Muxaun lOpbeBMY 3aMATHUH

TbtoTOp Nabopatopuu no paboTe c ogapeHHbIMU geTbMu MOTH,
UfeH LieHTPanbHOM NpesMeTHO-MeTOANYECKON KOMUCCUMM MO PusKKe,
NMoYeTHbI PaboTHYMK 06LLero obpasoBaHus PP

AHTOH FOpbeBUnY BepryHoB
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Bapmau,vaHble npMHUUNbI MEXaHUKW.
MeTop, BUPTYaJ/ibHbIX HEPEMELIJ.EHI/II‘/’I

3HepFETI/Il-IECKI/IMVI MeToZLaMKn, pacCcMaTpuBaeMbiMN B CTaTbe, MOXHO
CyLeCcTBeHHO ynpocTuUTb pelleHnd 3ajay CTaTukn, rmgpoctaTtrikn, guHamm-

KW N 3NEeKTPOCTAaTUKN.

OOBIYHO TIPM MCCJIEIOBAHUM PaB-
HOBECUA CUCTEM IIOJIb3YIOTCA IOBYMHA
TUIAMY YPaBHEHUIT — PABEHCTBOM HY-
JII0 BEKTOPHOM CYMMBI CHUJ, OeJCT-
BYIOIIVX Ha TeJjla, KOTOpble BXOIAT B
CIUCTEMY, U IIPABUJIOM MOMEHTOB CIJL.

OTO TaK Ha3bIBAEMBIVI CHUJIOBOIL
(HeBapManOHHBIT) moaX0A. YUTOOBI
3aMChIBATL  YCJIOBUA  PAaBHOBECUSA
qacTeil CUCTEMBI, IPUXOANTCA BBOAUTH
BHYTPEHHIE CUJIbl (CUJIBI PearIuu
cBaAseir). Hem OoJibIille TaKUX CBA3EN B
cucreMe (HUTeN, cTep:KHeN, OJIOKOB
MJIV IIIAPHUPOB), TEM CJIOJKHEE CJIeIUTD
3a BOBHUKAIOIIVMI B HUX CUJIAMIAL

Hampumep, B m300paskeHHOII Ha
PUCYHKe KOHCTPYKLIVM, COCTOAIIEN U3
CTEpIKHEN MaccaMy M, COBCEM He IIPO-
CTO OIpPENEeJIUTb OasKe HaIPaBJIEHUA

CIJI, IEeMICTBYIOUIMX CO CTOPOHBI HIap-
HIUPOB Ha BBIJEJIEHHBIN I[BETOM CTEep-
JKeHb ab, U elle cJoKHee HaliTu uX
BeJIMYMHBI.

Vlrak, cumnoBoit mogxon HeynoOeH,
€CJII HEeU3BEeCTHBbl WJIM HeOUYeBUIHbI
BHYTpPEHHIe CUJIBL JIpyrum ero Hezmoc-
TATKOM IIOPOJI CTAHOBUTCA HEOOXOoau-
MOCTb pPeIllaThb CUCTEMY U3 OO0JIBIIIOTO
yycJa ypaBHEHUM, a MHOTJA U Heus-
0EYKHOCTb NIPUMEHEHMA CJIOMKHOTO Ma-
TeMaTUIEeCKOTo alapara.
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B nopobHBIX corydyasax Ha BBIPYU-
Ky IPUXOLAT SHepreTm4IecKme
(BapuanMoHHbIE) NMPUHOUNBI (B Ya-
CTHOCTY METOJl BUPTYaJbHBLIX Ilepe-
MeII[eHNi1), IPeUMYyIIeCcTBO KOTOPBIX
B TOM, YTO OHM II03BOJIAIOT IIOJIYyYaTh
pemrenua 6e3 ydYera BHYTPEHHUX
CUJ, TIIOIPOCTY He BXOLANMX B
ypaBHeHudA. PelreHuma cTaHOBATCA

IIPOCTBIMM, & MHOTZAA ¥ OYeHb M3AII-
HBIMH.

Vlnesa oHepreTM4YecKoOro IOAXOJA
Obwa  cchopmysmpoBaHa — JloramHOM
Bepuynnu B 1717 r. B KauecTBe HOBOTO
criocoba pelreHnsa CTaTUYecKUX 3a1ad.
B nasbHelieM BapumalVIOHHBIE IIPVH-
LML MTOJIyYMJIM Pa3BuUTHe B paboTax
Hanambepa u Jlarpassxa.

Pa6oTa BHYTpPEeHHMX cuUn

CBaA3AMM Ha3BIBAIOT OIPaHNYEHNA,
KOTOpble HaJIOMKEHBbl Ha IIOJIOXKEeHUe
OTJeJIbHBIX dacTell CcUCTeMbl MJIM Ha
BO3MOSKHOCTY X IlepeMellleHNd (HIUTH,
YIEepsKMBAIOIE TPy3; IHIapPHUPBI, CO-
eIVHAIOIE OTHeJIbHble YacTU MeXa-

V7

B ocHOBe sHepreTmdeckoro merona
JIEXKUT 3aMedaTeJIbHOe CBOMCTBO CIJI
peakuii cBA3ell — MX cyMMapHas pa-
0oTa mpM MAJIOM CMEIIEeHIN CICTe-
MBI OT IIOJIOKE€HUS PaBHOBECUSA paBHA
HYJIIO.

HM3Ma,; IIJIOCKOCTY, Ha KOTOPBIX HaXO-
JIATCA TeJla CUCTEMBI, U T. IL.).

IIpumeps! cucTeM co cBA3AMU C
YKa3aHMEeM COOTHOIIIEHNII IepeMelie-
HUJ OTZEeJIbHBIX UX YacTell IpuBegeHbl
Ha PUCYHKaX:

3aMeTyM, YTO 3TO CBOJCTBO BbI-
IIOJIHAETCS TOJIBKO €CJIM BHYTPM CBsi-
3ell He JeNCTBYIOT CUJbl TPEHUs, TO
€CTb CBA3U UJleaJbHEIe.

YTOuHMM, YTO IIOApal3yMeBaeTcs
IIOJ «MaJIbIM OTKJIOHEHMEM» CUCTEMBI
OT IIOJIOYKEHMA PaBHOBECHA.
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e Ilpesxkne Bcero nepeMeieHUI
He JJOJIKHBI HapymaTb caMl CBA3U
(HUTM He JOJIKHBI PBAThCHA, IIAPHU-
PBI — JIOMaTbCA U T.IL.).

e MaJjyocTp mmepeMellleHUI HY K-
Ha JJA TOrO, YTOOBI CUJIBI pPeakIny
MOKHO OBLTIO CUUTATh HEM3MEHHBIMU U
4TOOBI CYII[ECTBEHHO HE M3MEHAJVCH
YIJIBI, TI0JT KOTOPBIMMU JEMICTBYIOT CUJIbI
peakIun.

Taxkme mnepeMmeleHNsa HaA3bIBAIOT
BO3MOXKHBIMY, WJIV BUPTYaJbHbIMU. VX
cJIeyeT OTJIMYaTh OT VICTUMHHBIX IIepe-
MeII[eHN, COBepIIaeMbIX IIOJ OeliCT-
BIMEM IPUJIOKEHHBIX CUJI. BupTryaJsb-
HbIE HepeMEHlEHMH He MMEeIT OTHOIIIe-
HUA K [IPOLIeCCY IBUMKEHUS CUCTEMbI —
OHI BBOJATCS JIUIIb JJISA TOTO, YTOOBI
HATV COOTHOIIEHNA MEXKAY CUJIaAMU U
BBIBECTH YCJIOBUA PABHOBECHUA.

PaccmorpuMm, Kakyo paboTy BbI-
IIOJIHAKOT CWJIBI MOeaJIbHbIX CcBA3ENM Ha
IpMUMEpPEe CUCTEMBI TOYEK, 00pasyro-
mux abCOJIIOTHO TBepHoe TeJo. Beige-
JVM Kakyne-Jyimbo nse Toukm A m B u
0003HAYMM CHWJIBI pPEeaKIUM, JelCcT-

BYIOLLIVIE MEXKAY HuMHU, depe3 Fup u

Fp, (mepBas m3 HUX NPUJIOXKEHA K
TOouKe A, BTOopad — K B).

3abynem Ha BpeMa 000 Bcex oc-
TaJIbHBIX TOYKAX TeJja, KPOMe JIBYX

BbIeJIEHHbIX. Torma y Hac ocraercs
cucTeMa JABYX MaTepMaJbHBIX TOYEK,
COeIVIHEHHBIX HEBECOMBIM JKECTKUM
crepskHeM. Ilo TpeTbemy 3akoHy Hbio-
TOHa, F‘AB =—FBA.

MpbICJIEHHO CMECTVM 5TM TOYKM Ha
AS, m ASg (cM. pucyHOK a). Tak Kak
Touka A He npub/rKaeTca M He yha-
Jasgercsa oT B, To MOYKHO cuMTaTbh, UTO
AS, — oOree 11 00enx TOYEK IIOCTY-
IaTeJbHOE IIepeMeEIleHNe TBePAOro
TeJla KakK 11eJioro, a Asg =Asy +As, rue
AS — mepeMelleHMe, COBepIIaeMOe
[PV BpaIleHUy TOYKM B OTHOCUTEJIBHO
TOYKM A (CM. PUCYHOK 0).

ITonunaa pabora cuy peaknum mpu
9TUX BUPTYAJbHbBIX IIepeMelleHNAX
paBHa:

A:(FAB'AgA)-F(F‘BA.AgB):

=((Fyg+Fgy)-As4)+(Fga - AS).
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IlepBoe ciaraemoe B IpaBoii YaCTU
PaBeHCTBa PaBHO HYJIIO B CUJIY TPeTbe-
ro 3akoHa Hpiorona. PaBHBIM HyJIIO
OKa3bIBaeTCs Y BTOPOe cJjiaraeMoe, Tak
Kak 1mepemenieHnne AS, COOTBETCT-
ByIOIllee BpallleHNI0 TO4YKM B oTHOCHU-
TEeJbHO TOYKM A, NePHIeHAVKYJAPHO
cune F 'BA, HAIIPaBJIEHHON BJOJIb IIPA-
MOJ, COeIMHAIoNIen Toukn A u B.

AHaJIOTMYHO paBHa HYJO paboTa
CUJI pPeakuuy ¥ OJA JIOOBIX IOPYTUX
TOYEK TBepAOoro Teja. Takum oOpasom,
[IpU BUPTYAJIbHOM [I€PEMEIeHNN CUC-
TeMBbI C MaeaJIbHbIMY CBA3AMN IIOJIHASA
pabora BceX BHYTPEHHMX CIJI OKa3bI-
BaeTCsA PaBHO HYJIIO.

Pa6oTa BHELWHUX cun

YT06BI OKOHUYATEJIBHO COPMYJIV-
poBaTh  DHEPreTUYEeCKMII  ITPMHIINII
paBHOBeCUs, OCTAaeTCA PaCCMOTPETH
BUPTYaJbHYI0 paboTy BHEIIHUX CUJL
3amMeTuM, 4YTO Kaskaad IIPUJIOKeHHadA
K HaXOZAIIeVCA B PaBHOBECUN CCTEME
BHEIIHAA CUJjla JOJLKHA yPaBHOBEIIN-
BaTbCA CUJION peaKluy, BBI3BAHHOI
ero. IToaToMy, ecay BBIYNMCINUTB CYM-
MapHYIO paboTy, coBepIlIaeMyI0 BHEIII-
HVMM CUJIAMM ¥ COOTBETCTBYIOIIVMM
UM CUJIaMM peaKUUM CBA3el Ipu JIo-
0oM BUPTYaJIbHOM IIepeMeIlleHUy, TO
OHa OKaskeTcs paBHOI HyJro. Ho BHYT-
PEeHHNME CUJIBI PeakImy, Kak OBLJIO II0-
Ka3aHO BBIIIe, ITOJHOI paboThl He co-
BepuaioT. CiieoBaTebHO, IIPK JI060M
BUPTYAJIBHOM II€pEMEIeHN) II0JHAA
paboTa BHEIIHMX CHUJI TaKKe JOJIKHA
OBITH PaBHA HYJIIO.

VlTak, ycioBue paBHOBECUA MeXa-
HUYECKO)l CHUCTEMBI MOXKeT ObIThb
chopMyIMpPOBaHO B BUAEe (IPUHIAI
BUPTYAaJIbHbIX IIepeMeIeHn):

JUIsI PABHOBECUSI MEXAHNYECKOI cuc-
TeMbl C UAcaJbHBIMIU CBA3AMI HeOﬁ-
XOAUMO U AOCTATOYHO, YTOOBI CyMMa
padoT Bcex AeiCTBYIONUX HA CUCTEMY
BHEIIHUX CIUI IIPU JIOOBIX BUPTYaJIb-
HBIX TE€PEeMEIEeHNsIX CICTEMBI ObLIa
paBHA HYJIIO.

Boarogapsa stomy npuHIMIY IIA
HaXOXKJEHVs yCJIOBUI PaBHOBECUS HET
HeoOXOIMMOCTY PacCMaTPUBATL O0JIb-
1II0€ YMCJI0O BHYTPEHHUX CUJI PeaKIinii
cBaszeil. JlocTaToYHO BBIOPATH yIOOHBIE
BUPTyaJbHbIE II€EpPEMEIeH)d, BbIUNC-
JIMTHb COOTBETCTBYIOIIYIO MM CyMMap-
HyI0 paboTy TOJIbKO BHEIIHMX CUJI U
[IPUPABHATH €€ HYJIIO.

MprymeHeHVe MeToAa BUPTYaJibHbIX NepeMeLLeHnin

Cy11ecTBYIOT HEKOTOpPBIE IIPU3HA-
KI, KOTOpble YKas3bIBalOT Ha TO, YTO
MeTOJZ, MOKeT YIPOCTUTH pelleHue
3aIadn:

e B CuUCTeMe BO3HMKAEeT MHOTO
BHYTPEHHUX CUJI,

e XapaKTep BHYTPEHHUX B3al-
MOJIEJICTBUIL CJIOMKEH MJIM BOOOIe He-
MI3BECTEH,

e JIeTrKO yCTaHaBJMBaeTCA CBA3b
MesKay paboToil BHEIIIHUX CUJI U U3Me-

HeHlEeM [IOTeHLMAaJbHOJ 3Hepruy Cuc-
TeMbl, BBI3BBAHHOI DTOI paboToii, mpu
MaJIOM CMeIeH!M CUCTeMbl U3 II0JIO-
SKEeHI paBHOBECHA.

Kak meron npumensercsa Ha Ipak-
THKe?

1. Cnagajya ompenessgeM BHEIII-
HME CUJIBbI, CIIOCODHBIE YAEPKIBATH
CHUCTEMY /YaCTb CUCTEMbBI B IIOJIOMKEHUN
paBHOBeCHUA.
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2. JlomyckaeM, UTO BHEIIHNUE CU-
JIbl HE3HAYMUTEJbHO CMEIIAIT CUCTe-
My/YacTb CHCTEMBI, ¥ PaCCUUTHIBAEM
paboty (BOBMOIKHO, CyMMapHYyI0 pabo-
TYy) BHEIITHUX CUJL

3. IlpupaBHMBaeM  HallJeHHYIO
paboTy M3MEHEHNIO BHEPTUM CYCTEMBL
Tak Kakx BHEIIIHNE CIUJIbl HE Pa3TOHAIT
cucremMmy, TO y4YMTbIBaeM JIMIIIb M3Me-
HEeHJe INOTeHIVAJbHOM DHeprum u 3a-
IJICBIBAEM B3aKOH COXpPaHEHMA DHep-
TV

ABHem + WCMCTI = WCI/ICT2

4. CoxkpalaeM BeJIMUYNHY BUPTY-
aJIbHOTO IIepeMellleHUs I HaXOIUM
BHEIIIHIE CUJIbL

IIponsrocTpupyeM IpUMeHeHNe
MeTOZa BMPTYaJbHBIX IIepeMelleHNit
Ha IIpUMepax.

3apgava 1

Hatimure cuiy ynpyroctu mpy-
JKMHBI, K KOTOPOJ/ IIOJBEeIleH TIPpy3
MacCcoi m.

N

K rpysy npusiokeHbl [Be BHEIIIHNE
CUJIBI — CIJIa YIPYTOCTU NPYKUHBI F' 1
cuia  TsvKecTu mg. MbIcJeHHO cMme-
CTUM Tpy3, HaXOOALMIICA B paBHOBe-
cuM, Ha MAaJyl BeJUYVHY OX BHUS.
3HaykoM O (cTpouHasd OyKBa J[eJibTa)
31echk 1 gajee Oyzaem o003HA4YAThL Ma-
JIoe BUPTyaJIbHOE M3MEHEHMe KaKOoli-
J100 BEJVYMHEI U BJIE€MeHTapHble BUP-
TyaJibHbIe PabOTHIL.

Pabora cuabl TAMKECTM IIOJIOMKU-
TeJbHAA U paBHA: 0A] = mgdx, a pabo-
Ta CUJIBI YIPYTOCTUM OTPULIATENb-
HadA: 0Ay = —Fox.

Ilo nmpuHIUIy BMPTYaJbHBIX IIe-
peMertiennii, cymma pabor obemx cui
paBHA HYJIIO!

0A1+ 0As = mgox — Fox =0,
OTKyZa, COKpallas Jx, IO0JydaeM OT-
BeT: F' = mg.

OTy 3amady, pasyMeeTcs, IIpoIle
pemmTs OOBIYHBIM CcIIOcOOOM — ¥mC-
II0JIb3Y s YyCJIOBYIE PABHOBECKA TeJja, HO
Ha DTOM IIPOCTOM IIpVMEPE MBI JIMIIb
JIEMOHCTPUPYEM CyTh METOMA.

3apgaua 2 (JlarpaHxa).

B cucrewme, n3obpaskenHoit Ha pu-
CYHKe, K HIIKHeMYy OJIOKY IIOJIBEeIlIeH
rpys mMaccoit m. Kakyo MyuHMMaJIbHYIO
CIJIYy HaJ0 NPUJIOKUTb K CBODOZHOMY
KOHITy HUTM, YTOOBI yHEPsKaTb CUCTe-
My B paBHOBecun? Hutu HepacTaKMU-
MbI, OJIOKM HeBecOMBbL Hutu wmexny
06JI0KaMIM MOYKHO CUMTAThH IapaJliesb-
HBIMIL

IIycts rpys maccoit m mepemec-
TUTCA BePTUKAJbHO BBepX Ha pac-
crosune oh. Ilpu aTom n3-3a HepacT-
SKMMOCTY HUTYM TOYKA IIPUJIOMKEHUA
cusbl F' cmecTuTca BHU3 Ha paccTos-
une oH = 4oh.

0A1 +0A9=0; FoH —mgoh = 0.

CrepnoBaTenbHo, F = mg /4.
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3apaua 3

Ha mnoBepxnocTM KIMHA JIEKUT
ONHOPOJHBIN IMJIMHIAP Maccoil m, Ha
KOTOpPBIII HAMOTaHa HUTH, IEePEKUHY-
Tasa yepes 00K (cM. pucyHOK). Kakyro
cuny F cienyer npuKJIanbIBaTh K HU-
TU OJIA TOTO, YTOOBI yAEp:KUBATDh IM-
Juaap? dauHa HaKJOHHOM IIOBEPXHO-
cTu KJamHaA paBHa L, a BeicoTa H. IIpo-
CKAaJIb3BbIBAHUA MEXKIAY HUIUHIPOM U
KJIMHOM HET.

IIpm cmereEnn KOHIA HUTU HA OX
LIeHTP LMJIMHAPA cMellaeTcda Ha ox/2
(Tak Kax Ipu JBUIKeHUM 0Oe3 mpo-
CKaJIb3bIBAHIUA CKOPOCTb  BepXHeli
TOYKM LMJIMHApPA BCerga B JBa pasa
0oJibItie cKopocTy ero 1eHTpa). Illosro-
My IIpM CMeIeHuM IMInHapa Ha L Ko-
Hell HUTK ontycturcsa Ha 2L. IlerTp nu-
JVHApA IIOTHMMETCA Ipu d5ToM Ha H.
3amnmuirneM 3aKOH COXpPaHEHUA DHEPIun
JLJIA HVJIMHIPA
mgH

2L

3aMeTuM, 4YTO B pPellIeHuu He MC-
IIOJIb3YIOTCA TPUTOHOMeTpPUYeCcKue
dpyHKIMM, 1 3a7ada CTAaHOBUTCA JOC-
TYIIHOM JJIf YIEHUKOB 7 — 8-X KJIaCCOB.

Meron BUpPTyaJbHBIX IepeMellie-
HUJ MOSKHO IIPMMEHSTb He TOJIBKO JJIS
IIOMCKa CIUJI, HO U AJIA pacueTa SKBUBA-
JIEHTHOJI KE€CTKOCTM CUCTEM.

F2L =mgH, otkygna F =

3apava 4

Huth, mepexmnyras uepesd OJIOK,
M3HA4YaJbHO He HaTAHyTa. K cBoboj-
HOMY KOHITY HUTU IPUKJIAIBIBAIOT CU-
ay F. Onpenennre 5KBUBaJIEHTHBIN
K02(P(PUIMEHT 3KECTKOCTY CUCTEMEL.

JKecTkocT OTHENBHBIX HOPYIKUH U3-
BECTHbI I YKa3aHbI HA PUCYHKE.

B sT0it 3amade JIETKO MIPOCIIEIKNI-
BaTb CUJIbI, JEJICTBYIOIINE HAa Pa3HBIX
ydacTKax cucteMbl. I[Ipuiioskmnm K KOH-
1y HuTH cuiay F v TeM caMbIM yBeJu-
YMM DHEPIUI0 CUCTEMBbI Ha BEJIMUUHY

FZ
2ky

Cuiibl, BOBHUKAIOIIVIE B IPYIKMHAX,
HaleM 13 YCJOBUS PAaBHOBECUS dJie-
MEHTOB CHUCTEMBI C y4eTOM HEeBEeCOMO-
CTU TPYKUH, HUTEN U OJOKOB (CM. pu-
cyHOK). JlobaBiieHHas SHePrus 3ama-
CeTcs B IIPY KUHAX, II09TOMY CIIpaBe-
JIVIBO PaBEHCTBO:

F2 4F% 4F% F?
— =t
%, 4k 2k 2k

Orrypa kg =k/7.

3agauvas

Hajinure 5KBUBaJIEHTHYIO KeCT-
KOCTb CHUCTeMblL. BHemrnaa cuia mpu-
KJIazbIBaeTcsa K Hell B MecTe, 0003Ha-
YeHHOM Ha PUCYHKE CTPEeJIKOIA.
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B orsmunu or npensigyiiero mpu-
Mepa B JAaHHOM CHCTeMe Jierde HalTu
CBABb CMEIEHMII TO4YeK KpelJIeHNA
NPYSKVH ¥ TOYKM IIPUJIOMKEHNA BHEII-
Hell BUpTyaJbHOi cuibl F. IIycTs TOu-
Ka KpeIlJIeHNsI BepXHell NPy KMHbI IIpK
BO3JENCTBMY Ha CHUCTEMY OITyCTUTCH
Ha x. Torga m3-3a $KeCTKOCTM pblUara
TOYKa KpeIIeHUA HVKHE IPYsKUHBI
OIIyCTUTCA Ha 2X, a TOYKA IIPUIIOKe-
H1A cuiisl F HA 3.

OHeprusd, 3anaceHHas B CUCTEME,
pacrpenenTca B NPYKMHAX U OyneT
CIIpaBeJJIBO PaBEHCTBO:

ko(3x)*  kx? s 2k(2x)
2 2 2
Orryna ky =k.

VI3 1Byx mpuBeneHHBIX BBIIIE
[IPMMEPOB BUIHO, YTO B 3aBUCUMOCTU
OT CUTyallyy JJI YIIPOIIEHMA pelle-
HUA IesiecooO0pasHO IIPUMEHATh pas-
Hble (DOPMBI 3aMIVICY SHEPTUHU IIPYSKUH.

3apava 6

Ilenourka cogmepsxutr N oAMHAKO-
BBIX HEBECOMBIX B3BEHBEB U3 CKpeIl-
JIEHHBIX IIaPHUPHO JIETKNX PeeK (CM.
pucysok). IIpenebOperasa TpeHmeMm, or-
peneanTe, Kakoe HATAKEHME NOJLKHA
BBIIEPIKUBATL HUTH, COEIVHAIONIASA
TOUKM 1 u 2, ecan K
LIelI0YKe IIOJBECUTH
rpy3 Maccoi m.

IIycts rpy3 mac-
COJl M OIIyCTUJICA Ha
0H. Pabora cunb! Ts-
sKecTu Oymer paBHA:
0A1 = mgoH.

Pabora cnabl HaTsKeHNs:
5A2 =—Toh.

Bemuunny J0H Haiimem m3 coobpa-
SKeHUIl CcUMMeTpun. BepTukajabHasdg
JMaroHaJb KaK0T0 U3 3BEHbEB yIJIN-
HIUJIACh Ha Oh, YTO PAaBHO BUPTYaJbHO-
My nepemerteHnio Toukn 2. ITosromy

mgNoh — Toh =0, wan T = Nmg.

3apaua 7

Cucrema u3 Tpex OIMHAKOBBIX
3BEHBEB MAaCCOM M KasKJ0e COCTOUT U3
OIHOPOJHBIX CTEPIKHEN, COeNMHEHHBIX
mapHUpHO (cM. pucyHok). IIpenebpe-
rasg TpPeHUeM, OIpelesnTe, KaKoe Ha-
TSMKEeHMe JOJIYKHA BhIIEPIKMUBATh HUTD,
coenMHAINIAA TOYKM 1 M 2, ecanm K
cucTeMe IOABECUTh IPy3 Maccolt 2m.

MpIcsieHHO pas3peskeM yIepsKu-
BAIOIIYIO CUCTEMY HUTb U K IIOJIydNB-
IIMMCA ee JacTAM IIPUJIOKUM cuJibl T.
Cmelas KOHIIBI pPaspe3aHHOl HUTH,
YMEHBIIIIM BBICOTY BEPXHEr0o poMba Ha
ox. Torma n ocrasbHBIE POMOBI YMEHb-
IIaTCA 110 BBICOTE HA Jx. B pesysbrare
Ipys3 INOJHMMETCA Ha 30X, a LIeHTP Macc
KOHCTPYKUMM Ha 30x/2. 3amuiem pa-
0oty Kaskmoit 3 cuat T u mpupaBHAEM
X CyMMY M3MEHEHMIO IIOTeHIMaJbHONI
SHEPIuy rpysa:

—Tox + T20x =
= 2mg3dx + 3mg3dx/2.

OxonuatenbHO T = 21mg/2.
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3agava 8

IMTapaupHasa KOHCTPYKLUA, CO-
cToAIas M3 YeThbIpex JIErKUX OJMHa-
KOBBIX CTEp/KHEl, yIep:KUBaeTcs Hu-
TBHIO, IPUBABAHHON K IIOTOJIKY, ¥ OIM-
paerca Ha IJIAJKYI0 TOPU30HTAJBHYIO
IIOBEPXHOCThb. KcaM K HmapHupam, co-
eIVIHAIOIMM IIeHTPbI CTepsKHeN, Iof-
BecuThb Ipya3bl Maccamu m u M, cuia
HaTAKEHUA BEpXHEeNl HUTY OKasKeTCd
pasHoit T; = 30 H. IIpu ymeHbIlIeHUN
MaccChl BEpXHero Irpysa BJABOe cuJjla Ha-
TSOKEHMA HUTM  YMEHBIIUTCA 10
T9=20 H. Onpenennre Macchl Tpy30B
m u M n cuinel peaknuu N, neiicTByO-
e Ha KOHCTPYKIUIO CO CTOPOHBI TO-
PU30HTAJILHON ITOBEPXHOCTIL.

IIpmmennm MeTOn BUPTYaJbHBIX
mepeMeneHnii. 3aMeTuM, YTO TOYKa
KpeILJIEHNs BEPXHEro rpysa pacrioJio-
JKeHa Ha BBICOTe BTPOe OOJIbIIEei, YeM
TOYKA KperjieHusa HiupKHero. IlosTomy,
ecJyi IIepeMecTUThb HVKHUII TPy3 Ha
0x, BEpXHUII IePeMecCTUTCA Ha 30X.
IIpu paBHOBecuu cucTembl CyMMa pa-
00T BHEIIHMX CUJI IPU JIFOObIX MaJIbIX
IIepeMeIleHNAX CUCTEMbI paBHA HYJIIO.
Torga 3Tdx — 3mgox — Mgox = 0.

IIpeobpasyem sTo ypaBHEHME

Ty =mg+ Mg/3.

Ecny maMeHMTH Maccy BepXHEro

rpysa, HoJIyYM
Ty =mg/2+ Mg/3.

Pemraa cucremy, mosyumuM m = 2 Kr,
M = 3 kr.

PaBHOBecue cucTeMbBl BO3MOYKHO,
ecyn

Mg+ mg =T+ 2N,
OTKYyza
Mg+mg-T 30+20-30
2

B pousn BUpPTyaJIbHOTO IepeMellie-
HIA MOYKET BBICTYIIATb U YTOJL.

N = =10H.

3apava 9

B xopobxe K CKpPBIT Iepenaroiinii
MEeXaHV3M HeN3BECTHON KOHCTPYKIMA
(cm. pucyHok). ITpu noBopote pyuxn P
BEPTUKAJbHBIN BUHT B mjaBHO mOAHU-
MaeT rpy3 mMaccoit m. ITpu ogHOM 110JI-
HOM of0opoTe (pagmnyc Py4dKM 1) BUHT
rnogHMMaeTcs Ha Beicoty h. Kakyto cu-
JIy HaJ|0 IIPUKJAAbIBATh K PYYKe, YTO-
OBl yZIepsKMBaTb CUCTEMY B paBHOBe-
cun?

K —I:,-

P

U

IIycts mckomas cusa F mpm masiom
[IOBOPOTE Ha YTOJ J¢ COBEPIIIAET PaboTy

0A1 = Fol = Frogp.
IIpu sToM rpy3 maccoit m IOLHM-

MaeTcA Ha BbICOTy oh = hoe/(2n) un
paboTa cnibl TAMKECTY paBHA

0As = —mghoe /(27).
Torma 0A; + 049 = 0, wu F =
= mgh/(2xr).
MoskHO paccy:KIaTb HEMHOTO MHa-

ye. IIycTb pyKoATKa cleJsiaeT IIOJHBIN
000pPOT — T'Py3 OpU 3TOM MOIHUMETCI
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Ha BeIcoTy h. Torzma 6yAyT cOBepIIIEHBI
paboTsr:

A1 = 27Z7‘FI/IA2 = —mgh,
otryna F = mgh/(2zr).

3aMeTHUM, YTO OObIYHBIMI CUJIOBBI-
MM MeTOAaMM 3ajada BOoDIe perreHa
OLITH HE MOJKET, TaK KaK HUYEro He
M3BECTHO O CKPBLITOM MEXaHN3Me IIe-
pemayn.

3agava 10

Ha pucynke msobpasken nudpde-
peHIMaNbHBIL  BopoT. Oupenenure,
KaKyIo cuiry F HysKHO IpUKJIaAbIBaTh K
PYKOATKe, 4TOOBI IPy3 Maccoit m ocTa-
BaJICA B paBHOBecuu. Bas mmeer pa-
JULYCBI T] U T'9, & PyKOATKa — R.

PaccMmoTpuM nepeMelieHye Ha Ma-
JIBINL yTOJI (IIOBOpaYMBaeM Ha Jd¢p PYKO-
ATKY, BOPOT II0OBOPAYMBAETCH Ha TAKOM
SKe yTOJI).

IIpn »sTOM mepemellieHME KOHIIA
PYKOATKM COCTAaBUT 0@ ‘R, jeBasd HUTb
YKOPOTUTCA Ha 0@ ' T9, IpaBasg — Ha
5(0”)‘1.

Torma pabora mo IIepeMeIreHIIo
PYKOATKM paBHa paboTe IO MHOIbBEMY
rpysa:

F-0p-R=0,5mg (¢ -(r +19)),

otkyna: F=mg-(r; +19)/(2R).

3apgava 11

Ounpegenure, Kakyto cuiy F HeoO-
XOIMMO IIPUKJIAIbIBATh K PYKOATKE,
4TOOBI YAEP)KaThb CUCTEMY B PaBHOBE-
cun. Macca rpysa paBHa m. Panuyc
Bajia, Ha KOTOPBI HAMOTAaH TPOC, U
paguyc PYKOATKM paBHBI R U 7 COOT-
BETCTBEHHO.

Y 1IecTepeHKM Ha pUCyHKe 12
3ybObeB. IIoBepHYB pYyYKy Ha IIOJIHBIN
000pOT, MBI IIOBEPHEM IIIECTEPEHKY Ha
1/12 obopora — Ha oxguHu 3y6. Torma

F-27n‘=mg-@, u F=mg~i.
12 12r

3apgava 12

Ha BaJs pagmycom r IpoOYHO Haca-
JKEeH MOTOK CKoT4ya pajmycom R. Ha
5TOM ’Ke BaJly Ha HUTU BUCUT IPY3
maccoit m (cM. pucyHOK). Ecan TaHyTH
ckoT4 ¢ cuioil F, To rpy3 Oyner moj-
HUMAaTbCA C IIOCTOSAHHOM CKOPOCTBIO.
C xaxkoii cuioit F'; Haio TAHYTH CKOTH,
4TOOBI C TOM K€ CKOPOCTBIO IIOHVMATh
rpy3 mMaccoi 2m?
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Cujibl, BOBHMKAIOII/E B JIUIKOM
CJI0e MEJKIY BUTKAMU JIEHTDI, C TPYIOM
IIOAZAIOTCA OMMCAHUIO YpPaBHEHUAMU
cratuku. IlosToMmy mpuMeHUM 3HEpre-
TUYECKUI TTOAXO0J. JIelicTBysa Ha CKOTY
cuioit F, oropBeM HebouibIron dpar-
MeHT nimHoit x. IIpu sTom pabora cu-
Jbl F noiier Kak Ha OTPBIB DTOTO yda-
CTKa, TaK U Ha MIOJbEeM I'Py3a Ha BbICO-
Ty h, KOTOpas HaXOAUTCA U3 KUHEMa-
Tu4yecKoii ceasu x/R = h/r. T.e. cupa-
BE/IJIMBO PABEHCTBO:

Fx = ox + mgh = ox + mgxr/R, 3nech
o — pabora, HeoOXonUMaA AJIA OTPHIBA
eIMHUITBI JJIVHBI CKOTYA.

3anuieM aHaJIOTMYHOE YPaBHEHMe
I Tpy3a 2m.

Fix = ox + 2mgxr/R.
Borunrad u3 OAHOrO ypaBHEHU
Ipyroe, noxyunm Fy =F + mgr/R.

3agava 13

Ha rmankom Osioke pamgmycom R
BIICUT OZHOPOJIHbBINM I'MOKMIT KaHAT Mac-
coit m u pymHOM l. Haiimnre maxcu-
MaJIbHYIO CUJIy HaTsyKeHs KaHaTa.

Yem BEIIIE pAaCIIOJOYKEHA TOYKA
KaHaTa, TeM CIUJIbHee B Hell HaTsyKeHe
TaK KaKk KaHaT BecOMbI. IIpuMeHum
MeTOJ BUPTYaJbHBIX IIepeMelleHNIL

Jlyig aTOrOo BO3bMEM IIOJIOBMHY KaHaTa
U CMEeCTVIM ee Ha MaJIYI0 BeJIMUNHY OX.
Taxkoe mepeMelleHle SKBUBAJIEHT-
HO TOMYy, KakK ecay OBl MbI B3AJIMU
dparMeHT AJIMHOI Jx, OTPE3aJu ero OT
KaHaTa CHMU3Y U IIepecTaBUJIM ero K
BepxHell yactu. Pabora no Takomy re-
pemerieHno pparMeHTa ox paBHa:

l R
Tmax-5x=§mg-(——”—+Rj.
2 2
3mecs om — Macca MaJoro mepe-
7R

l
MeIaeMoro ¢parmeHra, §—7+ R -

BBICOTA, HA KOTOPYIO OH II€PEeMEeCTIIICH.
omg( 1 V4
Toux =——2| ——R| ==11|.
max Sk (2 (2 n

~ nR/2

l/2—-nR/2

o |

Tax xax KaHAT OJHOPOIHBI,
om_m
oxr 1

IlosToMy

mg(l V4
Tmax =Tg(§—R(E—ljj

3aMeTuM, UYTO KaiKObIii MaJIblii
dparmMeHT nepeMeliaeTcd 0 Iyre OK-
PYSKHOCTY, a CUJBbl peaKIy HallpaB-
JIeHbl 110 pajuycaM, TO eCTb IlepIleH-
IVIKYJIAPHO IIepeMelleHn0 (pparMeH-
TOB, ¥ UX PaboThI paBHBI HYJIIO.
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3apauva 14

B ropax mpoBeneHa JMHUA 3JEK-
Tponepenaun. Macca IpoBoja MeXOy
IByMsA onopamMy m, ero giauHa L. Pac-
CTOAHME II0 BEPTUKAJIM MEXKIY HILK-
Hell TOYKOoM B mmpoBoja 11 MecToM Kpe-
IIJIEHUS eT0 K BEPXHeI orope B Touke A
paBHo H. JlnmHa yuyacTtka AB mpoBoza
paBHa l. Hajinure MakcuMaJbHYIO CU-
JIy HaTSMKeHUA IIPOBOJa.

Ormopsl pacroJsokeHbl He Ha OOU-
HaKOBOIl BBICOTe, ITOATOMY AJIMHA IIPO-
BOZla MEMKIYy TOYKOM KpeIUIeHuA K
BEPXHEN OIOope M HIYKHEN TOYKOM He
PaBHa IIOJIOBMHE IOJMHBI IIPOBOJa, HO
VI3BECTHA ¥ paBHa L.

BossmeMm magblil (pparmMeHT IpoBo-
IIa Maccoit om

5m=ﬂ'6x
L

Y TIepeMeCTVM ero 13 ToukMu B B Touky A.

Pabora, KOTOPYIO MBI COBEPIIINM,
paBHa M3MEHEHMIO IIOTeHIVAJbHO
sHepruy pparMeHTa;

oW = omg-(Hq — Hg) = mgHox /L.

Ora ke pabora paBHa
TA5x - TBé.’L‘ = (TA - TB) ox
mgHox/L = (T4 — Tg) ox
Tp—Tp=mgH/L. (*)
Cunbl T 4 u T'g ypaBHOBeIINBAIOTCA
cuyoit mig = mgl/L (3meck m; — Macca
dparmenta AB). CnenoBaTesbHO, 00-

pasyeTrcsa IPsMOYTOJBHBIN TPEYTOJb-
HIK CIJI U 171 HETO MOYKHO 3aIucaTb

mgl
T3 -TE = (fj

Ilepenmiem:

(Ty —Tg) Ty +Tg)= (wz;l)

IlogcTaBUM Pa3HOCTD CUJI:
mgH mgl
g (Ta+Tp)= ( I;q j ~

OTRy,ua

*mgl2
HL
CK.TIaILbIBaH JaHHOE€ YypaBHEHUNE C

Y (g2 42y,
9HL

TA+TB:

(*), moaryumm: T 4 =

3apava 15

ITeTtnss m3 rMOKOM TsAMKEJON Lienn
Maccoil m HajzeTa Ha TJIaJKUil KOHYC,
BBICOTa KoTOoporo H, a pagunyc ocHoBa-
HnA R (cm. pucyHok). Ilens nmokourcsa B
TOPM30HTAJBHON IIocKkocTu. Halinure
cuiy T HATAMKEHUA Leln.
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IIycte pamnyc okpysxHOCTH, 0Opa-
30BaHHOJ LIeTIbI0, PaBeH 7. BupTyaJbHO
CMeCTUM Liellb KaK eUHOoe IleJioe Bep-
TUKAJbHO BHM3 Ha paccTosgHue OH.
YMeHbIIIeHVIe [TIOTeHIVIAJIBLHON DHEPTUA
Leny ITIPM STOM OKa’KeTCA PaBHBIM
mgoH. Pagnyc nenu npu TakoMm mepe-
MeI[eHNY YBeJWUIMJICA Ha Or. YBeJm-
UeHMe pajuyca Lely U ee CMeIleHue
CBSBAHBI COOTHOIIIEHMEM:

or/oH=R/H

Pabora cun marsxenua T mnpu
paccMaTpyBaeMOM BUPTYaJbHOM IIe-
peMeIeHn e PaBHa:

0A; =—2x(r+0r)—2xr)T =-27-OrT.

Cuna TaAKeCcTM IpMU BTOM COBEp-

T padboTy:
0Ay =mg-SH.

VI3 npunHiMna BUPTYaJbHBIX IIe-

peMeleHn
0A; +0Ay =-27-0rT +mg-6H =0.

Haxonum
7= "m9gOH _mgH
27 or  27R’
3apauva 16

Yepes 60k Maccoil m mepedpo-
IIIeHa HUTh, K KOHIIAaM KOTOPOJ IPUBA-
3aHBI TPY3 Maccoll ms U IJIaJKMil Mac-
CMUBHBII IIMJIMHAP Maccoll my, Jiesxka-
YT Ha TJIAJIKOM HaKJIOHHOM IIJIOCKO-
cTu (CM. PUCYHOK). Uepe3 LMIMHID
repeOpoIIeHa HUTh, K KOHIIAaM KOTOPOI
NpPUBSA3aHBl TPy3 Maccoil my U Ipy3
Maccoil my, Jeskaluli Ha IapaJuiesb-
HOM riyagkoit miockoctu. Onpepennre
Maccy Tpy3a Mg M YroJ Q HaKJOHA
IIJIOCKOCTY C TOPMB0HTOM, €CJIM CUCTe-
Ma HaxXOoAUTCA B paBHOBecuy. Hutm
cunTaiiTe HEBECOMBIMU VI HEPACTIKI-
MBIMI.

I HaxoKIeHMsa yIJjla HaKJIOHA
IIJIOCKOCTU @ CMEeCTUM I'Py3 Mo Ha Ma-
Jloe paccTosHMe Ory BHU3. IIpm sTOM

Ipy3 ms3 ¥ IMJIVHAP M4 OCTAHYTCH Ha

MecTe, a TPy3 M| IePeMeCcTUTCS Ha
paccrosHMe 01 MapaJieabHO HAKJIOH-

HOJ IIJIOCKOCTY BBEPX.
Bocnons3yemca meTomoMm BUPTY-
aJIbHBIX ITepeMelleHNI:

Mogdry —mygom sina =0,
OTKyIa

sina = ﬂ.
m
19 HaXO0MKIEeHMsA Macchl Ipysa mg
CMECTMM IpPy3 Mg Ha MaJioe PacCTOs-
HIe 013 BHU3. IIpy 3TOM Ipy3bI My 1 My
10 OTHOIIIEHNIO K VJIMHIPY OCTaHYTCA
B IIOKO€, a TMJVHAP BMECTe C IIPUKpPe-
IIEHHBIMNM K HEMY I'py3aMl I1epemMmec-
TUTCS HA PACCTOAHNE 013 TapaJlIesbHO

HAKJIOHHOM IIJIOCKOCTY BBEPX.
Bocnone3yemca meTomoM BUPTY-
aJIbHBIX IlepeMelleHnIt:

M9gOT3 —MygoTy Sinr —mogdrs sina —
—mygdorysinar =0,
OTKya
mg =(my +mg +my)sina =

m
= (ml +m2 +m4)—2 .
my

3apava 17

IIItndt A Mmaccoit m MOKET CKOJIb-
3UTb B IJIAAKUX BEPTUKAJBHBIX Ha-
IIPaBJAIOIINX, ONMPAsACh CBOUM HMMK-
HMM KOHIIOM Ha IVIaJKYIO II0OBEPXHOCTD
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KJIMHa B, cocTaBJAOILyI0 yroa & C ro-
pu3oHTOM. KJIMH MOYKET CKOJIb3UTB Oe3
TPeHUsA IO TOPM30HTAJBHON ILJIOCKO-
ctu. Macca kanua M. Hajinute ero yc-
KOpEHNeE.

1

ITtudpT M KIUH ABUYKYTCS MIOCTY-
natesbHO. MeKay uX MepeMereHns-
MU Ox U Oy, CKOPOCTSIMIL U YCKOPEHMU A~
MU G ¥ Gy CYIIECTBYIOT COOTHOIIEHNA:

dy =tga-dx, vy =tga vy,

ay =t80- ay.
IIpupaBHAEM HYJIO CyMMy paboT

BCEX CIJI Ha BUPTYaJBHOM II€peMelie-
HUM KJIVHA OX VI TIOJTY UMM

Nydy — Npox =0,
rJe 110 BTOpoMy 3aKoHy HbioToHa
Ny =mg — may; N, = Ma,.
Torna (mg — may) dy — Ma,ox =0,
wm (mg —mtga- ay)tge- dc— Maydor=0.

OTtkyna

mgtg o
Qp=—""-"5—.

2
M+mtg® o
MeTon BUPTYaJIbHBIX IlepeMelre-

HUII YCIIEIIHO IIPVIMEHAETCA HE TOJIBKO
B MeXaHUKe, HO U [P PeIeHnn 3a1a9
MOJIEKYJIAPHOM (PUBUKM U DJIEKTPO-
CTaATUKIAL.

3apgava 18
Yemy paBHO M30BITOYHOE JaBJe-
HYe BHYTPUM C(PepUUecKOr0 MbIIBHOTO

IIy3bIPSA PAmNyCOM T, ecyiu Koadppuiiy-
€HT  IIOBEPXHOCTHOTO  HATAMKEHUI
MBLJIBHOTI'O pacTBOPa PaBeH g7

IIycTs MBIIBHBIN IIy3bIPb Pagy-
COM T HaXOOUTCA B paBHOBecun. Meic-
JIEHHO yBEeJMYMM €ero pajguyc Ha Or.
Torga cymmMapHasa BUPTyaJbHad pabo-
Ta CUJI M3OBITOYHOrO NABJIEHUA OyOeT

paBHa 5A1:47zr2pM365r (cna m30BI-

TOYHOTO JaBJIeHNs Ha KasKJIOM ydacTKe
HaIlpaBJeHa II0 HOPMaJy K IIOBEPXHO-
CTU IIy3bIPA).

C npyroil CTOPOHBI, BUPTYaJbHAA
paboTa cuJI IIOBEPXHOCTHOTO HaTMKe-
HIA paBHA M3MEHEHMIO [IOBEPXHOCTHOM
SHEPIuu:

5Ay =20 -4n(r® —(r+61)?) =—167016"

(3mech y4TeHO, YTO y MBIJIBHOTO ITy3bI-
pA IBe MOBEPXHOCTM U CHAEJIaHO IIpe-
HeOperxkeHMe KBaApaTOM MaJoil BeJu-
YUHBI OT).

ITo mpmHHUIY BUPTYaJBHBIX IIe-
peMeIeHnIt:

0A; +04Ay = 47rr2pM365r —167mordr=0.

40
OTKYZa Puas = 7

3apauva 19

DJIeKTpUYecKuit 3apAn @ paBHO-
MEepPHO pacrIpeneseH II0 TOHKO KecT-
KO/ MeTaJIIMYeCcKoil cdpepe paanycom
R. Kakas cuna F gericTByeT Ha equHU-
Iy IJIOIIAAY IIOBEPXHOCTY CO CTOPOHBI
OCTAJIBHOTO 3apsna’?

ITo ycaoBuio cpepa sKecTras, mo-
9TOMy ee paguyc R U3MeHATbCA He
moxxeT. OHaKo mpeacTaBuM cebe, UTO
B pe3yJbTaTe OTTAJIKMBAHMUA OIHO-
VIMEHHBIX DJIEKTPUYECKUX 3apsfoB
pazuyc cpepsl Uy Thb-UyTh YBEJIMYINIICA
Ha 6ECKOHEYHO MaJIylo BeJIMUnHy OR, n
KasKJasd TOUKa cdpephbl COBepIIMIa
OecKOHEYHO MaJioe epeMellieHre oR B
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HaIlpaBJIEHNN,
IIOBEPXHOCTIL

IloTenmman noBepxHOCTM cdepsl
CBfIBAH C €e 3apANOM COOTHOIIEeHNMEM
9=Q/4rgyeR. C npyroit CTOPOHEL,

[IePIEeHAVKYJIAPHOM

COIJIACHO  OIPEJEJIEHNI0  €MKOCTHU
¢9=Q/C. IlosTomMy s 3apAMKEHHOI

cpeprr emkocTh paBHa C=47mEyER, a
sueprua W = Q2 /2C = Q2/ 87gyeR.

IIpn yBenuuenum panmyca 3HEp-
I YMEHBIIIAeTCs 10

W' = Q2/ 87ye(R+OR).

Takum 00pa3oM, N3MEHEHNEe DHeP-
UV OKa3bIBAETCSA PaBHBIM

Q*-6R
87cyeR(R+JOR)

Ilo 3akoHY coxpaHeHUs 3HEPIUH,
9TO M3MEHEHNe PaBHO CYMMAapHON pa-
bore O0A CU BJIEKTPOCTATUYECKOIO
OTTaJIKMBaHUA, NEJCTBYIOUUX MEXIY
OTJIeJIbHBIMM DJIEMEHTaMl 3apPAKeH-
HOIL TIOBEPXHOCT.

Ecoim F — cuna, meiicTByromasa Ha
eIVHMIlYy  [Jomans  cepbl,  TO

SA=47R%F-SR. CienmoBaTesbHO,

9
A7R%F - SR = &
87€yR(R + OR)

AW =W -W'=

YunurbsiBasd, uTo OR < R, Haxoaum

2
327°gyeER

3apaua 20

sJKuarkocts mIIOTHOCTBIO p € AU~
DJIEKTPUUECKOl IIPOHUIAEMOCTBIO &
HaJmTa B 00JbINION cocyn. IBe pacro-
JIOJKEHHbIE BEPTUKAJBbHO Iapajliesb-
Hble IJIACTUHBI KaCalTCA ee IOBepX-
HOCTU (CM. pUCYHOK). Paccroanmne me-
sxny mtactuHamu d. Hajinure ycraHo-
BUBIIIYIOCA PaBHOBECHYIO BBICOTY h
cToJI0a JKUIKOCTY MEKIY I1J1aCTUHAMU

II0CJIe TOTO, KaK MX IIOJCOeIVIHAT K JMC-
TOYHMKY C Pa3HOCThIO IToTeHImaos U.

Paccmorpum cucremy B cocToAHMM
paBHOBecusA. IIycTb pasMepsl IJIaCTUH
a n b. IIpeArnonos M, 9To CTOJO KU~
KOCTM BUPTYAJbHO CMEIIAETCs II0 BbI-
core BBepx Ha Jh. Torma pabora cuibl

TaKecT 0A; =—mg % =—pghbd - %

JIaMeHeHreM MaccChl CT0JI0a MKIIKOCTI
U3-3a «BTATUBAHUA» MKUIKOCTU U3 CO-
CcyZla B IIPOCTPAHCTBO MEKIY MJIACTU-
HaMyu Mbl TpeHeOperaeM, IMOCKOJBKY
COOTBETCTBYIOIIasA pabora CUJIbl Ts-
SKECTM TI0 TOMHATHUIO 9TO MacChl Ha
BBICOTY 0h IIPONOPIMOHAIbHA (6h)2.

Pabora cus 5JIeKTPUYECKOrO II0JIS
paBHA M3MEHEHUI0 sHeprun OW KOH-
JleHcaTopa, 00pa30BaHHOIO ILJIACTUHA-
MU, TIPY BUPTYAJIbHOM M3MEHEHUI BbI-
COTBI CTOJI0A SKMIOKOCTY Ha Oh:

2 2
04, =§W=5CL=U—-5C (Tak Kak
2 2
U = const).

PaccmarpuBas 3aloJHEHHYIO U He
3all0JIHEHHYI0 YacTy KOHJeHcaTopa
KaK JBa KOHIEHCATOpa, COeIMHEHHBIX
rapaJjuieIbHO, ITOJLyYMM BbIpasKeHue:

_ 8051 " 80852 _ SO(a—h)b + Soghb _
d d d d
_ gab L& (e-1hb
d d

C
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CuenoBaTeJIbHO,
g(e-1)b-oh
-

oC=

Taxum 06pazom,
_gU%e-1)b-Sh
2d '

IIpuMeHAA TPUHINI BUPTYAJIbHBIX
IlepeMelle NI, TOJIyYMM:

54,

2 p— .
U (e-1b éh—pghdb@:(].
2d 2
OTtkyna
- 50U2(g—1).
pgd?
3apgauva 21

Cucrema COCTOUT M3 TOHKOTO 3a-
PAMEHHOTO IIPOBOJIOYHOTO KOJbLA pa-
InycoM R u odeHb
IJIVIHHOM paBHOMEpP-
HO 3apsAKEeHHON HU- A
T, KOTOpas yJaep-
SKMBaeTCA BJOJb OCU
KOJbIla TaK, dYTO

OIVH 13 ee KOHI[OB
COBIIAZaeT C I[eH- Q@
TpoM KoJgablia. Ilo-

caenHee obJgamaer vT

sapanom Q. Ha eguuuny nomee! HUTH
npuxonuTcs 3apan 4. Hangure cury
B3aVIMOJENCTBMA KOJIbIA M HUTIL.

IIycte K HMIKHEMY KOHIY HUTU
npuioskeHa cuia T, yIep:KuUBaroIas
ee B paBHOBeCHMI. JTa CUJIa PaBHA CU-
Jie, C KOTOPOIl HUTH OTTAJIKMBAETCH OT
KOJblla. BuUpTyasbHO CMECTUM HUTh
BHI3 BJO0JIb OCU KOJbIla Ha HeDOJIbIIIoe
paccrosinne ox. PaGora mo sromy me-
peMerniennio 6yeT paBHaA M3MEHEHUIO
HOTEeHIMaJIbHO SHEepPruy B3auMOJeli-
CTBUA HUTU U Kostblia: T-dxc = oW,

MosxHO cUMTaTh, YTO B 1IE€JIOM HUTDH
He WM3MEHUJa CBOEro IIOJIOXKEeHUA B
IIPOCTPAHCTBE, HO 113 DECKOHEYHOCTM K
[EHTPY KOJIblla I[I€PEMECTUJICA He-
OoJbIIION (pparMeHT HUTU C 3apALOM
& = Adx.

Torpa M3MeHEeHMe IMOTEHIMAJIbHOI
SDHEPIUM CHUCTEMBI paBHO OW, =

kQ kQAox
= 5qE=—, OTKyJa Cuja B3al-
MOJIeJICTBIA paBHA:
- k4
R

3apaaumn g caMoCTOATE/IbHOro peweHus

3apgava 22

Pemmnre 3amauy 6, canras, 4To Bce
peiikM OmHOPOJHBIE ¥ Macca CaMOil
KOHCTPYKLNM TaK 3Ke paBHA M.

3apgauva 23

JIBa OIHOPOIHBIX CTEPIKHA Mac-
caMI M U My ONMpPAIOTCA Ha IJIaJIKue
BepTUKaJbHbIE CTEeHKUM U TJIAAKYIO
TOPM30HTAJIBHYIO IIOBEPXHOCTH (CM.
pucyHnor). Haiigure cooTHOIIEHNE

MEXIY YIJaMU ¢ U (/5 TPU PaBHO-

BeClUM CUUCTeMBI.




MNOTEHUNMAN - MaTemaTuka - ®dusnka - MiHpopmaTiika Ne2 | 206 [ 2022 51

3apava 24

Ha roankoil moBepXHOCTM JIEIKUT
TOHKasA MacCUBHAdA Ileroyka maccoir M
(cm. pucysok). HuxkHAA mosoBuHA 1e-
IIOYKY HAXOJOUTCA B KMIKOCTU C ILJIOT-
HOCTBIO BTPOE MEHBIIIE IIJIOTHOCTY Ma-
Tepuaja Ieno4ykn. IIoBepXHOCTbL CO-
CTOUT U3 NIBYX HaCTell, IpeCTaBIIAI0-
mux u3 cedA YeTBEPTU OKPYIKHOCTU
ommMHaKoBoro pajamyca. Kakyrmo cury F
HeoOXOAVIMO IIPUKJIANIBIBATE K BeEpX-
HEMY KOHIIY IIEIIOYKM, 4TOObI OHa He
CKOJIb3UJIA?

3apgava 25

Jlerkuii cTepskeHb, Ha cepeiuHe
KOTOPOTO 3aKpeIlJIEH I'Py3 Maccoi my,
OHVM KOHIIOM CKOJB3UT II0 BEPTU-
KaJIbHOV CTeHe, a IPYIUM IIPUKPEI-
JIeH IIaPHUPHO K MOJI3YHY Maccoit me,
JIBIDKYLIEMyCA TOPM30HTAJbHO (CM.
pucysok). Halinure yckopeHue I0J-
3yHa B Ha4YaJIbHBbII MOMEHT, KOIZa
CTepPsKeHb COCTaBJAET YTOJ ¢ C TOPU-
30HTOM.

3apava 26

Mesxxny 1mracTMHaMM — I1IJIOCKOTO
BO3JYIIIHOTO KOHJZIEHCATOpa IIOMeIleHa
IVBJIEKTPUYecKas IIJIACTMHA TOJIIV-

HOM ly C OMBJIEKTPUIECKOl IPOHUIIae-
MOCTBIO £ (cM. pucyHOK). KonnmeHncaTop
YaCTUYHO MOTPYIKEH B YKUIKOCTb C OV-
BJIEKTPUYECKON ITPOHUIIAEMOCTBIO & U

IJIOTHOCTBIO p. IIpeHeOperasa kammi-
JIIPHBIMM ABJICHUAMM, HAWIATE BBICO-
Ty h ypPOBHA KUAKOCTY B KOHJIEHCATO-
pe, ecay MesKIy ero obkJagxkaMy I1oJ-
JlepsKMBaeTcsA Pas3HOCTb IIOTEHIMAJIOB
U. CyMmMmapHas IIMpUHA CTOJOOB KU~
KOCTY B KOHZIeHCaTOpe paBHa .

3apgava 27

KongencaTop nepeMeHHOII €MKO-
CTM COCTOUT U3 JBYX HEINOIBIMYKHBIX
MeTaJUIMYECKNX IIJIACTUH, pPAacIoJio-
JKEHHBIX Ha paccroguuyu d Ipyr oT
apyra, U TIOABMYKHOM OU3JIEKTpUde-
CKOJ1 IIJIaCTUHBI, KOTOPasa MOXKET II0BO-
padMBaThCA U BXOAUTD B 3a30p MEMKIY
HEIOJBVKHBIMI (CM. PMCYHOK). Bce
IIJJaCTUHBI MMEIOT (POpMy IOJyKpyTa
paguycom R, mpuuem 3a30pbl MeXIy
OVIDJIEKTPUYECKON IJIACTMHOM ¥ ILjIa-
CTMHaMM KOHJIeHcaTopa IpeHebpesxkn-
MO MaJibl 110 cpaBHeHUIO ¢ d. Haiinure
cuiy F, neiicTByIONUTyI0 Ha OABVIKHYIO
IIJIaCTUHY, KOTJla OHa BbIBeJeHa U3 II0-
JIOXKEHMs paBHOBecusd. KonzeHcaTop
IIOOKJIFOYEH K JIC-
TOYHIKY C pPa3HO-
CTBIO IIOTEHIMAJIOB
U. duanexTpude-
cKas IIPOHMIae-
MOCTBb  TIOJBMKHOI
IJIACTVHBI &
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PeHTreHoBCcKUiA KocMuueckuimm tTeneckon IXPE
npucnan nepeblii CHUMOK

Penmeenosckoe usobpadcerue
Kaccuoneu A no 0aHHbLM Meaeckonos
IXPE (nypnypuui ygem) u «danopa»

(cunui yeem)
NASA / CXC / SAO / IXPE

HoBasa peHTTeHOBCKAasA KOCMMYECKAd
obocepBatopusa IXPE mnepepmana Ha 3eM-
JII0 IIepBble Hay4HbIe HaHHBIE, OJsaromaps
KOTOPBIM AaCTPOHOMBI IIOCTPOWUJIN KapTy
VHTEHCUBHOCTY PEHTTEHOBCKOIO N3JIyde-
HIA OT OCTaTKa cBepxXxHOBOW Kaccuones A.
Osxkupaercsd, 4TO BCKOpPE y4YeHble BIIEPBBIE
co3zanyT 6sarojapsa TEJECKOILy KapTy II0-
JIAPU3AIMM PEHTTEHOBCKOIO MBJIYyYeHNUS OT
TYMaHHOCTH, coobiraeTcs Ha carite NASA.

IXPE (Imaging X-ray Polarimetry
Explorer) 6p11a 3amyIiieHa B KOCMOC B KOHIIE
IIPOIILJIOTO To/ia ¥ paboTaeT Ha OKOJI03eMHOI
opbute BbICOTOM 600 KMIOMETPOB. 3aayden
obcepBaTOpMy ABJIAETCA M3MEPEHUsd II0-
JIAPU3AIW PEHTTEHOBCKOIO MBJIYyYeHNUS OT
IIyJIbCapOB, MaTHUTAPOB, IIJIEPMOHOB, JBOV-
HBIX CMCTEM C YePHbIMU ObIpaMl, aKTVBHBIX

Anep raJaKTUK, KBa3apOoB M OCTATKOB CBEPXHOBBIX. TakuM 00pa3oM, acTpOpU3UKI X0~
TAT y3HATH OOJIbIIIE O IIPOIieccax, CBA3aHHBIX C IIOJO0HBIMY 00'bEKTaAMIL.

IlepBoit riespio HabMIOAeHMit IXPE cTasa Kaccnonea A — ocTaToOK OT B3phIBa Mac-
CUBHOVI 3Be3/1bI (IpUMepPHO B 16 pa3 Tawxesee CosHIa), KOTOPbI HAXOAUTCA Ha PacCcTo-
AHVY B 11 ThICAY CBETOBBIX JIeT 0T 3eMJit. CBET 0T B3phIBa JOLIEJI 4O HAC OKOJIO 325 JIeT
Haszaz. Pasmep pacimpsAroIeiicsa TyMaHHOCTY Ha CETOJHAIITHII IeHb OIeHMBAETCA B Ie-
CATH CBETOBBIX JIET, B €€ I[eHTPe HaXOOUTCHA HeiTpoHHaA 3Be3na. Keratyu, Racenonesa A
OBLIa ¥ IIePBOI LIeJIBIO IJIA PEHTTEHOBCKOTO TeJeCKona « Jaumapa».

ITpodonscenue: https://nplusl.ru/news/2022/02/15/ixpe-first-photo





