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O aBHKEHUAX C IEPEeMEHHBIM YCKOPEHUEM
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Almomauu}l. HepeMeHIeHI/ISI KaK INpUpPOAHBIX TCJI, TAK U UCKYCCTBCHHBIX O6BCKTOB, B IIOAABJIAOIIEM
OOIBIINHCTBE CIIy4acB IMPOUCXOOAT B BUIC IIBI/I)KGHI/Iﬁ C IEPEMCHHBIM YCKOPECHUEM BCJICACTBUC YCIIOBI/Iﬁ
WX BOBHUKHOBEHHSI U Pa3BHUTHS, COMPOTHBIICHHUS CPEJIbl, TEXHOJIOTHIECKUX MPOIeccoB U T.1. [Ipumepamu
TakuX (OPCUPOBAHHBIX JBHKEHHUH C TEPEMEHHBIMHA YCKOPEHUSMH MOTYT CITY>KHTB OIToJI3aHue (00Bai) reo-
(U3NYECKUX TPYHTOBBIX MAaCCHUBOB, CTAPTOBBIN Pa3roH KOCMUYECKOTO KOpabiis, CBOOOTHOE MaJICHUE TEll B
COTMPOTHBIIAIONICHCS Cpeie, UMITYJIbCHBIM pa3roH WM TOPMOXKEHUE UCKYCCTBEHHBIX Tel U np. s ydyera
MEPEMEHHOTO YCKOPSHHUS B YPaBHCHUSAX JIBHKCHUS MPEIJIOKEHO BBECTH HOBBIH MapameTp — «hopcax — O,
M/cex®» Kak MPOM3BOAHYIO OT YCKOPEHMs (UM BTOPYIO IPOM3BOAHYIO OT CKOPOCTH, TPETBIO — OT IIyTH).
Jana xnaccudukaius GopM JBHKSHUA B 3aBUCUMOCTUA OT OTHOCHUTENIBHBIX 3HAYCHHH (DOPCUPOBAHHOIO
yckopeHnus. Mcnob30BaHNe YKa3aHHOTO MapaMeTpa OTKPHIBACT IIMPOKHE BO3MOXKHOCTHU MPHU OIpeIeie-
HHUU TCKYIIUX KUHEMATUYCCKNX U JUHAMHUYCCKUX XapPaKTECPHUCTUK TEJ B 3a/TaHHBIC MOMCHTEI BPEMCHU ITPpU
pasauyuHbIX popmMax (HOPCUPOBAHHOTO JABMIKEHHUS C IIEPEMEHHBIMH YCKOPEHHUSIMH.
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Abstract. Movements of both natural bodies and artificial objects, in the vast majority of cases, occur in
the form of movements with variable acceleration due to the conditions of their occurrence and development,
environmental resistance, technological processes, etc. Examples of such forced movements with variable
accelerations are landslide (collapse) of geophysical soil masses, launch acceleration of a spacecraft, free
fall of bodies in a resisting environment, pulse acceleration or braking of artificial bodies, etc. To take into
account variable acceleration in the equations of motion, it is proposed to introduce a new parameter —
"afterburner — F, m/sec®," as a derivative of acceleration (or a second derivative of speed, the third —
of path). The classification of forms of motion depending on the relative values of forced acceleration is
presented. The use of the specified parameter opens up wide possibilities when determining the current
kinematic and dynamic characteristics of bodies at given moments of time at various forms of forced
motion with variable accelerations.
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BBEJEHUE

Kak u3BectHoO [1, 2], BO MHOTHX 00JIACTSIX HAYKH MTPH NU3YYCHUH PA3IMYHBIX TIPUPOIAHBIX SIBJIC-
HUN M MHXCHEPHBIX MEXaHUYECKUX CHCTEM PACCMATPHUBAIOTCS Pa3IM4YHbIC BUIBI MIEPEMEILEHUN

(nBYOKeHMIT) Ten: paBHOMepHOe ¢ HyneBbiM yckopenueM (@ = 0), paBroyckopennoe (8 >0) n

pasHo3amemtenHoe (@ < 0) nBrkeHus, B KOTOPHIX 3HAUCHHE YCKOPEHHS, KAK MPABHIIO, MPHHH-
MaeTcs 3a MOCTOsHHYI0 BenuuuHy (@ = CONSt).

ITOCTAHOBKA 3AJJAUU

Mexay TeM B JICHCTBUTEIBHOCTH B MOJABIISIONIEM OOJBIIMHCTBE CIyYaeB MEPEeMEIICHHs KaKk
MPUPOJHBIX TEJI, TAK U UCKYCCTBEHHBIX OOBEKTOB, IPOUCXOAT B BUJE JIBHKEHUH (IpSAMOJIMHEN-
HBIX, BpalllaTeIbHbIX U Jp.) C IEPEMEHHBIMU YCKOPEHHUSAMHU BCIIEACTBUE YCIOBUNA UX BOSHUKHOBE-
HUS U Pa3BUTHS, CONPOTUBIIEHUSI CPE/Ibl, TEXHOIOIMYECKUX TpoleccoB U T.1. [Ipumepamu Takux
(GopcUpOBaHHBIX JBUKEHUI MOTYT CIIyKUTh Oro3aHue (00Ba) reo(pu3nueckux rpyHTOBBIX Mac-
CHBOB, CBOOO/THOE TTaJICHUE TN B CONPOTHBIIsIIOLIEHCs cpeae [ 1, 3—6], crapToBblii pa3roH KocMiye-
CKOT0 KOopalIisi C MOCTOSHHO YMEHBIIAIOIIUMUCS 10 BHICOTE MacCOM, MIOTHOCTBHIO BO3yXa M YCKO-
peHUEM CUITBI TsDKeCTH [7, 8], MMITyIbCHBIN Pa3roH WK TOPMOKEHUE MCKYCCTBEHHBIX TEJ U JIp.

B kadecTBe nmpumepa /i yuera BbILIEyKa3aHHOTO IEPEMEHHOI0 YCKOPEHUS paCCMOTPUM 3Ha-

YCHHEC CKOPOCTU V (t) B 3aBUCHUMOCTH OT BPECMCHU t JJIA HpﬂMOJ’IHHGfIHOFO ABUOKCHHSA B BUIC

V(t)=V, +a, t, (1)

B KOTOpoM V, — HaYambHOE 3HAYCHHE CKOPOCTH; 8y — epeMeHHoe ((GOpCHPOBaHHOE) YCKOPEHHE,

paBHOE

8, =8, +@-L, (2)

rae &, — HavaneHOe yckopenue (M/cex?); @ — BHOBBL BBOMMMBII MapameTp GOPCHPOBAHHOTO YCKO-

perns — «popcaxos (M/cex’), XapaKTepu3y IOl PeKUM H3MEHEHHs YCKOPEHHS 1 OTpeIenseMblii KaK

MMPpONU3BOJAHAA IO BPEMCHH OT U3MCHAIOIINXCA 3HAYCHUU YCKOPCHUA a(t)— epBas MMpou3BoaHad,

CKOpPOCTHU V (t)— BTOpas MPOU3BOAHAA U PACCTOSAHUA S (t) — TPEThs MMPOU3BOAHAA, B BUIC
d=a'(t)=V"(t)=S"(t). (3)

OCHOBHBIE PE3YJIbTAThI

I1py IBHKEHUH C IIEPEMEHHBIM YCKOPEHHEM (OpCHpOBaHHOE 3HaYeHHe ckopocTH  V (t) =V,

B MOMCHT BpPpCMCHH t IMOJIYy4YHUT BU
V, =V, +(a, +@-t)t =V, +3, -t +@-t*, (4)

IIPU 3TOM CPEIHAS CKOPOCTh IBHKEHUS ch Oyzaer paBHa
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cp

Vv :V0+%tzvo+a0-t+%®-t2_ (5)

[Tpumep noa06HOroO (4) M3MEHeHUs CKOPOCTH ABMkeHus Tena (¢ «1» Bmecto napamerpa D)
paccmotpen 1. @. dunpuakossim [9, ¢. 302].

B 3aBHCUMOCTH OT COOTHOIECHHUI 3HaUEHHUI HauaIbHOrO yckopenus &, u gopcaxa O (moso-

KHUTEIHLHOTO, OTPUIIATEIIFHOTO) TOIYYNM HIDKECIICAYIONIYI0 KITacCH(DUKAIIMIO YaCTHBIX CITydacB
Pa3INYHbIX BUJOB (POPCUPOBAHHOTO JIBUKEHHS C IEPEMEHHBIM YCKOPEHHUEM:

-mpu 8, =0; ® =0 — paBromepHoe ABMKEHHE (MK TTOKOIT) (pHC., MpsiMast 1);
-mpu 8 > 0; @ =0- pasroyckopennoe nBuKeHHE (PUC., HpsMAsT 2);

-pu 8, <0; @ =0- paBrozamemnennoe aBIKenKe (PUC., IpsAMas 3);

-mpu 8, =0; @ >0 — ycxopsromeecs apmxenne (puc., Kpupas 4);

-pu 8, >0; @ >0 — ummynscHO yekopstomeecst ABMKeHNE (PHC., KPUBAS 5);
-mpu 8y <0; @ >0 — nnaswo 3amesIOUIeecs ABIKEHNME (PUC., KpUBAS 6);
-mpu &) = 0: @ <0 - 3amemsromeecs ABUKEHNE (puc., xpuas 7);

-mpu 8y >0; @ <0 — ycropennoe aBmKenue ¢ 3avMeIeHneM (Pic., KpUBas 8);

-mpu 8y <0; @ <0 — ummynscHO 3amennsIonteecs aBMKEHNE (PHC., KpuBas 9).

Mapamerp « D » aBnseTCA BeKTOPHOI BEAMUMHON U MOXKET UMEThH KaK MOCTOSHHOE, TaK U Tie-
pEeMEeHHBIC 3HAaYCHHS, B TOM YHCJIE€ B BUJE PA3NUYHBIX QYHKIHMH (JIMHEWHBIX, HEMTMHEHHBIX, TPU-
TOHOMETPUYECKUX, JIOTapU(PMUUECKUX U JIp.). OUeBUIHO, UTO B TAKUX CIydyasx OyayT MpeacTaB-
JICHBI PELICHUS TSI MHOXKECTBA CaMbIX Pa3HOOOpa3HbIX (HOPM IBHIKEHH I C IEPEMEHHBIMH YCKO-
PEHUAMHU.

Hcnonb30Banue yKa3aHHOTO ITapaMeTpa OTKPhIBAET MIUPOKUE BO3MOKHOCTH ITPH ONIPECTICHUN
TEKYIIUX JAHAMHYECKUX XapaKTEPUCTHK TeJ B 3aJaHHbIC MOMEHTHI BPEMEHHU IPU Pa3TUUHBIX
dbopmax GpopcrupOBaHHOTO BUKEHHUS.

BenuunHa IPOIICHHOr0 MyTH Og B MOMEHT BpeMeHH | mpu hOpCHpPOBAHHBIX JBHKEHHUAX C

MIEPEeMEHHBIM YCKOpPEHHEM a4, onpeaesuTes mo Gopmyiie
t 1 , 1 3
So = | Vo =Vl + S at + -t (6)

B KoTOpOit V M @, 03HAYAKOT 3HAUCHUS CKOPOCTH H YCKOPEHHS JIBIKCHUS B HAUATbHBI MOMEHT
BpEMEHU (POPCUPOBKH JBUKEHUS.
Cuna Fy, BosneitcTByromas Ha Teno maccoit M, IBHKyIIEecs C MEPEMEHHBIM YCKOPEHHEM (B

(OpCHpPOBAHHOM JIBIKEHHH) B MOMEHT BpeMeHH { oT Hauana GopCHpOBKH JBIDKEHHSA, Oy/IeT paBHa

F, =m-a, =m(a, +®-t), 7
a BBITIOJTHCHHAA pa60Ta AI) K 3TOMy BpeMeHI/I OHpeI[CJ'II/ITCH 3aBUCUMOCTBHHO
AD = F(D 'Sd)- (8)

AHaJIOTMYHBIM 00pa30M MOTYT OBITh ONpeAeeHbl U APYyrue KUHEeMaTH4ecKue U JUHaMHue-
CKHE XapaKTEPUCTUKH TEJ, IBUKYIIUXCA C IEPEMEHHBIM YCKOPEHUEM KaK IIPH (POPCUPOBAHHBIX
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BpamaTe/bHbIX ABmKeHusaX (Mastauka [10, 11] u ap.), Tak ¥ B O€3BUXPEBBIX MOTCHIIMAIBHBIX
norokax [12, c. 33].

Ha pucyHKe MoKa3aHa cxeMa rpadukoB ouepTaHuii 3apucumocteit V (t) JUISL pa3IMYHbIX HOopM

JBUKEHHUM ¢ IEpEMEHHBIMU YCKOPEHUSIMU: paBHOMEPHOTO (TipsiMas 1), paBHOYCKOPEHHOI'O U paB-
HO3aMeIJICHHOT o (TIpsiMble 2, 3), a Takxke A1 (OPCUPOBAHHBIX JIBUKEHUN C pa3IMUHBIMHU COOT-
HOILICHUSIMU 3HAYCHU yckopeHuit (kpusbie 4-9). Kak BUIHO U3 PUCYHKA, TIPH PA3IHYHBIX COOT-

HOIIICHUAX 3HAYEHHNI HAaYaILHOTO YCKOPCHHA a‘O n (bopcama q) CYHICCTBCHHO UBMCHAIOTCS OUCP-

TaHUs rpauKOB CKOPOCTEH IBUKEHUS, YTO HEOOXOAMMO YUYUTHIBATh IIPH ONPEAeICHUN TEKYINX
KMHEMAaTUYEeCKUX U TMHAMUYECKUX XapaKTePUCTHK Tell B 3aJaHHBIE MOMEHTHI BpEMEHH.

\f’

]

[=s]

Puc. Cxema ouepmaruii 2pagurxos paziuyHulx 6UO08 OBUNCEHUN C NEPEMEHHBIMU YCKOPEHUSIMU.
1 — pasnomepnoe; 2 — pagnoyckopennoe,; 3 — pasnozameonennoe; 4 — yckopsioweecs,
5 — umnynvcuo ycxopsroweecs, 6 — niasno 3ameonsaroweecs, 7 — 3ameonsaroueecs,
8 — ¢ sameonsrowumcs yckopenuem; 9 — umnyibCHo 3ameonsioujeecst

Fig. Scheme of the outlines of graphs of various types of movements with variable accelerations:
1 — uniform; 2 — uniformly accelerated; 3 — uniformly slowing; 4 — accelerating;
5 — impulse accelerating; 6 — smoothly slowing down; 7 — slowing down;
8 — with decelerating acceleration; 9 — impulsively slowing down

BBIBOJIBI

B nopassstorieM G0NBIIMHCTBE CITy4aeB NepeMeIIeHHsI KaK MPUPOHBIX T, TaK U UCKYCCTBEH-
HBIX 0OBEKTOB, POUCXOAT B BUJIE ABUKEHUH C IEPEMEHHBIM YCKOPEHNEM BCIIEJICTBUE YCIIOBUN MX
BO3HMKHOBEHHUS U PA3BUTHUS, CONPOTHUBIICHUS CPE/Ibl, TEXHOJIOTMUECKUX MPOIeccoB u T.1. Ipume-
pamu Takux (POPCUPOBAHHBIX JIBHKEHHH C IEPEMEHHBIMH YCKOPEHHUSIMU MOTYT CITY)KHTh OIIOJI3aHHE
(oOBasT) reo(hU3NUECKUX TPYHTOBBIX MACCUBOB, CTAPTOBBIN Pa3roH KOCMUYECKOTro Kopabist, cBo0O -
HOE ITaJIcHHE TeJl B CONPOTHUBIIIONIEICS Cpejie, MMITYJIBCHBIN Pa3rOH MM TOPMOYKEHHE HCKYCCTBEH-
HBIX TeN U Jp. [l ydeTa mepeMeHHOro YCKOPeHHUs B YpaBHEHUSIX JBUKEHUS NPEII0KEHO BBECTU
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HOBBII mapameTp — «popcak — D, M/cek>» — Kak TPeThI0 IPOM3BOAHYIO (110 BPEMEHH) OT ITyTH, BTO-
PYIO OT CKOPOCTH H TIEpBYIO OT yckopeHus. JlaHa knaccudukarus GpopM ABMKESHUH ISl YaCTHBIX
CITy4acB B 3aBHCHMOCTH OT OTHOCHTENIBHBIX 3HaYCHUU (DOPCUPOBAHHOTO ycKOopeHws. Vcmons3oBa-
HHUE YKa3aHHOTO MapaMeTpa OTKPHIBAET IIMPOKUE BO3ZMOKHOCTH MPH ONPEAETICHUN TeKYIIUX KUHe-
MaTHUYECKUX U JUHAMUYECKUX XapaKTEPUCTUK TeJl B 33JJaHHbIE MOMEHTBI BPEMEHU IIPU Pa3IMUHbIX
dopmax GopcupOBAHHOTO JIBIKEHHSI C IEPEMEHHBIM YCKOPSHHEM.
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