7 MEXAHIKA
PIOUH | TA3IB
Mexaniunuii pyx y mini meapun nionopsokosy-

EMbC MUM CAMUM 3AKOHAM, WO I PYX Il HEHCUBUX, T
MOMY 04eBUOHO, WO NUMAHHSL PO Me, AKUM came Yu-
HOM I Y SIKIUL MIDI PYX KPOGI NO CYOUHAX 3ANeHCUMb IO
M S308UX WA NPYHCHUX CUT CEPYAL | CYOUH, 3600UMbCsl
00 npobnem, AKi Haexscams 00 8Y3bKO CHEYiaIbHUX
po30inie 2iopaeniku’.

Tomac FOnz — anenivicokuii ¢izux

§ 7.1. 3aranbpHa XxapaKTepuCTHKA PiauH i ra3is

Binomo, mo peuoBrHa MoXke nepe0yBaTH B TPhOX arperaTHUX CTaHAX: TBEPJAOMY, PIIKOMY
i razoroniOHOMY. TBepai Tina 30epiratoTh cBoto Gopmy i 00°eM. 3miHuTH hopMy 1 00’€M TBEp-
JIOTO Tijla Ba)KKO, HaBITh MPHUKIJIANAIOYN J0 HHOIO BENMUKi 3ycuiuisl. Lle moB’s3aHo 3 TUM, IO
MIDX aTOMaMH 1 MOJIEKYJIaMH, 3 SIKHX CKIIaIaloThCs TBEP/I Tijla, iICHYIOTh IHTEHCHBHI CHJIM B3a€-
MOJIii, 3aBJIIKHM SIKUM BOHH HE MOXKYTh TIEPEMIMIaTHCS OHI BIAHOCHO OIHUX, a JIAIIC 3/IiHCHIO-
I0Th KOJIMBAJIbHI PYXH BITHOCHO MOJOKEHHS piBHOBarw. CepemHs BiJACTaHb MK aTOMaMH B
TBEpAMX TiNaxX MPH CTaJiid TeMIeparypi 3aMIMAaeThCsd HE3MIHHOI. MIKMOJEKYISIpHI CHIN B
pinuHax ciadmri, HiX B TBEPAMX Tijax, IO JT03BOJISIE MOJIEKyJIaM TiepeMitaTucs B piauHi. Mo-
JIEKYJTH B PiIMHAX ITPOCTO MTPOKOB3YIOTH OJIHA ITOB3 O/IHOI, aje MIXKMOJIEKY/SPHI CHIM JOCTAT-
Hi A7 TOrO, 00 BTPUMYBATH PiMHY pa3oM. TaknMm 4nHOM, OJHIE€IO i3 0COOIMBOCTEH piANH €
T€, 110 BOHU MOKYTh TeKTH.

[HII1010 OCOGNMBICTIO PiAMH € IXHS 3AATHICTH 30epiraTu cBiii 00°€M, sIKuil M Ji€l0 cuiu
TSDKIHHS HaOyBae (hOpPMH MTOCYIMHH, Ta iICHYBaHHS B PiJIiHI Bi1bHOI eHeprii. Pinunn, sk 1 TBepai
TiJa, MaJo CTHCIIHBI, TOOTO BOHH MAfOTh IIEBHUN BIACHUH 00’eM. CTUCIHUBICTE PiTUH B ICCITKH 1
COTHI THICSY pa3iB MEHINA, HOK IUIA Ta3iB. [IpHYMHOIO IBOTO € iCHYBaHHSA B PIAMHAX BEIUKUX
MDKMOJICKYJISIPHUX CHJT BIAIITOBXYBaHHS. JIsl piAMH XapaKkTepHE TEIUIOBE PO3LIMPEHHS, SIKE 3a-
JIGKUTH BiJl POLY PIAMHM, TEMIIEPATYPH 1 30BHIIIHBOTO THUCKY. BBIIICTh piAMH NpH HarpiBaHHI
PO3IMINPIOIOTHCS, IO OB’ A3aHE 13 301IbIICHHSM IHTEHCUBHOCTI TEIUIOBOTO PYXY.

["a3u HEe BOMOIFOTH Hi TIEBHOO ()OPMOIO, Hi TICBHUM 00’ €MOM: BOHU TIOBHICTIO 3aII0BHIOIOTH
TIOCY/IMHHY, B 5IKi BOHHU ITOMIIIAIOThesL. He Bonmoitoun meBHO0 (OPMOT0, Ta3H, K 1 piAWHH, 34aTHI
TekTH. L5 3aranbHa BIacTHBICTD 00’ €/THYE iX.

§ 7.2. Tuck B pianHax i razax

Tuck — me cuia, sika i€ Ha OJMHUIO NJIONI MOBEPXHi, MepNeHINKYJ/ISIPHOI 10 Ham-
PAMKY il cHiIu:

P=_, (7.1)

e S — ioma noBepxsi. 3rigno Busznauenns B CI Tick BuMipioeThes B H/M’. BUKOPHCTOBYIOTH
1wie i iHIITy OJIMHUINO THCKY, KA Ha3uBaeThes mackans (ITa): 1 Tla = 1H/m
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7. Mexanixa pioun i eazie

Mpuknan 7.1. Ha eonxy Odie cuna F =9,8 107 H. Hxusi muck wunume 201xa na 20pU30H-
ManbHy NO6epxHIo, akujo diamemp ii gicmps d = 1,3-10°u?
Po3B’s130k. 32iono (7.1)

-3
o F_ 4|=2 49810 75H)2 7440 iz
S ad?  314(13-107°m) M

Tym S = nd % | 4 — naowa nosepxwi, na sxy die cuna.
s nopisuanus 3natidemo muck moounu macoro M = 70 ke, sxa cmoims 6epmuKanbHoO, HA

semo, skuo niowa ii nioows niz S = 300 cu®:
F_mg (70 x2)(98 m/c?)

H

4

s s 002 o
1 M M

Tuck modunu na semmio ckradae ~ 3-10™ mucky, wo wunums na nosepxnio zonxa.

JlocimiTHIM [IUISIXOM BCTAHOBJICHO, IO PIWHM 1 T'a3M CTBOPIOIOTH THUCK Y BCIX HAlpsIMKax.
Ipuuomy Beepenuni pimumn (abo ra3y), ska 3HAXOMUTHCSA B CTaHI
CITOKOIO, THCK OJIHAKOBHH Yy BCIX HampsiMkax (puc. 7.1).

e oxHi€r0 BaXITMBOIO BIACTUBICTIO HEPYXOMOI pinuau (a6o
rasy) € Te, IO CUJIA, 0 BUKIMKAHA THCKOM, IIi€ 3aBXK M IIEPIICH-
JIKYJSIPHO 710 TTIOBEPXHi, /10 SIKOT BOHA JIOTHKA€ETHCS.

Jami 3HalaeMo THUCK, SKUH YMHUTH PiUHA Ha JHO ITOCY.TH-
HH, IKy BOHA 3aI0BHIOE 110 BucoTd h (puc. 7.2). Tuck pimuau Ha

J JIHI TOCYJMHU 0OyMOBJICHIH Baroro piinHu. Takum 4MHOM, cria,
,’ 1o fie Ha oty S, nopieuroe F =mg = pghS, e Sh=V - 06’em,
SIKUH 3aliMa€ pisiiHa, p — TYCTUHA PIANHH, § — IPUCKOPEHHS Billb-
HOTo maaiHHs. TakuM YHHOM, MaeMO

e

Puc. 7.1

F_pdhS (7.2)
S S

3ayBaxxumo, 1o h HeoOOB’SI3KOBO MOBHHHA CITIBIAJATH 3 MOBHOK MIHOMHOIO pimuHu. Dop-
myna (7.2) cpaBemiuBa s Oyb-sKOI TTIHOUHH.

SIKII0 Ha MOBEPXHIO PIIMHM i€ JONATKOBHI THUCK, HAPUKIIAA, aTMOC(HEpHHH, TO THUCK pi-
JIMHY Ha TInOuHI h BUpasuThCs Tak:

P = P, + pgh, (7.3)

ne P, —armocdepHuil THCK Haa pigUHOLO.

Tucky, 00yMOBIIEHOTO Baroro 3eMHOi atMoc(epH, MiIAI0THCs BCl Ipet-
mmm = METH, 3aHypeHi B LieH BeJICTCHCHKUI MOBITPSIHUM OKeaH, BKIIIOYAl0UH 1 Ha-
w i Tia. JIoACKKUIA OpraHizM BUTPUMY€E 3HAYHUH 30BHIIIHIM THCK 3aBJsi-
K{ TOMY, IO BiH KOMIICHCYETHCSI BHYTPIIIHIM THCKOM, SKAU MiATpUMY-

b erpcs B xuBMX wiiTMHax. Tak camMo THCK BCEPEIMHI MOBITPAHOI Kyiti
3piBHOB@KYETHCSI aTMOC(EPHUM THUCKOM. THCK B ra3oBoMy OajioHi 3aB-

5 A IITKA F10T0 KOPCTKOCTI MOke OyTH Habarato OiibIe aTMOC(hepHOTO.
\\_/ THCcK BUMIPIOETHCS 32 TOMIOMOTOI0 MAaHOMETPIiB. binbmiicTs MexaHid-
HUX MaHOMETPIB TIOKa3yIOTh PI3HUITIO MK THCKOM Ta3y, HAPHUKIA, B 0a-
Puc. 7.2 JIOHI 1 THCKOM OTOYYIO4Oi aTMOC(EpH:
P,=P-P,. (7.4)
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8 7.3. Teuis piounu

Tuck P,, Ha3uBaroTb MAHOMETPHMYHHMM a00 HAVIMIIKOBMM THCKOM; P — Iie TUCK BCEPEeIHHI

OasIoHa i Ha3MBAETHCS A0COMIOTHAM THCKOM; Py — atmochepruii Tick (Po = 101,325 kI1a).
SIkiro, Hanpukian, maHoMerp mokasye 220 klla — e mMaHoMeTpudHU (HaIUTHIIKOBHIA)
THCK. AOcomrotHe 3HaYeHHs TucKy = 220 xIla + 101,325 kIla = 321,325 xI1a.

Hpuxnan 7.2. Jlieuti wnyHOYoK cepys, CKOPOUYIOYUCH, NPOSAHSE KPO8 NO CUCMEMI KPOBO-
obiey. Beaoicarouu niowy eHympiuinboi nosepxwi wyHouka pignoro S = 85 eM?, a makcumanshuii
muck Kpogi Prax = 120 ymm. pm. cm., pospaxysamu noguy cuny, sKa po3eusaemvCs M a3aMu uy-
HOUKA 8 MOMEHM, KO MUCK MAKCUMATTbHULL.

Po3B’si30k. 32iono (7.1)

P:_i

36I0KU
F =P,xS = (120)(133H //;42)(8,5.10*3,‘42 = 14-10°H.

Tym epaxosano, wo 1 mm. pm. cm. = 133 H/i.

Mpuxnax 7.3. Ilpu koocromy ckopouenni cepye npokauye npubnusio N = 70 en® kposi
nio cepeonim muckom P = 105 mm. pm. cm. Pospaxyeamu nomysxcnicme cepys y eamax npu 60
S CKOPOYEHHSX 30 XUTUHY .

,V) Po3B’s130k. Cnouamxy pospaxyemo pobomy, sKa 6UKOHYEMb-

cs cepyem npu 0OHOKpAMHOMY cKopoyerHi. 30opazumo N — yoapuuii

> 7 >T 00 ’em kposi y euensaoi yuninopa (puc. 71.3). Moocna esascamu, wo

cepye npooasmoe yeu 00’em Kpoei no aopmi nepepizom S na 6io-

Puc. 7.3 cmans | npu cepednvomy mucky P. Tooi euxonyeana npu ybomy po-
boma

A =Fl =PSI =PV = (105)(133 H / 1?)(7-10°x%) = 0,98 [orc.
ne F=PS, V=28l
Lle poboma, sixa 6UKOHYEMbCSL NPU OOHOKPAMHOMY CKOpodenHi cepys. OCKinbKu, 32i0H0 YMOoBU
3a0aui, ckopoueHHs cepys 8i0byeaemuca Ha npomsasi 1 ¢, mo nomyoicHicms cepys dopieHrosamume:

A 098I _ o8 pm,
t lc

P,

§ 7.3. Teuist piguun

IMoniGHicTh BIACTUBOCTEH PifUH 1 ra3iB (BelMKa PyXJIUBICTh YaCTHHOK, BiICYTHICTH OMOPY
npu aedopMariisix 3cyBy, Oisibiia a60 MEHIIA CTHCIIHUBICTD) € MPUYMHOIO TOTO, IO YMMAI0 MeXa-
HIYHUX SBUII B PiIMHAX i ra3ax MPOTIKAIOTh OJHAKoBO. L[ oOcraBuHA manma 3mMory o0’ €qHATH
Ha3MBaIOTh TiAPOAMHAMIKOI0. B rizponuHaMimi piinHy i Ta3u po3IysiIaloTh SIK CyIUIbHE, Here-
PEpBHE CEpeIOBHIIIE, SKE HA3UBAIOTH PiIMHOIO.

Pyx pimiHN Ha3MBaIOTH Te4i€l0, a CyKYITHICTh YaCTHHOK PYXOMOI PIAMHH — MOTOKOM. OHIM
i3 METO/IiB BUBYEHHS PYXY PIOVHH € PO3IIIIA PYXy OKpeMuX ii 4acTHHOK. PyX KOKHOI YaCTHHKH
TIKOPSIEThCS 3aKoHaM HproTOHA 1 #oro MO)kHa B NPWHIMIN PO3paxyBaTH, OFHAK PO3PAXyHKH
JIOCTaTHBO TPOMI3/KI 1 cKIaHi. [IpocTimM € MeTo, B SIKOMY CITOCTEpIraioTh He 33 PyXOM KOKHOI
YACTUHKH PIJVHY, @ BUBYAIOTH MAPaMETPH PYXy ITOTOKY PiAMHM B KOXHIH TOUIl MPOCTOPY 3 Ha-
coMm. [Ipu 11bOMy BUMIpIOIOT HE IBHAKICTH 1 MPUCKOPEHHS YaCTHHOK PiMHY, a IIBHIKICTS 1 IpHC-
KOpEHHS MOTOKY pinuau. IIBUAKicT MOTOKY PIAMHM B JaHIH TOUMI POCTOPY € (QDYHKIIEIO KOOp-
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7. Mexanixa pioun i easzie

JIAHAT 1 9acy.
Jlist aHanizy pyxy piAMHM KOPHUCTYIOTHCS JIHISIMH Tedil, 5IKi € TPAEKTOPIsIMH, IO SKUX pyXa-
FOTBCS YACTHHKH pimuan (puc. 7.4, a). IBuakicTs piaunu B Gy b-
SIKif TOYII HATIpaBJICHA IT0 JOTUYHIX JTiHii Tedil. JIinii Tedii Hikonn

/ HE TEPETUHAIOThCS OfIHA 3 OJHOIO. | HIKONM HE MOXYTh parToM
obipBaTHCsL.
Sy YactrHy pigmHH, 0OMEXEHyY JiHISIMH Tedil, Ha3UBalOTh TPYO-
u Ko10 Tedii (puc. 7.4, 6). TpyOKy Tedii MOKHA ySBUTH SIK TPYOKY 3
6
S,

>KOPCTKOFO OIYHOI0 TIOBEPXHEIO, 10 sIKii Tedye pianHa. PimumHy, 00-
MEXKEHY TPYyOKOIO Tedil, HA3UBAaIOTh CTPYMEHEM.
Tedis pinvHE HA3WBAETHCS CTALMIOHAPHOIO, SIKIIO IIBH/KICTH
TaKoi Tedii B OyIb-sKii TOUll HE 3MIHIOETHCS 3 IUIMHOM Yacy. Y
BUIIA/IKY, KOJIA MIBHAIKICT Te4il B AaHiH TOUIl 3MiHIOETECS 3 TIIH-
HOM 4acy, TO TaKa TeUis Ha3UBA€THCS HECTAIOHAPHOIO.
Po3pi3H:I0TE 1Ba TWIH Teuii piAMHK: JaMiHAPHY i TypOyJIeHT-
Hy. Tedito, B sIKOi CyMDKHI IIapH HiOW KOB3AIOTh OJWH BiJHOCHO
OJIHOTO, Ha3WBaOTh JiamiHapHOO. [IIBHakocTi wacTWHOK y Oymb-
%.Tﬁf& SIKOMY TIepepi3i napanesbHi Mk coboro. Lle o3Hauae, 1o JaminapHa
J V) Tedyisl € CTaI[iOHapHOIO. I3 30LIBIIEHHAM MIBUAKOCTI PYXY PIAWHA
XapakTep Tedil iCTOTHO 3MiHIoeThesl. Komm mBHAKicTh Tedii nepe-
BUIITY€ TIEBHY MEXY, SIKa 3aJISKHUTH Bi psmy (axropis, Tedis cTae
TypOyneHTHO. TypOy/1eHTHOIO € Taka Tedis, U SIKOi XapaKTepHi
Puc. 7.4 HEpEryJSIpHI PYXH 31 CKJIQJHUMH TPAEKTOPISIMH, a IIBHIKOCTI 3Mi-
HIOIOTBCSI XaOTHYHO SIK 32 HANpsIMKOM, TaK 1 33 BEIMYMHOIO. B TypOyIeHTHHX HOTOKaxX 4acTo BH-
HUKAIOTh BUXOPH — JUBIHKH 13 3aMKHYTAMU TpaekTopisvu (puc. 7.4, 6). IIpuarHOI0 YTBOPECHHS BU-
XOpiB y pifiHax € B’s3KicTh. [Ipukianamu TypOyJIeHTHOTO pyXy € pyX BOAW B OYPXJIMBHX TiPCHKUX
piukax, pyX JFMY, IO BUXOIUTH i3 3aBOJICBKHX AUMAPIB, PyX MOBITPS ITiJT 9aC CHIrOBOi Oypi TOIIIO.
[IBuaKicTs, Tpy sIKil TaMiHapHA Tedisl IEPEXOANTh B TypOYyJICHTHY, HAa3UBA€ThCSI KPUTHY-
now (v, ). Ii MoxHa BupaxyBaTH, 3HAFOUM B S3KICTH 77, TCTHHY DiJMHH p Ta pajiyc TPYOKH 3a

¢dopmyoro:

v, =R, L. (7.5)
or
Tyt Re — 6e3po3mipHa BellnunHa, sika Ha3UBA€ThCs YnMcaoM PeiiHonbaca. Skmo uncio PeiiHo-
JbJica Olble NessKoro KpUtHaHoro 3uadeHus (Re > Ry), To Teuis TypOynenTrHa. Hampukiar,
JUTSA TIAJKUX ITiHAprIHEX TPy Re = 2300.

Omxe, 3aJIOXKHO BiJl BIACTHBOCTEH PIIMHY Ta YMOB il IIPOTIKaHHS, Tedis MOXKe OyTH JIaMiHap-
HOIO a00 TypOyIIeHTHOIO.

Teuis KpoBi B apTepisix 3a HOPMAJIBGHUX YMOB € JIaMiHapHO0. HeBernrka TypOyaeHTHICTh Ipo-
SIBIISIETHCS TUTBKM B MICIPIX 1MOONM3Y KianaHiB aoptu. [Ipu martororii, Koin B’s3KicTh KpoBi OyBae
MEHIIIOIO 32 HOpMY, YHciI0 PeliHombca MOXKe TIepeBEpIINTH KpUTHIHE 3HAYCHHS 1 TeUist KpOBi CTae
TypOyseHTHO. 32 HOPMAIBHUX YMOB JIAMIHAPHOIO € 1 Tedisl HOBITPS B HOCOBHX ITOPOXKHHUHAX.
OJIHaK, TIpH SKMXOCh BIIXHMICHHSX Bi HOpMHE (HATIPHKIIAN, TIPH 3aMajiCHHSX) TEUist HOBITPSI MOXE
cTaTé TypOYJICHTHOIO, 10 BUKJIMYE JOJATKOBE HABAHTAXKECHHS Ha IUXAJIBHI M’ SI3H.

§ 7.4. PiBHSIHHS HEPO3PUBHOCTI

BuBgaroun pyx piTuHH, KOPUCTYIOTHCS 1/1€aTi30BAHOIO PiTUHOIO, SKY HA3WBAIOTH idealib-
HOI0 pinuHow. IneanbHa pignHa — ne piguHa, sika a0COTHTHO HECTHCIHNBA i MOBHICTIO
mo30aBJieHa BHYTPIlIHHOr0 TepTs (B’A3KIiCTh TAKOI PiAMHH JOPIBHIOE HYJIIO).
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8§ 7.4. PigHsiHHsL HEPO3PUBHOCTIE

PosrsiHeMO nani cramioHapHHMH MOTIK PiMHE B MeXax TPYOKH 1 3sICyeMO, SIK 3MIHIOETHCSI IIBH/I-
KICTb PiIMHM B 3aJISKHOCTI BiJI TOIIEPEYHNX PO3MIpiB TpyOku. TpyOKy Teuii BHOEpeMO Taky Maiy,
100 MBUIKICTb PiIMHU B OyIb-AKOMY IONepeuHOMY Iepepisi Oyna cranoro. Ha puc. 7.5 v; 1 v, —
LIBUJKOCTI, 3 IKUMH PiZIMHA PYXA€ThCs BIIITOBITHO Yepes3 ToIepeyHi Iepepi3u miomero S; 1 S;. Maca
pimiHE AM, IO MPOTIKae 3a 9ac At depes MomepeyHui repepi3 S, BU3HAYAETECS TAKOK (POPMYIIO0:

Am = pvSAt,
IIe p — TYCTUHA PiAWHHU.

[pu cramioHapHOMY ITOTOII Maca PiWHY, IO MPOTIKAE 32 OIMHHUINO Yacy 4epe3 Oymab-sKui
niepepi3 TpyOkw Tedii, oaHaKoBa I Beix mepepisiB. [t nepepisiB 3 miomamu S; 1 S, s cramio-
HApHOro MOTOKY MOYKHA 3aIMCATH, 110

P1U1 Sy = paU; Sy (*)

SIKio piauHa HECTUCIMBA, TO P = Py, 1 TOMI PIBHAHHA
(*) mepenmmIeTsCs TAK:

S Ul SZ 62 UlSl = UZSZ’ (76)
' Puc. 7.5 abo

@)

Tyr vS — KUIBKICTh PiJMHY, IO MPOTIKAE Yepe3 mepepi3 S 3a oy cekynay. 13 (7.7) BuaHo,
IO B TOMY MiCIli, Jie Tiepepi3 TpyOKu Teuii (a60 peansHOl TpyOH) OLIBIIMI, IBHAKICTH TEUil MCH-
I1a, a TaMm, Jie Iepepi3 MEHIIMA, MBUAKICTE OuThIa. I3 puc. 7.5 MoXkHa TOMITUTH, TI10, YUM TiCHIIIIE
PO3MIIIIeHI JIiHiT Tedii, THM OLTBIIA T IBUIKICT.

PiBusius (7.7) Ha3uBaOTh PiBHAHHSIM HEPO3PUBHOCTI: KiIbKiCTH piguHu, 1m0 OPOTi-
Kae€ 3a oquHuIIo 4Yacy (1 ¢) yepe3 Oynb-sikuii mepepis TpyoKu Tedii, oTHAKOBA.

Mpuknan 7.4. Ha npomsasi k020 uacy 3anoenioemoscs 600oto bacetin 2mubunoro h = 3,1 m,
wiupunoro a =95 m i dosorcunoro b =21 m, sxwo 60da nocmynac i3 winanea oiamempom d =19 cu
31 weuokicmro v =15 mlc?.

Po3B’si30k. [Joboymox vS (Qus. -1y (1.7)) we nazusaroms 06’ emMHuM Po3x00OM PiOUHU,

KUl OOPIBHIOE
vV Sl
vS = — ==, 1
T @)
0e V = Sl — 06 ’em piounu, wo npoxodums uepes nepepiz S 3a uac t, | — doeoxcuna winsxy, axuil
npoxooums eudinena yacmuna piounu 6 nepepizi S, It =v — weudxicmo piounu 6 nepepisi. I3

(1) maemo:
fo 4h2b L CEEDICS M)(leM) ~ = 1454911 ¢ = 404 200.
0S % (314)L5 M)(LI-10 2 x)

Tym S =d? /4.

Hpuknan 7.5. Paodiyc aopmu dopienioe 1 = 1,0 cm; kpoe pyxacmocs 6 aopmi 31 wisuoxicmio
v, = 30 cm/ c. Pospaxysamu wiguoKicme meuii Kposi 8 KANLAAPAX, AKUO BIOOMO, WO CYMAPHA NIO-
wa nepepizy Kkaninapis cknadae S, = 2000 e’ (xoua koxcnuii kaningp mae Oiavemp =810 cn,
KIIBKICMb IX CAHO8UMb MITbApOLL).

Po3B’5130K. /151 GUBHAUEHHS WBUOKOCT KPOBI U,y 8 KANIAPax ckopucmaemocs pisHsntam (1.6):
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7. Mexanixa pioun i easzie

36I0KU
2 2
v;S;  wnrRv;  (314)(0,010 M) (0,30 m/c) 4 M MM
U, = = = =47-100" —~05 —.
27 s, S, 0.2 12 c c

8 7.5. PiBusiHus Bepnymi

OpHe 13 HAMOUTBII BOKIMBUX PIBHSIHb, SIKE BUKOPUCTOBYETHCS JUTSI ONHCY PYXOMUX PiJHH, OYII0
OTPHMaHO IIBEHIAPCHKAM MaTeMaTUKOM 1 MexanikoM Jaruinom Bepryrmi (1700 — 1782).

PiBasiHHA BepHymni MoXHa BUBECTH, BU-
KOPHICTOBYFOUH 3aKOH 30€peKCHHS MEXaHIIHOT
€Heprii py NPOTIKaHHI PIIMHK Yepe3 TPYOKy.
ITpn pomy OymeMo BBaXKaTH PO3IIISAYBaHY
PIAMHY iIeaTbHOIO, a ii TeYil0 CTAIliOHAPHOIO i
JIaMIHAPHOIO.

Bunimmvo nogymkn B TpyOri Tedil pinu-
HU eJIEMEHT, 0OMeXeHnH nepepizamu S; 1 Sy,
gepe3 vy | U, TO3HAYNMO MIBHAKOCTI YACTH-
HOK PIJIMHU B IIUX Tiepepizax, a yepes Py i P
— THCKH, sKi JilOTh Ha Tiepepi3u S; i S, Hax
JesKuM BHXigHUM piBHem (puc. 7.6). 3a me-
BEJIMKHI TPOMIKOK 4acy BUALICHUH €IEMEHT
PIZIMHY [IEPEMICTHTBCSL BBEPX 1 BIPaBo (HOBE

Puc. 7.6 TIOJIO>KEHHSI IIepepi3iB MO3HAYEHO ITPUXOBHU-

M JTiHisMu). JliBA# KiHEb €IEMEeHTY PiIuHA

(tiepepi3 S;) epeMICTHTHCS Ha BiZICTaHb X1. B TO# jKe yac npaBwii KiHerp (epepi3 S;) IpoXoauTsh

Oinmpmry BificTaHb Xp. OCKIIBKM pinvHa imeanbHa, 3MiHAa 00’€My pIAMHM 3J1iBa IOBHHHA JIO-
piBHIOBaTH 3MiHi 00’ eMy pinuHU cipaa. Tomy

Maca 06’emy AV piguHN
m=p-AV,

3BIIKH
Aav ="
P

3ayBakxuMo, IO OCKUIBKH PiMHA i/IeabHa, TO My = M, = M.
Po6ora, sika BUKOHYETHCS Haj BUIUICHHM eneMeHToM A; = Py S; x; (us pobota BUKOHY-

etbes cwioro Fy = P3S;). PoGoTa, sIka BHKOHYETHCS CAMHM IMM eleMeHToM A; = — P, Sy xp
(tyr cuna F, = P,S,, sika BUKOHYe po6OTYy, Ma€ HAIPSIMOK HPOTIICKHUI MEPEMIIIEHHIO X;).
Kpim Toro, BUKOHYEThCS pobOTa B MOJI CHII TSDKIHHS, sika jopiBHIOE A3 =—mg (h, — hy).Tyr

3HAK MiHyC CTOITh TOMY, IIIO PYX 3IiMCHIOETHCS IPOTH CHII TsDKiHHS. [ToBHa po6oTa, sika BUKO-
HYETBCS P1ANHOIO, JIOPiBHIOE:

A= A+A+A=PRSXx — PSX, —mgh, + mgh,.

3rigHO TEOpeMHU Mpo 3B 530K poOOTH i eHeprii, BUKOHYBaHa HaJ CHCTEMOIO po0OTa JT0piB-
HIOE 3MiHi i1 kiHeTHuHOI eHeprii. Tomi
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8 7.5. Piensinns Bepuyni

2 2
mop Mo _ le - sz — mgh, + mgh,.
p p

2 2

Tyt BpaxoBaHo, MO Si% =S,X, = AV =m/p.
ITicnst BiAMOBIJHUX NPOCTUX NMEPETBOPEHD OTPUMAEMO:

2 2
L L
Py +p71 + pghy = P, +p72 + pgh,. (7.8)

Le i € piBastnust Bepuysuti. OcKiTBKY TIepepi3u MOXKYTh OyTH BHOpaHi JOBIJIBHO B3J0BXK
TpyOKH Teuii, To piBHsHHS bepryuti (7.8) MoKHa 3anmcaTd y BUTISII

2
P+p07 + pgh = const (7.9)

1 BOHO cripaBeTiBe B Oynb-siKiil Toumi piauHu (B3XOBXK JiHIl Tedil). Benmunny ,ou2 /2 Hazm-
BAIOTH THHAMIMHHM THCKOM (HAIIOPOM), € KIHETHYHA SHeprist OuHuI 00’ eMy pimuayn, pgh —
riTpaBJdiYHEM THCKOM, SKHUH JOPIBHIOE IMUTOMIN NOTCHITIANBHIA eHepril TskiHHA, a P — cTa-
THYHUM THCKOM, KU Ma€ 3HAYCHHS MTOMOI NOTEHIIaJIbHOI €Heprii piAnHM, 3yMOBIEHOI CH-
samu TUCKy. OTXKe, B CTAIOHAPHOMY MOTOIIi i1eaIbHOI PiIMHY MOBHMIA THCK B OyAb-SIKOMY
MonepevYHoOMy Mnepepisi NOTOKY CcTATHI.

PiBusaHS BepHyiti € BUpa>keHHSIM 3aKOHY 30epeKeHHSI MEXaHIuHOI eHeprii y 3acTocyBaH-
Hi JI0 CTaI[iOHApHOTO TIOTOKY 1/IeaTbHOI PiINHY.

3acrocyBaHHs piBHIHHA bepHyru HaifipisHomaniTHimm. Och IesKi 13 HUX.

1. Mpumyctumo, mio piguHa Hepyxoma. Tomi i3 piBmsHHEs (7.8) OoTpEMaeMo criBBimHO-
IIEHHSA MK TTIHOMHOIO 1 THCKOM:

Skmo P, — THCK Ha ToBepXHi pimuad, a h, —h; — rnbuna, BigpaxoBaHa Bija MOBepXHi

'h

L1 U, > U

Puc. 7.7
piguHH, TO oTpEMaeMo Gopmyiy (7.3), orpuMany pasiie:
P =Py +pg(h, —hy) =Py + pgh.

2. 3 iHIMM OKPEMHM BHIIaJIKOM 3aCTOCYBaHHsS piBHSHHSA bepHysuti 3ycTpiyaeMocs,
KOJIA PyX piAvHU BigOyBaeThCs NPAKTHYHO HA HE3MIHHOMY piBHI (FOPH30HTAIBHO), TOO-
to hy = h,. Toxi piBHsiHHS HaGy/Ie BUIIIALY

2 2

Uy L2
PR+p— =P, +p—=
1tp 2t P~

2 2
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7. Mexanixa pioun i easzie

s popmyna KiTBKICHO BiToOpakae TOH (akT, IO B TOYKAX, B SKUX IIBHAKICT OLTBINA, THCK MEH-
nmii 1 HaBmaku. Ha puc. 7.7 HaBeneHumit npukian mporo edexry. [IBuaKicTs y By3bKOMy MicIi
TpyOu OLIbIIA IIBUAKOCTI B IIMPOKOMY MICIIi.

Tuck B pigvHI BUMIPIOETHCS 32 BHCOTOIO HEPYXOMOI PiJMHU Yy BEPTHKAJIBHHX TPYOKax.
[Mpuctpiii i3 3By)KEHNUM TIepepi3oM TpyOH MmocepenHi i 3 BOIOMAiHMaIbHIMU TPYOKaMy Ha3u-
BaroTh TpyOKOI0 Benrypi (puc. 7.8). HeckimamHo mokasaTH, 110 IMBUAKICT TOTOKY BU3HAYAETH-
cs 3a HOpPMYITOr0

2(P, - Py)
p(Sf —S3)

JIe p — TYCTHHa pifuHH, P; 1 P, — IOKa3u MaHOMETDIB B riepepizax S; 1 Sy. TpyOku Bentypi crBopeni
HAaBITh 11 BUMIPIOBaHHS MBUAKOCTI Tedii KPOBi B CY[IMHAX. 3a JOMIOMOTOK0 MOMiOHUX TIPHIIAIIB
(maT4uKiB) MOXKHA BUMIpIOBaTH i 00’ €eMHHMI PO3XijL, TOOTO MOTIK PiIMHH, KK TOPIBHIOE U;S; .

v =S, (7.10)

Ortsip 2 Orsip 1

Touka raJJbMyBaHHS

Puc. 7.8 Puc. 7.9

Ha puc. 7.9 HaBeneHo cxeMy iHIIOrO MpIIAAY Ul BUMIPIOBaHHS MBHAKOCTI PiIUHH, TPYO-
ku Ilito. [Ipunazn 3aHypIoIOTh y piMHY, IBHIKICTD SIKOi TpeOa BUMipsATH. BiH ckilamaeTscs 3
JIBOX 3irHYTHX MaHOMETPUYHHUX TPYOOK 3 OTBOpAMH, OIMH 3 KX (2) CIPSAMOBaHUIA IPOTH Te-
uii, gpyruii (1) — napanensHo ninii Tedii. OTBip 1 BUMIpIOE CTaTHYHUIA THCK, & OTBip 2 — IOB-
HUIL.

3anmmemMo piBHAHHA bepHyti U1t TOpU30HTAIBHOTO OTOKY:

2 2
p”?l + P = p”?z + P, (7.11)

J€ Uy 1 U, — BIANOBIJHO MBUAKOCTI pyXy piauHuU nepen orBopamu 11 2.
B Touui ranemyBaHHst (OTBIp 2) MIBUAKICT PIAMHK U, = 0. SIKII0 WBHAKICTH piguHu Oins

orBopy 1 nosnaunru vepe3 v (v; =v), 10 i3 (7.11) orpumMaemo:

2(P, - R)
yol

ne P, — THCK Tiepe]] OTBOPOM 2, BiH GUIBIIHH, HixX craTianmii THCK Py (Trck mepes otBopoM 1). Trck
P, BUMIPFO€THCSI 32 IIKAIOFO MPABOI0 KOJIIHA, @ TUCK ) — 32 IKAJIOKO JIIBOrO KOJTiHa MAHOMETPA.
IMpuiag MOXKHA TIPOTPAIyIOBATH TaK, IIO 32 PI3HUIICIO THCKIB (pi3HuIEo Bucot h) Ge3mo-
cepeHbO OTPUMYBATH 3HAYEHHS IIBUIKOCTI PiJMHH.
TpyOky IliTo BUKOPHCTOBYIOTH UISi BUMIPIOBAHHS MIBMJIKOCTI KOpaOmiB i JyiTakiB. MiHia-
TIOpHa TpyOKa IliTo 3 pTYyTHIM MaHOMETPOM BHUKOPHCTOBYETHCS /IS BUMIPIOBaHHS HIBUIKOCTI
KPOBOTOKY.

(7.12)
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8 7.6. ITioiimanvra cuna, sika 0ie 6 nomoyi pioutu

Mpukaan 7.6. Axwo weuokicme 6impy nao daxom 6younxy v = 25wm/C, mo sixa cuna die

Ha Oax naowero S = 250 1*?
Po3B’si30k. Tuck, wo yunums ammocghepre nosimps

P=Py—>" Ha 0ax, OOPIGHIOE PIZHUYI MUCKI8 NOGIMPS HA 04X 3HU3Y
P, i 36epxy Py (puc. 7.10), sxi 3natioemo, ckopucmaguices
l — pienannam bepuynni:
_’1 =0 2
pL
P=R-—.
? 1T
I
| U, =0 . ? .
I Tym Py = P, — cmamuuHuii muck, — ouHamiy-
Ip, = P, 5 . .
Hutl muck. PisHuys muckie
Puc. 7.10 pL? pv?

AP= PZ_Pl= PO_(PO —T =T.

Ockinbku muck ye cuna, wo oic Ha oounuyio nogepxui (P =F/S), mo

v® o (L225xe/ 2)(25 m)?(250 w°)

F=APS = P2 ¢ = 10-10°H.
2 2

Cuna F =1,0 - 10° H die na dax 31u3y esepx.

Hpuxnan 7.7. Busnauumu weuoKicms UmiKauts i0eaibHOl HeCIMUCIUGol piouHu yepes Hege-
JUKULE 0meip 6 60Koeil cminyi wiupokoi nocyounu (puc. 7 11).
= -F Po3B’a30K. Ko piouna sumikae 3 omeopy nooauszy oHa
¢Ul nocyouru, niuii meuii cxodamuecs, sk nokazano Ha puc. 1.11.
Jna susnavenns weuUOKOcmi cmpymeHs piounu npu 6uxooi i3
0MBOPY CKOPUCIAEMOCH PieHANHAM Bepryni.
" vl 2
Pl+,o?1 +pgh=P2+p?2,

NS oy ()? Pi=Py—- azmwocqbvepnuu mucK, AKutl Oi€ HA BIIbHY NOBEPXHIO
= )\\\\\\% piounu. Taxuu camuti muck P, = Py die Ha nosepxuio cmpyme-
l \\\\\‘; N Hs, wo eumikae. OCKinbKu niowa nepepizy nocyouru S; nepe-
\\t\ BULYYE NIOWY Nepepi3y 0OMBOpYy, Mo WEUOKICMb PYXY YACMUHOK

\

Puc. 711 \\\  PiOUHU GiNbHOI NOGEPXHI Ly 3HAYHO MEHUAA BI0 UEUOKOCI YaCHU-
uc. f. '\ . .
HOK, W0 NpOX00simb OMEIp, Modmo Ly << Uy, | 6eIUYUHOI0 Uy Y

pisuanni bepryani modcna snexmysamu. Tooi

v, =4/2gh.

Tym h sidcmans 6i0 yenmpa omeopy 00 6inbnoi nosepxni piounu. Ocmaniio popmyny Ha-
3ugatoms ghopmynoro Toppiuenni.

§ 7.6. IixiiimanbHa cuia, sika jii€ B MOTOWi PiquHu

OpHi€ro 3 BXIIMBUX 3a7a4 TiAPO — 1 aepOJMHAMIKY € BUBUEHHS CHJI, 3 IKUMH JIi€ CEPeo-
Bumie (pizuna abo ra3) Ha pyxomi Tiza. Cria, 3 KOO Jli€ piIrHa Ha TiIO IPH IXHROMY BiJHOC-
HOMY PYCi, 3aJI€XKHTh BiJ IIBUAKOCTI Tisa, Horo ¢opMu 1 B 3aranbHOMY BHNAAKY Oyl Hanmpas-
JICHA T[] ISSIKUM KyTOM JI0 HanpsIMKY pyxy. L{fo criTy 3aBxIM MOXXHA PO3KJIACTH Ha ABI B3aEM-
HO TIEPIICHIUKYIIAPHI CKJIAZ0B1 — MapajenbHy 1 MepIeHANKYISIPHY 10 HapsIMKy moToky. Ilep-

95



7. Mexanixa pioun i easzie

11y CKJIAZIOBY HA3UBAIOTh CHJIOK0 JIOOOBOI0 ONODY, a APYry — MigiiMaJbHOI0 CHIIOK).

Ha cumerpunuHi Tista, Bich CUMETPIi SKUX 30Ira€Thest 3 HANPSMKOM ITOTOKY, JIi€ TUIBKY CHJIa JIO-
60BOr0 OI0pY, sIKa 3aJIEKUTH Bix (JOPMH Ta PO3MIpIB TijI, MIBUAKOCTI IIOTOKY PiIMHU Ta Bij ii Bia-
cTUBOCTEH. B 11bOMY BHITA/IKy JIiHii CTPYMEHS PiIMHA OTMHAIOTH TUTO cuMerpuyHo (puc. 7.12).

VY BUNaAKy HECUMETPUYHMX TLJI JIHIT CTPYMEHSI OTMHAIOTH iX HECUMETPUYHO 1 IMIBUKICTH T10-
TOKY 3 OJJHOr0 OOKY MOJKE BHSIBUTHCS BiIMIHHOIO BiJl IIBUAKOCTI ITOTOKY 3 1HIIOro OOKy. SIKIIo B
TIOTOIIl BUKOHYEThCS 3aKOH BepHyIi, TO THCK 3 TOro OOKY, /¢ MBHUAKICTh IOTOKY OiNbIIa, BUS-
BUTHCS] MEHIIINM.

Ha puc. 7.13, mokazaHo mepepi3 Kpwia JliTaka i pO3MIIIEHHS JiHIH cTpyMeHs moBiTps. I3
pHCYHKa BHIHO, IO BHACIIIOK HECHMETPUYHOCTI Kpwia OifbII BHCOKA KOHICHTpAIs JIiHIH

L T~
N

\_/‘
\_/‘

Puc. 7.12 Puc. 7.13

cTpymeHst Haq kpmwioM. Lle o3Hadae, 10 HaX KPIJIOM IIBHIKICT TEYil IMOBITpPs OLTBINA, HiXK ITif
KpWIOM. 3TiJTHO 3aKOHY bepHyuti Oiiblia MBHAKICTH CyNPOBOIKYETHCS MEHIIMM THCKOM. 3Ha-
YHUTh, MO’KHA YEKATH, IO Ha KPWIO Oy/e MiATH pe3ylbTyroua migiiMalabHa cuia. B mificHocTi
3aKOH bepHyIIIi BU3HAYAE JIHIIIEC YACTHUHY ITiIiiMaIIFHOI CHITH, Jif0ouoi Ha Kprto. Kprty 3a3suyaii
HAJa€ThCS JNESKni HaxwWi BBepX (KyT atakm) (puc. 7.14), Tak, 1o moTiK MOBIiTps, 1m0 Habirae Ha
HIDKHIO TIOBEPXHIO KPHJIA, BIIXWIIETHCS BHH3.
A (mv) Taxe TONOXKEHHSI KPUJIa TIPH3BOIUTH JI0 TIOSIBY Ha-
at TIPaBJICHOrO BHU3 IMITYJIbCY Y MOJICKYIT TIOBITPSI, B
Ppe3yNBTAaTI Yoro Ha KPHIIO i€ MoIaTKoBa cuia (cu-
Jla Bi/ytadi), HampasJieHa BBepX. BaKimBY poib y
BUHHKHEHHI ITIIHMaNbHOI CHIIK Bixirpae i TypOy-
JICHTHICTh. HeBakko MOBeCTH, 110 IiaiiiMabHa CU-
Jla KpHjia TpsMo TIPOTIOpIliifHA TYCTHHI CepeIoBU-
ma (TOTOKy piIWHM), KBaapaTy IIBHAKOCTI, KYTY
aTaKy Ta TUIOMI Kpria:

Puc. 7.14 F,, = CSpv?, (7.13)

Cwia Bignadi =

mg

Je U — IBHAKICTb PiMHH (rasy) BiJHOCHO Kpuia,
p —TycTuHa pianaY, S — miona kpuia, C — KoedilieHT, SKnil 3aJIeKUTh Bij KyTa aTaku.

8§ 7.7. Pyx B’s3koi pinunu. ®opmyua Ilyaseiins

Ha BiaMiHy BiJ izeaJIbHUX PiUH Yy peaJIbHUX PiJMHAX iCHYE TaK 3BaHE BHYTPILIHE TEPTH,
SIKC HA3WBAIOTh B fI3KICTI. B’s3KicTh MOKHA YSBUTH K TEPTS MiXK IIApaMH PiIWHU TIPH iX py-
¢l OJIMH BiTHOCHO OIHOTO. B pimuHi B’SI3KiCTh 00YMOBJICHA CHIIAMHU Mi>XKMOJIEKYJISIPHOI B3a€MO-
IIii, a B Ta3ax — 3iTKHCHHSIMH aTOMIB 1 MOJICKYI.

B’s3KicTh pi3HUX CepeOBHII pi3HA: TIIIIEPUH OUTBIN B’ SI3KUI HIXK BOJA, a MiJlb OLTBII B’sI-
3Ka HDK mineprH. KUTbKICHOIO XapaKTepHCTHKOIO B’SI3KOCTI € KOS(IIieHT B’S3KOCTI #, SKUH
MOKHA BA3HAYHATH TaKUM YHHOM. [IpumycTrMo, o pianHa 3HAXOAUTHCS MIXK JTBOMA TUTOCKH-
MU TIapaJleIbHIMH TOPU30HTATBHAMH TUIACTHHAMH, OIHA 3 AKMX HepyxoMma (HWKHS), a JIpyra
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8 7.7.Pyx ¢ sazkoi piounu. @opmyna [lyazeins

(BepXHst) pyXa€eThCsl 31 CTAIOK MBHUJKICTIO U BIJIHOCHO HUKHBOI, SIK MOKa3aHO Ha puc. 7.15.
Mix mapamu piJuHH, 010 OE3M0CEpeHbO CTHKAIOTHCS 3 IUTACTUHAMH 1 PEYOBHHOIO IUIACTHH,

U ICHYIOTH MDXMOJICKYJIApHI CHiM B3aemoii. Tomy Bepx-
l_' HI{ IIap piIMHM PyXaeThes 3 TIEIO XK MIBUAKICTIO U,
10 1 BepXHs IUIACTHHA, HIDKHIN AP pa3oM 3 HIDKHBOIO
IUTACTUHOIO 3aJIMIIAETHCS HepyxoMuM. Koxkauit map

| Pyxoma I1aCTUHa

P i[lI/lHa —_—r . - .
- pimuHM Oyzie AiSITH HA IPWIISTaodi O HHOTO MIAPH Tak,
— 0 B DpIOWHI BCTAHOBHUTHCS HEINEpepBHAa 3MiHA
. IIBHUKOCTI BiJl HIKHBOI IUTACTUHM JI0 BEPXHBOI, SIK
HepyxoMa I1acTuHa mokazaHo Ha puc. 7.15. II[o0 3micTuTH BEpxHIO
IUTACTHHY, 70 Hel MOTPiOHO MPHUKIACTH TIEBHY CHITY,
Puc. 7.15 sKa JIOPIBHIOE CHJII BHYTPIIIHBOTO TEPTS, 1 BOHA

MPOTIOpPIiifHA TUTOMNI TUIACTHHA S 1 MBUAKOCTI U Ta
00epHEeHO TPOMOPIIiiiHa BicTaHi MiX miactuaami |, To6To:
Sv dov

Fon>Y | a6o | F=nd?
e T

S, (7.14)

ne 1 — koedimienr B’s3xocri, dv/dl — rpamient mBuakocti. ®opmyiy (7.14) nasusatoTs Gop-
myiaoi0 Herorona. I3 (7.14) maemo, mo

— (7.15)
Sv

B CI koedimient B’s3xocti BumipioeTses B H - ¢/M? a60 8 ITa - c.

[HO/I KOPHCTYIOTHCS IHILOK OMHUIICIO, SIKA Ha3uBa€eThCs mya3oM (I1) Ha decth GpaHiry3b-
Kxoro ¢isuka i mexanika XIX cr. Kana ITyaseins: 1 1= (1/10) H - ¢/m?, a6o 1 H - ¢/m*= 10 1L
B Tabin. 7.1 naBeneHi 3HaueHHs KoedillieHTa B’S3KOCTI PI3HUX PiAMH 1 Ta3iB, TYT )K€ BKa3aHa
TEMIIEpaTypa, MpH SIKiii BUMipIoBaIach B A3KiCTh. 3ayBa)KUMO, 110 B’S3KIiCTh B 3HAUHIHM Mipi 3a-
JISKUTH BiJ Temrepatypu. [ 6arateoX piivH B’SA3KIiCTh 3 MiABHUICHHSIM TEMICPATYpH Pi3KO
3MEHIIYETHCS (B’ SI3KICTh ra3iB 30LIbIIYETHCST).

Tabmums 7.1
Piguna a6o ras Temmeparypa, ‘C Koeq)iuielg BIA3KOCTI M,
' 10°Ma - ¢

Bonma 0 1,79

20 1,01

100 0,28
Kpos 37 ~4
[Tra3zma kpoB.i 37 ~15
[ositps 20 0,018
Bonens 0 0,009
ninepun 20 1480
Cmona 20 310"

B’si3KicTh meskux pimuH (eMyIbCil, CyCrieH3ii, pO3YrHIB MOMIMEpiB) 3aIEKHUTh Bill pEXKUMY
iX Tedii — TUCKY, TpajlieHTa MBUAKOCTI. L{e MOSCHIOETHCS THM, IO CTPYKTYPHI SIIEMEHTH PiTUHA
(Hanpukia, GLTKOBI MOJEKYITH, TUCIICPCHI YACTUHKH) PO3MIIILYIOTHCS Y OTOLI MO-PI3HOMY 38
pi3HEX mBUIKOCTEH. Taki piTUHN HA3UBAIOTHCS HEe HHIOTOHIBCHKUMHU. [0 HE HEIOTOHIBCHKHIX
PIMH BITHOCHTBCS 1 KPOB (CYCIICH31sI KIIITHH KPOBi Y OLTKOBOMY PO3UHHI — II1a3mi).
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7. Mexanixa pioun i easzie

Jliist HeBeNMKUX Tin ceprudHoi (GOopMH, SIKi PyXaloThCs Y B’SI3KOMY CEPEIOBHILI, CHIa BHY-
TPIIIHBOTO TEPTS MPH HEBEJIMKHUX CTAINX HIBUAKOCTAX PyXY BU3Ha4YaeThCst hopmyJioro CTokca:

F=6zrnuo, (7.16)

zie I — paaiyc KyJabKH, U — IBUIKICTH i1 pyxy.

LIst popmysta crpaBpKyeThCs 38 YMOBH, IO BiICTAHb Bijl KYJIBKH [0 MEKi pimuHu (10 CTiHKH
HoCyuHH) B 6araTo pasis Oiiblna Bi giaMeTpa KyJIbKH.

3axon CToKca JISKUTh B OCHOBI METOJy BU3HAUYCHHSI IIBHAKOCTI ocinanmst epurpouwtiB (ILIOE),
110 /1a€ 3MOT'y MEJIMKaM BCTAHOBIIIOBATH 3allajlbHi IPOLECH B OpraHi3mi oauau. Kpim toro, 3HaH-
Hs BiTHOCHOI B SI3KOCTi KPOBi, fIKa 3a7eXHUTh Bij rpajgienta muakocti do /dl , BUKOpHCTOBY-

€TBCSL [Tl IIarHOCTHUKY 3aXBOPIOBAHb (Tab. 7.2).
SIk6u pinuHa (ra3) He BOIO/LIA B SI-

Tabmums 7.2 3KICTIO, TO JUIi i MPOTIKAHHSA 10 TOpH-
BingHocHa B’s13KicTh KpOBi i i i -
bl p Pesynstar 30HTaJ'II.:HII/I"pr61 He MoTpiOHO O npmfna
Heion JIaTH HisIKOI cim. ToMy 3aBISIKH B’S13-
4,2-6,0 Hopma KOCTI cTanioHapHHi pyX Oyab-sKoi pe-
<20 AHeMist IBHOI PIAMHY B TPYOI MOXKIIMBHI JIMIIIE
>100 TMoimrrumis 33 YMOBH, IO MiX KiHIMHA TpyOH CTBO-

pEeHa PI3HULLT THUCKIB.

O06’emHMI po3xin, abo MOTIK pi-
quan (TOOTO 00’€M piZMHM), IO TIPOTIKAE Yepe3 TOMepeUHuit mepepis Kpyrioi Tpyou 3a 1 ¢,
3aJIeXHTh Bix 1i paaiyca i JOBXKHMHH, Ieperaay TUCKIB Ha KiHIX TpyOH 1 KoedilieHTa B’ I3K0CTi
piaunn. ITya3eiins, Ha 4eCTh SKOTO Ha3BaHA OMMHUILL B’s3KOCTI (Oymydw JikapeM, BiH B OCHOB-
HOMY IIKaBHUBCs (i3HIHMMH aClEeKTaAMH KPOBOOOITY), JOCIIIMB 3aleKHICTh Bijl BUIIE HaBe-
JICHUX ITapaMeTpiB BEJIMYNHH IIOTOKY peaybHOI PiAMHY TIPH JIAMIHApHIN Tedil B T HAPHUIHIHA
TpyOi. OTpuManuii HUM BHpa3 Ha3uBaTH Gopmyaoio Ilyaszeiins:

PP, 4

Q = 877—L7Tr s (717)

zie I — BHYTpilHIN pagiyc Tpyou, L — nomxuna tpyou, P; — P, — pi3HMII THCKIB Ha KiHIIX
TpyoH, 7 — Koediuient B’s3KrocTi pimuan, Q = V /At — 06’ eMHuMil po3Xif, abo MOTIK PiIHHH.

I3 dpopmymu (7.17) BuaHO, 110 MOTIK piguHA Q MPAMO MPOMOPLIHHUNA TPAMIEHTY THCKY
(P1— P;) /L iobepreHo mpomopItifiamii B’13k0cTi piauan. KpiM Toro BUaHO, 110 MOTIK PiaUHH
Q cuIIBbHO 3aNEeXUTH Bij pajiyca TpyOu. 3MEHIIMBIIN pajiilyc TpyOH yaBidi, HOTIK PiIMHU 3MEH-
mmThes B 16 pasis.

Dopmyiy Ilyaseiins MOKIaaeHO B OCHOBY €KCIEPUMEHTAIBHUX YCTAHOBOK JUIsI BU3HAYCH-
HsI KoeilieHTa B SI3KOCTI piiuH 1 ra3iB. HacamkiHens, 3ayBaxumo 1ie pas, mo ¢opmymna [Tyaseiins
CIIpaBeyIMBa TUTHKH JUIS IaMiHAPHUX MTOTOKIB pianHA. Jlo TypOyneHTHHX IOTOKIB BOHA HENPH-
JIaTHA.

Mpuknax 7.8. Oyinumu 06 'emuuii posxio eéoou Q ¢ mpyoi diamempom d = 1,0 cm i dos-
arcunoro L = 1,5 m, akwo pisnuya muckis Ha it kinysax oopienioe AP = 0,35 amm, a memnepa-
mypa t=20"C (1 amm = 101325 Ila).

Po3B’si30k. s ybo2o sukopucmaemo Gpopmyny Ilyazeins (1.17):

* . . . . .. . .
BingnocHa B’s3KicTh 7 TOPIBHIOE BiJHOMICHHIO KoedilieHTa B’S3KOCTI 1aHOI PEYOBUHHM # 1O
KoedilieHTa B’A3KOCTi AUCTHIILOBAHOI BOJIU 7], [IPH OJHIH 1 Tilf cami TeMIepaTypi #son. = 1 | #s
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8§ 7.8. Teuisi kposi 6 KPOBOHOCHIT cucmeMmi

APzr® (354638 H/x*)(314)(5-10 " m)* £g.10-¢ i
8n L 8(1,0-10° H - ¢/ mM?)(15 u) ’ ¢’

Tym AP = Py — P,. 3uauennsa n = 1,0 - 10° H - e/m? 63amo i3 mabn. 7.1.

Q =

Mpuknan 7.9. 3naimu pisnuyro muckie na Kinysx 080KiiomMemposo2o Haghmozony diame-
mpom d =40 cm, saxwo nagpma nocmynace 6 xinvkocmi Q =400 cy’/c. Koegiyienm 8 ’sizkocmi
nagpmu n = 0,2 H- c/m’.

Po3w’s130k. Pisnuyro muckie AP = Py — P, na KiHysix Haghmocony supazumo i3 popmynu
Iyasetina (1.17):

8nLQ 80,2 H -c/m*)(2000 a)(4-107* 12/ ) H
- - = 2548 —.

AP 2 2
Tr 314(0,2 m) M

8§ 7.8. Teuisi KPOBi B KPOBOHOCHII1 cucTeMmi

KpoB — me B’si3ka piguHa (CycHeH3ist KIITHH KPOBi y OLIKOBOMY pO34MHI — IUIa3Mi), siKa
ITi1 BIVIMBOM CEPLEBUX CKOPOYEHb IIPOXOUTH 110 CKIAJHINA CHCTEMI apTepi, BeH 1 iHIINX Kpo-
BOHOCHUX CY/IWH.

He muBisumchk Ha Te, IO MBUAKICTH KPOBi B cyanHax HeBenuka (B aopti 0,3-0,4 wm/c, y
Beni 0,2 — 0,4 m/c, B xaniysapi 0,2 — 1,0 em/c), Ti moTik He 30BCiM JTaMiHapHUIA, KPOB MiCTHTB 3a-
BHUCII YacTHHKY (IiaMeTp SKMX Maike JOPIBHIOE JiaMeTpy KamiispiB) a ii B’S3KICTb 3aICIKHUTH
BiJ IIBHUAKOCTI TEYIT:

(el

e
l€ Uy, — WBUIKICTb, TPU SKiA JaMiHapHa Tedis MePeXouTh B TypOyneHTHY (mwis KpoBi
Uy, <S0cm/c), p — rycruna pimmum, r — pagiyc TpyOku (kaminspa), Re — uucno Pefinonsaca.

Paszom 3 tiM, popmyna [Tyaseiins (7.17) € xopommM HAGIIKESHHSM B HEPIIOMY TTOPSIKY.

Takum 4rHOM, 10 Tedii KPOBI MOKHA 3aCTOCYBATH Ti X 3aKOHH, IIO i IO Tedii PiAWHU B
TOHKIH TpyOLi.

IMoTix KpoBi B OpraHi3Mi peryaroeTbcs KpUXITHUME M S13aMH, IKi OTOUyIOTh cyauHH. [Ipn
iX CKOpOYEHHI JiaMeTp CyAWHHM 3MEHIIYETHCS 1 IMOTIK, SIKUM y BiAMOBiHOCTI 3 (hopMyIoro
(7.17) mponopuiitaumit r*, pi3ko 3MEHIIYETHCS yrke IPH HE3HAYHOMY 3MCHIICHHI pagiyca. Ta-
KM YHHOM, JIe/Ib IOMITHUMH CKOPOUYCHHSIMH IIUX M’SI3iB JAy’kKe TOUHO KOHTPOIIOETHCS HAIXO-
JOKEHHS KPOBI JI0 Pi3HHUX OpraHiB oprafizMy. OCKUIBKH IIBUAKICTH T€Uii KPOBi B IEHTpI apTe-
pii OunbIa, HiX OLTA CTIHOK, TO 3TiAHO 3aKOHY bepHymi THCK KpoBi OIS CTIHOK OTBIIMH, HIX
1o neHTpy. PanianpHa pi3HUIA TUCKIB CTBOPIOE CHITY, KA INTOBXA€ KJIITHHU KPOBI 1O IEHTpa
CYIWH, IO HEepenIKopKae IPIINIIAHHIO 1X JI0 CTIHOK CY/MH, a I€ CIIPHSE HOPMaIbHOMY KpO-
B00OIry. OfHaK, KO, CKaKiMO, BHACITIIOK aTepocKiepo3y (3aTBepAiBaHHS CTIHOK CYIWH) i
BIJIKJIQ/ICHHST XOJIECTEPUHY, PaAiyc CyIWH 3MEHIIYETHCS, TO JUI MIATPUMAaHHS HOPMAIbHOI
KpoBoTeuii HeoOXiHMI OUIBII BUCOKMH TpaIieHT TUCKY. [Ipy 3MeHIIeHH] paiyca Cy/IiH B 1Ba
pasH, cepIro MpuiaAeThes 30uTbmmTH THCK B 16 pasiB. Ceplie B TaKMX yMOBax MpAIioe 3 Tepe-
BaHTKCHHSIM, 1, K MPABWIO, HE MOXKe 3a0e3MeunTH HeOOXiHY BeIMYNHY Tedii, TOOTO HOp-
MaJbHUN KpoBOOOIr. TakuM YMHOM, MiJBUINCHUI apTepianbHUN THCK BKa3ye, IIO ceplie mpa-
IFO€ 3 TIEPEBAHTAKEHHSIM 1 IO MOTIK KPOBI 4epe3 apTepii HiKde HeoOXiaHOTo (HOpMH).

IcHyrOTh [Ba pi3Hi THCKU KPOBI — CHCTOMIMHMIA (MakcuManbHuUi) i miacTomiunmid (HuK-
Hiif). CHCTONIYHUI THCK BCTAHOBIIOETHCS TOi, KOJH KPOB, BHACIIIOK CKOPOYEHHS ITYHOUYKA
cepIis, BUIITOBXYETHCS CEPILIEBHM M’SI30M B aOpTy, a 3BIATH B apTepiro. B 310poBomy opraHis-
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7. Mexanixa pioun i easzie

Mi cucromiunmit THCK H0piBHIOE ~ 120 MM. pT. cT. (= 15,996 kITa)". Mix CKOPOYEHHAMH Ceplis
THCK NaJIae JI0 HIKHBOTO (JiaCTOIUHOr0) piBHs, sKui HopiBHIOe ~ 80 MM. pT. CT. (= 10,664 KTa).

JlaminapHa Tedist KpoBi B apTepisx — “Tuxuii” npouec, TypOyseHTHa — “mrymimBuii”. Xapak-
TEpHMI 3BYK ITPpU TypOYJIEHTHIN Teuii KpOBI MOXHA BUSBUTH 32 JIOTIOMOTOIO CTETOCKOIIA, TPHK-
JaBIIM Horo xo aprepii. Llei crioci0 BusBieHHST TypOy/IeHTHOI Tedil BUKOPUCTOBYIOTh ISl BUMi-
PIOBaHHS THUCKY KPOBI.

3a3Bu4ail 111 BUMIpIOBaHHS THCKY BHKOPHCTOBYIOTH IUICUOBY apTepito. Pyka moxuHu
MIX IIJIEYEM 1 JTIKTeM 00ropTaeThesl HayBHOIO CTPiUKOr0. Jlami y cTpiuKy HarHITaIOTh MOBITPS
JI0 THCKY, JOCTaTHBHOT'O Ul CTUCHEHHS apTepii 1 NMpH3yNMHEHHS MMOTOKY KpoBi B Hii. [loTim
BiJIKpHBAIOTh KJIANlaH HA CTPIYIli 1 MOBITPS 3i CTPIUKM IMOBITBHO BHUITyCKalOTh. Komm THCK B
CTpIYIll CTaHE PIBHUM CHCTOJIIYHOMY, KPOB OyJie 3/[aTHOIO NMPOOWTHCS Yepe3 CTUCHEHY apTe-
pito — BUHUKHE TypOyneHTHa Tedis. Lle# mporec cynmpoBOIKYEThCS XapaKTepHUIMHU TOHAMH i
IIyMaMH, SIKi TIPOCITyXOBYIOTBCS JIIKAPEM 3a JOIOMOIOI0 CTETOCKOIIA, SIKUH PO3MIIIyeThCsl Ha
aprepii Hik4e cTpiuku. IIpogoBxyroun 3MEHIIyBaTH THCK y CTpIYlli, MOXKHA BiTHOBUTH JIaMi-
HapHy TEYil0 KPOBi, IO IIOMITHO IO BIJICYTHOCTI XapaKTepHHUX TOHIB 1 3BYKIB y CTETOCKOIII.
Tuck y crpidi, 0 BiAMOBITA€ BiJHOBICHHIO JIAMIHAPHOL Tedii B apTepii, peecTpyIOTh sK fia-
cromiyani. HacamkiHels 3ayBa)knumo, 10 THCK B a0PTi 1 BETTMKHUX apTePisX KOIUBAETHCS B Me-
*kax Big 120 mo 80 mm. pT. cr. B Manux aprepisx KOTMBaHHA 3TIAKYIOTHCS, a KOJIU KPOB JI0-
csira€ KarnsipiB, KOJMMBAHHS Maihke MPOMaaioTh 1 THCK MPAKTUYHO CTAJIHH.

"1 M. pT. cT. = 133,3 Ia.
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