaccOBhiX pacqerax BMecro KpHswx pacxo.u.a napa Ka Ma· 
UIHHY s MHHyry u Ha KHJIOMerp: 

Hz., = j (ic) H Hz ... = f (ic), 
60 v 

H306pa}l{eHHhiX .llJIH npHMepa Ha cpnr. 189, nyrnne npHMO crpoHTL KPH· 
Bhie pacxo11:a napa KOT JIOM B MHHyry H Ha KHJIOMerp: 

H az .. + l+To Z
0 

/(') 

60 ·• T = 10 
' 

H az..,+ v 
B 3THX 3aBHCHMOCTHX paCXO.ll napa Ha CTOHHK3X yqreH COOTBeT 

crseHHhiM yseJIHl!eHHeM pacxo,lla napa B rryn1. 
Opn HaJIHl!HH 3THX KpHBhix onpe,lleneHHe B. se.u.ercH raK }l{e, KaK 

onpe.u.eJieHHe BM npli uaJIHl!Hii KpHswx pacxo.u.a napa Ha MalllHHY (rr. 95). 
98. Onpe}:\eJieHHe pacxoAa BO.l\bl H3 TeHttepa B. Pacxo.ll BO.U.hl M3 reH· 

}J.epa B B o6meM CJiyqae He paseH KOJIHl!eCTBY BOll:b11 liCnapeHHOH KOT-
301     

НБ
 

УД
УН
Т 

 (Д
ІІТ

)



JIOM, T3K K3K1 C O,llHOH CTOpOHbl, H3 TeHnepa repHeTCH BO)la H3 33Ka
I.JH83HHe HH>KeKTOpOB1 pacxonyeTCH Ha IIOJIHBKY YfJIH 1 H3 OlJHCTKY 6yllKH 
H T. n. 1 a, C ,llpyroH CTOp0Hbl1 B TeH,llep MO>KeT B03BpamaTbCH KOH• 
,ll.eHcar orpa6oraHHOro napa H3 no.n.orpesareJIH mnareJihHOH 80,llbi, 
B o6rn:eM cnyqae pacxo,ll H3 reH.n.epa paseH: 

B=B1 (1 +fJ)y KZ, (188) 
r.ne 1 + P ylJHThiBaer norepH BO.llbi H3 reH.nepa, a y-B03BpameHHe BO.llhl 
e reHnep. 

KoaqmuneHT {J npHHHMaerol paBHbiM or 0,05 llO 0,20, B cpe,llHeM 0, 1. 
HaH60JibWHe {J OTHOCH CH K H3CblW:eHHOMY napy, nerKO yoneKaeMoli 
B UHJIHH,llpbl BO.llE', 3HMHeH DOfO,lle ll yrOJihHOMY OTOnJieHHIO. HauMeHb• 

u 

WHe- K neperpeTOMY napy, MaJJO YBJieJ<aeMOH B llHJIIIH.Upbl BO)le, JJeT-
HHM YCJIOBHHM, Hecf>n!HOMy H .UpOBHHOMY OTODJieHHIO. npH MeJIKUX 
yr Jill x, rpe6y!OlllliX 6oJJbiiioro KOJIHtJecr fla so.nhl .llJIH csoero y .llep>Ka· 
HHH 8 TOOKe, l!JIH np11 He 8UOJIHe l!Cnp8BHbiX rrapOB033X (te1Jh rpy6) 
K03tPHUHeHT {J MO>KeT DOBhiCHTbCH llO 0,3 11 Bh!IIIE'. 

KoatflHuHeHT y npH HaJIHlJHH Ha napoaoae .n.eilcroyromero noJiorpe· 
B3TeJIH nHTaTeJibHOA BO,Uhl no npHHUHny CMeiiieHHll, HJIH IIOBE'pXHOC1HOf0 
no,l{orpeaareJJfl c orso.aoM KOH,lleHcara B reH.nep, paaeH 0,90; ,lleilcr
BHTeJibHafl 9KOHOMHH 8 BO,lle ,ll8>Ke 60llbWe ) 0%. HO npH pacqerax 9KO· 
HOMHIO B 80,lle He CJIE'Ltyer npHHHMaTb 60Jibllle lOOfo. npu HH>KeKTOpe 
MHTOfO napa K03ilJHUHeHT y Jiyqwe npHHHM<lTb 0,95. 

Bo acex ocraJJbHhiX CJiyqaHx KOa¢111uneHT y paaeH 1. 
OpH MaccoBblX pacqerax pacxo.na BO.llhi H3 TeH,ll,epa napoa033M.H 

J{anuoit cepHH ,llJIH .n.aHHoro aeca cocraoa H ,llaHHoro pacqerHoro Z"'1 

Kor.n.a rpe6yercH onpe.n.eJJHTb B, a BM u B11 He npe.li.CT3BJifliOT HHTepeca, 
BMecro rex KpHBhiX MHHYTHoro 11 KHJJoMerposoro pacxo)la napa Ha Ma· 
llJHHY H H3 KOTJI3, 0 KOTOpblX ynOMHH3JJOCb B nn. 95 H 97, noJie3HO 
HenocpellCTBeHHO nOCTpOHTb paCXO.U BO,llbl H3 TfHJlepa B MHHYTY HJIH 
Ha KHJIOMeTp B 388HCHMOCTH OT YKJIOH3: 

H .az~+ 1 + To Z
0 

(1 + P) Y K~ = f (ic); (189) 
60 . T MUH 

: az ... + 1 + To Z0 (1 + {J) Y KZ = f (ic)• (190) 
T KM 

38BHCHMOCTb 189 CTpOHTCH B TOM CJJyqae, eCJIH BpeMH XO.na He 
onpe,lleJIHeTCfl. EcnH me apeMH xona orrpe.n.eJifleTcH, TO nOIJTH 6e3paa
JIRtJHO, KaKyiO H3 38BHCHMOCTeii, 189 HJJ H 190, nocrpOHTb. 

Ha ilJnr. 190 JlJIH np~tMepa nocrpoeHbi aaaHCHMOCTH 189 n 190,llJISI 
rex me ycnoouit, ,li.Jifl KaKHX 6biJI nocrpoeH rpa¢HK ilJHr. 188, H reM me 
CnOC060M, npH 1JfM npHHHTO: 

T 
a = 1, Z0 = 1, 0 = 0,3, 1 + p = 1,1, i' = 1. 

T 

npo.nonmaH naw npHMep (n. 95), onpen.enHM B no ilJopMyJiaM 187 
H 188. ,[{Jill paC!JeTa no paBHOBeCHbiM CKOpOCTSIM nonyqaeM 8 = 690 KZ, 
a .DJJH pacqera no cnoco6y JlHneua-Jle6e)leaa B = 730 KZ. Te me 
UHcfJpbl Mbl IIOJJYIJaJJH 6bi, BOCDOJib30B3BWHCb KpHBbiMH ljJHr. 190. 

99. Onpe~eneHHe pacxo.l{a rorrnuaa ua neperone E. Pac11er pacxo.na 
TOnJJHBa na neperoue E npoH3BO.UHTCSI no ljlopMyJie: 

(191) 
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.n.e R-rrnoma.llb KOJIOCHHJ<oaoii pernerrm (s .M2
); T -speMH xo.lla 

(B 'iacax); T0-speMH CTOHHOK (B 'IJacax); y = 0,90 npH HatnfliHH Ha na• 

Yl70t 

~ 

I' 
I"' 

IJa 

~100 
..... 

' 

' I 

H K. ~M. 

' ~'/ 
),71 

B 
' 11 

A 

• 

poso3e ..Qefl· 
crsy10me ro 
no.n.orpesare· 
JUI lli1T3TeJib· 
HOH BO..Qbl, 
y = 0,95 npu 
H3JII1'1JHH Ha 
naposo3e HH· 

lKeKTOpa MSI· 
roro napa u 
y = I npu or
cyrcrauu no· 
.n.orpesa; y H 
Yo- HHTeHCR
BHOCTH rope
HHH, T. e. 'IJH· 
CJIO KZ TOllJIH• 
sa, C)I{HraeMo
ro Ha 1 M2 KO· 
JIOCHHK 0 B 0 A 

. ' -8 -7 -6 -5 -..;. -.3 -z -t o 1 2 3 4 5 6 7 J g 10 lc peweTI<H o 

C!IHr. 190. PacxoJl BOJlbt H3 reHJlepa B MHHyry H Ha KHJIOMerp 
• 

B 38BHCHMOCTH OT f, 

HHTeHCHBHOCTb ropeHHSI1 COOTBeTCTBYIOUl3H DO Kp11BOH 
HHIO Zt, paBHOMy: 

B"- HT0Z0 N B" . 
HT = HT' 

'iaC, a HMeH· 

uo: y- cpe.a • 
HSISI XO.!J.OBaSI 

z,. = f(y) aHaiJ:e· 

y0-uureHCHBHOCTb ropeHHH Ha croHHKax, Koropyro MO)I{HO npHuMaTb 
B cpe.aueM cooraercrsy10mei1 no Kpasow Zrc = f(y) 3Ha4:eHHIO Z11 , pas· 
HOMY 1,25 KZ/M2 ·1J.. 

Ha cpar. 191 npuae..QeHa 3aBHCHMOCTb Z1 = f(y) .!J.JIH napoao3a cepRH 3 
JI..IIH pa3HbiX BH.!J.OB TOllJIHB3. 

nJIH npoeKrupyeMbiX .n.opor RyoTo MO>KeT 6b1Tb npHHHT 3KBifBa· 
JieHTHbiM: li,JIR HecpTRHOfO OTODJieHHH B 5o/o, .IJ.JIH yrJieif 10% H .!J.JIH 
aurpa~ura-20% or RyT. 

llpH M3CCOBblX pacqerax npH lKeJiaHHH MOJKHO llOCTpOHTb KpHBbie; 

R Yi' + To Yo KZ(MUil. = f(ic), 
60 T 

(192) 

R YY + To Yo KZ/KM = f (ic), 
V T 

(193) 

.Jr.JUI qero npe.zr.sapureJihHO cJie.ayer nocrpOHTb KPHBYIO y = f Cic,), HCXO.!J.ll 
H:J KpliBOfi Z

1 
= f (ic) H nocpe,!!.CTBOM 33BH:CHMOCTeti Z11 = f (ZM) H z,. = 

=I (y). nocrpoeHHe Kp11BOH y = f (ic) H KpHBbiX 192 H 193 He npe.A· 
CTaBJIHer HHKaKH:X 3aTpJ~HeHHH. 

B CJJJIIae OTCYTCTBHSI KpHBOti: Z1 = f (y) li,JISI ~aHHOfO napOB03a K 

ronJmaa sra KpHaaH MOJKer 6biTb nepecrpoeHa c KpHooH: z,. =I (Y) M!l 
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.llpyroro rrapOB033, HO TOfO me TOITJJHBa, B ope )lriOJIO}l{eHHH, IJTO )1!111 

060HX napOB030B 0)1HH3KOBhl 3~ BHCHMOCTH K094JHUHeHT3 DOJie3HOf0 

)J.eHCTBH~ KOT Jl3 1]" H TeiiJJOCO)lep)K3HlUI napa OT 11HTeHCHBHOCTH rope· 

c: 
0 
IQ = g, 
:.:: 

f! 

I 
2 
3 
4 
5 
8 
7 
B 
g 

lK 
!Or 
~5 

~0 

t5 
50 

25 

20 

rs 
10 
s 

VJ J 
/ 

l0vfio v I. 
-" t7'' ~ 

/ ... 
lh V' 

'/ / 
v 7] 

I y 
-$ ~ 81 

J v 
7 

j 
·~ 

[7 

M m W ~ W ~ W 4M 4~ SJ 
ct>nr. 191. 3aaHcHMOCtb z1 = 1 (y) AJJJI napoaoaa cepnn 3. 

JleTJ'IHX TenJJonpmt3BOllH· 
• 

T 0 n Jl H B 0 
B ropiO'IeH TeJibHOCTb, HH3lll, 

'18CTH (B npo· npenen pa6o11. 
neHTax) TOfiiiHBa 

YrOJIL JlOHeUKHi! • • • • • • • • • • • • • 49 4850 
~ " • • • • • • • • • • • • • 41 6500 
• • • • • • • • • • • • • • • 28 6360 

" " • • • • • • • • • • • • • 19 7 170 
~ " • • • • • • • • • • • • • 16 6 920 

AHrpaunT APW - 6 200 • • • • • • • • • • • • • 
Yronh noaMoCKOBHbiH KpynHbiH - 3470 • • • • • • 
Jlpoaa COCHOB. Bn8lKH. 30% - 2 980 • • • • • • • 
HeilJtb (Ma3yt) ••• - 10000 • • • • • • • • • • • 

. 

HHH y, 3TH DpE'.llriOJIO}I{E'HHH DpUeMJieMbi, eCJIH 003 napOB03a-6e3 

neperpeea, HJIH o6a napoeo3a-c rreperpesoM, H reM 6JJH)I{e K HCTHHe, 

lleM 6JIHJKe Me)l{;:r,y C060H OTHOllleHHH nosepXHOCTH Harpeea KOT JI3 H 

06neMa TOITKH K n,10IU3D.H KOJIOCHHKOBOH perneTKH. 

nocrpoeHHe KpHBOH z, =I (y) rrpOH3BOllHTCH H3MeHeHHeM Macunaoa 

op.!tHHar (z"), a HMeHHO: Mactma6 Z1 MHOmHTCH Ha (HoR: HR0 ), r)le 

3H31JKOM 0 0603H3'leHhl pa3Mepbl HCXO)lHOrO rrapOB033. 

npH nepexo;:r,e Ha llpyroe TOITJ!HBO .l!JlSl rpy6bJX riO)lCqeTOB MQ)I{HO 

DOJib30BaTbCH T36JI. 20, .n.aiOIUE'H cpeD.HHe 9KBI-IB3MHThl TOTIJlHB. 3a e.n.H· 

HHL(y rrpHHSlTO yrJIOBHOe TOTIJIHBO C TeTIJIOI1pOH3BO.li.HTeJJbHOCTb!O 7000 Ka• 

Jioputi n fJ" = J. KoJIOCHHKosasr pernerKa-oobtqHaH c )I{HBbiM ceqeHHeM 

OKOJIO 40%. npHMeHeHHe CMecei! (Hanp. T + fl)f{) MO)l{eT 3H3'lJ1TeJibHO 

UOBbiCHTb 9KBHB3JleHT, OC06eHHO Ha perneTK3X C M3JihiM )l{HBbiM 

CelfeHHeM. 

3KBHB3JieHT ,ll,pOB p33HO~ BJI8)KHOCTH MO)I{HQ npHHHTb rrpOnOpOL(H· 
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HaJJbHbiM HX TennorsopHOH cnoco6HOCTM no HH3WeMy npe)J.eJiy K~ 
B~pamaeMOH ~opMy~oA 

Kn = 4400 (100- W) 6W (l 94) 
P ' 100 

r.lle W-sJia)KHOCTb B npol{eurax. 

TABJIHQA 20 
31(BHB8JieHTbl TOfiJilfB 

>. T :.: 0 n Jl H B 0 Tennonpo-
~ = H3BOllHTeJib• 
~ 
0 HOCTb 1 !c c HH3WHA Cll 
0 X a p aKT e- 1=;1 

= MapKa 
npeAen ~ 

HJJH copr Ill 

~ 
pa6o<~ero = 

<:( pHCTHKa Ill 
0 TOflJIHB3 :.: 

p., (l) 

.0 
I 0: I{ = 20-26 7200 0,71 0 • ... 
2 I. cp IIIU 22-32 7 350 0,68 >o • "' 3 liS: n)l( • (!) ;:!' 0 26-36 6900 0,60 
4 II: nc :t :: o-::: 15-20 7 150 0,55 :.: • tr :~ aJ rv 

5 ::: r ;..,:rt:::: 36-42 6450 0,52 
IIJ t2 6 :c /1 45 18 5450 0,41 
0 • I:;~ 

7 ~ T 0 12-16 7150 0,35 • I. 

8 AHrpauHr APm • 4-6 6400 0,45 

9 OO.liMOCKOBH. KpynH, yroJJb • 45 3900 0,27 

I ..Q 

"' 6epeJa 
... 

10 u 30 2900 0,26 a:l • a ~ 
II 0 CocHa :c 0 

30 2900 0,25 ~ • • • • • " 12 r:::t MRrKHe nopOJ.lbl ~ 30 2900 0.25 "' • =: 
13 CMeCb • CQ 30 2900 0,26 

JJ 
14 .0 Becnapa~nH • I "' Ol -10° 10 000 1 ,04 ... • vo.-,., 
15 .a- Cna0onapa¢JHH. 

c;..,~= 
+7" 10000 1 ,02 v • ;:;; .... .... :c 

16 :t napacjlHHHCTall v "' u +20° 10000 0,98 • ~ 0. i:l 

I I 

100. BupryanLHLie I(03tiJHl{HeHTbJ H BHpryanLHLie ,nJIHHLI. P<WI:et 

pacxo,D,a BO,D,bl Ha neperoHe Mbl ,D,eJiaJJH cJie.n.yiOUU1M o6pa30M: cTpDr!JIH 

33BMCHMOCTb p3CXO)J,3 BO)J,bl Ha 1 KM OT BeJIM4HHbl YKJIOH3 ic (BE'pXHHH 

KpHBaH ~Pur. 190), YMHO)KaJIM .llJIHHY K3)K.LJ.oro aJieMeHTa npo!l>MJJH ua 

paCXO,!I, BO,!I,hl H3 1 KM 3TOrO 3JieMeHT3, 33BHCRI1.\MH TOJlbKO OT ero 

YKJIOHa, H see npoH3Be)J,eHMH CKJI3,!l,bJB3JIH. Mbi MOrJJu 6bi c)J.eJiaTb ary 

pa6ory HeCKOJibi{Q HH34e, a HMeHHO: B 33BHCHMOCTH OT ic llOCTpOMTb 

KpHBYIO OTHOllleHHH Me)I{)J,y paCXO)J,OM BO,!I,bl Ha 1 KM yKJIOH3 M pac

XO.llOM BO)J,bl Ha 1 KM UJI011.\3.LlKM (lllTpHXOB3H KpHBaH H3 cpHr. 192), 
YMHO}KHTb .llJIHHY K3JK,D,oro aJieMeHra npocjJHJHI Ha aro OTHOllleHHe, Bee 

npOH3Be.LI.eHIHI CJIOlKHTb li CYMMY YMHQ)I{HTb Ha pacxO,!I, BOAbl Ha 1 KM 
MOll(3,!l,K.H 0THOWeHHe pacxo.n.a BO.Llbl H3 1 KM YKJIOH3 K pac.xo.uy 

BO,!I,bl Ha 1 KM UJI0lll.3,!l,KH H33biB3eTCll BHpryaJibHbiM !<09cpMUHeHTOM 

aroro YKJIOHa no pacxoJI.y BO.llbl (HJIH so.uHHbiM aupryaJibHhiM KoacjJH-
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ttHeHTOM) npu J(3HHMX ycnoBHHX (cepl.UI napoooaa, cocraa, ronnHBo 
H T. J(.). npoH3B€JI€HHe .UJIHHbl 9Jl€M€HT3 Ha ero BHPTyaJibHbiH K03(I)H· 

LtH€HT H33bJB3eTCH BHpryaJJbHOH J(JIHHOH 3JI€M€Hta; CYMMa B11pty3JibHbiX 

,ll,JIHH scex aJieMeHros Y'-IaCrKa Ha3biaaercH BHpryaJibHOH J(JIHHoii yqacri<a; 

OTHOili€HH€ BHpryaJibHOH .UJIHHbl yllaCTKa K era .U€HCTBHT€JibHOH J(JIHH€ 
H33hiBaetCH BHptyaJibHbiM K09cpHUH€HTOM yqactKa. 

Pac11er speMeHH xo.ua cnoco6oM paaHoaecHb!X cKopocreii Mhl ro>Ke 

MOfJIH 6bi C,ll,eJiaTb TaK: B 3aBHCHMOCTH OT ie ITOCTp011Tb KpHBYIO OTHO· 

rneHHH Me>KJ(y speMeHeM npo6era 1 XM. yKnoaa H apeMeHeM npo6era 

a 
6 E 
5 

~ 
1 '' 

·4-
v. 
r/ 

J i/ ,, 
r.-' L 2 

l,' 
·' ·' ~ , . 

. -... 
L' !/KJ!OH %J 

-2 -1 01231,.55 749 t)ftf2131~1.5 

«t>wr. 192. BupryanhHhie K03qmuwenThl. 

1 X.M nnoiUa.UKH, YMHO}!{HTb .UJJHHY Ka}!{.uoro aJieMeHTa npocpHJIH Ha aro 

OTHOUieHHe, BCe rrpOIBBe.UeHHH CJIO>KiiTh H CYMMY YMHO>KHTb Ha BpeMH 
npo6era 1 K.M ITJIOIU31I.KH. 3TOT pacqer HBJIH€TCH ITOJIHOH 3H3J!OrHeii 

pactteTa pacxo.ua BOJ(bl H K HeMy T3K}!(€ OTHOCHTCH BbiWenpHBe,UeHHbl€ 

Onpe,UeJieHHH, C TOH TOJibKO p33HHU€H1 liTO B J(3HHOM cJiyqae Mbi HMeeM 

J(€JIO C BHpryaJibHOH ,UJIHHOH H BHpryaJibHbiM K03!JlHUHeHTOM ITO ape• 
MeHH npo6era. 

0606IUaH ITOHHTH€ 0 BHpryaJihHOM K03qJHUH€HT€, Mbl MO}!(eM CI<a3aTb, 

'ITO fiOJ( B H p T y a J1 b H bl M K 0 9 4l H U H e H T 0 M y q a C T K a lK e JI e 3· 
0 

H 0 H .U 0 p 0 r H II 0 H H M a e T C H B e Jl H II H H a: 

a = s a + s Oz + s a3 • • • = l:snan 
1 

(195) 
s, + s. + s3+ · · · l:S11 

fJ(€ S,.- .UJII-!Ha Ka>KJ(OrO 3JI€M€HT3 YII3CTKa; an- BHpryaJibHbiH K09· 

$HUHeHr aroro 3JJeMeura, aaBHCHI.UHH TOJibKO or 3Hai<a H KpyrH3Hbl 

ero YKJIOHa i,; a (a,)-orsJieqeaHoe IIHCJIO: npu ic=O,a= 1; 2s.,an
supryaJJbHaH .UJJHHa yqacrKa. 

HraK, a = f (iJ l(amiJoM.y nomlmwo o eupmyaA&HoM K03puqumme 
coomeemcmeyem ceoii euo Jmoii pyHKIJUU. 

Ha ¢1:ir. 192 cnJIOlliHblMH JIHHHHMH H306pa>KeHhl .usa BH.Ua 33BH· 

CHMOCTH a= f (iG), cooraercrayiOIUHe .nsyM ocaosHbiM noHHTHHM o a up· 
ryaJibHOM Koacpuuueare. 
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ToHKOti JIHH11ei1 1!306pC1JKeHa 33BHC!1MOCTb OT r. BHprya.TibHOro 
K03cpHI .. U1eHT3 1 BBe)l,eHHOfO B 1891 r. H H33b!B3BWerocSI 3K C II JI o a

T3l{M0HHb!M BHpryaJJbHb!M KoscpMuHeHTOM. OH )l,OBOJJbHO 

6JIH30K K OTHOWeHJ.HO BpeMeHH rrpo6era HeKOTOpOrO p3CCTOHHHH C 

YKJIOHOM ic KO apeMeHH rrpo6era roro JKe paccroHHMH Ha npHMOH 
ropfi30HTaJm. 

ToJicro:H JJHHHe:H H3o6paJKeHa 33BHCHMOCTh or ic B H pry a JI h H oro 

K03cpHUHeHT3 ITO MeXaHHlJecKOH pa6ore (MeX3HHtie

CK0fO BHprya.l!bHOrO K03cpHUHeHT3), IIOHHTHe 0 KOTOpOM 

BBe)l,eHO B 1928 fO.llY )l.JIH rpy6oi'! Ol{eHKH rpy.D.HOCTH Y43CTK3 JKeJie3· 
u u 

HOH .ll.OpOrH C T04KH 3peHHH pacxo,aa MeX3HH4eCKOH 3HeprHH JIOKOMOTHB3 

(npHMepHO nponOpUHOH3JibHOI'O pacxo.uy TOnJJHBa) H3 nepeB03KJ 

1 TOHHOKHJIOMerpa 6pyrro. 

flo.u MeXaiHl'leCKHM BHpryaJJbHblM K03cpHUHeHTOM !10HHM3eTCH OTHO· 

llleHHe TeopeTHl!eCKOrO pacxo.ua MeX8HH'IeCKOH pa60Tbl Ha 1 TOHHO

KHJJOMeTp 6pyrro Ha .ll3HHOM YIJ3CTJ<e (HJIH 3JieMeHTe, HJJH JJHHHH) 

K paCXOJlJ MeXaHlflleCKOH pa60Tbl H3 1 TOHHOKHJIOMeTp opyTTO 
u 

H3 11p11MOH rOpH30HT3.nH B npellnOJJOJKeHHH, liTO CllaraeMaH y.n,eJJbHOfO 

COIIpOTHBJieHH51 Ha npHMOH ropH30HT31IH ,UJIH JII060f0 npOcpli.IHI p3BH3 
3 K2/m. 

Tio.n. MexaHIPrecKoti BHpryaJibHOH ,llJIHHoti nOHHMaercH rrpOH3Be.ue· 

HHe .UeHCTBHTe.llbHOH .D.JIHHbl H3 MeX3H!14eCI\HH BllpTyaJibHiiiH IC03cpHUHeHT. 

MexaHHYecKHe, sHpryaJihHblti K03cpHuHeHT a" H BHpryaJlbH351 .UJIHHa 

s"' 9JieMeHra npocpH.JIH onpe.ueJIHIOTCll no cpopMyJiaM: 

3+i+ 13ao 
s 

a .. =---=-,. 3 .UJIH acex YKJIOHOB, 3a HCKJI!Ot!eHHeM cnycKOB 

KpyYe- 3°/ uo· 
a.M = 0 .ll:JIH Bcex cnycKoB Kpyqe-3°/00• 

s.n =sa.~~, 
r .n.e: 

(196) 
(197) 
(198) 

a111 - MeXaHHIJeCKIIH B HpryaJibHbiH K03cpHUHeHT .n:aHHOfO 3JieMeHT3• 

npocpH.nH B .U3HHOM Hanpaa.JieHHH; 

i -yK.JIOH B Tb!CHqHbJX .D.3HHOrO 3JieMeHT3 npocpHJJll CO 3H3KOM 

COOTBeTCTBY!Oll.I,HM ,ZI.3HHOMY HanpaBJieHHIO (llOllbeM + 1 cnycK-); 

.J:ao- cyMMa ueHrpaJJhHbiX yr .JIOB B rpa.n.ycax KpHBhiX a npe.ueJiax 

.ll3HHoro 3JieMeHra npocpHJJH; 

s- .UJIHHa .uaHHOro sJJeMeHra rrpocpH.nH a Merpax; 

s"'- BHpryaJibH3H .U.JIHHa .n.aHHoro aJieMeHra npocpHJill a .uaHHOM 

HanpaaJieHHH. 

MexaHHqeCKHe BHpryaJihHbiH K03cpHgH€HT H BHpryaJibH351 ,UJIHHa 

.JI1060ro yqaCTK3 JKe.ne3HOti ,UOpOrH B )l,3HHOM HanpaBJieHHH (HeCKOJih· 

KHX !10CJie.llOB3TeJJbHbiX 9JieMeHTOB HJIH neperOH3, HJIH BCeii JIHHHH) 

orrpe.ueJIHeTCll no cpopMyJiaM: 

HJIH: 

a = M 

3 (J:s-.!S6pl ± 1 OOOH + 1 000.Eh8p + 13a0 

3Is ' 

s"' = ~s.~ = a/112s, 

(199) 

(200) 

(201) 
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r,lle: 
a,,.- MexaHrPiecKHA BHpryaJibHbifi Koa¢mtHeHT .naHHoro y1.1acrKa 

B A3HHOM HanpasneHHH; 

.J:sa_,- cyMMa npmnse.n:eHHti .UJJHH 3ReMeHTOB rrpo<jH!JHI yqacrKa 

B Merpax H3 HX MeX3HHlJeCKHe BHpTy3JJbHhie K034JHUH€HTbl B JJ:3HHOM 

Harrpn BJJeH fm; 
.J:s- MHHa scero yqacrKa B Merpax; 

.J:s,P- cyMMa AJJHH cnycKo B, lJHCJio TbiCHlJHhiX, KOTOPhiX no a6co

JIIOTHOH BeJIHlJHH€ 60J!bllie 3 (spe,llHble CITYCKH); 

H- a6coJIEOTHaH pa3HOCTb OTMeroK KOHelJHoro H HatiaJibHoro rryHKTOB 

yqacrKa B Mer pax; tJJieH + 1 OOOH 6epercH B TOM cnyqae, ecJIH rwHe'l· 

Hbiti nyHKT yqacTh:a sbrrne HalJaJJbHoro nyHKTa yqacrKa; IJJieH - 1 OOOH 
6epeTCH S TOM CJiyqae, €CJ!H KOHelJHbllf ITYHKT YlJ3CTK3 HH:lKe H3lJ3Jib· 

Horo nyHKTa yqacrKa; 

.J:hep- CYMM3 a6COJJIOTHblX Beli!IlJHH p33HOCTefi OTMeTOK KOHetiHhiX 

H H3'l311bHblX nyHKTOB Bpe.LI.HhiX cnyCKOB B MeTpaX, ITOHHM3H no.n: spell.· 

Hb!MH CITYCK3MH see Te CITYCKH, 1HICJIO TbiCHlJHbiX KOTOpblX ITO a6CO· 

JIEOTHOH BeJJHlJHHe 60JibWe 3; 
..sao- cyMMa u.eHrpaJibHbiX: yr JIOB B rpaAycax scex KpHBbiX aJieMeHTOB 

npo¢H.nH Ha n ponrmeHHH ~s- 2s<P. r. e. Ha scex ITOll'beMax, Ha scex 

IIJJOW.31l.K3X H Ha CITYCK3X OT 0 11:0- 30fo0 BKJ!IOlJMTe.nbHO; 

S,
1

- M€X3HHlJeCK3H B!IpryaJibH3H ,l!..nHH3 y•raCTKa B ,l!.3HHOM Hanpa

BJieHHH • 

.[lJIH npHMepa HHlKe npoH3se.n:eHo BIHHcJieHHe MexaHHIJeCKHX BHP· 

TYaJibHhiX K03~vtUHeHros s o6o11x HanpasJieH11HX yqacrKa, npoqH1Jib 

Koroporo M3o6palKeH Ha ¢Yir. 175. 
B HelJeTHOM Hanpas.nemm (snpaso), no ¢opMyJie 200: 

a =3 8360-260 +1000(88,6-60,0 +1000(89,0-88,1)+13·162=223. 
,U 3•8360 I 

B qeruoM uanpasneHHH (sJJeso): 

a~,= (3 [8 360-(1 250+ 1 525+ 1100)]-1 000 (88,6-60,0)+ 1 000 ((91,3-
-81.8)+(81,0-68,8)+(68,8-60,0)]+13. 33l: 3. 8360=0,63. 

CosepweHHO re me pe3yJibT3Thi Mbi noJiylJHJJvt 6br, ecJIH 6br c.n:e

.naJIH pacqer He no cpopMy.ne 200, a no ¢opMyJie 199, onpe,n:em1s a,. 
acex 9JieMeHros no cjlopMy.naM 196 H 197 HJIH no cjJHr. 192. <Pop· 

MyJia 200 3HalJHre.nbHO ynpomaer pacqer. Ec.nH 6bi 33BHCHMOCTb 

a = f (i.) 6brJia KpHBOJil1Hetluofi, ro pacqer 6biJI 6bl B03MOJKeH ro.nbKO 

no cjlopMyJie 199. 
B Ham eM I1p11Mepe npoq>HJib B H€1JeTHOM Ha llp38JleHHH OK333JICH !10 

paCXOllY MexaHHlJeCKOH 9HeprHH B 2 23 pa3a THlKeJiee IIp5lMOH IIJIO· 

IU3llKH, a B lJeTHOM HanpaBJI€HHH- 0,63 pa3a • .[lml rpy6bJX nO.UCIJeTOB 

MO)f(HO npHHRTb, lJTO B 9TOM me OTHOWeHHH AO.n>KeH 6b!Tb paCXOJJ: 

BO.llbl H TO\lJIHBa Ha TOHHOKHJIOMeTp 6pyTTO B HelJeTHOM H lJeTHOM 
HanpasneHHHX. 

CaMo co6oii pa3yMeercH, tHO .llJISI Kam.n:oro yqacrKa cerH CCCP 

llJIH rex HJIH HHbiX ycJIOBHH .U:BHJKeHHH, po.n:a JIOKOMOTHBOB H npoq, 

MQ)f(HO BbiBeCTH 6oJiee 6.nH3I<Hfi K ,n:e~CTBIHeJibHOCTH BH)I; 33BHCHMOCT!f 

a = f (ic), uo rpy6ocrb 3aBHCHMOCTH, H3o6palKeHHoti ro.ncroi1 JJHHHeH 

H3 4J1-1r. 192, OKynaeTCSI ee He33BHCHMOCTbiO OT cy6beKTHBHbiX Ka• 

tieCTB JIHUa, npOH3BO,li.SUUero paclleT, H npOCTOTOH pacttera. 
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