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IHEPEJIIK CUMBOJIIB, YMOBHUX CKOPOYEHb TA
IHO3HAYEHb

ATT — abCcoMOTHO TBEPAE TIJIO.

ALK — anapat ITYYHOTO KpPYyrooOepTaHHs KPOBi.
HAT — miacToniyHuii apTepialbHUH THCK.
J[O — nuxanbHHH 00’ €M.

JK€JI — XuUTTEBA EMHICTD JICTCHIB.

3€JI — 3aranbHa €EMHICTD JICTCHIB.

30 — 3anumIKOBHil 00’ €M TOBITPSI B JIETEHSX.
KKJ/[ — xoedimieHT KOPUCHOT ii.

MT — matepianbHa TOUKa.

H, (abo HB) — tBepaicTh no bpinemio.

Hy (abo HV) — tBepaicTh mo Bikkepcy.

Ht — remaTokpur.

IIAP — noBepXHEBO-aKTHBHA PEUOBUHA.
1IJ]CK — npssiMOKyTHa IeKapTOBa CUCTEMA KOOPAHUHAT.
I111IB — nikoBa MBUIKICTh BUIUXY.

POBO — pe3epBHUiT 00’ €M BIUXY.

POBuo — pesepBHuii 00’ €M BUIUXY.

CAT — cucroniyauii apTepiaabHUN THCK.
XO/[ — XBUIIMHHAN 00’ €M JUXaHHS.

LM — ueHTp Mac.

LIIOF — mIBAIKICTh OCiJAHHS €PUTPOIUTIB.



IlepeamoBa

B ocHOBY HaB4aIbHOTO TOCIOHWKA TOKJIAAEHO KOHCIEKT JISKIiN
cnenikypcy «®izmka 3 oOcHOBaMH OiOQi3WKW» [JIs1 CTYACHTIB
HampsMIB MIATOTOBKHA «ArpoHoMis» Ta «Boxui Oiopecypcu Ta
aKBaKyJIbTypa» HamionansHoro YHIBEPCHUTETY BOJTHOT'O
rOCIOAAPCTBA Ta NPUPOAOKOPUCTYBAHHS.

@di3uka € OCHOBHOIO HAyKOIO Mpo Npupony. BoHa BuBUae
HaWOpOCTIMIi i pa3oM 3 THUM HAWOIJBII 3arajbHi 3aKOHOMiPHOCTI
SIBUIIl TIPUPOAN, BIACTUBOCTI 1 OyZOBY MaTepii, a TaKOXX 3aKOHH i
pyxy. MexaHika € iCTOpUYHO TEpPIIMM PO3AUIOM (i3UKH, SKUH
rnoyasja BHUBYATH JIIOaUHA. B i 3a60anus BXOIUTH, BUBUEHHS 3aKOHIB
MEXaHIYHOrO PyXy Ta B3a€MOJIII TUT i/ i€ MPHUKIaACHUX cril. I1in
MeXaHiYHHM PYXOM Tija PO3yMIIOTh 3MiHY HOTO IOJOXEHHS abo
B3a€MHOTO IOJIOKECHHSI MOTO YaCTHH B MPOCTOPI 3 yacoM. 3a Maiixe
S-TUTUCSIYHUIA Yac CBOTO PO3BUTKY B MEXaHilli BUPI3HUIOCH Oarato
HayKOBHX HampsMKiB. Tak, kiacudHa MexaHika (MexaHika [ amines-
HrloToHa) BUBYa€ pyx MakpOCKOIIYHUX Ti 3 HIBUIKOCTSIMH 3HAYHO
MEHIIMMH 3a MIBUIKICTh CBITJIA. PeaaTuBICTCEKAa MeEXaHIKa BHBYAE
PyX 1 B3a€MOJIitO TiJ, NIBUAKOCTI KX OJHM3BKi JO MIBHIKOCTI CBITIIA.
KBanToBa MexaHika onmcye pyx MikpodacTHHOK. Lli po3zinu, B cBOIO
4epry, po3AUTMINCh Ha JIECSITKH MiApo3aitiB. [IpuitHATO KiIacH4Hy
MEXaHIKy MOJIIJISATH HA TPYU OCHOBHI ITi{PO3/IiIH:

e KiHeMaTHKY, sIKa BUBYAE PyX TUI, HE TOPKAIOYUCH NMPUUUH

BUHHUKHEHHS LIbOTO PYXY;
e WHAMIiKy, sKa BHMBYa€ PyX 1 B3aEMOJII0 TUI i Ji€r0
MPUKIIAJICHAX CHUIT;

® CTaTHKY, 5IKa BUBYa€ YMOBH PiBHOBArd Til.

Biomexanika (3 rpernpkoi: bios — JKUTTS U mexane — 3HapsAasI) —
e po3ain Oiodi3uku, SKUH 3HAXOAWTHCA HA CTHKY Oiojorii Ta
MEXaHIKM 1 BHBYaE MEXaHIYHI BJIACTUBOCTI  OlOJOTIYHUX
MaKpOMOJIEKYJ, TKaHWH, OpraHiB, CHCTEM OpraHiB 1 JKHBHX
opranismiB B minomy. Kypc OioMexaHikuM SIK OKpeMHH pO3ZIin
MeXaHIKM BiZJOKpeMUBCS B paMkax Oiodizuku y 1961 poui (1-i
MixHaponHuii 0io(i3MYHHI KOHIpec), B 3B’SA3KYy 3 PO3BUTKOM
HayKOBO-TEXHIYHOI  peBomronii. 31  CTPIMKUM  301IBIICHHIM
IBUIKOCTEHl Ta MNPHUCKOPEHb TEXHIYHMX amapaTiB, BiOpamii 3
BEJTMKAMHU 1HTEHCHBHOCTSMHA Ta IHIIMX YHWHHUKIB TIPH OCBOEHHI
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JMOMUHOI0 KOCMOCY Ta OKEaHiB, a TaKOX B 3B’S3Ky 3 HOBHUMH
yMOBaMH BHPOOHMLTBA B 0araTbOX Tally3siX EKOHOMIKH IOCTalIo
MUTaHHS PO MOKJIMBOCTI aJamTarlii JIOJCHKOTO OpraHizMy abo
B3arai Mmpo Woro rpaHWYHI MOKIUBOCTI. Ha i 3armuTanHs 1 HOBHHHA
Oyna naTte BiJmoBii OioMexaHika.

Biomexanika XapaKTepHU3yeThCSl 3aCTOCYBaHHSIM  OCHOBHHUX
TIPUHITUIIIB MEXaHIKM JO JKUBHUX Oprai3MiB. IlutanHsS mpo
3aCTOCOBHICTh IHIMMX HAyK B JOCHIDKEHHI J>XUBHX OpPraHi3MiB
MmiAHIMANM 1€ AaBHBOTpElbKi BueHi Apucrorenb, JeMokpur Ta
cepeqHbOBiUHMI BueHuil [amen. B pobGoti «YactuHm pyxy i
MEepeMIllleHHsT TBAPUH» APHUCTOTETIbh OIMUCYE 3aKOHOMIPHOCTI PyXy
TBapHUH 1 JIIOJIUHU, MOTHBAIIII0 TAKUX PYXiB, IUKIIYHICTh XOJIBOU i
0iry, 34aTHICTb )KUBUX ICTOT IPUBOAUTH ceOe B PyX.

lamen B ocHOBHi#l cBoiil mpami «lIpo mpu3HadeHHS dYacTHH
JIIOJICBKOTO  TiJla» EKCIEPUMEHTAIbHO I[I0Ka3aB, IO KiHIliBKa
3TUHAETHCS 32 JIONIOMOTOK) BHYTPIIIHIX, a pPO3rHHAETHCS 34
JOTIOMOTOI0 30BHILIHIX M’ SI3iB.

Jleonapao na Binui Boepiie onucaB MEXaHiKy pyXy JIIOJUHH Ta
TBapuH. BuBYaroum (yHKIIi OprasiB, BiH pPO3TJISIIaB OpPraHi3M SK
3pa30K «IPUPOAHOI MeXaHiKH». oMy HaIeXHUTh BHCIOBIIOBAHHS,
SKE CTaJ0 JyXKe BAXIUBUM JUIsl PO3BUTKY OiomexaHiku: «Hayka
MeXaHiKa TOMY HaCTiIbKH OJIaropoJiHa i KOpPHCHIIA 1HITUX HayK, IO
BCI JKMBI TiJIa, SIKi MAIOTh 3JJaTHICTH JI0 PyXY, IIIOTh 3 ii 3aKOHaMU».

Bimomi poGotm [lamimes 1m0 BU3HAYEHHIO 3aKOHOMIPHOCTEH
cepueduTTs, i JlekapTa mo BUBUCHHIO MEXaHi3My pyxy odueil. BiH ke
3BEpHYB YyBary Ha TMOJIOHICTP MDK JIFOAMHOK 1 MEXaHIYHUM
aBTOMAaTOM.

3namenuti Qizionorn Xetnic, Ilyaseins, ['enmbmronsn, ®dpaHk,
CrepiliHr 3aCTOCOBYIOYHM IPUHIUIIM MEXaHIKH, 3MIACHWIM BUIATHI
BIIKPUTTS MPU JOCTIDKEHHI OKpPEMHUX SBHII Ta 3aKOHOMipHOCTEH
xuBHX opradi3miB. Kpox orpumaB HoOeniBcbky mnpemito 3a
PO3BHTOK MEXaHIKM MIKpOIMPKYIAMii, a XUIT — 3a PO3BUTOK
MEXaHIKH M’sI31B.

B nanmit yac oOCHOBHUMU HamnpsMKaMHU JAOCHTIJKEHb B OloMexaHii
€ BUBYCHHS:

e MEXaHI3MIB Ta 3aKOHOMIpDHOCTEH pyXy KIITHH Ta

CYOKIIITHHHHX CTPYKTYp (MEMOpaH, IUTOILIa3MH TOIIO);
® MEXaHIYHOI B3a€MOJii KIIITHH, OIOJOTIYHUX PITUH, M SIKUX i
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TBEpIUX TKaHWH, OKPEMHX OpraHiB 1 CHCTEM JKHBHX
OpraHi3MiB;

e 0IONOTIYHMX TPOLECIB, SKI 3a0e3MedyI0Th MaHIMyJIAMiiHI
PYXU OKpEMHX OpTaHiB JIIOAWHH Ta TBAPHH, a TAKOXK IX PyX B
LIJIOMY K BIJIOKpEMIIEHUX OpPTaHi3MiB;

e (i3uuHMX MeTomiB 1 TpWIadiB UIS  [POBEICHHS
OloMeXaHIYHUX JOCIIIKEHD.

OxpeMuMH HanpsIMKaMH AOCIiIKEHb € BUBYCHHS:

® MXaNbHOI CHUCTEMH OpraHi3My, KiHEMaTHKHd 1 JWHAMIKH
HOT0 MUXaJbHUX pPYXiB B IJIOMY 1 CKJIJOBHX YaCTHH
(JIereHiB, rpyIHOI KJIITUHY TOIIIO);

® reMoAWHaMiKu (KpoBOOOiry), TOOTO MPYKHUX BIACTUBOCTEH
CYJIHMH 1 ceplis, pyxXy KpoBi, poOOTH ceplis.

biomexaHika SK HaBYAUIGHHN MPEAMET y BHIIOMY HAaBYAILHOMY
3aKiangi pasoM 3 KypcamMu (i3Wkd, MaTeMaTukd, XiMmii, Oioximii i
Oiosorii, Bifirpae pois (QyHIAMEHTAIBLHOI MPUPOIHUYO] 0a3w, Ha
SIKIl TPYHTYEThCS (paxoBa MiATOTOBKA CIIEIIANiCTIB arpOHOMIYHOTO,
OioizmuHoro ta MemuuHOro mnpodimo. BuBUeHHS IHOTO Kypcy
3a0e3neuye ¢GoOpMyBaHHS B MaiOyTHHOTO CIIEMiaTicTa CydacHOI
HAYKOBOi KapTHHU CBITY, 3aKJIaJIa€ OCHOBU HAyKOBOTO MHCIICHHS,
BUpOOIJISIE HaBUKK aOcCTparyBaHHs, iIeami3allii, MOJEIIOBaHHS,
aHaizy 1 cuHTe3y, Tomo. 3acBOEHHS CyTi 1 3MicTy (i3UUHUX
3aKOHIB, PO3YyMiHHS MPHPOAHM (I3UYHUX 3AKOHOMIPHOCTEH, sIKi
MaloTh MICIIe B IPUPOHIX, TEXHOTCHHUX Ta O10JIOTIYHUX SBUINAX i
mporecax, 3a0e3MeunuTh  MOXKIWBICTH  CBIJIOMO  CTaBUTH 1
pPO3B’SI3yBaTH K TEOPETHUYHI, TAK 1 MPUKJIAIHI 3a1a4i MalOyTHHOT
JUSTBHOCTI (paxiBIs.

BuBuenHst 6ioMexaHIKM Mae BeNHMKe 3HaYCHHS 111 (OpMYBaHHS
HAYKOBOT'O YSBIICHHS TPO SIBHINA 1 TpOIECcH, sIKi BiIOyBalOThCS y
JKUBIH TIPUPOII.

3arasioMm MoOKHa c(OpMyJIOBaTH pPOJNb Kypcy OioMexaHiku y
TEXHIYHOMY BY3i:

a) OloMexaHika Mae BeIIMKE 3arajlbHOHAYKOBE 3HAYEHHS IPH
BHUBYEHHI MEXaHIYHMX MPOLECIB, sIKi MPOTIKAIOTH B >KUBiH MPHUPOII.
Bona ¢dopmye cyuacHe CBITOCHPHUHHATTS Ta CBITOPO3YMIHHS, A€
ySABIICHHS TIPO (Di3UIHY KapTHHY CBITY;

0) OiomexaHika € ©0a30BOI0 IHUCHOUIUIIHOIO IS Oararbox
3araJbHOIH)KCHEPHHUX, arpOHOMIYHHX, OIOJOTIYHUX, MEAMYHUX Ta
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CIIEIlaAIbHUX JUCLMILIIH;

B) Oarato ramy3eil Cyd4aCHOTO CUIBCBKOTO TOCIIOJapCTBa,
TBapUHHHIITBA Ta MEIUITMHHU TICHO IMTEPEILTITAEThCS 3 010MEXaHIKOIO,
TOMY IHJKEHEp Ta JIiKap MOBHHHI BOJOJITH JAHOIO HAYKOIO B TaKii
Mipi, 00 OyTH y 3M03i 31 3HaHHSIM CHpPaBH 3aCTOCOBYBAaTH (i3WUHI
3HaHHs y CBOTH BUPOOHWYIN AiSTIBHOCTI.

I'o/10BHOI0O MeTOW [JaHOr0 HAaBYAJIBHOIO MNOCIOHUKA €
3aCBOEHHS CTYICHTAMH 3arajbHUX 3aKOHOMIPHOCTEW MPUPOIHUX (B
TOMY YHCJI i O10JOTIYHUX) SBUII, IO JTO3BOJUTH IM 3aCTOCOBYBaTH
(i3uuHi 3HAHHS Y MaiiOyTHINA BUPOOHHUYIH MiSITBHOCTI.

OCHOBHUMM 3aBIAHHAMHU BUBYCHHA TUCcHUILTiHM «biomoriuna
Ta MeJAMYHA MEXaHiKa» € HaBYaHHSA CTYJCHTIB TEOPETUYHUM
OCHOBaM 1 MeToAaM 3arajbHOl (i3UKHM Ta 3aCTOCYBaHHIO ITHX
METOJIIB /Il PO3B’S3aHHS PI3HOMAHITHHAX 3a/la4 TEOPETHYHOTO Ta
NpPakKTUYHOTO  XapakTepy B oOmacti Oiodi3ukH, a TaKoXK
BUKOPUCTaHHS X B HAyKOBHX OIOJOTIYHUX Ta MEAWYHUX
JTOCIIKEHHAX.

Jis BUBYEHHS MaHOT MUCIMILTIHU HEOOXiNHO, MO0 CTYIACHTH
Oyiu 3HaloOMi 3 KypcaMHy BHIIOI MaTeMaTHKH, 3arajibHoi 010s10rii Ta
3araipHOI XiMil B 00cCsI3i CTaHMAapTHOI MpOTrpamMu I TEXHIYHUX
yHiBepcuteTiB. OcoOnuBHH aKIEHT NOTPIOHO 3pOOMTH Ha KypcH
¢i3nuHOi Ta OIOJIOTIYHOI XiMii, @ TaKOX PO3JAUTY MaTEMaTUYHOTO
MOJIEJTIOBaHHSI G10JIOTTYHHX MPOIECIiB KYpCY BUIIOT MATEMATHKH.

Y Bcix posminax micis TOZaHHS OCHOBHOIO MaTepiany 3
MEXaHIKH PO3JIAAAI0ThCs MUTAaHHS 010MEXaHIKH, AKi BIIHOCITHCS JI0
naHoro posainy. Takuii cmoci®6 moJaHHS MaTepially aBTopam
3MA€ThCS  HAMOINbIl eQeKTUBHMM B IUIaHI 3aCBOEHHA 3HAaHb
CTyJCHTaMH B JIaHiii 001acTi.

ABTOpH CHUIBHO PO3pOOIISUIM TUIAH 1 OOTOBOPIOBAIH 3MICT YCiX
PO3IiTIB HABYAIBHOTO MOCIOHMKA. ABTOPH BHCIIOBIIOIOTH IMOJISKY
koneram A. B. Pubanky, O. lO. [leitneni 3a uiHHI 3ayBa)Ke€HHS NPHU
00TrOBOpEeHHI KHUTH, a Takoxk B. O. Muciinayky — 3a 00roBopeHHS
Ta SAKICHI LIFOCTpAIIiT 10 MOCIOHMKA.



Po3nin 1. KinemaTuka MexaHiqYHOTO pyXy
1.1. OcHOBHi MOHATTS KiHEMATHKH

Ocnosnoro 3adauero mexauiky € BU3HAYCHHS TOJIOKEHHS Tija B
mpocTopi B Oyab-IKUHi MOMEHT Yacy.

Juis po3B’s3Ky 1i€l 3aaadi 9acTo HeoOXiTHO abCcTparyBaTHCS Bix
peanbHuX (I3UYHMX TUT 1 BUKOPHUCTATH 3aMiCTh HUX ineani3oBaHi
00’€KTH, KOJIM IIe¢ HE BIUIMBAE HAa PO3B’S30K, aje CIpOUIlye HOro
momyk. lloHATTSMEH imeadpbHEX O00’€KTIB B MEXaHilli € MOHITTA
MaTepiaabHOI TOYKH Ta a0COTIOTHO TBEPOTO TiNa.

Mamepianvna mouxa (MT) — e Ttimo, po3mipamu i GhopMoro
SIKOTO 32 JAaHUX YMOB MOXKHA 3HEXTYBATH.

Abconromno  meepoum  minom (ATT) HazuBaeTscs TijoO,
nedopMallisiMi SIKOTO B JIaHUX YMOBax MokHa 3HexTyBaTH. Y ATT
BiJICTaHb MIXK OY/Ib-IKHMH HOTO TOYKAMH 3 YaCOM HE 3MIHFOEThHCS.

Po3B’s130k OCHOBHOI 3aja4i MEXaHIKM TaKOXX HE MOXIUBUK 0e3
BUKOPHCTaHHS TIOHSATTS CHCTEMH BIJIJTIKY.

Cucmema 6i0niKy — 1ie CYKyIHICTh Tijla BIJUTIKY, 3B’S13aHOT 3 HUM
CUCTeMH KOOpAWHAT 1 TpWiIany Juid BHMIPIOBaHHS dacy. 3a TiJio
Bi iKYy yacTo 6epyTh ATT, a B sIKOCTI cCHCTEMU BiAJIIKYy HaiyacTile
BUKOPUCTOBYIOTh TIPSIMOKYTHY, JEKapTOBY CHCTEMY KOOpPAMHAT
(ITACK).

Sxmo B Aeskid cuUCTeMi BIIUTIKY TiJIO HE MOXE BBaXKaTHChH
MaTepiaibHOI0 TOYKOI0, TO HOTO0 MOXKHA MOJYMKHA PO3OUTH Ha Psiji
JIpiOHUX YaCTHH, 110 B3AEMOJIIOTh MK COOO0I0, KOXKHA 3 SIKHX MOXKE
BBaxkatuch MT.

JloBUTbHUI MeXaHIYHMN pyX MOXKHA TMPEACTABUTHU K TOETHAHHS
JIBOX BHJIIB PyXY — IIOCTYAJILHOTO Ta 00EePTaIbHOTO.

THocmynanvuuti pyx — 11e Takuil pyx, IpH sIKOMy OyJib-sIKa IpsiMa,
o 3’€IHYy€e B JOBUIBHI TOYKM TiJIa, 3MIIIYETHCS, 3aTHINAIOYHCH
napaieibHOI0 CBOEMY TIOYAaTKOBOMY HampsiMKy. [Ipu mocTty-
MAJILHOMY PYCi BCi TOUYKH TijIa OIUCYIOTh OJTHAKOBI TPAEKTOPIi.

Obepmanvhuii pyx — 1€ Takuil pyx, NPH SIKOMY BCi TOYKHU
PYXaroThCs 1O KOJIax, HEHTPH SKUX NepedyBaroTh Ha oci 00epTaHHS.

[Tonoxenus tina (MT) B ITIJCK (puc. 1.1) MoxHa 3amatu depes
paniyc-BeKTOp, TOOTO BEKTOp, IIO 3 €IHY€E MOYATOK KOOPIUHAT 3
TOUYKOIO MPOCTOpY, Ae nepedysae Tio (MT) B maHuii MOMEHT yacy.



B nmopmanpmiomy BuknmagenHi Oyaemo posrisimatu MT, mepexomsun
710 PO3TIISILY Tisa, KOJIH e BaXKIUBO.
3 puc. 1.1 BumHO, O myIA
t pyxy MT ™MoxHa BBecTH IIO-
HATTA TpaekTopii Ta mepe-
MIIIeHHS.

Tpackmopicio pyxy Has3u-
Ba€ThCS ySABHA JiHISI, B KOXKHIN
Touli sikoi mepedyBae MT mix
4ac CBOTO PyXy.

llnax — ue BiICTaHb, Ky
npoxoauts MT B3H0BX Tpaek-
TOpii.

Tepemiuennam Ha3UBAETHCA

BEKTOp, SKHH CIOJIy4a€E TIO-
X - YaTKOBE 1 KIHIEBE IOJIOKEHHs
Puc. 1.1. Touka A — mouaTkoBe MT.
nonnoxxendss MT, Touka B — xinuese 3 puc. 1.1 BunmHO, 10
nonoxenus MT mix yac ii pyxy, l_{) = AF=r— 76 . (1.1

novaTkoBui pasiyc-Bekrop MT, ¥ —ii
Kinnesuii pagiyc-sextop, AS — mmsx,

AF - TIePEMIIICHHS

VY Tomy BuUnaaky, konu pyx MT
MIOYMHAETbCA 3 MOYATKy KO-

opaunar i 1, =0, oTpuMaemo

Ar =7 . B nogansmiomy Oyne-

MO BBaxaTH, 110 MT mounHae pyx 3 IOYaTKy KOOPAHMHAT CUCTEMM

BIIUTIKY.

Takox 3 puc. 1.1

3apxau AS > |A?|. V toMy Bumazaky, komu AS =|AI7

MOXKHa

3p06I/ITI/I BHUCHOBOK, o

, pyX MT Ha

JAaHOMY BIJIPi3Ky TPAEKTOpii HA3UBAETHCA HPAMOMIHIUHUM. SIKIIO

AS > |AF

, TO PyX — KPUBOIHILIHUIL.

Po3B’s13aTH OCHOBHE piBHSIHHH — II€ 3BHAYUTH 3HAWTH 3aE€KHICTD

F=r().

(1.2)

Pagiyc-BekTop 7 € QyHKIIE€I0 TPHOX KOOPIHHAT (x, y, z) , TOOTO

?:x-z?+y-j+z-lz,

(1.3)

ne i, j i k — oxMHUYHI BEKTOPH, HANPAMIIEH] BiIIOBIIHO B3JOBK



oceit OX,0Y 10Z,a x, y, i z —BianoBiaHi npoekii # Ha mi oci.
3Biacu piBHAHHSA (1.2) piBHO3HAUHE 3HAXOMKEHHIO 3AJIEKHOCTEH

x = x(1),
y =y, (1.3)
z = z(1).

1.2. KinemaTuuni XapakTepUCTHKH NOCTYNAJIbHOIO Ta
00epTajJbHOrO PyXiB

@Di3uuHI MOHATTS IIBUAKOCTI Ta MPUCKOPEHHS € OCHOBHHMH B
kiHemarturi. B 3arampHOMYy BHmanky, misi Oynb-KHX BHIIB PYXY,
LWIBUAKICTh — II6 BEKTOPHA BEJIMYMHA, SIKA XapaKTEpPHU3ye 3MiHY
paaiyca-BekTopa pyxomoi MT 3 wacom. Haituacriiie B po3paxyHkax
BUKOPHUCTOBYIOTh HOHSTTS CEPEAHbOI MIBUAKOCTI 3a MEPEMIIIEHHIM
Ta MUTTEBOI IIBUIIKOCTI.

Bexmop cepeonvoi wieuoxocmi 3a nepemiujeHHsIM JTOPIBHIOE
BIZIHOLIECHHIO TmepeMimeHHs A7 pyxomoi MT no wacy Ar,
MIPOTATOM SIKOTO BiIOYJI0CS JaHE MEPEeMIICHHS

<D >= ﬂ (1.4)
At

Bexmop mummesoi weudxocmi JOPIBHIOE TEPIINA ITOXiTHIN
paniyca-BekTopa pyxomoi MT 3a yacoM i HampsiMJICHHH B3JOBXK
JOTUYHOI 10 TPaekTopii B OyAb-sKil 11 TOUII.

U= ﬂ . (1.5)
dt

BumiproeTbcsi MBUAKICTH B [M/C]. IBunakicte MT 3 yacom
MO>KE 3MIHIOBATHUCH SIK 332 MOAYJIEM TaK 1 32 HAIIPSIMKOM.

Jnst XapaKTepUCTHKH CTPIMKOCTI 3MiHM LIBHIKOCTI BBOISTDH
MOHSATTSI BEKTOPA CEPEeIHBOTO MPHCKOPEHHS Ta BEKTOPAa MHTTEBOTO
MPUCKOPEHHS.

Bexmop cepeonvoeo npuckopents NOpiBHIOE BITHOLIEHHIO 3MiHU
BekTOpa MBUAKOCTI MT 1m0 MpOMiXKKY 4acy, 3a SKHi BOHa BigOymacs

-_ Av
<a>=—--. (1.6)
At
Bexmop mummeeozo npuckopenns NTOPIBHIOE TIEPIIiA MTOXiTHIN
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MuTTEBOI mBHAKOCTI MT 3a gwacom abo mapyriii moximHik i paaiyca-
BEKTOpA 3a 4acoM

& _d’7
dt dr’
BumiproeTscst IpUCKOPEHHS B [M/ c’ ]

a= (1.7)

PosrissHeMo oOkpeMO TpSAMONIHIMHMNA Ta OOCPTANBHUN PYXH.

OckinbkH MpU psAMOTiHiiHOMY pyci AS = |A17| 1 nusix S criBmagae

3 JIOBKHHOIO BEKTOpa IMEpEeMilleHHs 7, TO HampaBuBmIK Bich OX
B3/IOBX BEKTOpa I , 3 (1.5) otprmaemo

ds
L=—, (1.8)
dt
3BIIKM IHTETPYBaHHSIM MOKEMO 3HAUTH
S = [t (1.9)

BeenemMo moOHSTTS piBHOMIpHOTO pyxy. [lin mpsmoniuitnum
pienomipuum pyxom MT po3ymiroTh 1 pyX i3 CTaJIOI0 MIBUIKICTIO
(5 = Const). Toni mis takoro Buay pyxy B (1.9) MoxHa BUHECTH
IIBUJIKICTH 3 ITiJ] 3HAKY iHTErpaJia i B3SBIIY HOTO 3HAUTH

S=8§,+v-t, (1.10)
ne S, — nwx, sskui npoitnuia MT 1o MmomenTy vacy ¢ =0 .

3 piBusHHA (1.7) BUAHO, IO IPH PiBHOMIPHOMY TIPSMOITIHIHHOMY
pyci a =0.

Beenemo moHATTS piBHO3MIHHOTO pyxy. [lin mpsmoninitiinum
pisnosminnum  pyxom MT posymitore il pyx i3 cramum
MIPUCKOPEHHIM (ﬁ = const). 3 piBusHEA (1.7) MOXHaA 3HATH
HIBUJIKICTH MTPHU TAKOMY pyci

v=[adt=v,+at, (1.11)

ne v, —mBuakict MT B MomeHT yacy ¢ =0.

[MigcraBuBmm (1.11) B (1.9) oTpumaemo Qopmyny HUIAXY IS
PIBHO3MIHHOTO PyXY
2

S=SNH%¢+%§. (1.12)

SAxmo mnpuckopenuss MT wmenme nHyns (a¢ < 0), To Takudl pyx
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Ha3UBAETBCS  NPAMONIHIUHUM  DIBHOCNOGIIbHEHUM 1 JUISI  HBOTO
piBasaHsA (1.11, 1.12) 3anumyThest y BUTTISAAL

v =y, —at,

2 (1.13)
S:SO+UO-I—%.

Axmo npuckoperas MT Oimeme wyna (¢ > 0), To Takuii pyx
HA3UBAETLCS  NPAMONIHIUHUM  PIBHONPUCKOPEHUM 1 U1  HBOTO
cnpaBenuBi piasHHS (1.11) Ta (1.12).

Komn MT pyxaerbcss TO KPHUBOMIHIHHINA
TpaeKTOpii, TO y HEi MOXe 3MIHIOBATUCH i
MOJYJ b MIBHIKOCTI, i 1i HAMpsAMOK. Y IbOMY
BHUIIAJKy BEKTOP MPHUCKOPEHHS ¢  Ha-
OpsAMICHUH MiJ  JeSIKMM KyTOM ¢  JI0

MOTUYHOI 10 Tpaektopii (puc. 1.2) 1 #oro

Hpmi];;[clg{'ﬂ MT MOJKHA PO3KJIACTH Ha JIB1 CKJIAJ0BI

npu 5:an+c7,, (1.14)
KpHUBOJIIHITHOMY -

pyci d, Ha3UBAETLCSA HOPMAaJbHUM IPUCKOPEHHSM,

a d, — TAaHTCHIIAJEHUM MPHCKOPEHHSIM.

Hopmanvhe npuckopennss XapakTepusye 3MiHY IIBHAKOCTI 3a
HANPSAMKOM 1 HampsIMJIEHE B3JIOBXK pajiyca J0 LEeHTpa KPHUBH3HH
Tpaextopii. Taueenyiarvne npuUCKopenHsi XapaKTEpPU3yeE 3MiHY
MIBUAKOCTI 3a MOJYJIEM 1 HamnpsMJICHE B3JIOBXK JOTHYHOI [0
TpaekTopii. YNCIIOBI 3HAYEHHS X MPUCKOPEHb PiBHI

dv v
=— Ta a, =—. 1.15
Lot " R (11
3(1.14) i (1.15) maemo
2\? 2
a=Ji+ai=|| L] [ (1.16)
R dt
Ta tgp =-—"t.
aT

(1.17)
Hns obepranpHOro pyxy MT 3a aHanoriero A0 MOCTYNajibHOTO
PYXy TakoX BBOJATH (i3MyHI MOHSTTS, SIKI XapaKTEepU3YIOTh il
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HepeMIlleHHs MO KOy — BEKTOp KyTa MmoBopoty A, BEKTOp

KYTOBOI HIBHIKOCTI () Ta BEKTOP KyTOBOTO TPUCKOPEHHS & (puc.
1.3).
Kym nosopomy A@ — ue Bektop, sIKuil 3a
| BEIMYMHOIO JIOPIBHIOE KyTy, Ha SKHH IIO-
; BepTaeTbesl paaiyc-eekrop MT mpu obepranHi ii
HABKOJIO JIESIKOT HEPYXOMOI oci, 1 HampsiMoK A
BU3HAYAETHCSl 3a NPaBHIOM CBepIUiMKa. Bekrop
KyTa IIOBOPOTY HEMA€ TOUKU NPUKIaJaHHS.
Bexmop  cepeouvoi  kymoeoi  weuoxkocmi
JIOPIBHIOE BIJHOIIEHHIO BEKTOpa KyTa IMOBOPOTY
f A@ no yacy obepranus MT At

- A@
Prc.1.3. Dismasi <a>=22. (1.18)
BEJINYNHI At
00€epTOBOTrO pyXy Mummesoio Kymoeoio weuoKicmo Ha3UBarOTh

BEIMYHMHY, SKa € TepIIol0 TOXiJTHOK KyTa
MIOBOPOTY pajiiyca-BeKTopa Io 4acy
G (1.22)
dt

Sk i A@ BEKTOp @ HEMA€ TOYKM MPUKJIAJAHHS i Oro HATIPAMOK
BU3HAYAETHCS 3a TIPaBUIOM CBEpIJIMKA. BHMIpIOEThCSI KyTOBa
IIBHIKICTH B [pa@/ c].

KpiMm kyTOBOi mBHAKOCTI, pyX Tila IO KOy IIEe MOXKHA
ONKCYBAaTH 32 JIONOMOIOK JIHIMHOT MWBUIKOCTI O, MOAYJbL SAKOL
BH3HAvaeThes 3 (1.8).

Bexmop  cepeOnbo2o  Kymoeoeo  NpUCKOpeHHs  JOPIBHIOE
BiJTHOIICHHIO 3MIHHM BEKTOpa KyToBOI HBHAKOCTI MT 710 pOMiXKKYy
qacy, 3a sSIKuil BoHa BigOynacs

<E>= Ao . (1.23)
At

Mummeese kymose npuckopenns & JOPIBHIOE TIEPIIiM MOXiqHiH
KYTOBO{ IIBHJKOCTI 110 Yacy

do_dg
dt  dr?

g= . (1.24)
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BexkTop KyTOBOTO TPHCKOpEHHS HAMpSIMIEHUH B3IOBXK OCi
oOepTaHHs 1 CHiBMaZae 3 HANPSIMKOM @, SIKIIO KyTOBa IIBHUIKICTbH
3pocTae, i MPOTHISKHAN 10 HAMPSIMKY @, SIKIIO KyTOBa IIBUAKICT
3MEHIIY€EThCSI. BUMIpIO€ThCS KyTOBE MTPUCKOPEHHS B [pad/ cz].

Beenemo momATTA oOepTanmpHOTO piBHOMIpHOTO pyXy. Ilin
obepmanbHum pieHomipHum pyxom (piBHOMIpHUH pyx mo xoiry) MT
PO3YMIIOTH ii pyX i3 CTaJlOI0 KYTOBOIO IIBHIIKICTIO (CT): const). 3
piBHsHHSA (1.22) BUKOHABIIM aHANOTIYHI MaTeMaTH4HI Omepauii npu
BuBeneHHI (1.10) MokHa OTpUMATH 3aKOH 3MIHH KyTa MOBOPOTY
paaiyc-sektopa MT npu oGepTanbHOMY piBHOMIpHOMY pYyCi

QO=@Q,+w-t, (1.25)
Ie @, — KyT, Ha sIKH OBepHYBCs paalyc-BekTopa MT HaBkono oci

no Momenty uacy f=0. Ilpu obGeproBoMy piBHOMiIpHOMY pYCi
g=0.

[Ipu piBHOMIpHOMY pyCi MO KOJIYy BHKOPHCTOBYIOTH IOHSTTSI
nepiody T ta wacmomu v . [lepioj — 1ie 4ac 0JTHOrO TOBHOTO 00EPTY,
a 4acToTa — KIJIBKICTh 00epTiB 32 oauHUIT0 Yacy. KyToBy Ta niHiiHY
MIBUAKOCTI MOJKHA BUPA3UTH Yepes3 nepio abo 4acToTy

a)=277[=2m/ (1.26)

Ta U=2LR=27ZVR.
(1.27)
3minicH V=R a6o a):%, (1.28)

ne R — paniyc xonoBoi tpaextopii MT. V BekTopHiii ¢popmi
U=wxR, (1.29)
JIe «X » — 1€ 3HaK BEKTOPHOTO 100YTKY.
Beenemo  MOHATTS  00EpTaNBbHOTO  PIBHO3MIHHOTO — PyXy
(piBHO3MIHHOTO pyXy To Komy). Ilin obepmanvuum pignozminHuM
pyxom MT po3yMmitoTh ii pyX i3 cTanuM KyTOBUM HPUCKOPEHHSIM

(E = const). 3 (1.22) Ta (1.24) BUKOHABIIIM aHAJIOTIYHI MaTeMaTHYH1

oneparmii npu BuBeneHHi (1.11) Ta (1.12) MoXHA OTpUMAaTH 3aKOHU
PIBHO3MIHHOTO PyXY IO KOy
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w=wm,T&-t,
-1 (1.30)

P=@Q,+@, t=x

Je 3HAK «+» BIAHOCUTBCS JO MPHCKOPEHOTO PyXy, «-» — J0
CHOBUTEHEHOTO.
Mix TPHCKOPEHHAMH IOCTYNAIBHOTO Ta OOEpPTAIFHOTO PYXiB
ICHYE€ 3aJIeKHICTh
a =&xR, (1.31)

ne R — Bekrtop, skuii 3’€qHye Bich o0epTanHs 3 MT, a «x» — 3HaK
BEKTOPHOTO TOOYTKY.

1.3. IloHATTS cTyneHiB BiILHOCTI TijIa

[onoxennss MT B mpocTopi 3a7a€ThCsl TPhOMa KOOPIMHATAMH:
X, y, Z.SIkmo Touka He BUIbHA, a PYXA€ThCS, HANPUKIAA IO
JesIKid TIOBEPXHi, TO Ui BU3HAYEHHS ii MOJIOXKEHHS HEOOXiTHO He
TpH, a JABi KoopauHath. Hexaii pyx MaTepialbHOI TOYKH
BiJJOyBa€ThCs Ha MOBEPXHi cepu paniycom R. PiBHsHHS chepu

X +y' +72°=R. (1.32)
Toni, K10 MU 3HAEMO KOOPAMHATH TOYKU X 1 Y, TO ii KOOpAWHATY
Z MU 3aBXIHU 3Haimemo i3 (1.32)

2=t JR*—x*—y*, (1.33)

TOOTO KOOpIWHATA Z € 3aJEeKHOK Bij e
X 1y, siKi HA3UBAIOTHCS HE3AJIECKHUMH.

Tax camo, SIKIIIO BBa)KATH HE3AICKHUMU
KOOpAMHAaTH X 1 Z, TO B LBOMY
BUIIAAKY OyZe 3aJeXHOI0 KOOpauHaTa
y.

Hezanexni 3MiHHI, $Ki Xapak-
TEPU3YIOTh  IOJIOKECHHS ~ MEXaHIYHO1 ,

pusy Puc.1.4. llapHipue
CHCTCMH  HAa3MBAIOTBCA  CTYNEHSIMH  5¢ oy 3 o crynesem
BLJILHOCTI. BLUILHOCTI

ITonoxeHHs: JBOX TOYOK B IPOCTOpi

77 2;////, 7

XapakTepusye 6 KOOpOUHAT: X,, V;, Z;, X,, Y, Z,, alle SKIIO IIi
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TOYKH MK COOO0I0 KOPCTKO 3B’s3aHI TOHKUM IMHJIIHIAPOM TOBXKHUHOIO
[, TO 3B’5130K MK HUMU MOXHA OTHCATH PIBHIHHSIM

(xz_x1)2+()’2_)’1)2+(Z2_Zl)2:lz’ (1.34)
TOOTO iCHYe OJMH 3B’SI30K MK TOYKaMH, a II¢ O3Ha4ae€, 10 Taka
CHUCTeMa 3 JBOX JKOPCTKO 3B’S3aHMX TOUYOK Ma€ S5 CTyIEHiB
BIJIBHOCTI.

Tpu marepiaidbHi TOYKH MarOTh
BIANOBIAHO 9 HE3aNEeKHUX KO-
OpAMHAT, aJie SIKIIO BOHHU >KOPCTKO
3B’s13aHI MK CO00I0, TOOTO MaioTh
TP 3B SA3KH, [0 OIHUCYIOThCA
piBEsHHESM  (1.34), TO KINBKIiCTH
CTYNEHIB  BUIBHOCTI  JUIS  HHX
JOPiBHIOE 0.

Ockinbku TOJIOKEHHS! Oynb- Purc.1.5. Hlapipie
SIKOTO TBEPAOIO Tila OJHO3HAYHO 3 CIHAHMNS 3 IBOMA, CTYTIEHAMH
3aJa€ThCSI TPhOMA HOTO TOYKAMH, BiIbHOCTI
SIKi He JIe)KaTh Ha OJIHIH MPsAMiH, TO i
TBEpJIE TLIO Ma€ 6 CTYIEHIB BiJILHOCTI.

KinpkicTh cTyImeHiB BIIbHOCTI Tijla BU3HAYA€E HE TiIbKU KUTBKICTH
HE3AJIC)KHUX 3MIHHUX, SIKi BA3HAYAIOTh HOTO MOJIOKEHHS B TIPOCTOPI,
a U Kinokicmb WOro HezanedxicHux nepemiujeHvb. Tpu CTyINEHS
BUTRHOCTI ~ MaTepialbHOI  TOYKH
03Ha4YalTh, IO BOHA MOXE He3a-
JISKHO TMEpeMillaTUCh 110 TPbOM
OCsIM KOOpAMHAT. byb-saKkuil ckiaa-
HUI pyX TOYKH (KOJOBHH, CITipaib-
HUH, TOIIO) MOXHA OMNHCATH
HaKJIaJaHHAM TaKUX TPbOX PyXiB
B3JIOBXK TPhOX KOOpJAUHAT. Taki Tpu
CTYNEHs BIJIBHOCTI TOYKH Ha3U-
BAIOTh NOCMYNATIbHUMU CIMYNEHAMU
ginbHocmi. SIKIIO TOYKA pyXaeThes

—_

Yl

Puc.1.6. lllapHipHe

[0 TIUIOIMHI — BOHa Mae 2 3’€JIHAHHA 3 TPHOMA CTYTEHAMH
NOCTYyNaJIbHUX CTYNCHS BUIBHOCTI, BiIbHOCTI
SKIIO  B3AOBXK mpsmoi — 1

MTOCTYTIAJILHUN CTYITIHD BUTHBHOCTI.
Sxmo wmartepiambHa TOYKa abo0 TBEpAE TUIO MOXKE JIHIIIE
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obOepraTucsi HaBKOJO OfHIE] Hepyxomoi oci oOepTaHHS, TO Taka
TOYKA YW TUIO Ma€ OJUH oOepmanbHull cmynins sitvbnocmi. Koneco
MaIlVHA, SIKa PYXaeTbcsd MO TPAMiiA, Ma€ JBa CTYIEHI BUIBHOCTI:
OIIMH 00epTaNFHUI — HAaBKOJIO OCi KoJieca 1 OJWH MOCTYMaIbHUH —
nepeMillleHHs 0ci KoJieca B3JJOBXK JTOPOTH.

AOCONIIOTHO TBepAe TIIO Mae 6 CTYNEHIB BUIBHOCTI: TpU —
MOCTYNAIBHOTO PyXy HEHTPY Mac 10 TPbOM OCSM CHCTEMH
KOOPJMHAT 1 TpU — 00EepTATLHOTO PYXy BiTHOCHO IHX K€ OCEH, SIKi
MPOXOIATH Yepe3 IEHTP Mac.

Ha puc. (1.4) mokazaHe mapHipHe 3’€JHAHHS 3 OJTHUM CTYIIEHEM
BUTBHOCTI, Ha puc. (1.5) — 3 agBoma, Ha (1.6) — 3 Tproma. KymnscTwii
maphip (1.6), 30kpema, 37ifiCHEHWH B Ta30CTETHOBOMY CyIJIoOi
JIOZMHHU.

1.4. KineMaTn4Hi XapakTeprucTHKHU )KUBUX OPraHi3MiB

MOXJIMBICTh MEXaHIYHUX PYXiB 010JIOTiYHUX 00’€KTIB, TAKHX 5K
ix moctynanmbHuil pyx sk MT, ckopodeHHs Pi3HOMAaHITHHX M’ SI3iB
CCaBIIiB 1 KOMaX, PyX JIUCTSI, T'JIOK, CTOBOYPIB POCIIHH, OUTTS BiHOK i
PyX JDKTYTHKIB OakTepif, MOMIT KIITHH i pyX MPOTOIUIA3MH, €
BIJIMIHHOIO PHCOI0 JKHBHX OpraHi3miB. JKuBi opraHizmu, Bix
HANMPOCTIIUX 0 JIIOJIEH, XapaKTepU3yIOThCS ITMPOKUM JTialla30HOM
HIBUJIKOCTEH MPH TIEPEMIIIICHHSIX.

[lepecyBanHss y BogHOMY cepeloBuIli (IUIaBaHHS) HaWKpaiie
BHUBYCHO y BOJHHUX XpeOeTHUX (pub i ccaBIiB), OCKUIbKH IX PyXH,
MOB’si3aHi 31 3MiHOIO (OpMHU TiJia 1 JOCTaTHBO JOOpPEe BHBUEHI 3a
JOTIOMOT'0I0 MaTeMaTHYHUX METO/iB. 32 (hOpMOIO Tia puOH CYTTEBO
Bigpi3HatoTees  (puc. 1.7). llepecyBanHs iX y BOIi 3HA4HO
BIJIPI3HAETHCS 1 IMOB’S3aHE 3 YMOBaMHU CEpEAOBHUINA 1 HIBHAKICTIO
iaBaHHs. Tak, TopmeponoziOHa ¢opma 3abe3neuye HaWOiIbLI
LIBUJKE TEpECyBaHHS y BIAKPUTIA BOXi, CIUTIOMIEHa 3 OOKiB —
MOJKJIMBICTH TUIABaHHS Y BOJOWMAX 3 TYCTOI0 POCIHMHHICTIO, aie 1ei
THI QOPMH Tijla 3yCTpivaeTbesi i cepell puO, IO KUBYTh B TOBIII
Boau (i cepes MPUIOHHKX 1 IOHHUX ).
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3MienogiOHMIT  THOD  TLIA
XapaKTepHUd i puod, M0
KUBYTH CEpea BOIOpPOCTEH i
3apUBAIOTHCS B MyIL.
Haiimenmry mBuAKiCTb MalOTh
pubu 31 crpiukonoaiOHOIO,
KyJSICTOIO 1 THIOCKOI0  hop-
MOIO Tila.

Cepen 3a3HaueHUX THUIIB
pud 0CcOOIMBO BiIPI3HIIOTHCS
TETIOYl pudH, SKi MOXYTH 3
BEJIMKOIO INBHJKICTIO pyxa-
THCS y BOJII 1 3aBEpIIATH IICH
PYXOBHIA  aKT  CBOEPITHUM
MOJILOTOM B TOBITpi. Puba
pO3TraHs€eThCS Yy BOAL  JIO
mBuakocti 30 xm/200, pizko
30imbIIyroun ii Ha TIOBEPXHI
(mpu BiApuUBI Bif BOIU) IO
(60-65) xm/e00. Ilicns 1poro
BeIMKE 3HA4YeHHS Ha0yBalOTh
HE TUTBKH 3MI€NOAIOHI pyxH
ix TynyOa, ane i Benuki OivHi Puc. 1.7. Tunm gopmu tina pub (3a
[JIABHUKH, 10 3a6e3neqy10Tb Hikonbcbkum): 1 7.CTpiJ'lOBI/IL[Ha.(CapFaH),
CBOEpI/IHE TapiHHS B MOBITPI. 2~ Topuezononioua (crymbpia), 3 -

o CIUTIOIIEHA 3 OOKIB (JIA1] 3BHYAHHUI), 4 —
Y mositpi Jserioya puba THI pUOH-MicAUs (puba-Micsmp), 5 — TAI
TpuMaeThess Omuszbko 10 ¢, kambarnu (piukoBa kambana), 6 —
npomiTarodM  3a  Led  gac 3Mi€BUJIHA (Byrvop),7chpiq1<ono;1i6Ha
6musbko 200 w,  iHKOMH, (ocenenieBuit KOpob), 8§ — KyJsicTa

. (xo3y6enbka), 9 — mocka (ckar).
HaBiTh, — 70 400 m.

IBuakicte pyxy pub y Boai myxe BiapizHseTbes. HanOinpiry
IIBUJAKICTh MalOTh JESAKI aKyJad, TyHI, Me4-puOH, jococeBi. Tak,
TyHEIb NePEeMIIaeThes 31 mBUAKICTIO 20 M/c, OnakuTHA akyna — 10
M/c, J0COCh — 5 m/c.

ExcriepMeHTaNbHO BU3HAYEHO, IO HIBUAKICTH MPSAMOIIIHIHHOTO
PIBHOMIPHOTO pyXy pHO 3aJIeKUTh BiJ MOBXKWHH ix Tima. Jlms
MOPIBHSHHS IIBUAKOCTI pPyXy puO pPI3HOTO pO3Mipy BBEACHO
Koe(ilieHT IBUAKOCTI MPSIMOJIiHIiHOr0 piBHOMipHOTO pyXy pH0
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K
K=Y (1.35)

\/j ]
e U — cepenHs MBUAKICTH JaHOTO BUAY puod (B m/c), [ — ix cepemns
JIOBXKUHA (B M).
3HaueHHs KoedimienTa K KOMTUBAIOTHCS Bif 7 (aKynH, TyHIII) 10
0,5 (Micsap-puba). ¥ tabmumi 1.1 HaBeneHi nesKi JaHi MIBUIAKOCTEH
T1aBaHHs pUO Pi3HUX BUJIB.

Taommms 1.1
IIBuakicTs pyxy (TUTaBaHHS) PI3HUX BUJIB PHO
Puba HIBuAKICT, Puba LIBuAKiCTS,

M/ M/
bapaxyna 12,2 Tpicka 2,5
brakuTHa akyna 10,1 IInotBa 1,2
Tynenp 6,2 JIstinn 0,9
Jlococh 6,0 Munb 0,6
®openb 3,6 Mopcekuit 0,4

OKYHb

[Ilyka 3Buyaiina 3,5

[IBuaKicTh TIEpEeCYyBaHHS y BOJI 3aJKHTh Bil (OpMHU Tina,
Xapaxrepy pyXiB Tydy0a, XBOCTa 1 IUIABHUKIB, & TaKOX BIJ
riApoJMHAMIYHUX  ocoOmuBocTel Tima pubu. 3a  dopmyiy
CTaHJIAPTHOI IIBHJIKOCTI IUIaBaHHS pPUO NPHIMAEThCS, 3a3BHUYal,
CIIBBIIHOILICHHS

v(mfc)=4-1(m), (1.36)
X04a JUIs BEJIHMKHX 33 po3MipaMH puO BOHO Ja€ JEHI0 3aHMKEHI
3HAYCHHSI.

Jlesiki MOpPCBKI CCaBIli BiIPI3HSAIOTHCSA BEJIHUKOK MIBHIKICTIO
maBaHHsg. Tak, s KuUTa-cepBajia ONMcaHa MIBUAKICTH 6 m/c, IS
nenbdiniB — 10 10 m/c 1 Oinbiie.

KpiM 3BHYalfHOTO MEXaHIYHOTO PyXy I JESKUX MOPCHKUX
OpraHi3MiB € XapaKTePHUM PEaKTUBHUHU PyX.

Hwmx4ai ccaBili — OmXHOIPOXiAHI, cyMYacTi 1 HEMOBHO3yOI — 3a
BEITMYMHOK0 IIBUIKOCTI, SIKy MOXYTh PO3BUBATH, TaKOX CYTTEBO
pizasaTeea.  Cepex OAHOMPOXITHMX  KA4KOHIC — MOPIBHSIHO
MaJIOpYXJIUBUA Ha CyIm 1 OUTbIl pyXJMBHH y Boii. BiH Moxe
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pPO3BUBATH [OCTaTHRO BENHMKY MIBHAKICTb TpH IUIaBaHHI (IO
15 km/200), mipHaHHi i1 pUTTI 3emii. M’s30Ba cuja KaukKoHOCA
(0coOnMBO CNMHHUX M S3iB) OyKe 3HAYHA, IO JO3BOJISIE HOMY
IIBUIKO TIEPECyBATHCS TiJ Yac IUTaBaHHS 1 TPH 3aKOMyBaHHI B
3eMiIr0. €XuJHAa — HIYHAH Ha3eMHa TBapuHa, LIe OLTbLI PyXJIMBA.
s mei xapakTepHi Xxonp0a, Oir i, 0cO0IMBO, PUTTS 3eMIII.

Haii6inpim pyxmMBUM CyMUYacTHM CCaBIIEM € KEHTYPY, SIKHA MOXe
PO3BHBATH MBHIKICTH 10 45 kMm/200.

Komaxoigni — 37e¢0iIbIIOro HIYHI TBApUHU — MAalOTh JOYXKE
HEBEJHKY IIBUAKICTH pyXy. [IpoTe M’s30Ba AisUTbHICTE KOMaXOITHUAX
JOCUTH pi3HOMaHiTHa. Tak, ams iXKaka 1 3eMJIepHIOK XapaKTepHi
X01p0a, OIr 1 PUTTS; JUIS KPOTa — BUKJIIOYHO PO3BHHEHA pHUIOYA
JUSUTBHICTD, IS XOXYJIi — TJTABaHHS.

Pykoxpwmii, abo kakaHw, — 3ariH cCaBIliB, MPHCTOCOBAHUX [0
MOJILOTY 1 JO CIOKOK TpH BHUCIHHI TOJIOBOIO BHHU3 B CTaHi
MiJBUIIICHOT0 TOHYCY 3aJHIX KiHIIBOK. [IOBiIbHI TepenoB3aHHs IO
TOPU30HTAJNl TOPIBHSHO PIAKO CIIOCTEPITralOTbCca B TpUpomdi. Y
Ka)kKaHIB MOJKHA CIIOCTEpIraTH IMOB3aHHS Bropy NO BEPTHKAIbHIN
CTiHI 3aaHIM KiHIleM Tina Brepea. [loyiT 3MIMCHIOETHCS 3aBISKU
BUKIIFOUYHO BEJIMKIW JITalIbHIA MEPETHHIN, sIKa € CKIAJKOI IIKipH,
HATSATHYTOIO MK TyIyOOM, 3aJHIMH 1 TIepeIHIMHU KiHIIBKAMH, a
TaKOX MaJIbISIMU MEPEIHIX KIHI[IBOK 1 XBOCTOM. [IIBHIKICTH OJBOTY
KakaHiB, MalOyTh, He nepeBuitye (8-10) m/c.

I'pusyHm — 3ariH ccaBmiB, OO HAPAXOBYE HAWOUIBITY KiIBKICTH
BU/IIB, SIKi HACEJISAIOTh BCI KIIIMAaTHYHI 30HHA 3emiti. Cepes TPU3YHIB €
3HAa4YHa KIUIBKICTh TUIABAIOYMX 1 TipHAIOYMX, Oarato 3 HHUX
PO3BHBAIOTH BEJIMKY IIBUAKICTH Oiry, HAaNpHKIajA, TYIMIKaHYUKH Ta
3aiflli. Y €rumneTchbKoro TYIIKaHYHMKa (JOBXKUHA Tija Bl KIHIIS MOPIU
10 ocHoBH xBocta 130 am) 3aaH1 KIHIIBKM MalOTh JOBXKUHY 161 M,
0 J103BOJISIE oMy poOutu ctpubku B 2,5 M. [Ipu npomy BiH Moxe
po3BuBaTH MWBUAKICTE A0 40 xm/co0. LIBUAKOCTI pyxXy HAESIKHX
IpU3YHIB NpejicTaBieHa B Tabmmii 1.2.

Taomums 1.2
MakcumMasbHa IBUAKICTE pyxy (0iry) y rpu3yHiB
Bun HIBUAKICTD, Bun HIBUAKICTS,
KM/200 KM/200
3aenb-011K 55-60 BypyHmyk 11,5
XoBpax manui 12 Jukobpa3 3
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Y XmKHX 3yCTpIHarOThCsS TyXKe pi3HOMaHITHI (popmu M’s30BOi
JisUTBHOCTI (PUTTS, TPU3iHHS, CTPUOKH, Oir, MOB3aHHs, TJIaBaHHs). 3a
IIBU/IKICTIO BUKOHAHHS PYXiB XIDKakd HeomHOpiAHi. Tak, OOpCyK,
BEIMiZb BOJOIIIOTH MOBITFHAMH PyXaMH, a BOBK, cO0aKa, JIFICHIIA
pPO3BHMBaIOTH MpHU Oiry AyKe BENHKY MIBHIKICT. MakcuMmalibHa
HIBUIKICTH Oiry y BOBKa jocsrae 45 xm/200, TPUUOMY Taka
MBUAKICTP MOXE MATpUMYBaTHCS 15xm mocmine. Y mucwmi
MBUAKICTH OiTy HE TiepeBHIrye 35 xm/200. HalmBuammm XnxaKom
BBA)KA€ThCA remap. Moro msuakicts nocsrae 120 xi/200.

Cepen KOMMUTHUX 3YCTPIYalOTHCS TPEICTABHUKU 3 BEJIHKOIO
MBUJAKICTIO pyXy: Kabapra, caiira, mepecyBalOUHUCh CTPUOKaMH,
MOXXYTh po3BUBaTH MBUAKICTE (70-80) xm/200. 3 iHIOrO OOKY, TYT
3yCTpIYalOThCsl TaKi TBapHHU, K BEpONIOJ, 3 AyXKe XapaKTepPHUMH
MOBUTBHAMH ~PyXaMH, aje CBOEPIIHUM pPEKAMOM poOoTH i
BiJITIOYHHKY.

Hdyxe BemuKuil iHTEpec MPEACTAaBISIOTh HANOUIBII OMU3BKI 0
JMIOMUHYU CCaBIli — MaBmu. MaBmu-raMaJpiiid 37atHi 32 6 200
mpobirtn B Onm3bko 38 xm. IlepecyBanHss maBm BiAOyBaeTbCs B
OCHOBHOMY Ha YOTHPbOX Jamax (OCOONMBO TMpH BTEYi Bij
HeOe3MeKn); pyXd KHCTi, a TAaKOXX HU3KY IHIIUX, NOB’SI3aHUX 3
KUTTSM CTaJia 1 BUXOBaHHSIM JUTHHYAT, BiTOYBAIOTHCS MPH CTOSHHI
Ha JIBOX JianaX. BayxJIMBO BiA3HAYMTH, IO MIBHIKICTh PyXy Ha JABOX
Jamax y MaBl B 4 pa3u MEHIIA MBUAKOCTI PyXy Ha YOTHPHOX.

Taomunsa 1.3
MaxkcuMaibHa MBUJIKICTh pyXY (0iry) Y KOMUTHHX
Bun IBuaKicTE, Bung IBuakicTs,

KM/200 KM/200
Hoxelpan 56-64 Apxap 50-60
Caiirak 72 OieHn 56

OJraropoJHMI

Jloch 32-37

[IpakTuka migTBEpIXKYeE, IO OiMBINI 32 PO3MipaMH TBapUHH
PYXaroThesl 3 OLIBIIOI0 MIBUAKICTIO, HIK JpiOHI. 3 pocTOM Macu m
TBAapUHU Y HUX 3MEHIIYETHCS YaCTOTA KPOKIB V (KUIBKIiCTh KPOKIB 3a
ONMMHUINIO dYacy). Ll 3ayexHiCTh 3HAWIEHA EKCIIEPUMEHTAIBHO 1
MPUOJIM3HO BU3HAYAETHCS CITiBBITHOIICHHIM

v=m"", (1.37)
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B Toi1 ke yac, TOBKHHA KPOKY | Ha3eMHHX TBapHH MPOMOPITiiiHa
Maci Tina

[=m">. (1.38)
3 (1.37)1(1.38) MoxxHA 3HAWTH MIBUIKICTH PYXY TBapHH
v=l-v=m"? - m*" =m*"°. (1.39)

B (1.39) po3mipHicTb Bcix BennunH aaHo B cuctemi CI.

Cepen nTaxiB HaWOUIBIIY MIBUIKICTH MiJ] Yac aTaKW PO3BUBAIOTH
cokomuai — (100-150) xm/200. IBuAKICTH Tycell Ha KOPOTKHX
BiJIpi3Kax MOJbOTy MOXke mocsaraT 105 km/200. Taka x MIBHIAKICT y
YupKiB, a Tpoxu MeHma (1o 90 xm/200) y CTpWXKiB B Tepiox
nunoOHuX irop. Kpskea neruts 3i mBuakictio (70-80) xm/200, a
rony6n i TeTepl — nmo (55-60) xm/200. Iltamkm 3 HaWMEHIIOIO
IIBUJKICTIO — cipa BOpOHA 1 Yaruis. Ix mBHAKiCTH mocsTae (40-45)
KM/200. 3aKOHHM aepOAMHAMIKH OOMEXKYIOTh Macy Tijla JiTaloqux
TEIUIOKPOBHUX TBAapUH KOPHUAOPOM Bim 2 & (komibpi) mo 13 ke
(appukanceka npoxBa). Pyx y TIOBITpIHOMY CepelOBHUINI €
e(EeKTHBHUM TUIBKM Yy BUTAJIKY, KO Maca MrTaxa HEBelnKa, aie i
JIOCTaTHSA [UIi CTBOPEHHS TIOTY)KHOCTi, $Ka BHTpPAa4yaeThcs Ha
MIO/IOJIAHHS aepOAMHAMIYHOTO omopy. ToMy HalOUIbII edeKTUBHUI
SIK IO IIBUIKOCTI, TaK 1 IO MaHEBPEHOCTI MOJIT JIEMOHCTPYIOTh
NTaXy CEPEHIX PO3MIpIB.

ExcriepuMeHTIB 10 BH3HAYEHHIO IIPHUCKOPEHB, SIKI MOXKYTb
PO3BHBATH MBI OpraHi3Mu He Tak Oarato. [IpuckopeHHs TBapuH Ta
KOMax, B MEpIIy 4Yepry, JOCITIKYIOThCS 32 BHUCOTOIO iX CTPHOKIB.
Bucora crpuOka pi3HMX BHIIB TBapHH B YMOBAaX HAaIIOi IUIaHETH
CTaHOBHTH He Oinbuie 1 m. Y 610Xu, )KyKa, capaHH 1 JIIOJUHN BUCOTA
CTpUOKa 3 MICIIS CKJIaJa€ MpHOIM3HO OJHY 1 Ty X Benuuuny — (30-
60) cm. Y TOH ke yac npiOHI TBapWHHM NPH CTPUOKY PO3BHBAIOTH
MPUCKOPEHHS, SIKE BiIPI3HAETHCA Ha JIBA MOPSAKH BiJl MPUCKOPEHHS
BeNMMKUX TBapuH. Hampukiaza, 6moxa mpu maci Tina 0,5 me po3BuBae
npucKopenHs mpuban3Ho 2500 M/c’, mo B Maibke 170 pasiB Ginbiie
MIPUCKOPEHHS JIFOJIUHY TIPU CTPHOKY.

BuMiproBaHHsI IIBHAKOCTI Ta TPHCKOPEHHS pyXy XHXKaKiB
MPOBOJMIIOCS B HEBOJI. Tak, IBUAKICTE Tenapa BUMiproBagacs MpH
Horo O6iry mo mpsiMiid 3a npuMaHkor. OTpuMaHi pe3yibTaTH Mallo
JIOCTOBIpHI, OCKUIBKH JKEpTBa TemapAa Ha cBOOOAI pOOHUTH pi3ki
3MIHH HalpsIMKy pyXy, IO 3MIiHIOE WOro IIBHIKICTH Ta
npuckopeHHs.  OcTaHHIM  4YacoM  JAJs  BH3HAUYEeHHS  HOTO

22



KIHEMAaTHYHUAX  XapaKTEePUCTUK BUKOPUCTOBYIOTh ONIMWHUK 3
JaTaukoM pyxy 1 MoxiuBicTio GPS - mHapiramii. [locmimkeHHS
MoKazali, IO Tenapj MOXXe Ha [o4YaTKy pyXy pO3BUBATH
npuckopenss 3 w/c’. YuM Ginbla WBHAKICTH PyXy renapia, THM 3
OUTBIIIMM TIPUCKOPSHHSM BiH TaibMye (3a(ikCOBAaHO PEKOPI —
7,5 m/c* Tpu cepenHBOMy 3HadeHHI — 5,5 m/c’). Manespyroun,
rermap MoJe PO3BHBATH HOPMasIbHE IIPHCKOPEHHs 10 13 m/c”.
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Po3gina 2. /lunamika
2.1. OcHOBHI MOHATTH AUHAMIKH

B ocHoBi quHamiky nexats Tpu 3akoHu Hetotona (1687 pik), ki
€ y3araJlbHEHHS YHUCICHHUX CIIOCTEPEeXKEHb, JOCTINIB  Ta
TeopeTUUHMX pociimkens [amines, Trolirenca, HeroToHa Ta iHmmx
BueHnX. HpoTOH (opmymoBaB cBOI 3aKOHM U TN, ajie 3apas
OpPUHHATO BBaXKaTW, MO Mepmmid i Apyruid 3akoHH HpioToHa
BiTHOCATHCA 10 MatepianbHoi Touku (MT), a Tpetiit — 10 Ti.

IHlepuwuii 3akon Hovlomona: iCHYIOTh Taki CUCTEMH BiIJIIKY, B
skux MT mepeOyBae B CTaHI CIIOKOK a00 PyXaeThCsl PIBHOMIPHO 1
OPSMOJIIHIHO NTOTH, JOKH Aist 3 OOKy IHIIMX TiJl HE 3MYCHUTbH ii
3MIHUTH LIeH CTaH.

[Nepmnii 3axoH HproTOHA Ha3UBaIOTh 3aKOHOM 1HEPIIi, a CUCTEMHU
BiJUTIKY, BITHOCHO SIKMX BHKOHYETHCSI JAHUH 3aKOH — 1HEPIialbHUMHU
CUCTeMaMH Bi[UTIKy. byib-fKa cucreMa BiIUTIKY, TIPO SKYy BiOMO, IO
BOHa PYXa€TbCAd BIAHOCHO iHEpIianbHOI CHCTEMH  BIIUIIKY
MOCTYMAILHO, PIBHOMIPHO 1 MPSMOJIHIMHO, TAKOXK € iHEPIiAIbHOO
CUCTEMOIO Bi/UTiKy. TeopeTHdHo icHye 0e3iid iHepumialbHUX CHCTEM
BIJUTIKY, SIKi BOJIOMIIOTH Ti€I0 BAKJIMBOKO BIIACTHBICTIO, IO y BCIX
TaKWX CUCTEMax 3aKOHHU (PI3MKH OJHAKOBI (MPUHIIUI BIJIHOCHOCTI).

[MoustrTs  iHepuiajdbHOI CHCTEMH BUIIIKY €  HayKOBOIO
abctpakiiero. PeanmpHa cucTeMa BiUIIKY 3aBXIU TIPUB’sA3aHA JI0
SIKOTOCh KOHKpeTHOro Tina (Conilsa, 3emiii, aBTOMOOLIS, JIFOIUHH,
MT), 1o BiJJHOIIEHHIO JI0 SKHUX i BUBYAIOTH PyX 00’ €KTiB. OCKLIbKH
B TPUPOAI HEMae HEPYXOMHX O00’€KTiB (TiIO, SKE Hepyxome
BiTHOCHO 3emiti, Oyze pa3oM 3 Hel PyXaTHCh IO eNINTHYHIN opOiTi
BigHocHO COHIIM), TO peajbHa CHCTEMa BIJUTIKY MOXE BBa)KaTHUChH
iHepLiaJbHOIO 3 TMEBHUM HaOmMKeHHAM. JlocmigHuM HuIsIxoM
BCTaHOBJICHO, MIO iHEPLIaJbHOI0 CHUCTEMOIO BIJUNIKY 3 BEJIHKOIO
TOYHICTIO MOYKHA BBAKATH CUCTEMY BIJIIKY 3B’ s13aHy 3 COHIIEM.

BnacTuBicTh Tija 30epiraTd cTaH CIIOKOK ab0 PIBHOMIPHOIO
npsAMoJliHiiiHOro pyxy Oe3 aii Ha HBOro IHIIMX T HA3UBAIOThH
iHepTHicTIO. Di3WYHY BeIMYMHY, SKa € MIpOI0 I1HEPTHOCTI Tina,
Ha3WBaIOTh 1HEPTHOIO Macoro. Kpim Toro, Maca € Miporo
rpaBiTaniiHOi B3aeMofii 1 11 Ha3MBalOTH TpaBiTaliifHOIO Macoro. Lle
BIleplIe BU3HAYMB HBIOTOH y 3aKOHI BCECBITHBOTO TXiHHA. OTXe,

24



maca — e (Gi3UYHAa BEIMYHMHA, OJHA 3 OCHOBHHX XapaKTEPHCTHK

MaTepii, ska BU3HAua€ ii iHEpIUiiHI Ta TpaBiTaliiiHi BIACTUBOCTI.

Briepmie monsatTs Mmacu BBiB HEIOTOH B BH3HAUEHH] IMITyIIbCY Tija.
Iunynee p — 1e Qi3uuHa BENWYMHA, MPOIOPIHHHA MIBHIKOCTI

BiIHOTO PyXy Tina O

p=mo, 2.1
Je M — KOeQIIiEHT NPOMOPIIHHOCTI, CTaja IS AaHOTO Tija
. . 2 M
BEJIMYKMHA, HOTO Maca. IMIyJIbc BUMIPIOETHCS B
c

B npunHIuni, Hi3BigKM HE BUIUIMBAE, 1[0 Maca, IKa CTBOPIOE MOJIC
TSOKIHHS Tijla, BU3HA4ae 1 Horo iHepiiitHi BmactuBocTi. OpHak,
JOCTiI TIOKa3aB, IO iHepHidHA Ta TpaBiTallifHa MacH MPOMOPIIiHI
onHa onHii. [Tpn npUHHATIH OMMHKIII BUMIPIOBAHHSA [K2] BOHH PiBHI.

TpetiM BaXXITUBUM MOHSTTAM IWHAMIKH, KPIM MacH Ta IMITyIIbCY,
€ mousiTTsa cuwin. Cura F — 1le BeKTOpHA BEIMYMHA, KA € MipOIO

B3aeMoAaii MK TUIaMH, BHACIIIOK YOro Tila OTPUMYIOTH
MpUCKOpeHHsT a0 3MIHIOITH CBOKO  (opMy Ta  pO3MipH.

Bumiproerscs cuna B Horomowuax [H ] SIxkmo Ha MT nie n cwi,

PE3YJIbTYIOUY JiI0 Ha Hel MOXKHA OXapaKTepPU3YBaTH PI6HOOIUHON
cu, iKa JOPIBHIOE TX BEKTOPHIiH cymi

ﬁ:iﬁ, (2.2)

/lpyzuii 3akon Hotomona: nipuckopeHHs, mo ioro Hadysae MT,
OpsSMO TpOMOpLiiiHe piBHOAIMHIA cHiI, CHOiBOazae 3 HE 3a
HanpsIMKOM 1 oOepHeHo nponopuiiine maci MT

. F
a=—. 2.3)
m
Hacninok 3 apyroro 3akony HeroroHa:
F=ma, (2.4)

T0o0TO, cuna, sika gie Ha MT, gopiBHIoe m00yTky Macu MT Ha
MPUCKOPEHHS, 3 SKUM BOHA PYXA€ETHCSL.

SAxmo B (2.4) Bukopucratu (1.7) i (2.1) mpm ymoBi, IO
m = const , MO’XKHa OTpUMAaTH
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ﬁ:mazmd_D:M:@’
dt dt dt

TOOTO, MIBUAKICTH 3MiHH iMITysibcy MT mopiBHIOE piBHOMINMHINA BCiX
JIIOYMX Ha HET CHII.

(2.5)

JloOGyTok cwin Ha 4ac ii mii HasuBaroTh Fdt immyabcoMm crim.
[leperncasmm (2.5) y Burmsmi

Fdt=dP, (2.6)
OTPUMAEMO: 3MiHA IMITYJIBCY Tijla TOPIBHIOE IMITYITBCY CHIIH.
Tpemii 3axon Horomona: cuny, 3 SSKUMHU B3aEMOJIIIOTH JIBa Tija,
PiBHI 32 MOIyJIEM 1 MPOTHIICXKHI 32 HATIPSIMKOM.

—

F,=-F,. 2.7)
ne F|, — cuia, WO Ji€ Ha Tepime TiNo 3 GOKy Apyroro , a 17“2’1 -

CHWJIa, 1110 JIi€ Ha JApYyTe TUIO 3 OOKY MEPIIOro.

i cunm mpuknageHi OO pi3HUX TiJ, TOMY HE BPIBHOBaXKYIOTbH
onHa onmHy. Tperiii 3aKOH NWHAMIKHA CIPaBEUIMBHA SK Yy BUIAJAKY
KOHTaKTHUX B3a€EMO/Iii, TOOTO mpu Oe3rmocepeIHOMY IOTHKY, TaK i
MIPH B3aEMOIIT Ha BiJICTaHI Mi>K HEPYXOMHUMH TiJIAaMH.

B nmHamini po3risgaeTbes Ba THITH 33ad, PO3B 30K SKUX JUIS
MT (abo Tinma, MO pyXaeTbcsd NOCTYMAIbHO) 3HAXOMUTHCS 3a
norioMorow piBHsSHHS (2.4). 3adaui Oumamixu nepuioco muny
MOJISITAI0Th B TOMY, 100, 3HAIOYH PIBHSHHS PyXy TiJla, BU3HAYUTH
CHJIM, SIKi Ha HBOTO JAif0Th. KilaCHYHUM HPUKIIATIOM PO3B’S3KYy TaKoi
3amavi € BIOKpUTTS HBIOTOHOM 3aKOHY BCECBITHBOTO TSDKIHHSA:
3HaIO4YM BCTaHOBJIeHI KemnepoM Ha OCHOBI 0OpoOKM pe3ynbTariB
CIIOCTEPEKEHb 3aKOHM PyXy IulaHeT, HploTOH mokasas, 1o 1el pyx
BinOyBa€eThCsl MiJl Ai€l0 CHIIM, OOCpHEHO NPOIOPLIHHOI KBaapary
BiJicTaH1 MiXk raneToro 1 CoHIeM.

3aoaui ounamixu Opyeoeo muny € B JUHAMIIl OCHOBHHMH 1
MOJISITAI0Th B TOMY, 100 3a AIIOYMMH Ha TiJIO CHJIaM{ BU3HAYUTH
3aKOH Horo pyxy. s po3B’s3ky Takoi 3ajgadi HEOOXiIHO 3HATH
[MOYATKOBI YMOBH, TOOTO IMOJIOKEHHS 1 IIBHUAKOCTI TiJla B MOMEHT
MOYaTKy HOTO0 PyXy MiJ Ti€r0 MPUKIaJAEHUX CHIL.
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2.2. Tino sk mexaHiyHa cucrema. 3akoH 30epeKeHHS
IMITyJ1bCy MeXaHIYHOI CHCTeMH

Posrissremo geaxy cykymaicts MT, Ky Ha3HMBarOTh MEXaHIYHOIO
cucteMoro. OCKUTBKH TIJI0O MOXHA MPEACTABUTH TaKOK CYKYIHICTIO
MT, 10 Oyab-sKe TUIO TeX € MeXaHIuHOIO cucTeMoro. Bci MT oxmiei
MEXaHIYHOI CHCTEMH MOXYTh B3AEMOIISATH MiK cobor. Cwin, 3
SIKHUMH OKPEMi TOYKH CHCTEMH B3aEMOJIIIOTh MiX cO0010, HA3UBAIOTh
euympiwnivu  cunamu. KpiM TOro, TOYKH CHCTEMH MOXYTb
B3aeMoisitTi 3 MT iHIIIX MeXaHIYHUX CHCTEM. Pe3ynbTyrodi cuiy 3
0OKy IHIIMX CHUCTEM, 3 SIKHMHU BOHH MIiIOTh Ha OKPEMY TOUYKY HaHOI
CUCTEMHU, HA3UBAIOTh 306HIUHIMU CUIIAMU.

BBenemMo MOHATTA iMITyJIbCY CHCTEMH A YaCTHHOK SIK BEKTOPHOI
CYyMH IMITYJIbCIB 11 OKpEMHUX YaCTHHOK:

=2 b (2.8)
i=1

je p; — IMITyJIbC i-TOi YaCTHHKHU. 3ayBa)KMMO, IO IMITYJIbC CHCTEMH

€ BEIIMYMHOIO aJMTUBHOIO, TOOTO IMITyJIbC CHCTEMH JOPIBHIOE CyMi
IMITYyITBCIB 11 OKpEeMHX YaCTHHOK HE3aJIe)KHO BiJ] TOTO, B3aEMOJIIIOTH
BOHHU MK CO0OO0IO UM Hi.

Bizbmemo moxigHy 3 Bupasy (2.8) 3a wacom. Ilpu oMy 3HaKH
MTOXITHOT 1 CYMH MOYKHA ITOMIHSTH MicIisiMU. ToJ1i OTpUMaeMo:

dp, ~-dp,
Le 3D (2.9)
dt T dt
3rigHo (2.5) A i-T01 YaCTHHKH
dp, — =
ap; _ S f,+FE. (2.10)
dt j=Li%j
Tyt Z J; — cyma Bcix BHYTpIlIHIX CHJI, 3 AKMMH KOXHA j-Ta
j=Lizj
YaCTUHKA B3aEMOJIE€ 3 [-TOI0 YaCTHHKOIO. Fl — pe3ylbTyro4a

30BHIIIHIX CHJI, L0 IifOTh HA i-Ty YaCTHHKY.
[MincTaBumo (2.10) B (2.9)

dpf = qu+ZF .11

i=1 j=li#j
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VY (2.11) moxBiitHa cyMa mpaBopyd — II€ CyMa BCiX BHYTPIIIHIX
cwi. BinamoBigHo 10 TpeThoro 3akoHy HeloToHA critn B3aeMomii Mix
YaCTHMHKAMH CHCTEMH TIOTIAPHO OJHAKOBI 32 MOIYJIEM 1 MPOTHIICKHI
3a HampsMKoM. ToMmy pe3ynbpTyloda crja B KOXHIN mapi B3aeMomii
JOPIBHIOE HYJIO, & 3HAUYNTh, JJOPIBHIOE HYJIIO 1 BEKTOpHA CyMa BCiX
BHYTpIIIHIX cwI. B pe3ynbTari OCTaHHE PIBHAHHS NpUIMae
HaCTyIHUI BUTJIS;

dﬁC — -
dt F’
ne I, 3rigno (2.2), — pe3ynabTyroua BCiX 30BHILIHIX CHIL.

3 piBastHHSA (2.12) MOXHa 3pOOUTH BaYIMBUW BUCHOBOK: 1IMITYJIBC
CHCTEMH MOYKE 3MIHIOBATHCh TIIBKHU 1]l 1i€F0 30BHIIIHIX CHII.

Sxmo cucrema Oynae 3aMkHyTOIO, TOOTO MT cucremu
B3a€EMOJIIOTH, TUIBKM MIXK CO00I0 1 HEMae 30BHINIHIX CHI, TO
dp,

dt

2.12)

=0, a e o3Hayvae, 110

n
> P =P(t)+P(t)+Bt)+..+ P(t)=const.  (2.13)
i=1

Orxe, 3 (2.13) MoxHa CQOPMYIIOBATH 3AKOH 30epedceHHs.
iMnyabCy: B 3aMKHYTIM CHCTEMI MarepialbHHUX TOUYOK (Tid) cyma ix
IMITYJIbCIB € BEJIMYMHA CTaa.

VY (2.13) HaBMHCHO TOKa3aHa 3aJeXKHICTh iIMITYNbCiB Bif vacy. Lle
O3HaYae, MO IMIOYJIbCH OKPEMHX YAaCTUHOK a00 YacTHH 3aMKHYTOi
CUCTEMH MOXYTh 3MIHIOBAaTHCS 3 4YacOM, OJHAK I[i 3MIiHHM 3aBXKIH
BiZOYBalOTbCS TakK, IO MPHUPICT IMITYJIbCY OAHIE] YACTHHU CHUCTEMH
JOPIBHIOE 3MEHIICHHIO IMIYJIbCYy PpEIITH CHUCTEMH. [HIIMMH
CIIOBAMH, OKpEMi YaCTHHH 3aMKHYTOI CHCTEMH MOXYTh TiJIbKH
OOMIHIOBAaTUCSl IMITyJIbcaMu. BHSBHBIIM B JESKil CHUCTeMI Til
OpUPICT IMIYJIBCY TMEBHOTO Tijla, MOXHA CTBEPIXYBaTH, LIO 1€
30UTBIICHHST  BiIOYJOCS 32 PaxyHOK 3MEHIICHHS  IMITYJIbCY
OTOYYIOYHX TiJI.

[IpoimoctpyBatn  piBHsHHA (2.13) MOXHa Ha NpHUKIAAL
PEaKTHUBHOTO pyXy BiH BHHHKa€e B peakTUBHHX JBUTYHaX pakeT abo
JIITaKiB TIPW BHUTIKaHHI poOOYOro Tiia 3 coria. 3a 3akoHoM (2.23)
iIMOynbC LBOTO poOOYOro Tia 3a MOIyJeM piBHHHA, a 3a
HamnpsIMKOM — TPOTWICKHUN IMITyJIbCY pakeTH 1 cuia peakmii

28



MIPUMYIIYyE TPHUCTPiil 3 ABUTYHOM pyXaTucs y OiK, MPOTHIICKHHHA
HamnpsIMKY BHUTIKaHHS poOOYOro Tina. SIcKpaBUMH MpHKIaJaMU
OpraHi3MiB, $Ki BUKOPHCTOBYIOTH DPEAKTHBHHHA pPyX, € MeEIy3H,
KaJbMapH, BOCBMHHOTH, JEsKi MONIOCKHM. BOHHM mepecyBaroThCs
3aBISIKM CBOEPIIHOMY PEaKTUBHOMY pyXy, SIKMH 3a0e3neduyeThes
CTpYMEHEM BHILUTOBXHYTOI 3 OCOOJIMBHX MOPOXHHUH Tijda BOJIHU.
Hampukian, Memys3a 3amoBHIOE MMapacoJIbKOBY YacTHHY BOIOIO, SIKY
BHINTOBXY€E, BHACIIJOK YOTO pPYXa€ThCS y TMPOTHICKHUHN OIK.
CknamHIlIMMH CHUCTEMaMH € KaJbMapu, $Ki MaloTb M S30BY
HakKWJKy, IO 3allOBHIOETHCS BOAOK. BHacTimok ™’ s30BOTO
CKOPOUYCHHS BOJIa BHIITOBXYEThCS depe3 CH(OH, a KaabMmap
PYXa€eTbCcsl y TPOTWICKHOMY HampsMmky. [Ipudomy BiH 30aTHUH
PETyJIIOBaTH HANpPSMOK pPyXy 3aBAsku oOepTaHHIO cudona. Jleski
MOJTIOCKH, TaKi SIK MOPCHKHHA TpeOiHelb, CTUCKYIOTh MEPiOAMIHO
CBOi Uepemnamiky, 3aBJSKH YOMY MOXYTh 3amoOirTh 3ycTpidi 3
XIKaKaMH — MOPChKUMHU 3ipkaMu. [1IBUAKICTE MOPCHKUX OpraHi3MiB
Bapito€eThCs B 27 mm/c y IpeACTaBHUKIB KIIOYHOBUX pub 10 0,6 m/c
y Mopcbkoro rpedinus ta 1o (8-15) m/c y kanpmapiB, BOCbMHUHOTIB
Ta KapaKaTHIIb.

Cepen pociMH pPEaKTUBHHN PyX IAEMOHCTPYE OripOK-NTUPCKad
MIPYXHAN ((CKKEHHID» OTiPOK).

3akoH 30epekeHHS IMIYNbCy CHpaBeUIMBUH HE TIIBKA B
KJIACUYHIA MeXaHill, aje i i1 3aMKHYTOI CUCTeMHU MIKPOYaCTUHOK.
TakuM YMHOM, E€KCIEPUMEHTH IOKa3yIOTh, IO 3aKOH 30epe)KeHHS
IMITyJIbCy, HaJEKHHM YMHOM Yy3araibHeHHH, € (QyHIaMEHTAILHUM
3aKOHOM TPUPOJIH, SIKUH HE 3HAE JKOJHUX BUHSTKIB. AJle B TAaKOMY
LIIMPOKOMY PO3YMiHHI BiH BKE HE € HacCHliJKOM 3aKoHiB HbioToHa, a
MOBHHEH PO3IIIAJATHCS SIK CAMOCTIHHHMN 3arajJbHUN NPUHLUI, 10 €
HACJIIIKOM BJIACTUBOCTI CUMETPIl IPOCTOPY — HOro OJHOPITHOCTI.

2.3. 3axkoH pyxy meHTpa mac (inepuii) cucremMu
[pu posrmsmi pyxy Til sIK MEXaHIYHHX CHCTEM 4YacTo
BUKOPUCTOBYIOTH TOHATTS LEHTpa Mac abo meHTpa iHepii

MexaHiuHoi cuctemu. [Jenmpom mac (LIM) Ha3uBarOTh Taky ysBHY
TOYKY, PaJlyC-BEeKTOP SIKOI BU3HAYAETHCA SIK
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n

—

7

c

Zmz‘?i
= m, 2.14)

1
n 1
M5
i
i=1

Je m; — maca i-Toi TOYKH CHCTeMH, 7, — ii pagiyc-Bekrop, M — maca
Bciel MexaHIuHOI cucTeMH (Tina), n — KUTbKicTs MT B maHiit cuctemi.

Crhin BIiAMITHTH, IO LEHTP Mac HE 3aBXKAM 3HAXOAUTHCS
BcepenuHi Tina. ICHYIOTH Tina, Hampukiam, Topoim («OyOomuk»), y
SIKMX LIEHTP Mac 3HaXOIUTHCS 11032 MEXKaMH Tija.

n
Ilepenucapmm  Bupas (2.14) 'y Burmami  Mr. = zmjl
i=1
npoaudepeHIitoeMo Horo 3a 4acoM

dr. dx .
MEe =N i (2.15)
dt dt“s
B ocranHbOMY BUpa3i cymMy i MOXiAHY MOXHA ITOMIHATH MiCISIMHU
dr. & dr & S
9 :Zmi_n:ZmiUi:Zpi, (2.16)
dt T 'dt ‘I i=1
a00 3rigHo (2.8)
Mv,=p,, 2.17)

Otpumanuili  pe3ynpTar npoauQepeHLiloeMo e pas i,
Bukopucrtapm (1.7), (2.8) 1 (2.12), orpumaemo

d& - -
Ma.=—) P=F . (2.18)
drig
Omxe, LIM cucremu pyxaeTbcs Tak, K MaTepiajibHa TOYKa, B
SIKIf 30cepe/KeHa BcI Maca CHCTEMH, 1 Ha SIKY Jli€ piBHOJIMHA BCiX
30BHIIIHIX cwi. B 3aMkHyTili cucremi neHtp mac Oyae pyxaTHCh
PIBHOMIpHO 1 TpsMOJIiHIMHO abo mepeOyBaTH B CTaHi criokor. Lle
03HAya€, IO BHYTPINIHI CHJIM HE MOXYTh 3MIHHTH ITOJIOKCHHS
LIEHTpa Mac.
Y BuUmManKy OIHOPITHOTO TpaBITAIHHOTO TIONS IICHTP Mac
CHUCTEMH CIIIBIIATAE 3 IICHTPOM TsDKIHHS.
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2.4. 3akoHU pyXy TBepaOro Tijia

Sx Oynmo mokazano B maparpadi 1.3 abcomoTHO TBepae TiIO
(ATT) Bomomie miicTbMa CTYIIEHSMH BUTBHOCTI 1 JUIA OMHUCY HOTO
PYXy HOTpPiOHO WIiCTh HE3aJeKHUX PIBHSIHB, SKI MOXKHA 3aMiHHTH
JBOMAa HE3IC)KHUMH BEKTOPHUMH DIBHAHHSAMH OJHE 3 SIKHX
CTOCY€ETHCS TMOCTYMAIBHOTO PYyXy a iHIIe — obepToBoro. Bume Oymo
TaKOX CKa3aHo, Mo Oyap-akuil pyx ATT moxe OyTu mpencTaBieHui
SIK HaKJIaJaHHs ABOX PYXiB: IOCTYMaJIbHOTO Ta 00EPTOBOTO.

B po3mini 1 Oymo mokaszaHo, IO MPH MOCTYMAIBHOMY PyCi BCi
TOYKH TiJla 32 OAHAKOBHU MPOMIKOK 4acy 3IiHCHIOIOTH OJHAKOBI
MEpPEeMIllIEHHS, a 3Ha4uTh — MalOTh OJHAKOBI IIBUAKOCTI 1
MpUCKOpeHHs. JlocTaTHRO 3HATH 3aKOH PyXy OJHIE] TOUKH Tija
(HampuKIam — IEeHTpa Mac) i MOJKHA OINMKCATH PyX BChOTO Tina. B
nonepeHbOMy Taparpadi Oyno mokasaHo, 1mo neHtp mac ATT sk
MEXaHIYHOI CUCTEMH PYXa€eThCs TaK, K OW pyxajgach MaTepiajbHa
TOYKa 3 MAacow, pIBHOIO Maci MBOTO Tija, IIijJ i€ BCIiX
NPUKIAJACHUX 10 Tijla 30BHIMHIX cwil. Lled mocTymaneHui pyx
OIUCYETHCS PIBHSIHHIM

mBain, (2.19)
dt

Heﬁ

rops — PIBHOJIMHA BCiX 30BHIMHIX cui. PiBsamna (2.19) e
OCHOBHUM PiBHAHHAM JHHAMIKH MOCTYNAJIBLHOTO PYXy TBEPAOIo
Tina.

Hins onucy o0epTaabHOTO PyXy MOTPIOHO 3a7aTH MOJIOKEHHS OCi
o0epTaHHA B NPOCTOPI Ta KYTOBY MIBHAKICTH OOEpTaHHS Tiia B
KO)KHUH MOMeHT 4Yacy. KpiMm Toro, mpu BUBUYEHHI 00epTaIbHOTO
PYXy Tijla HEOoOXiJJHO BBECTH IBi HOBi (hi3UUHI BETUUYMHH — MOMEHT
iHepIii Ta MOMEHT CHJIH.

MowmeHT iHepuii mMaTepiadbHOI TOYKM JIOpPIBHIOE JOOYTKY il
MacW Ha KBaJpaT BiJICTaHi BiJ Ii€i TOYKH 10 IleHTpa abo oci
obepTaHHs

Ii = yniri2 X (2.20)
VY Bumanky cuctemu MT abo ATT, mo obepTaeThcsi HaBKOJIO

nesikoi oci OZ, MoMeHT iHepuii Tijia Oyme piBHHUH CyMi MOMEHTIB
iHepIrii Bcix MT, 3 SIKUX CKJIalaeThCs JaHa CHCTEMa
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L=Y1.=>mg, 2.21)

ne 1, — signans Big i-roi MT 1o oci o6epranus OZ.

MomeHnTOM CIJIH MT
BIIHOCHO TieHTpa oOepranHs O
Ha3UBAIOTh BEKTOPHUH JOOYTOK
pajiyca-BeKTopa 7 M€l TOUKH Ha
BekTOp cuiu F

M=rxF. (2.22)

HampsiMok ~ BeKkTOpa  MOMEHTY

cumu M (puc.2.1) BU3HAYAETHCA
32 TPaBWIOM MPABOrO TBHUHTA.
[lpu oGepranHi BeKkTOp 7 32

Puc. 2.1. MoMeHT cuiu

HAKOPOTIINM WIJISIXOM JI0 CyMillleHHsS 3 BeKTopoMm F Bektop M
HanpsAMJIEHUN 3a HanpsMKOM pyxy TIBuHTa. Bextop M

NEPIICHIUKYJIIPHUIA 10 TUIOIIMHY, B SIKiH Jie)aTh BekTopu 7 T1a F |
a oro MOJTyJib JIOPiBHIOE

M=r-F sina. (2.23)
Ax BuaHo 3 puc. 2.1 m00yToK r-sina=d — 1€ HailkopoTiia

BiJIaNb BiJ HANpAMKY nii cumu F
no 1ueHtpa obepranHs O, Ky
Ha3MBAIOTH IJIEYeM CHJIH d.
MoMeHTOM CHJIHM  BiZHOCHO
Hepyxomoi oci OZ (puc.2.2) €

CKaJlsipHa BenMuuHa M, sKa piBHA

j NpoeKlii BeKTopa M, BimHOCHO
/ touku O Ha JaHy BiCh.

Puc. 2.2. MOMEHT cuiu BBememo mie  onHe  TOHATTS

BIZTHOCHO HEpyXoMofi oci o0epTalbHOTO  pyXy —  MOMEHT

iMITyIbcy.  MOMEHTOM  iMIyJIbCy

MT BigHOCHO TOYKM OOEpTaHHS HA3WBAIOTh BEKTOPHUM ITOOYTOK

pajiyc-BeKTopa ¥ 1Ii€l TOYKH Ha BeKTOp imiyibcy p (puc. 2.3)
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L=Fxp. (2.24)

BizpMemo moXimHY 3a YacoMm Bif
(2.24)

dL dr _ _ dp
T 547 (225
dt dt dt
. . . dr
Ockinpku 3rigHo (1.5) © = d_ 13
t
Puc. 2.3. MoMeHT iMITyiibey 21) p=mv, 1o Uxmo=0 i,
BIIHOCHO HEPYXOMOT TOUKH T2 ppaxoByrouH (2.5) i (2.22), oTpuMaeMo
0C1 —-
dL -
—=M, (2.26)
dt

TOOTO, MIBUAKICTh 3MiHH MOMEHTY iMIynbcy MT BIZHOCHO TOYKH
oOepTaHHsI TOPIBHIOE CyMapHOMY MOMEHTY CHJI, SIKi Ha Hel JiI0Tb.
CriBBigHomieHHss (2.26) € ToOJIOBHMM PIiBHSHHAM JIHHAMIKH
00epTajJbHOr0 PyXy MaTepiajbHOI TOYKH BiTHOCHO TOYKH
o0epTaHHSI.

Po3paxyHkn  ToOKa3yroTh, 10  cHiBBigHOMmEHHA  (2.20)
CrpaBejIMBe 1 AJIS TiNa, TOOTO € rOJTOBHMM PiBHSIHHAM AMHAMIKH
00epTaJbHOr0 PyXy TiJIa: MIBUIKICTH 3MIHM MOMEHTY IMITYJIbCY
TiJa JOPIBHIOE TOJIOBHOMY MOMEHTY BCiX 30BHIIIHIX CHJ BIJIHOCHO

neHTpa obepranus. Jlns Tina Tiabku MOTpPiOHO BpaxysaTH, Mo L €
CyMapHUM MOMEHTOM IMITyJIbCY TiJia

L= Zfi X mu, , (2.27)
i=1

ne T, — pauiyc-BeKTOp i-TOi TOYKM Tima, M, — ii Maca, a U, —

1

mBUAKiCTb. M — CyMapHUl MOMEHT 30BHIIHIX CHJI, SIKI JIIIOTH Ha
TiJO.

Komu TBepne Tino obepTaeTbcs HABKOJO JIESKOI HEpyXoMoi oci
OZ (puc.2.3), To rol0OBHE PIBHSHHS JHHAMIKA OOEPTAIBHOTO PyXY
TBEPIOTO TiJIa 3aMUIIETHCS Y BUTIISAL

aL, _ M., (2.28)
dt
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ne L, — MOMeHT iMmysbCy TBEpAOro Tina BigHocHO oci, M. —
TOJIOBHMY MOMEHT 30BHIIIHIX CWJI, IO JIIOTh Ha JaHe TBEpJE TiIO,
BitHOCHO oci (komnonentn M, =M  =0).

[Ipu obepTanHi TBepAOro Tila BiIHOCHO Oci oOepTaHHA JiHiHHI
MIBUAKOCTI U; BCIX HOr0 TOUOK MOB’sI3aHI 3 KyTOBOIO IIBUJKICTIO @
PIBHSHHSIM
V,=T-0. (2.29)

i

ToMy MOMEHT IMITyJIbCY MOKHA 3aIIUCATH SIK

L= r.-myu=0y mr=1o. (2.30)
i=1 i=1

Toni OCHOBHUII 3aKOH JMHAMIKH OOCPTAIBLHOTO PYXy BiJIHOCHO
oci OZ 3anumeTses y BUTISIIL
dl.0) _
dt

Ie & — KyTOBE NMPUCKOPEHHS NpH 00epTaIFHOMY PyCi TiJia BiTHOCHO
oci OZ.

TakuM 4YHHOM, FOJIOBHHM MOMEHT 30BHiIHIX cril ATT BigHOCHO
0Cli JIOPIBHIOE I0OYTKY HOTO MOMEHTY 1HEpIIii BITHOCHO IIi€1 5k OCi Ha
KyTOBE MPUCKOPEHHSL.

B 3amkHyTiii cucTeMi TONOBHMH MOMEHT 3OBHIIIHIX CHII

M, abo I.-e=M_, (2.31)

BiTHOCHO oci M nopiBHIOE HYIIO 1 Tomy (2.28) mMaTtume BUTIISA

dL ) .
< =0, 3Bigcu criaye, 1Mo L_ = const , To6TO

dt

I.-w=const. (2.32)

Maemo Bupas 3akouny sbOepedxcenns momenmy imnyaocy ATT
BiJHOCHO OCi: SKIIO TOJOBHMH MOMEHT 30BHimHIX cun M.
BiTHOCHO OCi JOPiBHIOE HYNIO, TO MOMEHT IMITyJIbCY TBEpPAOTO Tijia
BIJTHOCHO TI€T %K OC1 HE 3MIHIOETHCS 3 YaCOM.

3aKkoH 30epeKCHHS MOMEHTY IMIYJIbCy € (QyHIaMEHTaIbHUM
3aKOHOM TIpupoau. BiH TMOB’S3aHUI 3 BIIACTUBICTIO CHUMETIi
MPOCTOPY — MOro i30TPOMHICTIO, TOOTO IHBAapiaHTHICTIO 3aKOHIB
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HOPUPOIN BITHOCHO BHOOpY HANpSIMKY OCEHl KOOpAMHAT CHCTEMH
BiJUTIKY.

2.5. PeoJiorisi MmaTepiaJjiB

Sk BiOMO, Tijla MOXKYTh B3a€EMOJISTH AUCTAHIIINHHO (Y4epe3 moJis
B3aemomii) abo Oe3mocepenHbO (mOTHKarouMch). llpuximamom
OUCTAHITIHHOT  B3aEMOJIi € TpaBiTaliifHa  B3aEMOMIs,  sKa
BH3HAYAETHCSI 3aKOHOM BCECBITHBOTO TsDKiHHA. llpm Ge3mocepenHiii
B3aemomii peansHuX TN (He ATT) BOHHM, MOTHKAIOYUCH, AIFOTh OJHE
Ha OJHE 3 CHJIAMH, MIPU3BOJISTYH 10 B3aeMHOI aedopmariii. Peosoris
(3 rpeupk. rhéos — moTik i 10gos — BUEHHS) — 1€ PO3AUT JUHAMIKH,
SKMH  BUBYAE  3aKOHOMIpHOCTI  agedopmarii Ta  TEKydoCTi
MaTepiaTbHUX CUCTEM i Ji€F0 MPUKIAIEHUX CHUIL.

MexaniuHoto  gegopmamiero  (Bix mar.  deformation —
CIIOTBOPEHHS) HA3MBAETHCS 3MiHA B3a€EMHOTO PO3MIIEHHS TOYOK
MaTepiaJbHOTO CEepelOBUINA, SKE TPUBOAUTH MO0 3MiHHA HOro
po3mipiB i ¢opmu. Ilim miero 30BHIMHIX ehOPMYIOUUX CHII
MOPYIIYEThCS XapaKTepHa IJIsi PIBHOBAKHOT'O CTaHy aToOMIB (i0HIB)
piBHOBara cuj NPUTATaHHS Ta BiAWITOBXyBaHHA. Lle mpuBoauTh 10
BUHUKHEHHS! BHYTDILIHIX HPYXHUX CWJI, L0 NParHyTb NOBEPHYTH
atoMd (i0HH) TijJa B TIOYATKOBE IIOJIOKEHHS. 3OUIBIICHHS
BHYTPIIIHIX CHJI JJISi KOXKHOTO Marepialy MOXKe BiJIOYBATHUCH TIIBKH
710 TIEBHOI MeXi, XapaKTepHOi AJIsl LBOr0 MaTepiay. 30BHILIHI CHIIH
MOXYTh OYTH HACTIJIbKH BEJIWKHUMH, IO BHYTPIIIHI CHIU Tila MpH
JaHUX MOro po3Mmipax HE 3MOXYTh IX BPIBHOBRXHUTH, 1 TLIO
3pyHHYETBCA.

Abconomno npysicHumu Ha3UBAIOTBCSA TiNa, y SIKUX MICIA
MPUITUHEHHS Ji1 30BHIMIHIX CHJI TIOBHICTIO 3HUKA€ BHKIMKaHA
cunamu Jieopmanisi. A6conomHo HenpysHCHUMY Ha3UBaIOTHCS Tija,
SK1 MOBHICTIO 30epiratoTh CBOIO AedopMaliio i miciast TPUIHHEHHS
i 30BHIIIHIX cwi. B TBepaux Tinax 1€ CyNPOBOIKYETHCS
HE3BOPOTHOIO T1epe0yJOBOI0 KPHUCTANIYHOT pemriTkn. B mpupomi
HeMae TiT abCOMOTHO NMPYKHUX Ta a0COMIOTHO He NpyxHUX. OJHAK,
Taki Marepiasid SK CTaub, [IOPATIOMIiHIA, TOIIO, 3a CBOIMHU
BJIACTHBOCTSIMU JIOCTaTHBO OJNM3BKO MOJKHA BBAXKATH aOCOIIOTHO
MPY>KHUMH.
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Ipysicnoro HazuBa-
€Tbesi  aedopmaris,
sSKa 3HHUKAE  MICIA

TIPUTTUHEHHS il 30B- I I
HIHIX cHJa, sAKi ii F ﬂ__ T
Bukimkamu. Jedop- 7

M?.I.Il?[, sKa HE 3H1/11<a$ AL/2 I, / AL/2
MICJIS TPUMTUHEHHS JTii —

30BHINIHIX CHJI, HA3H- L

BAETBCS  3ANUUUKOBOIO
abo nracmuuHow.
IcHyIOTH HACTymHI OCHOBHI BHIM MEXaHiyHOi aedopmarii
TBEPIUX TUI: pO3TAT, CTHCK, 3T'HH, 3CYB, KDYUCHHSI.
Pozmsazom (cmuckom) Ha3UBAETHCS Takuil BUJ nedopMartii, mpu
SKOMY B TOINEPEYHHUX Tepepizax 00’€KTy i€ TIIbKH MOB3JOBKHSI

Puc. 2.4. lebopmartii npu po3Tsry Tijia

cuma N, ska 30UmblIye (3MEHINYE) TMO3MOBXKHI PO3MIpU Tina.
Mopynb Takoi BHYTpILIHBOT CHIM MOXHA BHPAa3UTH 4Yepe3 CyMy
MO/IYJIiB TTO3I0BXKHIX 30BHINIHIX TMPUKIAICHUX CHIL:

N = Z F,. (2.33)
i=1

B Mexax npykHOCTI, 3riaHo 3akony Iyka, aedopmaiis npsMo

MPOTOPIiHA MO0 TaKOI CHIIN
Al 1N
I, ES

ne Al — BenuuunHa abeomoTHOI Aedopmaltii po3rsry abo cTucky, [,

(2.34)

— TIOYATKOBA JIOBKWHA TUIA Y HANPSMKY MPUKIaJaHHS cwid, N —
BHYTpILIHS cwia, S — IUIoLa MOMEPEeYHOoro mepepisy, £ — Moaynb
Onra ans nanoro marepiany. B Tabmmui 2.1 npuBeneHi 3HaueHHS
Monyist FOHra 1esskux peqoBrH.
L=ty Al
l(] l()

Bennuuny E= Ha3UBAaIOTh B1JHOCHOIO

nedopmariiero po3tsary abo CTUCKy. Benmnmuumny o = E Ha3WBaIOTh

HOPMAaJbHOIO  HAamlpyrolo (HampyXeHHAM a00 1HTEHCHBHICTIO
BHYTPIIIHIX CHJ), OCKUIBPKH BOHO i€ MEPIECHIUKYIISIPHO IO TUTOIII
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momnepevHoro nepepizy. OckoBa cuia Ny TONEpeyHOMY Iepepisi
CTEepXHS € IPONOPIIIIHOIO PiBHOAIIHIH HOPMAIIBHUX HATIPYT O .
Toxi 3akon I'yka MOKHa 3aIMcaTH y BUTJISII

1
E=—0. (2.35)
E
Tabnurs 2.1
Monyns FOHra 6i070TIYHAX TKAaHHUH Ta JesKUX MaTepiaiiB
PeudoBrHa Mopyns PeuoBuHa Mopyns
IOwra, Ila IOHra, Ila
Enactun 10° =10° Heps 1,85 -107
Konaren 107 =10° Aprtepist 5.10
Mewmbpana 4107 Bena 8,5-10°
epuTpounTa
Knituea  rmagkux | 10* Cranb 2.10"
M’sI31B
M’s3 B criokoi 9.10° Hepeso 1,2-10"
KicTka 1,2-10" I'yma 5-10°
Cyxoxunnis 1,6 -10°
3a ¢izuunum 3mictomM, Mmoxayins HOHra gopiBHIOE Takii

HOpPMaJIbHIM Hampy3i NpHU SIKid TIIO BUAOBXKYETHCS (CTUCKAETHCS)
BJBIUi.

ExcriepuMeHTanbHO BCTAaHOBICHO, IO HAaBiTh NPH HE3HAYHUX
MO3I0BXKHIX AedopMamisx Tisl, iX MONepedHi Po3MipH 3MiHIOIOTHCS.
[To3oBXHE BWIOBKEHHS BUKJIHMKA€E IONEpPEYHE 3BYKEHHS TiM, 1.
HaBMAKK, TO3/I0BXHE CKOPOYEHHS CYIPOBOJIKYETHCS TONEPEUHUM
MOTOBILEHHSM TiJI.

SIKII0 MO3HAYUTH BiTHOCHY TTO3JI0BXKHIO JieopMaliito uepes & , a
BIZIHOCHY TomiepeuHy aedopmariito yepe3 &,, TO MOXKHA OTPUMATH
3aJIeKHICTD

E=ME, (2.36)
ne (4 — xoedinient Ilyaccona.
ITyaccon BBaxkaB, WO 4 I BCIX MaTepialiB OJHAKOBUH 1

piBauii  0,25. OpnHak BUMIPIOBaHHS IIOKa3ylTb, L0 4 AJA
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MaTepianiB 3HaXomHThcs B Mexax Bim 0 mo 0,5. Moro cepemne
3HA4YEHHS JUIA ACIKUX MaTepialiB IpuUBeAeHO B Tabmui 2.2.
[ToBeninka MaTepiaxy IpH poO3TATy HaWKpaiie MOXKHA IOSICHUTH
3a JIOTIOMOTOI0 KPHBOI, SIKYy HA3WBAIOTh JiarpaMoI0 PO3TATY, SIKa €
3aJISKHICTIO HAPYTH O Bij BiZHOCHOI Aedopmanii po3Tsry & (nuB.
puc. 2.5). 3 KkpuBOi BHIHO, IO MO JesKOi TOYKH A iCHye
nponopuiiiHicte Mixk 0 1 &. Touka A BiAmoBizae Hampysi, SKy
Ha3MBAIOTh Medicelo nponopyiinocmi. JIo Mexi TpOHOPITIHHOCTI
3akoH I[yka BukoHyerbcs. OTe, Medxcelo nponopuiiinocmi
HA3UBAEMbCA Ma Haubitbuia Hanpyea O, 00 AKoi Oegopmayii 6

Mamepiani 3pocmaromes nPonopyitino Hanpysi. 3 puc. 2.5 BUAHO, 110
B Jiana3oHi MeXi MPOIOPIiHHOCTI

(2.37)

£
. o
Ane srigno 3akony Iyka (2.35) —=E, omke tgax = E . Yucnose

3HAUCHHS MOIYJS TIPY)XHOCTI MOKHA BH3HAYUTH B MacmTali
Jiarpami sIK TAaHTEHC KyTa HaXWTy MPSIMOJIHIMHOT AUISHKY Jiarpamu
10 oci aberuc.

Taomuus 2.2
Koediuient [lyaccona s aesikux MaTepiaiiB

Marepianu H Marepianu H
Kopoxk ~(0,00 Mins 0,34
Kapbonoga crans | 0,24 — 0,28 Bbponza 0,35
XpoMoHikenesa 0,25-0,3 I'yma 0,47
CTalb
JropanromiHii 0,32 -0,33 [Mapadin 0,5
M’saxotb ss6ayka | 0,21 — 0,34 Kaproms 0,46 — 0,49

3a 3HaYeHHAM O, NPAKTUYHO BU3HAYAIOTH 1  TaKy

XapaKTEepUCTUKY nedopMallii K medxca npyxchocmi. SIK TpaBuiio,
HaBiTh HaWOLIBII TIPYXKHI MaTepialid, HaBiTh INPH HAWMEHIIHX
Harpyrax, OTPUMYIOTH OCTaToO4Hi jAedopmaii. Aje BemTuIMHA
OCTaHHIX HACTUIRKM Majia, II0 BOHH HE MalTh NPaKTUIHOTO
3HAYCHHS.
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Medxicero  npyscnocmi o, B
HA3UBAEMbCSA MAaKa HAnpy-
ea, npu AKiU 6 mamepiani
BUHUKAE  3ATUUKO8A  BI0-
HOCHa  Oeghopmayis, wo
OdopisHioe Haneped 3a0ariil
manitu eeauyuni (0,002% -
0,005% 6i0 nouamkogoi
Odosxcunu  3paska). Mexa
MPYKHOCTI 711 OLIBIIOCTI
MaTepiaiiB (mampuka,
CTaJIl) IPaKTUYHO CHIBMAJa€ 3 MEKEIO MPOIOPLIHHOCTI.

3 TiABUIICHHSM Hampyru KpUBa PO3TATY HEMPOIOPIiHO
MiTHIMAETECA BBEpPX Bifl TOUKH A 10 Touku C, siKa HA3UBAETHCA
Kpumuunor moukolo mexyyocmi. [lounHarounm 3 Hei BigHOCHE
BUJIOBXKCHHS TIOYMHAE 30UIbIIYBaTUCSA Oe3 30LJbIICHHS HAMpyTH.
Touka C BuU3HAWae MexXy TeKydocTi. Medceto meKyuocmi

& g}u‘.? EOC"J?’I
Puc. 2.5. Jliarpama po3tary

(noe3yuocmi) Hasusacmvbcsa maka Hanpy2a O, , Npu SKil @

mamepiani 3’A61€MbC NOMIMHE BUO0BMHCEHHs 0e3 30i1bUeHHS
Hanpyzau.

3a mpakTHYHO MPSIMOJIHIMHOIO AISIHKOIO TEKY4YOCTi Aiarpama
pO3TATY 3HOB CTa€ KPUBONIHIMHOW (BUIYKIOK JIOBEPXY) 1
nedopMarii Tila TOYMHAIOTH 3pOCTaTH IIBUAIIE HANpyru. Touka B
BiAIIOBigAE HaHOUILIIIOMY 3HAYEHHIO
po3TAryrounx 3ycuib. Hanpyea, sika eionosioae

Haubinbwii  Hanpysi O, 6e3 6UHUKHEHHS

Micyegoeo 38YHCEHHS mina (wiutixu) T
Hazusacmvcs Mmedxcelo miunocmi. Touka B
XapaKkTepu3y€e BUHUKHEHHS TaKOl MIMHAKH (pHC.
2.6) 1 micns Hel BUIIOBXKEHHS Tija BiOYyBaEeThCA, 1T
B OCHOBHOMY, Ha [JIOBXHWHI IIUHKH, IHIIA

YacTHHA TiJIa MPaKTUYHO HE BHIOBXKYEThCA. [Ipn 7/

Hampy3i, W0 BignoBimae Ttoumi M, Tijo

pYHHYETBCS TUIAXOM po3puBy. Ilicims po3puBy /
TiJIa B MICITI ITUHAKA PO3Mipu 000X HOTO YacTHH Puc. 2.6.
CKOpOYYIOTBCS 1 ocTarodyHa  BiJHOCHA BrnmkHerHA
nedopmanis Tina &, Bianosigae Todni N Ha Hegg;::uﬁ
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Jiarpami po3Tsry.

PyiinyBaHHsI — MaKpOCKOMiYHE TOPYIIEHHS CYLUIBHOCTI Tija
(marepiary) B pe3ynpTaTi MeXaHIYHHX a0 OyIb-SKUX 1HIITHX
BIUTHBIB. Y mporeci pyWHYBaHHS Tila MOXXHA BUIUTATH ABI CTamii:
MOYaTKOBY — PO3BUTOK O Ta TPIIWH, 1 KIHIEBY — PO3AIICHHS Tijia
Ha JIBi 1 OumbIe YacTUHU. B 3aleXHOCTI BiJ TOTO, SK MPOTIKAIOTH
JaHi cTafii, po3pi3HSIOTH IIAaCTUYHE (B’SI3Ke) 1 KpUXKE pyHHYBaHHS.

IIpu nracmuunomy pyuinyeauni TicHA 3aBEpILEHHA IPYKHOI
nedopManii i TeKy4oCTi MOYMHAIOTHCS HE3BOPOTHI 3MiHU PO3MIpiB i
¢bopmu Tina, oOyMOBIEHI 3apO/HKEHHSM Ta PO3BUTKOM TPIIIMH B
Haiicmabmomy wicmi. IIBHAKiCTE MPOTIKAHHS IPOIECY B’S3KOTO
pyHHYBaHHS 3a3BHUYaii HEBEIMKA, a caM MPOIIEC MOXHA CITOBUTLHUTH
(3yNnHUHUTH), 3HU3UBILHU MPHUKIaJieHe HaBaHTaxeHHs. Komu Bennunna
BiTHOCHOTO BHAOBXKEHHS AOCSTa€ AESKOr0 KPUTHYHOIO 3HAYEHHS,
BiOyBa€eThCs pyHHYBaHHS (PO3pPHUB) Tina.

Kpuxxe pyiinysannss TIOUMHAETHCS TPAKTHYHO BiApasy Micis
3aBepIIeHHS NPYyKHOI Aedopmarii (mpsMomiHiiiHA AUISTHKA TiarpaMu
pO3TATY) 1 XapaKTEepHU3YEThCS BHCOKOIO IIBHIKICTIO TPOTIKAHHS
npornecy. TpilmuHa, siKa yTBOPIOETHCSA, AOCUTH MIBUAKO JOCSTAE
KPUTHYHOTO pO3Mipy, Ticlii 4Yoro BimOyBaeThCsi 1i  CTpiMKe
CaMOBIJIbHE MOIIUPEHHS, SIKE 3aBEPIIY€ETHCS PYHHYBaHHSM.

BaxmBuMH XapaKkTepHCTHKaMH Matepialy € IUIaCTHYHICTB Ta
nop3yuicte.  [lacTHYHiCTL  XapaKTepU3yeTbCS  BEIUYHHOIO
BIIHOCHOTO BHOBKEHHS O 1 BIJIHOCHOTO 3BY)KEHHsI TOIEPEYHOTO
nepepisy |y micis po3puBy Tina.

§=uil//=M, (2.38)
Ly So

ne I, — mouatkoBa IOBXKHHA Tina, [ — MOBXKWHA Tija MicIsl PO3PHBY,

S, — HoyaTKoBa IUIONIA MOIEPEYHOro Iepepily Tina, S, — mioma
MONIEPEYHOTO MIEPEPi3y MHUIKH MICIIs PO3PHUBY.

Axmo B skiiice Toumi D giarpamu, 1m0 JEKUTH 032 MEXaMH
IpaHMLi MPOMOPLUIHHOCTI 3MIHCHUTH PO3BAaHTAXXEHHS Tijia, TO B TiMi
3aJIMIIMTBCS 3aJMIIKOBA BilHOCHa nedopmanis &, (puc. 2.5),
npudoMy JiHigs KD Oyme mapanenpHOr0 OA. Ilpu po3pusi 3paska
ni”ig NM BU3Ha4ae OCTaTOUYHY 3alMIIKOBY Aedopmariro Tina &, .

Yum BOHA O1BITIA THM IIACTHYHIIIAM € MaTepiall.
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IloB3yuicTI0 MaTepialiB HA3UBAETHCS MOBUIbHA AedopMarlis Tina
ITiJ] TI€F0 MPUKIIAICHOTO MOCTIHHOTO HaBaHTAXKEHHS a00 HOPMaJIbHOL
HaTPYTH.

llle ommiero XapaKTEPUCTUKOIO MaTepiady € HOro TBEPHICTb.
TBepaicTh xapakTepusye oOIlip MaTepialy MPOHUKHCHHIO B HBOTO
OULTBII TBEpJAOTO Tilla TNPH BAAaBIIOBaHHI. KiNBKICHO TBEpHAiCTh
BU3HAYAETHCS SK BIJHOIIEHHS CHIM F KOHTPOJBHOTO 3pa3Ka
(imgeHTOpa), MO Ji€ HA TLIO, MO INIOMII S MOBEpXHI BigOWTKa, MO0
yrBOpuBCcs B Matepiami, i B CI Bumiproetscs B H/m’. Metoau
BHMIPIOBaHHSI TBEPIOCTI Bipi3HAIOTECS (HOPMOIO 1 Marepiarom
IHACHTOpa, KWW BIABIIOETHCA B JOCHTIKyBaHE Tino. Hampukman,
MpY BU3HAYCHHI TBEPAOCTI 32 METOJOM bpiHeNIs B JOCHiKyBaHe
TiJIO BAABIIOETHCS CTaJleBa 3araproBaHa Kyjibka, a B METOI
Bikkepca — amMa3zHa mipamigka KBaJIpaTHOTO Tepepi3y, TOIIO.
[To3naveHHs TBepaOCTI B noBinHUKAX: H), (a0o HB) — TBepAICTh IO
Bpinemmo, Hy (abo HV) — tBepaicTs 1o Bikkepcy, Toro.

Hedopmariiss 3cyBy BHHHKAae TpH il Ha TiJO AOTHYHOI CHIIH,
MPUKIAJCHOI TapaliellbHO  JI0
3aKpIIJICHOT OCHOBH (pHC. 2.7).

z

Bemnuuny 7 =-— Ha3HuBalOTh = H

S - A

. 1/ / 1/ /

JIOTUYHOIO Harpyroto, 1e N1.S — Yiv b7
BHYTpilIHS cuiaa 1 ruioma Dy L/
MONIEPEYHOT0 Mepepizy 3paska - o
BignoBigHO. AOcomoTHa Jie- /

¢dopmatiiss 3CyBy BUMIPIOETHCS
BEJIMYMHOIO 3MIIIEHHS BIIBHOL
ocuoBn Al. BigHocHa medopmariisi 3CyBy BH3HAYa€ThCA 34
hopmymnoro

Puc.2.7. dedopmarii 3cyBy

— =1tgy, e h — BucoTa 3paska. Tak K KyT ) 4YacTO MaJluil, TO

h

MOXKHa BBaXaTW, IO [gy =~y . OCKUIbKM NpH LIBOMY BHJII
nedopmanii BHYTpPIIIHI CHJIM JilOTh B IUIOLIMHI IEpepi3y, TO
nedopMalliro 3cyBy 3MIMCHIOIOTH JOTHYHI MeXaHiuHi Hanpyru. [Ipu
HEBEJIMKIA BEIHYMHI BIAHOCHOI nedopMaliii 3CyBy 3B’S30K MiX
nedopMaliero i MEXaHIYHOK HAIPYTOl0 BUPAXACTHCA 3aKOHOM ['yka
IUIS1 3CYBY:
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1
=—T, 2.39
=5 (2.39)

ne G — Moxyns 3cyBy. Mik BenmnunHaMu E 1 G ISl OTHOTO 1 TOTO K
MaTepiay iCHye 3aJeKHICTb :
G=04E. (2.40)

Hedopmariii KpydeHHsI MiAmalOTbCA OaraTo AeTajedl MamiiH i
KOHCTPYKIii: Banu, NPYKHHH, TOMIO, @ TAaKOX KICTKH OMOPHO-
PYXOBOTO amnapary JIOAWHH 1 TBApUH.

Hanecemo Ha  mOBepXHIO  IWIIHApPa CITKYy  B3a€EMHO
MEPIICHIUKYISAPHUX JIHIA, TaKk IO OJHE BIYKO Ha IMWIIHApPI 3a
dopmoro Oyne kBagpatoMm (puc. 2.8), 1 MepHeHIUKYISAPHO IO OCi
HUTIHIpa MPUKIAZACMO JI0 HOro KpaiB JIBI CHIIM, HANPSMIICHI B Pi3HI
croponu. [Ipu maniit neopmartii MmoxxkHa 3adikcyBarH, IIO:

® KBaJpaTh NEPETBOPWINCH B POMOH, TOOTO BiAOyBaeThCs
3CYyB IIOTIEPEYHHX MEPEPi3iB Tifa;

e mepepi3u Kpyrdi i miocki o aedopmarii 30epiratoTb CBOO
dopmy i micns gedopmartii;

e  BigOYyBa€eThCsl MOBOPOT OJHOTO Tepepi3y BiAHOCHO IHIIOTO

Ha JEeSKUM KyT.

Ha oc-

HOBi OTpH-

MaHUX Jia-

HUX MOJKHA

3po0UTH

BHCHOBOK,

o Marepi-

an witinapa npu aedopmallii KpydeHHs MiaKopseThes 3akoHy [yka
Uist 3cyBY (2.39), TOOTO KpydeHHS CTEPIKHSI KPYTJIOTO MOMEPEYHOTO
nepepisy MOXKHa MPEACTAaBUTU SIK PE3YJbTaT 3CYBiB, BHKIMKAHHX
B32€EMHHUM TIOBOPOTOM HOTO Tepepi3iB.

Bennunny nedopmanii KpydeHHS BH3HAYAIOTh 33 GIOHOCHUM
Kymom 3axkpyyyeants (puc. 2.9), siKuil BU3HAYAETHCS 3a HOPMYIIOI0

Puc.2.8. lepopmarnist kpyueHHs

d M
=2 4 S
i >
ne d@ — KyT MOBOPOTY N\ — v i
OJTHOTO TIepepi3y BiIHOC- z _|dz

Puc.2.9. BimnocHuii KyT 3aKpydyBaHHS
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HO IHIIIOTO, TP BiACTaHI MiJK HUMHU dZ .
SK1mo Bci mepepi3u Tijia 3COBYIOTHCS pIBHOMIPHO, TO

0=2. (2.42)

I€ (¢ — KyT 3CyBY OJZHOIO TOPLS LMJIIHAPA BIAHOCHO 1HIIOIO, Z
JIOBXKHMHA TLjia.

Onip Kpy4eHHIO IIBHAKO 3pOCTa€ i3 30UIBIICHHAM pajiyca
OWTHIpa, TOMY OpraHHM TBapWH 1 IIOJUHH, pPO3PaxOBaHi Ha
BUKOHAHHSI KPYTWJIBHUX PyXiB, SIK NpPaBWJIO, JOBTi ¥ TOHKI (Ius
NTaxiB, TiJO 3Mii).

IIpu nmedop-
Marllii 3ruHy Ha
OIyKIII CTOpO-
HI TUIO Tmigna-
€TBCSL  PO3TATY,
a Ha YBITHYTIH Puc.2.10. Iebopmariis 3runy
HiIIa€ThCS
ctucky (puc. 2.10). Becepenuni 3irHyTOTO Tijla 3HAXOAWTHCS TOHKHMA
miap, SIKHi Ha3MBAEThCS HEUMPATbHUM WApOM, IO HE TiATaeThCs Hi
po3TATY, Hi CTHCKY. Binst HbOro mpu nedopmalii Tila BHHUKAIOTh
Jye Malli mpykHi cuinu. Ha mrapu tina fie TuM Oinblia MexaHiqHa
Hampyra, YiuM Jalli BOHA 3HaXOISAThCS BiJl HeWTpajgpbHOro mapy. Ha
puc. 2.10 mokazana nedopmarisi 3ruHy. [lyHKTHpHa JiHIS —
HEHTpanbHU{ 1Wap, CTPIIKAMU ITOKa3aHi CHIIM, IO JiIOTh B JIESKOMY
nepepisi ab. Bennunna A HasuBaerhcs cTpinoro mporudy. B teopii
OIOpy MarepialiB IMOKa3aHO, IO CTpilia MPOTMHY NPSMOKYTHOI B

nepepisi Oajikk 3HaXOIUTHCS 32 HOPMYIIOIO:
3

1 F(L
=——| =, (2.43)
4b E\ a
ne b — mmpuna Ganku, a — ii ToBumHa, L — ii gomxkwuHa, F —

nitoya cuia, £ —momyns FOHra.

Marepian, sKuii 3HAXOMUTHCS B HEHTpabHOMY IIapi, 3 TOYKH
30py MIiZABHMINEHHS MIIHOCTI TiNa mpu aedopmaiiii, adCOIOTHO
HenoTpiOHMH. BiH numie poOUTH KOHCTPYKLiIO BaxK4or. Tomy
YaCTUHY pPEUYOBHMHHU Ol JaHOTO HEHUTPATbHOTO IMapy MOXKHA
BHJIAJTUTH O€3 3MEHIICHHS MIIHOCTI OaJIku, sSKa TIPaIlO€ Ha 3THH.
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TakuM crmocobOM 3MEHIIYIOTh Macy KOHCTPYKIIi Mpu 30epexeHHi
3aganoi MigHocti. Hampukman, cymineHi OpycH  3aMiHIOIOTh
TpyOamu, Oaku poOIIATh TABPOBUMH a00 TBOTaBpoBHMH. TpyOUacty
OyZIOBYy MarOTh KICTKH KIHI[IBOK, cTe0Jla MIBHAKO3POCTAIOUUX
pOCIMH-31IaKiB, TOIIO. MaTeMaTH4yHI pO3paxyHKH MOKAa3ylOTh, LIO0
HANOIBIINIA OMip 3TMHY BHSABJSIOTH TPYOKH, B SKHX BiJHOIICHHS
BHYTPIIIHBOTO JliaMeTpa 10 30BHIMHBOro ctaHoBUTH 8:11. Came
TaKe CIiBBIIHOIICHHSI MalOTh cTe0ia OUBIIOoCTI pociuH. SIcKpaBuM
MPEeICTaBHUKOM POCIHUH, SKi M030aBieHi IEHTPalnbHOI YacTUHH
ctebna, € 6amOyk. L{ro pocnuHy epeKTHBHO BHKOPHUCTOBYIOTH IS
ONIEp’KaHHS CHUPOBUHH, TPOAYKTIB XapuyBaHHS Ta OyIiBeTbHUX
MaTepianiB Oau3bKo 2,2 Mipa. moae. Jleski Buan 6aMOyka pocTyTh
31 MIBUAKICTIO ONHM3bKO OJHOTO MeTpa 3a j0o0y. Momyne FOHra

TKaHnHE GamOyka nopismioe 2-10'° H / M>, ToGTO Gambyk B

pPO3paxyHKy Ha OJMHHIIO Macu OUTBII TPYXHUM, HIK CTaJeBUH
CTpuKeHb. Y Toif Xke uac TycTMHa 6amOyka cTaHOBHTH 600 xo/w’,
TOJ SIK JUIA CTani rycTiHa gopiBHIoe 7800 ke/a’.

CtocoBHO 10 mpsiMoro Opycy B 3alieKHOCTI BiJl HAmNpsIMKY
TIIOYNX CWJI 3TMH Ha3WBAKOTh 1030062CHIM ab0 nonepeynum (puc.
2.11).

[To310BXHII 3rMH BHHUKAE IIiJ] €10 CHJI, HAPSMICHUX B3/I0BK

a B
Puc.2.11. Pi3Hi Buau 3ruHy: a) NO3A0BXKHIH, 0) MONepeyHHil, B) HO3/10BKHBO-

MOTepEeYHU

Opyca Ta NPHUKIAJACHUX 10 HWOT0 KIHIIIB HAa3yCTpi4 OJUH OJTHOMY
(puc. 2.11, a). 3pasok HaOyBae ¢dopmy apku. [lomepeunuii 3run
BUHHKAE TiJ II€I0 CHJI, HANPSMIIGHUX TMEPIEHAMKYISIPHO Opycy Ta
MPUKJIAJCHUX K JI0 MOro KiHIIB, TaKk 1 B cepenHid wacTuHi (puc.
2.11, 6). 3ycrpiuaerbcsi TaKOX 1 3MiIAHUH TO3JOBXKHBO-
nonepeyHui 3rut (puc. 2.11, B).

2.6. MexaHiuHi Ta peoJioriuHi BJacTHBOCTI 0i0J0OTiYHHX
TKAHUH

bBiosoriuHi TKaHMHN TPHHHSITO MOAUIITH Ha pinmki (Kpos, miMda,
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CIIM30BI PpIOWHH, CHHOBiadbHA piAMHA, TOMO), M’AKi 1 TBepmHi,
OpPUIOMY AaHUH MOMIN € JOCUTh YMOBHUM. 10 M’KHUX OI0TKaHHUH MU
OyzeMo BiTHOCUTH TKaHWHH, TS IKUX BIOHOCHI nedopMartii MOXKyTh
CTAHOBHUTH JECITKH 1 COTHI BiICOTKIB, — II¢ MIKipa, M s30Ba TKaHMHA,
TKaHUHH JIETEHIB 1 MO3KY, CTIHKM KPOBOHOCHHMX CYAMH, AUXaJbHUX
NUIAXIB 1 ACsKi 1HIII, a A0 TBEPAUX — KICTKOBa TKaHWHA Ta 3yOwu.
[IpomMikHEe CTaHOBHWIIE 3aiMAlOTh CYXOXKWJUISA 1 CYrJIO00BHM XpsI.
Jis BU3HAYEHOCTI CyXOXWIUIS BiIHECEMO IO M’SKHX TKaHWH, a
Xpsill — 0 TBEPAUX.

Binpmricts 610710T1YHUX TKAHUH € CYKYITHICTIO BEJIHUKOI KITBKOCTI
XIMIYHO PI3HOPIAHUX €JEeMEHTIB, MmO CcGhOpPMyBaIUCI B TPOIIECi
€BOJIIOMIT 1, SIKi PSMO 3aJIeXKaTh BiJl PYHKIIIH, SIKi BOHM BUKOHYIOTh
B MPOLIEC] JKUTTEAUTFHOCTI OpranizmMy. Bee ) MoXHa BUIUTUTH TPH
OCHOBHI CKJIaJIOBI OiOJIOTIYHHX TKAaHWH: KOJareHy (MaKpOMOIEKyIa
VHIKaJIbHOI ~ TPUCHIpabHOI  CTPYKTYpH, BOJIOKHHCTHI  O170K),
enacTuHy (SIK 1 KoJareH — BOJOKHUCTHH OiOK y XpeOeTHHX) Ta
CITOJIyYHOI PEYOBHUHU.

ITix MexaHIYHMMH BJACTUBOCTSIMH  OIOJOTIYHAX TKAHUH
PO3YMIIOTB:

1. aKkTUBHI MeXaHIYHI BIACTHBOCTI;

2. TacWBHI MeXaHi4YHi BIACTHBOCTI.

Iepmi moB’s3aHi 3 mpolecaMu  OIOJIOTIYHOT  PYXITMBOCTI
(ckopodeHHs M’S3iB, PICT KJIITHH, PyX XpOMOCOM B KJITHHAX MpH iX
o, Tomo). Lli mporiec B OCHOBHOMY BH3HAUYAIOTHCS XIMIYHUMHU
peaKilissMU 1 BUBYAIOTHCS B Kypci 010XiMil.

Jlo macuMBHUX MEXaHIYHMX BIIACTUBOCTEH OIOJOTIYHUX TKAHWH
BiTHOCSITH iX PEOJIOTi4HI BIacTUBOCTI. Po3risHemo ix.

2.6.1. TBepai Oiosoriuni TKAaHUHU

Kictkn mronmeit i TBapuH MaroTh CYTTEBI BiAMIHHOCTI (ZOBIi
TpyOUacTi KiCTKH KiHIIIBOK, TUIOCKI KiCTKH Yepena, KOPOTKi KiCTKH —
XxpeOiri), ajie 3 TOYKU 30pYy IX MEXaHIYHHX BJIACTHBOCTEH — BOHH
1JIEHTUYHI.

KicTkoBa TkaHWHA — OJIMH 13 BUIB 3 €JIHYBAIBHOI TKAaHUHH, €
OCHOBOIO OTIOPHO-PYXOBOTO amapary. Y JOpOCiOi JIFOJUHHU KiCTKOBa
Maca ckiagae npuOmmzHo 18% Bim macu Bchoro Tinma. [yctuHa
KiCTKOBOT TKAHMHH CTAHOBHTH 01151 2400 K2/’ 1 3a5I©KHTh BiX YMOB
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(hopMyBaHHS, PO3BUTKY, BIKY JIFOJIWHH, TIJISTHKHA OPraHi3My, TOIO. Y
KOMIIaKTHi KICTKOBiil TkaHuWHi npubiam3Ho 1/2 00’emy 3aiiMae
TBepma ¢a3za KicTku (opraHidyHa 1 MiHepaibHa (HEOpraHidHa)
CKIlazmoBa KicTkum — Jiamenu). Heopramiuna pedoBmHa (60-50%)
MpeacTaBieHa MIKPOCKOMIYHUMH KPHCTAIAMHU  TiJpOKCHIIAMATHTY
THITY 3C03(PO4)2-Ca(OH )2 Ta IHIOIMX COJNIeH Kajblilo, a

opraniuyHa yactuHa (40-50%) — konarenom. MiHepalibHa PEYOBHHA
PO3MILIYETbCS ~ MDK ~ BOJIOKHAMH  MAaKpOMOJIEKYJ  KOJIaT€HY
(pibpumamn).

[IpyxHi BIaCTHBOCTI KICTKOBOi TKaHWHHM BH3HAYAIOTHCS B
OCHOBHOMY MiHEPAJIbHOK PEYOBHHOIO, a TEKYJiCTh — KOJAreHOM.
Ipu rycruni kictkoBoi Tkammum 2400 xe/m’ ii momyms FOmra

cranoute  ~10'/1a, wMexa wMimmocTi mpH  posmary  —
o, = (1,5 —1,8)'1081761 , BimHOCHA JedopMallisi po3TATY I0CsTae
1%. Bemuky  MilHICTH  KiCTKAa Mae 1  TpU  CTHCKY
(0, ~(1,6-1,9)-10°Ta ). 3mauno ripume KicTKOBa TKAHMHA

BUTpUMYE jaedopmartii 3ruHy Ta KpydeHHs. Tak, CTErHOBa KiCTKa B
MO3I0BKHBOMY HANpsIMKYy BUTpUMYe HaBaHTakeHHa 45000 H, a npu
3ruHi Beworo 2500 H.

Mexa MIIHOCTI HAa CTHUCKAHHS KICTOK Ta IHIIAX O10JIOTTYHHUX
TKaHWH TpUBEeHi B Tabmui 2.3.

Taomunsa 2.3

Meska mintHocTi Ha ctuckanus, Mlla
TkaHnuHa o, TkaHuHa o,
Cy1riibHa KicTKa 147 Jentun 20
MinepansHa pedoBuHa | 44 Xpebeupb 7
KICTKH
binkopa pedoBuna | 0,1 3B’s13K1 Bemukux | 10-15
KiCTKH cyrno0iB
Emans 34-45 | llkipa (>kuBit) 17-36

3amac MeXaHIYHOI MIIIHOCTI KICTOK TIOMITHO IEPEBUIIYE
HABaHTaXXCHHS, 3 SIKUMH JIFOJJUHA 3yCTPIYa€ThCS y TIOBCAKICHHOMY
XUTTi. BimoMo, 1110 KWBa KicTKa B 5 pa3iB MilHIIIA 3a1i300€TOHY.
CrerHoBa i TOMIJTKOBa KiCTKM BUTPUMYIOTh HaBaHTaKeHHS B 25-30
paziB OUIBIII CEPEeTHBOI Bark JIFOIHHH.
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Jus  poBrux TpyOdacTMX KICTOK XapakTepHHM € KPHUXKe
pyiHyBaHHs. PyilHyBaHHS TakmxX KICTOK MOYKHA PpO3TIIAOATH SK
pYWHYBaHHSI CTPYDKHS i/ Ji€0 HABaHTaXXKE€Hb B TIO3/IOBKHBOMY ab0
nonepeyHoMy HampsMKax. [10310BKHI HaBaHTa)KCHHS BUHUKAIOTb,
HaTpUKIaJ, PY NaJiHHI HAa KUCTh BUTATHYTOI pyKH, a0 Ha pyKy, 3i-
THYTY B JKThOBOMY cCyrioOi. [lomkomkeHHS HIXHBOTO emidiza
CTETHOBOi KICTKM BHACHiOK JedopMarliii po3Tsary Ta CTHCKY
MO>KJTBE TIPH TaIiHHI Ha 3irHyTe KoJiHO (puc. 2.12).

Yacto Mae wMicue MOMIKOM-

KEHHS KICTOK BHACIIZOK IX 3TUHY |7 |7
Ii BIJIMBOM 30BHILIHBOTO HABAH-

TaXeHHs. 30Ha MOYaTKy pyHHY-

BaHHs Aiadiza moBroi TpybOuacroi

KICTKH TIpH 3THHI PO3TAIIOBYETHCS

Ha omykJid crtopoHi (puc. 2.13)

IyTH, € 30CEPEIKYIOThCS Hali- mﬁz,. \g
OinpIIi  3HAa4YeHHS  HANpy>KEHb

po3TArYy.

Cyrao6oBuii  xpsinmy  3Haxo-
IUTHCSI Ha KiHIIIBKaX TPyO4acTux
KICTOK. 32 CBO€IO OY/IOBOIO BiH € TIOPUCTUM, JIETKO TPOHHKAIOYNM
JUIS piiMH MarepiajoMm 3 ManuM MoxayieM [Oura. Ilim miero
HABaHTaXXCHHS BiH BHUIUIAE, a MNPH PO3BAHTAKEHHI IOTIMHAE
CUHOBiaNbHY pimuHy. Po3Mipu Xpsma MOXYTh 3MiHIOBATHChH TIiJT
N0 HaBaHTa-

Puc.2.12. TpaBma cTerHOBOi
KICTKH

JKCHHSL. i L
B  cyrno6i

PO3PI3HAIOTH
piaky 1 TBepay l \ =
6

foro ¢azy. Pin-

ka (aza ckia-

nae  (60-80)% Pnc.2.13. Cxema pyiinyBaHHS fiadiza 10Broi

fioro Macu. B TpyO4acToi KiCTKM BHACIIJOK 3THHY: a, O — HaIpsAMOK Ail
.o . BEKTOPIB 30BHIIIHIX cUJI, B — Iedopmariii cTucky,

TBepAil a3zl € r — gedopmarii po3Tary

1o 35% Boio-

KOH KoJlareHy, Bce iHme — Oiojorigamii Marepian. CuHOBianbHa
pianHa 3a0e3neuye 3Ma3yBaHHsI 1 )KUBJICHHS Cyrio0a.
Cyrno6oBwuii XpsI Ma€ AB1 BaXKIIMBI OCOOTUBOCTI:
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®  3aBJISKH TOMY, IO HOTO KOE(IIiEHT KOPCTKOCTI MPHOIH3HO
Ha TIOPSAIOK MEHIITHH 32 KOS(IIi€HT )KOPCTKOCTI KICTKH, BiH
nerire aAeOPMYETHCS 1 PO3NOJiIsLE€ HABAaHTAXKEHHS HAa BCIO
Cyr;iioOOBYy TOBEpXHIO KICTKM, YMM 3MEHIIye B HIH
KOHIIEHTPAIIII0 MEXaHIYHUX HAIPYT;

e 3a0e3mevyye HaA3BUYaHO HU3BKUH KOE(Ili€eHT TepTa B
cyrno6i (Big 0,005 1o 0,012).

3a yac JKUTTA JIIOAWHU HAaBaHTOKEHHS HA CYTJIOOHMH XpsIl
KOJIUBAETHCS BiJl HYJIBOBOIO [0 HaBaHTaXKeHb, sKi B 3-4 pasu
MEPEeBUIYIOTh Bary JIOAWHHU. [Ipy mbpoMy B cyrinobi MOXYTb
po3BuBaTHCh jAedopMaiii po3TIAry, [Ki TPUBOIATH OO HOTO
nectpykiii. Taka mokambHa AECTPYKINsl CYrJIOOOBOTO Xpsia He
BiTHOBJIIOETHCSI 1 TOMY BB@KAETHCS HEOE3MEYHHUM IOILKOIKECHHSM,
SIKE B TIOJAJIBIIOMY MOJKE MPUBECTH 0 IeTeHepallii BChOoro Cyriooa.

Peonoriuni BmacTMBOCTI Xpsllla CYTTEBO BipPi3HAIOTHCS TPH
nedopMallisix po3TATY B3IOBXK 1 BIOMEPEK HAMPSIMKY KOJAareHOBUX
BOJIOKOH. Tak, It 30BHILIIHBOTO HIAPY XPsIia BiIPOCTKIB CTETHOBOL
KICTKM pyHHYIOYI HaBaHTa)XEHHS PO3TATY JOPIBHIOIOTH BiAMOBIIHO
25,519,8 Mlla, T00TO BiAPI3HAIOTHCA B 2,5 pasu.

Monyne FOnra E cyrio6oBoro xpsia, skl OyB BU3HAUEHUH B
eKCIIepUMEHTax Ha CTHCHEHHS, ckiaB (23-50) Mlla, monyns 3cyBy G
— (0,4-4) MIla. HeoOXxinHO BiA3HAYWTH, IO TPH JIET€HEPATHBHUX
3MiHaX B XpAIIli MOIYJb 3CYBY 301IBITY€ThCS.

Koedimient Ilyaccona xpsma #=0,5 i Tomy ioro MoxHa
PO3IJISAAATH K MaTepial, 110 HE MiIa€ThCs CTUCHEHHIO.

Ockinbki mouHa 3jiiicaioe B cepenaboMy 2-10° kpokiB B pik,
BUKJIMKA€ I1HTEPEC JOBrOBIYHICTH Xpslia 1 HOro CTOMIIFOBAHICTb.
BcranosieHo, 10 NpW IUKIIYHAX HABAaHTa)KEHHSX, JIOBTOBIUHICTH
Xpslia CyTTEBO 3HIKYETHCSA IPHU 3POCTAaHHI B HBOMY MEXaHIUYHHMX
HaNpy>XeHb, a TAKOXK 13 301IbIIEHHSAM HOTO BiKY.

B Tabnumi 2.4 mpuBe/ieHI OCHOBHI PEOJIOTIYHI XapaKTEPUCTHKH
KOMITaKTHOI 1 ry0uaToi pedyoBHHHU CTETHOBOI KiCTKM 1 CyrJo00BOTO
XpsIIa JTIOJUHH.

2.6.2. M’aki 0ioJioriuHi TKAaHMHU

Binpmiicte M’AKMX  OIOJIOTIYHHMX TKAHAH MAarOTh MOXIOHI
MEXaHIYHI Ta PEOJIOTIUHI BIACTHBOCTI: BEJMKI 3HAYCHHS BiIHOCHOI
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nedopmariii, HECTUCKYBaHICTb, BIAMIHHICTH B  MEXaHIYHUX
mapamerpax B  pi3HUX HampsMkax  (aHi3orpomHicTs). lLle
MOSICHIOETBCSL  OyJIOBOIO JIAaHWX pEYoBHH. B iX ckiam BXOHATH,
KJIITHHH, KOJAreHOBI Ta €JAaCTHHOBI BOJIOKHA i OCHOBHA PEYOBHHA.
MexaHi4Hi BIIACTUBOCTI JaHUX CKJIAJOBHMX 1 BU3HAYAIOTH MEXaHIYHI
BJIACTHBOCTI M’SKHX 010JI0T1YHUX TKAHUH.

Taommus 2.4

Peosoriuni XapakTepuCcTHKH MaTepialy CTETHOBOI KiCTKH 1
CyrJ000BOTO Xpsiia

o, (Ha po3Tir
PevoBuna E, I'Tla a60 cTHCK), H
Mlla
KommakrHa
peUOBHHA KICTKH 7-18 120-200 0,2-0,4
I'ybuaTta pedoBuHa
KICTKH 0,026-0,6 3,7-11,4 -
Cyrno6oswuit xpsimn | 0,023-0,05 10-25 0,5

Komnarenosi Bomokna (miamerpom Bim 0,2 g0 12 mxm)
CKIIaatoThes 3 Imydka ¢iopwn, miamerpom Bim 20 mo 40 wm, B
3aJIeKHOCTI BiJl BUJLY CCaBIIsl 1 TKAHWHH.

EnactuHOBI CTPYKTYpH B M’SKHMX TKaHHWHAX 3yCTPIYarOThCS B
nBOX MopdonorivHux (opMax: BOIOKOH (IIKipa, XpsIli, BeHH) i
MeMOpaH (aprepii). 3a CBOIMH MEXaHIYHHMHU BJIACTUBOCTIMHU
€IaCTMH TOJIOHWI 110 TyMH, BIH MOXE pO3TATYBATUCh B JIBOX
HampsiMKax. BimHocHa nedopmariis enacTHHY & MOXKE IOCSITaTH
200 — 300%, Tomi SK KOJIar€H B IIbOMY BiJHOIIEHHI MOMIOHHMHA 10
KanpoHoBuX BoJIoKoH (£ =10% ).

B tabnuii 2.5 nokasaHi peoJioriyHi XapaKTePUCTHKH KOJlareHy Ta
€JIaCTUHY.

Taomums 2.5
Peosoriuni XxapakTepUCTHKU MaTepialy KOJareHy Ta eJacTUHY
Marepian E, Mlla o, (ma posrar),
Mlla
Konaren 10-100 100
Enactuu 0,1-0,6 5
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KinpkicHe CIiBBIIHOMIEHHS KOJAr€Hy 1 eNacTHHYy B M’ SKHX
TKaHWHAX Ta B3a€MHE PO3MIIICHHS iX BOJIOKOH 1 BU3HAYa€ MEXaHiuHi
Ta PEOJIOTIUHI XapaKTePUCTUKH TKAHIHH.

Kosarenosi BosiokHa B M’SIKMX TKaHUHAX BKJIaZEHI XBUIEHIOIIOHO
1 pO3rOpTalOThCS JIMIIE MPHU BEIMKUX HaBaHTaXeHHsIX. Tomy Ha
MOYaTKOBUX eTamax Jedopmalii MpYyXKHI BIACTHBOCTI M’ IKHX
TKQaHWH BH3HAYa€ enacTUH. [licias BUIOBXKEHHS EJIACTUHOBHX
BOJIOKOH TIPYKHI BIIACTHBOCTI BW3Ha4da€ Ha0araTo >KOPCTKIIIHA
konareH. [Ipy>kHi B1acTHBOCTI TKAaHWH y KOMaxX BH3HAa4Ya€ pe3MIIiH, a
Y POCIIHH IIEJTI0JI03.

Hlxipa € ckiagHUM OPraHOM, SIKMH BHKOHYE HH3KY BaXKIIUBHX
(GYHKLIH Opra”izaMy: TepMOpETYIIALilo, 0OMiH PEUYOBHH, CEKPETOPHY
¢dyHKLiI0 (poOOTY CaNbHHX 1 MOTOBUX 3aJ103), 3aXUCT OPraHi3My Bil
MOMIKOMKEHb, TOWIO. Y JOPOCIOi JIOJUHU 11 IJIOA JO0CATaE
(1,5—1,6) M’, a TOBINMHA — ((),5—4) mm. OCKIUIBKH IIKipa
3HAXOJMUThCS HA MEKI MDK OpraHi3MoM 1  HaBKOJIMIIHIM
CEepeJIOBHINEM B TMPOIECi €BOMIOIIi B Hiil BHPOOWIHCH TaKi
BIIACTHBOCTI, SKi 3a0€3MeYnIN 3aXUCT OPTraHi3My BiJl IIKiUIMBOI il
¢isnyHnX, XiMiuyHMX, iHQekmiiHux areHTiB. llkipa Mmae ckmaany
OyZOBY 1 CKJIAZIA€ThCS 3 TPhOX HAKJIAJCHUX OJMH Ha OJHOIO INapiB,
SKi TICHO TIOB’s3aHI MDXK COO0O, alie YiTKO PO3PI3HSAIOTHCA 3a
MPUPOAOI0, CTPYKTYpOIO, BIIACTHBOCTAMH: €IiJiepMic, JiepMa,
MiAMKIpHa KITKOBUHA. EmimepMic TOKpHBa€eThCs 3BEPXy POTOBUM
IaPOM.

B 3aranbHuii cKiaj MKIpU BXOJSTH BOJIOKHA KOJIAreHy, €IaCTUHY

Ta OCHOBHA TKaHWHA —
MaTpULSL. KomareH  o,MIla
cknanae 75% cyxoi ma-
CH IIKIpH, & €NacTUH — 5
oinst 4%. CepenHs ryc- 40
THHA WIKIpU CTAHOBUTH 3
1100 xe/m®  (obmactb 9
PYK, Tpy/A€H, CIIMHN).

31 30UIBIIEHHSIM Je-

see . voe 0 o ] L 1
bopmanil  mxipn i 0 10 20 30 40 50 60 &%
IIPpYy>XHAU  OIIlp  CIIO- Puc. 2.14. PeonoriuHi XapakTepUCTUKH
YaTKy € HEBEJIMKHUM (BH- LIKipH NIPH PO3TATY B monepeuromy (1)
KIMKaHUE  Jedopmari- i M0310BXKHBOMY (2) HaNPAMKax

50



€10 €JAaCTHHY), a MOTIM, IICIISI PO3TOPTaHHS KOJIAT€HOBHX BOJIOKOH,
Ppi3Ko 30UTBIIy€eThCS. BiNbIIiCTh KONareHOBUX BOJOKOH LIKIpH Opi€H-
TOBaHI B TIONIEPEYHOMY HAMPSMKY BiJHOCHO MO3I0BKHBOI Opi€HTAIi]
Tijla, OO0 3yMOBIIOE ISl IIKIPH SIBHINE aHI30TPOIi po3Tsary. Bono
MPOSIBIIIETHCS. B TOMY, 10 iICHYIOTh BUAUICHI HAIPAMKHU IS JiTSTHOK
wkipu (minii JlaHrepa), B SIKMX MIKipa pO3TATy€eThcA HAbaraTo Kpare
HDK B MEPHEHIWKYISPHUX A0 IMX JIiHIA Hampsmkax (puc. 2.14).
3MopIIKaM Ha IIKipi MU 3aBAsiayeMo JiHisM Jlanrepa.

AHI30TpOMis MIKIpH CHIBHO 3MIiHIOEThCSA MPH JACSKUX XBOpPOOaXx,
HampuKIad, TpH TIcopiasi, NHpu Helpomepmitax (0COOIMBO B
00JacTAX 3ruHAIHHIX TOBEPXOHB) a00 B MIKipi BEPXHBOI MOBIKK MIPH
MPOrPECyroUii  KOPOTKO30pOCTi. AHI30TPOIIisS IIKIpH  00IMYIYs,
0oco0mMBO B o0Omacti J1006a, [O3BOJSE OIIHIOBATH BIKOBI 3MIHH.
UricnieHH] TOCTIPKEHHS B PI3HUX 00ACTsIX MEAUIIMHU TTOKA3aJIH, 10
aHI30TPOMisl MKIpU € OO0 €KTUBHUM JiarHOCTUYHUM KpUTEpieM
MEBHUX 3aXBOPIOBAHD JIFOJWHH.

M’s3u € pi3HOMaHITHEMH 332  (QOpMOIO,  pO3MipamH,
OCOOJIMBOCTSIM KpITUIGHHSI JI0 IHINIUX OpTaHiB Tila, BEIWYHHOIO
MaKCHUMaJIbHOTO 3YCHJUIS, IO HUMH PO3BUBA€ThCs. HeszanexxHo Bix
MpU3HAYEHHs, 0COOMMBOCTEN OYJI0BH 1 CTIOCO0IB peryIisiii TPUHITUTT
poOoTH pi3HUX M’S3iB OPraHi3My OJTHAKOBH.

M’si31 CKIIaIAlOThCsl 13 CYKYITHOCTI M’S30BUX KIITHH (BOJOKOH),
SIK1 TIOUISIFOTHCS Ha:

® TOHKI (ZliaMeTpoM 7 Hm i TOBXHUHOIO | MKM), SIKI CKIIAMAIOTHCS
3 TPHOX BHUIIB OUIKIB: aKTHH, TPOIIOMiO3WH, TPOTIOHIH;

e TOBCTI (miamerpoM 15 wam, n0BKUHOWO 1,5 MKrM), 5IKI MAIOTh y
CBOEMY CKJIaJ(i JIUIIIE OJUH OLJIOK — MIO3HH;

® CIIOIYYHY TKAHWHY CHIOMI3ii, SIKa CKIAAA€ThCS 3 BOJIOKOH
KOJIaTeHY 1 eJacTHHY, a TaKOX TycToi Mepexi HEepBOBHX
BOJIOKOH 1 KDOBOHOCHHUX CYJIHH.

M’s130Bi  BOJIOKHa Yepe3 EHAOMI3ili YTBOPIOIOTh CIIOYATKY
nepBUHHUN 1ydoK. [lepBUHHI TyYKH, 00’ €JIHYIOUUCH, YTBOPIOIOTH
BTOPUHHUH ITyUOK.

[uprna Takoro BTOPUHHOTO Iy4yka BapitoeTbesi Big 10 1o
100 mxm, a HOBXKHMHA YacTO BIAIIOBIZA€ JOBXKHHI M’si3a 1 MOXKE
OCATaTH B IESIKAX BOJOKHAX 12 cm.

Koxxne M’s30Be BOJIOKHO 3HaXOOUTHCS B OKpeMid MeMOpaHHIH
00010HIII (CapKoJIeMi) 1 €IEKTPUYHO 130JIbOBAHE BiJI IHITUX BOJIOKOH.
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Jo KiCTOK M’SI3 TPUKPIIUTIOETBCA 3a JOIOMOTOI0 CYyXOXKWIUIA 13
MII[HOi BOJIOKHUCTOI TKaHMHU. M’S3M TPOSIBISIOTH OJHOYACHO
MpYyXHiI 1 B’S3Ki BIACTHBOCTI, B IIbOMY BOHH € TOIIOHMMH 0
TTOJTIMEPIB.
M’s13u 32 Oy/I0BOO TIOAUISAIOTHCS HA JIBA BUIM:
® [IajKi MapajeabHO-BOJIOKHUCTI (KHIIEYHHUK, CTIHKH CYIMH,
M’SI31 IUTYHKY Ta CEYOBOTO MiXypa);

® TIONEPEeYHO - CMYTacTi (TIONIePEeYHO-BOJIOKHHUCTI).

OcHOBY mapanenbHO-BOJOKHHCTUX M’si3iB  (ix Oimemie  600)
CKJIQJIal0Th BEPETCHOMOIOHI KJIITHHU 3 TOJOBXKEHUM SAPOM, TOHKI
M’SI30Bi BOJIOKHA TIpe/ICTaBleH] OilKaMu akTUHY 1 Tporomiozuny. Lli
M’SI3M  XapaKTepPHU3yIOTbCA TPHUBAIUM CKOPOYEHHSM 1 Mayoko
CTOMJTFOBaHICTIO.

[TomepeyHO-BOIOKHUCTI M’sI3M  CKJIaJaloThess abo 3  JOBrUX
(mexinpka cm) OGaratosiiepHUX BOJOKOH (CKENETHI M’sI3U, M sI3H, IO
KpIIUIAThCA [0 KICTOK 1 3a0e3meduyroTh pyX TOJNOBH, Tyiyoa,
KIiHIIIBOK), a00 3 BIJIHOCHO KOPOTKHX BOJIOKOH (CEpIEeBl M’sI3H).
[lorepeyHO-BOIOKHUCTI  M’s13M  JyK€ TICHO (aHAaTOMI4HO i
(hi310J10TI9HO) TIOB’sI3aHI 31 CKEIIETOM, YTBOPIOIOYH pPa3oM 3 HUM
CUCTEMY OPraHiB OIOPH 1 pyXy.

OpuHOYHE M’S30BE€ BOJIOKHO TIPU CKOPOYCHHI PO3BUBAE CUITY
BEITMYHHOIO ONMM3bK0 2 MH. Y M’s3aX JIFOUHU MiCTUTBCS TIPUOITU3HO

3-10" Bomnokon. Sxk6u Bci
BOHHM CKOPOTHJIMCS OJIHO- l
YaCHO B OJTHOMY HAIIPSIMKY,
TO CTBOpWIM O BEIUYE3HE
3ycriutst — g0 60 000 H.
Sxmo posrmsgatu M’s3

SK (hi3MYHE TLIO, TO MOXHA A7, W AF, F
foro XapaKTePU3yBaTH HU3- AE=2F,=0F=aF ae 2l >4l >l
Ko}f) MexaquHIfIX (pr- Puc. 2.15. BunosxeHHs M S131B 1z
JKHICTb, JKOPCTKICTh, MII- JIEI0 HABAHTA)XKEHHS: [ — TOBKUHA M 5134,
HiCTB, penakcamisg) i Oio- F — npuknajiena cuia

JOT1YHUX (30Y/KEHHS, CKO-

pOYCHHSI) BIACTUBOCTEH, fAKI BITITPalOTh BAXKIWBY pOJIb IPH
BUKOHaHHI pyxiB. CKOpPOYyIOYHCh M’S3 CTa€ KOPOTIIUM Ta
TOBCTIIMUM, HAOMMKYIOUM MK COOOI0 TOYKHM NPHKPITUICHHS Ta
PO3BHBAIOYH IPU I[HOMY CHITY.
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[Ipu nprknagaHHi HEBETUKUX HABAHTAXEHb y M 31 BUHUKAIOThH
MPYXHI CHJIM CKOPOYCHHS. BiJl BEMHMYNHY IIMX CUJI 3aJIE)KUTh PyXOBa
TisUTbHICTD JTFoAWHU. [licns 3HATTA HaBaHTaXeHHS JaHl IPYKHI CHIH
MTOHOBJIOIOTH TI0YaTKOBY (hopMmy nehOpMOBAHOTO (PO3TATHYTOTO)

M’s3a.

BunorkeHHs M’si3a HENIHINHO 3aJICKUTh Bijl IPUKIAJACHOT CHIIH
(puc. 2.15). Ilpu 30inpIIeHHI HaBaHTaXXCHHS HA M’S3 B ZIBa pasu

BUJIOBKCHHS Horo
301IBLIYETBCS 3 KOe-
¢bimieHTOM  MEHIIUM
HIXK 2.

B’s3kicte  M’s3a
MPOSIBIISIETBCS B 4Ya-
COBOMY  3alli3HEHHI
fioro aedopmarii mic-
I 3MIHM HaBaHTa-

A

o

xenns. Ha puc. 2.16 Puc. 2.16. I'padik imoctpauii B’43K0CTi M’s3a

niniero (A) 300paxke-

3rHHaHHA

CTHCK: TUIeueEi Gilencn
TanbMyBaHHSA : IUICUERi
TpilleTnicH

Tpinemncu

Binencu

Bunpamnenss:
CTHCK: TUTeUeBi TPilleTicH
TaneMyBaHHA: TUTIeUeRi Girencu

Puc. 2.17. Ilpunmmn i 1iKTEOBOTO Cyrioda
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HO CITIBBIIHOIIEHHS «JOBKWHA — HAIPyTra» B 1€aJbHOMY BHITAJKY,
KOJIM HEMa€e ONoOpy BHYTPIIIHBOTO TEPTS y HE 30YyIKEHOMY M’s3i.
Jlinis (b)) moka3ye, SIK TpPH HASBHOCTI B’SA3KOCTI IS KOXKHOTO
HaIpy>KeHHS M 513y 11 JOBXKHHA BiJICTa€E Bix «imeanpHOTrOY. JliHis (B)
XapakTepu3ye M’s3 3 IIe OUIBIIO B’S3KICTIO:  3alli3HCHHS
nedopmanii € me 61TbIuM, HiX y BUunaaky (b). binem toro, M’s13 3
BEJIMKOIO B’SI3KICTIO IICIHS 3HATTS HABAHTAKCHHA MOXE HE 3pa3y
MOBEPHYTHUCS 10 BUXIIHOI NOBXUHM (/1) — y HbOMY 3aJIHMILIAETHCS
sanmumkoBa nepopmanis: Al =1, — [, . Kpusi (5 1 B) yTBOPIOIOT TaKk
3BaHI «IeTNIi TicTepe3ucy». BoHM XapakTepu3yroThb 3ammi3HEeHHS
nedopmartii i mpu po3Tary, i mpu cTUCKY (b, 1 Bs).

[oB3y4icTs M’si3a IPOSABISAETHCS Y HOTO BUAOBKEHH] 3 4aCOM MPH
HE3MiHHIH Hampy3i, MpUYOMY 1€ BUIOBXKEHHs BiAOyBaeTbcs 0e3
KEepYyBaHHS LICHTPAJILHOI HEPBOBOIO CUCTEMOIO.

Penakcanist M’s13a IPOSBISIETHCS Y 3MEHIIEHHI HAPYTH B HBOMY
pU HE3MIHHOMY BUIOBXKEHHI. BoHa MposBIs€THCS, HAPUKIAL, IPH
3icTpHOyBaHHI JIFONWHU 3 IEBHOI BHUCOTH a00 CTPHOKax IFOIUHU
JIOTOPH, SIKIIO TEePEe]T UM JIF0IUHA TIIMOOKO MPHCiia i 3poduia JoBry
naysy nepea cTpuOkoMmM. Yum jgoBmIa Taka may3a, THM CHiIa
BiJIIITOBXYBaHHS 1 BHCOTA MiJICKOKY € MEHIIMMH. Baarami, mposBu
MOB3yYOCTi 1 peyakcailii M’s3a MOTPiOHO PO3TIIAATH HE B MPSIMI
3aJIeKHOCTI BiJl HOro HEpBOBOTO 30y KeHHsI. JIJIst 5KHBOTO OpraHi3My
TaKWi MIAXIJ € YUCTO YMOBHUM. 3MICT HOTO IOJIATAE B TOMY, IIO
HaBiTh 3 MO3WIII MEXaHIKM HE IMOTPIOHO PO3YMITH 3B’S30K MiX
HaIpyToIO 1 JOBKWHOK M 5132 SK TOCTiiHI criBBigHOMIeHHS. [IpyxHi
CHJTH, SIKI BUHUKAIOTh Yy M 5131 MOXKYTh CKIIQJIATH MEPEBAKHY YaCTUHY
CHJIU TSATH M’si3a, TOMY Ha BUKOPUCTAHHS IPYKHUX BIIACTHBOCTEU
M’s13a [IPH aHaJli3i pyXiB MOTPiIOHO MPHUIUIATH OCOOIHUBY yBary.

IcHye JBa BaXJIMBUX TPUHIMIK OIOMEXaHIKH CKEJIETHHX
M’ SI30BUX TKaHUH:

1. CkeneTHi M’SI3U TPAaLIOOTh y mapi. BoOHM MOXYTb TiJIbKH
CKOpOYYBAaTHCS, TOMY JIi KOXXHOTO Cyrio0a BHKOPHUCTOBYETHCS
omuH M’s13 (200 rpymna M’s3iB) JJIsl pyXy HOTO B OJJHOMY HAmpSIMKY 1,
BiANOBiAHO, iHIIMH M’a3 (abo rpyma M’s3iB), 00 pyxaTd Horo B
MPOTHJICKHOMY HampsiMKy. Puc. 2.17 imocTpye meld mpuHOMI A7
JIIKTBOBOTO CyTII00a.

2. M’s3 pgie HaiOIIbIn e€(DEKTUBHO, KOJW BiH 3HAXOIUTHCS B
cepeArHi JIiama3oHy pyxy cyrio0a, sKkuii BiH 3ruHae. B 1pomy
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BUNAAKYy OOM/ABa M 513U 3HAXOAATHCS B CEPEIHbOMY HABAaHTAXCHHI.
Taxe monoeHHs Mapyu M’sI31B HA3UBAETHCS peaKcayilinuil Oanauc.

3 JaHWX NPHWHIMITB BUILIABAE BAXKIWUBHU KPHUTEPId poOOUOTro
Iu3aiiHy: po0OoTa MOBWHHA OYTH 3alUTaHOBaHA TaKMM YUHOM, 1100
BOHa BigOyBajacs 3a YYacTIO MNPOTHJICKHHX M SI3iB  KOXHOTO
cyrinoba B penakcaniiiHoMmy Oamanci. /i Ginmpimocti cyrno6iB, me
O3Hauae, M0 3’€THAHHS TOBHHHO BinOyBaTHUCS TPUOIU3HO B
cepenuHi pyxy. HaBantaxenns Ha M’a3 Oyae MiHIMATbHUM MpH
BHUKOHAHHI TaKoi poOOTH.

BaxnmBolo XapaKTepHCTUKOIO M’si3a € WOro KOPCTKICTb.
KoeimieHT XOpCTKOCTI M’s3a BHU3HAYAETHCS SIK  BiTHOIICHHS
MPUPOCTY CHJIM BiJTHOBJICHHS M’$13a 10 IPUPOCTY JTOBKUHH M’si3a Mij
€0 30BHIMIHBOI CHIIH:

_AF
.Y

BenuunHa, 1m0 € 3BOpOTHOIO 10 KoedimieHTa >KOPCTKOCTI, Mae

Ha3BYy xoeghiyicnma nodamaueocmi M’ s3a. KoediieHT mogaTinBoCTi

K, = ias (2.45)
AF

BKa3ye, K 30UIbIINTHCS JOBXKHMHA M’si3a MPH 3MiHi 30BHIIIHBOI CHIIH
Ha 1 H. Hanpuknan, koedillieHT 0JaTIMBOCTI 3TMHAYA TIPS ILTIYsI
€ oimm3pkuM 10 1 wm/H.

MilHicTh M’si3a OLIHIOETHCS 32 BEIUYMHOKO HAIMPYKEHHS, MPH
SIKOMY BiJIOYBa€ThCs HOro po3puBaHHs. BennuuHa rpaHuIl MillHOCTI
cknagae Big 0,1 g0 0,3 H/um®. J1st TOpiBHSAHHS — TPAHULS MIITHOCTI
cyxoxuus Oinst 50 H/wv?, a ¢acmiit — Bix 0,1 mo 0,3 H/wm?. Onnak
MpH JIy)Ke MIBUIKHAX PyXaX MOJKIJIMBE PO3PUBAHHS CYXOXKUUIA MPH
nimicHocTi M’s3a. lle BimOyBaeThcst depe3 Te, IO M’SI3 BCTUTAE
aMOPTHU3YBAaTH, & CyXOXKUJLIS — Hi.

CynunHa TkanmHa. KpOBOHOCHI CYAMHH CKJIJAIOThCS 3 TPHOX
mapiB: BHYTpilmHA (iHTUM), CcepeiHs 1 30BHIMHS (CYJIMHHA)
000JI0HKH. MexaHiuHi BIaCTUBOCTI CYAMHH B OCHOBHOMY 3aJIe)aTh
BiJl BIACTHBOCTEH cepenHboi o0ojoHkH. BoHa ckiamaerbes 3
KOJIareHy, €JNAacTHHY 1 THagKuX M SI30BUX BOJIOKOH. OcTaHHI
BIAMOBIAIOTh 32 AaKTHBHY TIIOBEIIHKY CYAWH, OCKUIBKH iX
CKOPOYCHHSI 3MIHIOE JiaMeTp BiAMOBIAHOI KPOBOHOCHOI CYAMHU i
MEXaHIYHI BJIACTHBOCTI CYJAMHHOI CTIHKH B IIIJIOMY.

(2.44)
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BimHOCHMI CKJaJ CYAMHHOI TKAHWHW 3MIHIOETBCS TI0 XOXIYy
KPOBOHOCHOI CHCTEMH: CIIiBBiJTHOIICHHS €JIACTHHY JI0 KOJIarcHy B
COHHINT aprepii ckmamae 2:1, a crerHoBifi aprepii 1:2. 3i
30iNbpIIEHHSIM BifcTaHi Big cepus g0 mnepudepii B cyawHax
301IBLIYETHCSl YacTKa TIaJKUX M’ S30BHUX BOJOKOH. Hampuknan, B
apTepiofiax BOHH B)K€ € OCHOBHOIO CKJIaJOBOIO CYJMHHOI TKaHWHH.
Kamimsipy MaroTh eHAOTETIIBHHUMA Iap, ajie B IX CTiHKaX HEMae
M’s130BOi 1 3’€qHYBaJbHOI TKAaHWHH. BOHWM BIAHOCHO TACHBHI.

Jlimpatuuni cyauHn 3a  OyJOBOIO € CXOXHUMH 3 BEHaMH,
BIIPI3HSAIOYNCHh BiJf HUX MEHIIOK TOBIIMHOIO 1 OUIBIIOO
MIPOHUKHICTIO.
Tabnuns 2.6
MexaHiuHi po3Mipy KDOBOHOCHHX CYJTUH
Haszpa Hiametp, | ToBmuHa CymapHa | BigHomeHHS
MM CTIHKH, IomIa 00’emy
MM BHYTPILIHBOI | CYAHMHH JIO
MTOBEPXHI, 3arajabHOTO
cm’ 00’emy
KPOBOHOCHOI
cucremu, %
Aopra 25 2 4.5 2
Cepenni 4 1 8
aprepii
Mami aptepii | 0,03 0,02 420 1
Ta apTePioNH
Kaminspu 0,008 0,001 4500 5
Benynu 0,02 0,002 4000
Bena 5 0,5 40 54
[Mopoxuucra | 30 1,5 18
BEHa

[Ipu nocimKeHHI MEXaHIYHUX BIIACTUBOCTEH CYIUHHOI TKAHUHH

PO3PI3HAIOTE CIOCOOM BHpi3aHHS 3pa3ka 3 CyOUHM (B3JOBXK abo
MoTIepeK CcynuHM). Alle MOXHa po3riagard Aedopmaliio CyauH B
[IJTOMY SIK pe3yibTaT Mii THCKY KPOBi Ha TIPYKHUH MIUTIHIIP.
Po3rnsiHeMO KpOBOHOCHY CyOWHY AOBXHHOIO [/, TOBIIMHOIO /i i
BHYTpIIHIM paziycoM 7 (puc. 2.18). /Bl MOJIOBUHU IMITIHIPHYHOL
CyIMHH B3aEMOJIIIOTh MK COOOI0 IO Tepepi3ax CTIHOK IMFUTIHIpa
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(3amTpuxoBaHa 00-
JacTh Ha puc. 2.18).
3aragpHa ~ TUIOMIA
JaHOTO  Tepepizy
B32€MOIi1 IOPIBHIOE
2hl. Sxmo B cy-
JUHHIN CTIHII iCHYE
MeXaHiuYHa Hampyra
O , TO CHJIa B3aEMO-

Puc.2.18. Ilepepi3 nnmiHAPHUIHOT CYTUHA
A11 IBOX IIOJJOBHHOK B370BX (a) 1 momepexk (6) oci
CYIUHH JTOPiBHIOE

F=0-S=20hl. (2.46)

L5 cuna 3piBHOBaYKeHA PIBHOAIHHOIO CHII THCKY KPOBI 3cepeInHU

Ha mWIiHAp (MOoKa3aHOo CTpijgoykamMu Ha puc. 2.18, 0). 1llo6 HaiiTu

piBHOIMHY cHITy HEOOXiTHO MPOCYMYBaTH TOPH3OHTANBHI MPOEKIIii

npukitageHnx cui. OmHaK, MpocTille HAUTH PIBHOAINHY CHITY, SKIIO

MMOMHOXHTH THCK Ha TIPOCKINIO IUIONII HAMBIWIIHApPa Ha

seprukanbiy mwiomuay OO'. g mpoekuis nopisrioe 2l . Toni
BUpA3 JUIsl CHJIM [IPUHME BUTIISIT

F,=2prl. (2.47)

[MpupiBasBmu (2.46) 3 (2.47) i BUpa3suUBIIH O OTPUMAEMO
pisHaHHA Jlame

_pr

P

PiBusinns Jlame, HampuKIaz, Mokasye, 10 B Kalijisgpax (r - 0)

o (2.48)

HAaIpyra BiICyTHsI (O' - 0).
3naiizemo nmoBHui mudepenmian (2.48) npu ymoBi (h = Const):
r p
do=—dp+=dr. (2.49)
A
[Mpoaudepenmoemo 3akon ['yka (2.35) i BpaxyBaBIuu, IO IS
LMIIHIPMYHOTO 3paska dé& = dr/r, 3 HbOro BUpasuMoO

do=Ede= Eﬂ . (2.50)
r

[pupiBasiemo npasi yactunu (2.49) i (2.50) 1 orpumaemo
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dr r p
E—=—dp+-—dr. 2.51
R (231
IMTeperBopumo (2.51) BigHOCHO dp :
dp = E(E - £jdr = (E—? - £jdr. (2.52)
r\r h r r
Jnsi KpOBOHOCHOI cHUCTEMH 3a3BU4aili — >> p, Tomy 3 (2.52)
r

MO>KHa HAOJIMDKEHO AICTaTH
dp Eh
dr r*

PiBusiHHS (2.53) BUKOPUCTOBYIOTH ITpH BU3HAUeHHI MoayIst KOHra
KPOBOHOCHHX CYJIMH, BUMiPIOIOUYH 3aJI€KHICTh 3MiHU THCKY B CYAWHI
BiJI pajgiycy IUIsl CyAWH Pi3HUX PaJIiycCiB.

Cyxoxmias (iX y JIIOIMHU JEKiJIbKa COTEHb) B IOPIBHSHHI 3
IHIDMMK ~~ M’SKMMHA ~ TKaHMHAMH ~ Ma€  BIIHOCHO  IIPOCTY
MiKpPOCTPYKTYpY, sKa BU3HAYAETHCS OJTHOHAIPSIMJICHUMH
KOJIAreHOBHMH BOJIOKHaMH. Taka CTPYKTypa IMOB’si3aHa 3 TOJOBHOIO
(i310JI0TIHHOI0 (YHKIIIEIO CYXOXKWIUIS — HEOOXIHICTIO NepenaBaTh
3yCWIII B OJIHOMY HAampsMKy: BiI M’s3a 10 KIiCTKH. B ¢asi
pO3CIIa0JIeHHs] KOJIaTrCHOBI BOJIOKHA MarOTh XBHJISACTY CTPYKTYpPY, a
NpU Tiepenavi 3yCHIUISl BOHM BUTPSMIISIIOTHCS 1 TIOTIM Maike He
nehOpPMYIOTHCH.

(2.53)

Taomuus 2.7
Peonoriuni xapakTepuCTUKN MaTepiany CTETHOBOT KICTKH 1
CyrJI000BOTO Xpsiia

PeuoBuna E, MIla o, (ma & (npu
postar), Mlla pospusi), %o

CyX0XUIUIS > 100 53 9,7

Ikipa 2-40 7,6 78

Aopta B mo3noBxk- | 0,84-3,9 0,7-1 46

HBOMY HaIpsMKy

M’s13u cepus 1 0,11 63,8

Monyne HOnra cyxoxwis Ouneimmii 100 MIla. Cepen M’sIKuX
TKaHUH CYXOXXWJUISI MaloTh HaMONbLIy TPaHMIIO MIIJHOCTi, BOHO
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TaKO)X Ma€ HAWMEHIIy BITHOCHY nedopMalliio Ipu OJHAKOBOMY
HaBaHTa)XXCHHI cepeJl HE MiHEpali30BaHUX TKaHWH. MexaHiuHi
BIIACTHBOCTI CYXOXKWJIb 3aJIeXaTh BiJ CTaTi 1 BIKYy JIOAWHU 1
MaKCHMaJIbHOI MIITHOCTI BOHHU JOCSTAIOTh AJIS MIOAWHA Yy Bimi 20-25
pokiB. XapaKTepHi peOJOTiYHI XapaKTEPUCTHKH UIS CYXOXHIb 1
IHIIMX M’SKUX TKAaHWH MTPUBEIEH] B Ta0mmii 2.7.
TkaHMHM MO3KY MAaiOTh MKy IUIACTHYHY JpariienoaioHy
CTPYKTYpY. SIKIIIO TOJIOBHUI MO30K HE HiITPHUMYETHCS YEPEIoM, BiH
30epirae cBoro (hopMy, Xoda IiJ| JI€K0 BIACHOI Bark HaMara€eThCs
CIUTIOIUTUCE. ['yCTHHA TKaHWH MO3KY TPOXH BHINA TYCTHHU BOJIH.
Becy mo30k Ha (77-78)% ckimagaerbest 3 Boau, Ha (10-12)% — 3
mininis, Ha 8% — 3 mporeiniB (OiKIB) 1 HEBENWKOI KiIBKOCTI
HEOpPTraHIYHUX COJIeld. B’s3KicTh MO3KY BIJANOBIZa€ B’SI3KOCTI
rininepuny (14,9 Ila-c) npu xiMHaTHIN TeMneparypi, aine Habarato
MEHIIIa HiX Y 1HIINX TKaHWH.
Hacamkinens BiAMITHMO pO3IiNK i HANPSIMKH METUIMHH, IS
SKHX OCOOJIMBO BaXIMBO MAaTW YSABJICHHS TPO MeEXaHi4Hi Ta
PEOJIOTIYHI XapaKTePUCTUKU O10J0T1YHNX TKAHWH JIFOTUHHU:
® KOCMiIYHAa MeEJUWIIMHA, OCKUIBKM BOHAa BHBYA€ IOBEIIHKY
JFOJIMHU B HOBUX €KCTPEMAIBHUX YMOBAX MPOKUBAHHS;

® CIIOPTUBHA MEIUIIMHA, $KA BHBYA€ MOXJIMBOCTI OIMOPHO-
PYXOBOIO amapary, a TaKoXX OCOOJMBOCTI TpaBMaTH3MY
JIIO/IVHY IiJ] Yac TPEHyBaHb Ta CIIOPTHBHUX 3MaraHb;

® TirieHa, sKa BWBYA€E BILIUB
BiOparriii Ha MEXaHI9H1
BJIACTUBOCTI TKaHUH JIFOIUHU;

® TIPOTE3yBaHHS, SIKE BHKOPH-
CTOBY€ INTY4YHI TKaHHHHU 1
OpraHd Ipu 3aMiHi TKaHHUH i
OpraHiB JIIOJHHY;

® CyjloBa MEJIMIINHA, sIKA BUKO-
PUCTOBY€E 3HAHHS CTIHKOCTI
010JIOTIYHHX ~ CTPYKTYp IIO
BiTHOIICHHIO JI0 pi3HOMa-
HITHUX aedopmartiii;

® TPaBMATOJIOTiSI 1 OpTOIETis,
Jie TUTaHHA MEXaHiYHol 1ii Ha Puc.2.19. Yeynenns

OpraHi3M € BU3HAYaJIbHUMU. AcHMETPl JIHLLS 33 10IIOMOT OO
IUTACTUPHOTO HATATY
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Y CHOpPTHBHIA Ta KOCMIYHIA MEOWITMHI 3HaHHSA (Di3WIHUX Bia-
CTHBOCTEH O10JIOTIYHUX CTPYKTYP IO BiJIHOIICHHIO IO HABAHTAXKEHB,
SKi B HAX BWUHHUKAIOTH i Yac 3MaraHb Ta KOCMIYHOTO MOJIBOTY,
BIIITPAlOTh BHW3HAYANBHY pOJb. Y IIEIEMHO-THUIEBi Xipyprii,
IUTACTUYHIM Xipyprii Ta KOCMETOJIOTii MEXaHiyHi BJIAaCTHBOCTI
TKaHUH BH3HAYalOTh O00’€M HEOOXIAHMX MEIUYHUX 3aXOdiB 1
CIy)kKaTb 00 €KTHBHUM KpUTEPi€EM IS OMIHKH e(eKTUBHOCTI
JKyBaHHS.

Yacto mpy TOMKOMKEHHAX M SIKMX TKAaHHH, OCOOJMBO Ha
BIIKpUTHX  MOUISHKAX Tila, B  TOCTTPaBMATHYHUH  TIEPiOx
3aCTOCOBYIOTh MPOCTI METOAM 3 BHUKOPHCTAHHAM MiAPYYHOTO
Matepiany. Tak, IS yCYHEHHS acHUMETpii OOJWYYs Micis TpaBMHU
MPOBOJUTHCS TIACTUPHUI HATSAT 31 3/I0pOBOT CTOPOHU Ha XBOPY.

[Mnactupamii HaTsr (puc. 2.19) HampaBieHWH TNPOTH HATATY
M’5131B 3J10POBOT IIKIpH 1 3MIHCHIOETHCS MIITHOIO (DiKcalli€ro BUILHOTO
KIiHLS TJIaCTUPY A0 CIEIiaJbHOTO LIOIOMY-MAacKd, BUTOTOBICHOMY
IHAWBITyaJIbHO.

M’siki 6ioToriuHi TKAHMHE KOMAX Ta MOJIIOCKIB. IX MexaHiuHi
Ta PEOJIOTIYHI  BIACTUBOCTI B  OCHOBHOMY  BH3HAYalOTHCS
MaKpOMOJICKYJIaMU  PE3HITIHY (E :1,7-1061761). SIkmo  B3sATH
BIJIHONIEHHS CHJIM, SIKy MOXXe pO3BHHYTH Oioxa (Aphaniptera)
3aBJIIKM CKOPOUYCHHIO PE3WIIHOBHX BOJIOKOH, JIO Bark KOMaxH i
BpaxyBaTH L€l KOeQillieHT B IMepepaxyHKy Ha CHIy CKOPOYCHHS
JIOACHKUX M’$513iB, TO MOXKHA BH3HAYUTH BHCOTY CTpHUOKa IOJAWHU
cepenHboi Baru. Bona cxmana 6 Oinemie 350 metpiB. Came 3aBasiku
pe3wiaiHy Ojpkojia 37aTHa 31ilcHIOBATH Oiu3bko 500 MibHOHIB
3MaxiB KpHJIaMH TIPOTATOM KHTTEBOTO HuKiy. ITyunuii pesmiin
IIMPOKO BUKOPHCTOBYETHCS Y MEIUIMHI SK 3aMiHHHMK TPYXXHUX
CEepIIeBUX KJIANaHiB, CTIHOK KPOBOHOCHHUX CY/AHMH Ta MIXKXPEOIEBUX
JIACKIB.

Enactuyni  BmacTHBOCTI  TKaHWMHM, sKa  33Ja€  YacTOTY
BIIKPMBaHHS CTYJOK MoOpcbkoro rpebinus (Pecten), Bu3HauaioTh
O1TKOBI MakpOMOJIEKYTH a0 yKkTuHy. ['pebiHenh Moxke 3aKpHBaTH i
BIJIKPHBAaTH CTYJKH 3 YacTOTOIO 3 KOJHMBAaHHS 3a ceKyHIy. Kpim
TOro, abJyKTHH 3HaXOAUTHCS B NepeAHiX kpunax mukan (Homoptera,
Cicadidae).

M’siki  Oiotoriumi TkaHMHE pocauH. IX MexaHiuHi Ta
peosoriyni BJIaCTHUBOCTI B OCHOBHOMY BH3HAYAIOTHCS
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MaKpOMOJIEKYJIaMH LENFOJIO3H.

PocnuHHa  KiIiTHHA ~— OTOYEHA  €MACTUYHOI0  OOOJIOHKOIO
TIEITIONIO3HO-TIEKTHHOBOI Tpupoan. OOONOHKH POCIHMHHHX KITITHH
XapaKTepU3yIOTbCA MPYKHUMH BIIACTUBOCTSMH, SIKI 3YMOBIIOIOTH
3MATHICTh POCJIMHHUX KJIITHH PO3TIATYBaTHCS 1]l BIUTUBOM
30BHINIHIX HaBaHTaXeHb. Moxynp FOHra mus 4mCTOl IIEII0JI03H
cranoButs 10° H/Mz, 10 CTaHOBHUTH ONM3bK0 5% Momyns FOHra ms
cram. KinituaHaa 000710HKA MICTUTE Pi3HOMaHITHI KOMITOHEHTH, KpIiM
LeNoI031, 4epe3 mo il mMomynp FOHra MeHImwil, HiX y 4HcTOL
nenroio3n. Hampuxman, momyms FOHra KITITHHHOT  OOOJOHKH

Bogopocri Nitella nopisuroe 7 -10° H / M Monyins FOHra nepesHoi

POCITMHHOCTI 3MIHIOETBCS B iHTEpBaJIi (0,35 — 0,39)~ 108 H / M.

2.7. Peosioriuni moaei 0ioJIoriYHNX TKAHUH

3aKOHOMIPHOCTI JTUHAMIKH MEeXaHIYHIX BIIACTHBOCTEH
010JIOTIYHUX TKaHWH BHUBYAIOTH 32 PI3HOMAHITHHMH PEOJIOTTYHHUMHU
mozensaM. OCKUIBKM O10JIOTiYHI TKAHWHU OJHOYACHO BOJIOIIIOTH
BJIACTUBICTIO B’SI3KOCTI Ta MPYXKHOCTI, TO B 1X MOJEISIX MOXKHA
BUKOPUCTOBYBATH MPYXHI Ta B’SI3Ki €IEMEHTH. B sSKOCTI eleMeHTa,
IO MOJICIIOE TPYXHI BJIACTUBOCTI OI0JIOTIYHMX TKAHUH MOXKHA
BUKOPUCTOBYBATH MPYXHUHY, a B SIKOCTI €IEMEHTA, 10 MOJIEIIOE 1X
B’S3Ki BJACTUBOCTI — LWIIHAP 3 B’SA3KOI0 PIJHHOI, B SKOMY
PYXa€EThCS MOPIICHD 3 OTBOPAMH.

2.7.1. Peosoriuni MopeJti TBepaux 0i0JOTriYHMX TKAHUH
a) KicTkoBa TkaHnHa

Mogens, mo KOMOiIHY€e MPYKHI Ta B’sI3Ki BIACTUBOCTI KiCTKOBOI
TKaHWHHU, Ha3uBaeThcs wMoxewno Kenpsina. Y  gmamiii  mopeni

napajiebHO 3’€lHaHI TMpyxuHa 3 MonyiaeMm lOnra E, i mumiHzmp 3
HOPLIHEM 3 OTBOPAaMH y B’s3Kil PiHHI 3 KOe(ILIEHTOM B’SI3KOCTI 77
NpHEHAH] MOCNIINOBHO 10 iHmOI mpyxuHu 3 MoxyiaeMm lOwra E,

(puc. 2.20).
[Tig miero mocTiiiHOrO HaBaHTaXEHHS MPYXXHUHA 2, 3TITHO 3aKOHY
['yka, Maibke MHUTTEBO BHIOBKYETHCS, MICIA YOrO MOCTYIOBO
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BUTATYETHCS  TOPIICHb 3  piguHu. [licmd  3HATTS  Hampyru
BiOyBa€ThCsl MIBUAKE CTHUCHEHHs NpPYKWHH 2, a TpyxkuHa |
MIOCTYIIOBO BTATY€ TOPIICHb B TIOTIEPEIHE MOJI0KECHHS.

SIKIO MIBUAKICTH PyXy IOPIIHA HEBEIHKa, TO CHJIA OHOpPY
piavHU TpomopuiiiHa M0 IIBMUAKOCTI 1 HampsMiieHa NPOTH
MIBUAKOCTI, TOOTO

F, =-ro=-rx, (2.54)
Ie r — KoeiIieHT onopy, U — MBHUAKICTH
PyXy HOPIIHA.

Jus  BigHOCHOI 3MiHHM KOOpPIAMHATH
MOPIIHS, 3aMUIIEMO:

& =20 (2.55)

Ae X, — IOoYaTKOBa KOOpAWHATa IOPIIHA,

sKa JIOPIBHIOE KOOPAWHATI KIHIA He

. . T
BHUJOBKCHOI IIPYXHUHU 1, x — KkiHueBa Pric. 2.20. Moaens
KQOPHHHaTa HOP]-HH’I- Kenbgina nedopmarii
BizsMemo IMOX1/IHY 3 BHUpa3y (2.55) 3a KICTKOBOT TKAHHHH
qyacoMm
. X
£, =—. (2.56)
n
Xo

Tomi (2.54) MOxHa TIEpENUCATH y BUTJISIIIL:
) rx, .
0,S =-1xé, abo o, = —?0 £, (2.57)

Jie S — IUIOLIA TONEPEYHOro nepepisy WWIiHAPa, O, — HOpMajbHa

Harpyra, NpUKJIaIeHe 0 MOPIIHS.
Koediuienr 6ing & 3a (i3MYHAM 3MICTOM  aHAJIOTIYHHI
KoeilieHTy B S3KOCTI piAuHM IHITiHApa (IUB. po31ii 4)

77=—%, [n]:ﬂa-c. (2.58)
Tomi 3 (2.57) 1 (2.58) oTpumaemo
. . O,
o, =1n¢&,, & = 7 (2.59)

Buxondun 3 BIacTHUBOCTEH IOCIIZOBHOIO 3’ €IHAHHS €JIEMEHTIB
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MOJICJTi, 3aIUIIIeMO BUpa3 A ii 3araabHoi BiTHOCHOI pedopmartii

E=¢& +¢&,, (2.60)
ae & — BiIHOCHA
nedopmartiss  meproi Ep B
NPYXUHA  (OCKITBKH
&=¢ 1 §=&), A
n . n C

&, —  BiJHOCHa

. . &30z —_—————_—_—
nedopmarnis  apyroi |
HpYKUHU. ) 1,:1 t,

Kpim Toro, mms
napajenbHO  3’€qHa-
HUX IWIHIpa 1 mep-
01 MPYKUHU MOXKeE-

Puc.2.21. 3anexHicTh BIJHOCHOI'O BHIOBKEHHS
& Bimuacy [ s KiCTKOBOI TKQaHUHU

MO 3aIUCcaTy BUpPa3 UL HALIPYTH O :
o, =Eg +1n¢,. (2.61)
ne E, —momyns KOHra nepmioi npyxuHu.
Harmpyra B esileMeHTax o{HaKoBa, TOOTO
o =0,=0,, (2.62)
ne o,=FEe, (E, — vonyms lOHra pgpyroi npyxwHn, &, — ii
BiJIHOCHA Aedopmaitis).
Otxe,
o=E¢g +ne =E,és,. (2.63)
Otpumaemo cucteMy
o, = E& +1é,

o,=Fe¢,,
2o (2.64)
0 =0,=0,,
E=¢& +¢&,.
Bukopuctasum (2.64) i moxiaHi 3a 4aCOM OTPUMAEMO
. E 1 . E+E
E+2te=—0c+—1—20. (2.65)
n E, En
PiBustaas  (2.65) — une audepeHmiagbHe pPIBHAHHSA —MOJCII

nedopmariii KiCTKOBOT TKaHWHH.
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Po3B’s13k0M maHOTO PIBHIHHS (IOAATOK 1) €:

1 1
c=—o+—e " |o-e" dt. (2.66)
E, n
OCKIJIBKY 3aJIEKHICTD G(I) MOK€e OyTH JOBUIBHOIO, TO iHTErpa

B MpaBiii yacTuHi (2.66) Moxxe He OpaTuch B3arami. Jist mpocTux
BUMNAJIKIB, HANPHUKIAJA, MPU MUTTEBOMY IMPUKIAACHHI MOCTIHHOrO

HaBaHTaKEHHS (O' =Const), BHJIHO, IO BiJIHOCHA JedopMariisi &

CTpUOKOM 3MIiHIOEThCA. BenmmumHa 1poro crpubka CTaHOBHTH

o(E, +E,)

E=——7-—-=°
E\E,

2. TloTiM BHTATYETHCS TOPUICHH (3aJIEKHICTh EKCIIOHEHIIAILHO

. lle BiamoBigae MUTTEBOMY BUTATYBaHHI MPYKUHU

3poctac). B meBHWIT MOMEHT uacy TpH 3HATTI Hampyru (0'20)

BiZIOYBA€THCS MIBH/KE CKOPOYCHHS MPYKUHHU 2, a IpY)KUHA | BTATYE
MOpPILIEHb B MOMEPEHE TOJIOKEHHS 32 3aKOHOM €KCIOHEHIIaJIbHOTO
CHaJlaHHA & .

B peanpHili KICTKOBIiM TKaHWHI cTamii aedopmarii A€o iHIimi.
3aJiexKHICTh BIIHOCHOT eopmaliii KICTKOBOT TKAHUHHU & Bij yacy f
npeactaBiena Ha puc. 2.21. Tyr B TOYaTKOBHA MOMEHT
NPUKIIAJICHHS HANPyrd BUJIOBXKEHHS BiJOYBA€ThCSI HE MHTTEBO, a
nponopuidHo (minsiHka OA) 3a 4Yac BHIOBXKEHHS IPYXHUHH 2
(wBuaka npedopmanis). I[licas 1poro Hacrae crajisi MOB3Y4OCTi

[ [
I [

% 7

Puc. 2.22. Peonoriuna Moaens xpedTa

(ninsHka AB). Ilpum 3HATTI HampyKeHHS B MOMEHT dacy [

BiIOYBA€ThCS IMIBHAKA CTaldisl CKOPOUYEHHS KICTKOBOI TKaHUHH
(minmsaka BC). Ilicms 1mboro HAcTae CTajis 3BOPOTHOI ITOB3YYOCTi
KICTKH 1 3aBXIM B Hill IPUCYTHS 3aJMIIKOBA BiJHOCHA Aedopmaris
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g

3an *

Crmig BIAMITHTH, M0 TakKi OCHIKEHHS IPOBOIWINCS Ha
BUKOMHUX («MEPTBUX») KICTKOBUX TKaHMHAaX. «KuBi» KiCTKH MpH
3HSTTI HABAaHTAKEHb IMMOBHICTIO BiAHOBIIOIOTH TIOMIEPEIHIO TOBXKHHY.

0) Xpeoer

Peonoriuni  BrmactuBocTi  XxpeOTa 33/J0BIIBHO  OMHUCYIOTHCA
MOJIEJUTIO, TIPEICTaBICHOI0 Ha puc. 2.22. TyT mocmiIoBHO 3’€qHaHi
CIIEMEHTH 3 PI3HUMH TPYKHUMH 1 B’S3KHMMH BJIaCTUBOCTSIMH
BiJIMTOBITatOTH XPEOIISIM 1 MKXPEOIIEBUM TUCKaM.

Hudepenmianpae piBHAHHS, ke ommcye nedopmarii gaHOi
MOJIEIT:

é+E1772+E2771£.+E1E28:771+7720-_+E1+E2

o.(2.67)
mm, mm, mm, mm,
Po3B’s13k0M 1150T0 PiBHSHHS (IOJATOK 2) €
n +n oy (5}2} B, E +FE L,
e=1_Ben je il J. g-e"” +7L_25.¢™ |didt.
771772 77] + 772
(2.68)
Ipu ymoBi o =const i 6 =0 3 (2.68) orpumaemo
E+E
e="1"t¢7, (2.69)
E1E2

1[0 € IIEHTUYHHUM IS KICTKOBOI TKAHUHH JIFOAUHH.
2.7.2. PeoJioriuni moaesi M’IKHX 0i0JIOTiYHIX TKAHUH
a) MoaeJjb riaagkux M’s3iB

Mogemo TafkuXx M’sA3iB € peosioriyHa Mojienb MakcBesuia
(puc. 2.23). Y uiit Mozeni mpyXuHa 1 MOPIIEHb, 10 PYXa€ThCs B
OWTHIPI 3 B’A3KOK PiJUHO0, MOCHiNOBHO 3’emHaHi. Ilim miero
MOCTIHHOT CHJIM O TpYXWUHA MaiKe MUTTEBO BHJIOBXKYETHCS, a
MOPIICHh PYXA€THCS 3 MOCTIMHOI MIBUIKICTIO IO TOTO Yacy, JOKH
Ji€ cua.
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JIisl IpY)XMHE MOXKHA 3alMcaTH 3akoH Iyka: & =—, 1e & -—
BimHOCHA Aedopmanis npyxunn, £ — ii moxyns FOnra.
3 (2.59) ans mutiHapa 3 TOPIIHEM:
N
& =—0 (2.70)
E
CkopucTaBmuch (2.59) niist mOpIIHS 3amuieMo
. o
& =—, (2.71) o)
n
n
ze 8',7 — MOXiJHA BiJ BIJIHOCHOTO 3MIIIIEHHS TOPIIHS
3a 4acoM, 7] — KOeQili€HT B’ I3KOCTI PIAUHH.
Cymytoun (2.70) i (2.71) 3HaXOAUMO MIBUIKICTh E
3araJibHOT BITHOCHOT nedopmartii Moael
Makcsemna:
N . 1dlloc
E=¢&+¢g, =—0+—. (2.72) n
n
Pipasiang (2.72) — nie qudepeHItianbHe piBHSIHHS
Mozeni nedopmariii rmaakux M’s3iB. Po3’szkom
[LOTO PIBHSAHHS ([10J1aTOK 3) € o
1 1
e=—0c+—[odt (2.73) Puc. 2.23.
E n Moenb
v e s . MakcBemra
[Ipu mocTiifHii MeXaHIYHIN HATPY3i (U = const) nedpopmarii
o o [IaJKUX M’ 318
E=—+—t. (2.74)
E 7
Pipusiras  (2.74) Bu3Havae ki
MMOBO/’KEHHS TIaJKHX M’S31B B
CTaHI TOB3ydocTi (ImocTiiiHa
CWJIa TpuKJaneHa 1o m’s3a). Le
PiBHSIHHS MPSIMOi, BOHO
MoKa3zye, 110 B TMOYAaTKOBUMU
MOMEHT  Yacy (t = O) , TIpH
MPUKJIaJaHHl TOCTIHHOI CHIIH, 0 >
BiIOYBAa€ThCS MUTTEBE BHJIOB- Puc. 2.24. Kpupa penaxcarii

Harpy>keHb
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(o2 . .
JKCHHS M si3a SZE’ mcCJjii 40ro B1JHOCHA

nedopmariist M’s3a Oyze JHIIHHO 3pOCTaTH ax
710 OCSITHEHHSI ME3Ki TTOB3Y4O0CTi, KOJI HACTa€e
roro po3puBaHHsA. HalOiibIe HampyKeHHS,
32 AKOrO MIBHIKICTh agedopmamii abo £ E,
nedhopmarist MTOB3YYOCTI TUTS JaHoi
TEeMIepaTypy 3a MEeBHUI NPOMIKOK Yacy He
MEPEBUIITYE BCTAHOBJICHOT BEJIMYVHU 7
HA3UBAETKLCS Medicer0 NO83yHOCmI M a3d.

Kpim Toro, piBusaEs (2.72) pae
MOJKJIMBICTh BU3HAYUTH MMOBOKEHHS TIIAJKUX
M’si3iB B cTaHi penakcamii. Pemakcamis m’s3a o1
MOXIIMBA, KOMM  #oro  jaedopMyBaHHS Puc. 2.25. Moner

. 3iHepa CKeNeTHUX

oOMexxeHe (Hampukiaa, KicTsakom). SKmo Wsis
NIBUJIKO PO3TATHYTH MPYXKUHY 1 3aKpiUTH
e cra”, To aedopmariis & Oyne 30epiratucs. [IpyxuHa 3 gacom
MOYHE CKOPOYYBATHCH (pENlaKCyBaTH), BUTATYIOUH IMOpiieHb. OTxe,
B cTaHi penakcarii £ =const i £€=0.

Tomi 3 (2.72)

ldo_ 0 6099 __Ey. (2.75)
E dt n lo} n

[HTerpyroun ocTaHHiIi BUpa3 3 TOYATKOBOTO MOMEHTY Yacy

(tZO) 1 TIOYaTKOBOI HANpPyTH O'(O) Jn0 ODKy4yMx 3Ha4YeHb ! 1 O

OTPHMAEMO:

E
-=t

o=0(0)-e " . (2.76)

Orxe, 3 4yacoM HOpManbHa Hampyra OyJe 3MEHIIYBaTHUCh 3a

CKCIOHEHILIANbHUM  3aKOHOM  (BOJIOKHAa  M’SI30BHUX  TKaHWH

PO3KPYUYIOThCS, M3 PO3TATYEThCS, prc. 2.24). Tomy rnaaki m’s3u

MOXYTh 3HaYHO PO3TATYBAaTHCh 0€3 3HAYHUX 3yCWJb, IO CIIPHSE

301IBLICHHIO 00’ €MY MOPOKHUCTUX OpraHiB, HANPHKIAJA, CEYOBOTO
Mixypa.

Benmnuuna 7 = % HA3MBAETHCS YacoOM peakcailii. 3a GpiznaHuM

3MICTOM, dYac pelakcaii — I¢ 9ac, MPOTATOM SIKOTO MEXaHIdHE
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Hampy>KeHHS B M’ 5131 3MEHIIYETHCA B € PasiB.

Mogens MakcBena B3araiai HIMPOKO BHUKOPHCTOBYETHCS TPH
BUBUEHHI MEXaHIYHMX BIIACTUBOCTEH  OIOJMOTIYHMX  TKaHWH.
Hanpuknan, npu BUBYEHHI BIaCTUBOCTEH BOJIOCCS BUKOPHCTOBYIOTb
SBULIEC penakcamii Hampyrun B HuxX. Llell mpomec omnucyrmTh 3a
JOTIOMOTOI0 MOJIeJTi, IO CKJIAJAEThCs 3 HYOTHPHOX MapaieilbHO
3’eAHaHUX Mozeneit MakcBeia.

0) CkesteTHi M’sI34

MexaHiuHa  MOBEIiHKa  CKeJeTHMX  M’Si3iB  3a70BLIBHO
ONMUCYETHCA MOJCIUII0 3iHepa (puc. 2.25), sKa CKIATAa€ThCS 3 JTBOX
HapajejbHUX IUICYEH: B OJIHOMY 3HAXOAUTHCS NPYKHUM €JIEMEHT, a
B IHIIIOMY TTOCITIZIOBHO — TIPY>KHUH 1 B’ I3KUH.

JInst KOKHOI TIPYXKMHM MOJEN 3amuiieMo 3akoH Iyka, a s
HWTHIpa 3 TOPIIHEM — 3aKoH B’s3koro Teptsa (2.59). Pasom 3
YMOBaMH poO3MOAUTYy AedopMmalliii & 1 HampyXeHb O OTPUMAEMO
CHCTEMY piBHSHb

o, =Ezs,

S 2.77)
oc=0,+0,, '

E=¢g=¢+é¢,.

B (2.77) o, — nanpyra, npukiajieHa A0 JiBOro Iuieda MOJeli, B
SKOMY 3HaXOJWThCs IEplIa NPYKUHA, O, — HAIpyra, NpPHUKIaJcHe
JI0 NPABOTO IUIeYa 3 APYTOK0 NPYKHUHOKO 1 MOPLIHEM, &, &, &,
BiTHOCHI BHJIOBXXCHHS BIJMIOBIIHO TEPIIOi, APYroi NPYXKUH i
BijiHOCHE 3MimieHHs nopuHs, E,, E, — moxyni KOHra mepmoi i
Apyroi MpyXXHMH BIANOBIAHO, 7] — KOE(DILi€HT B’A3KOCTI PiIUHU B

HATIHJIPI.
BukopucraBmu cucremy piBHSHB (2.77) 1 X TOXiJgHI 32 4acom
MO>KHa OTPUMATH

EE, 1 . E,
+ &= o+ o. (2.78)
U(El +E2) El +E2 77(E‘1 +E2)
PiBustaas  (2.78) — une audepeHmiagbHe pPIBHAHHSA —MOJCII
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nedopmariii CKeIeTHUX M’s13iB. 3a BHIOM BOHO TOII0HE 10 PIBHIHHS
(2) 3 nomatky 2. Tyr xoepimientn — a=E,E,/(n(E +E,)),

p= 1/(E1 + Ez) Ly =E2/(77(E1 + Ez))
Toni po3s’sizkom (2.78) Oyne
e=pfe " e"o— (a —% e“odt | = fo —(afi- ;/)e‘“’_[e“’adt =

o P E\E,t E\Et
= bt MR [ o (2.79)
E + E, 77(E1 + Ez)

[pu o = const otpumaemo € = o/ E, .

o
Uac pemakcamii CKeJeTHOro  M’si3a
BU3HAYAEThCS CHiBBiHOMEeHHsM T =177/ E, .
0,
B) KpoB E EO_
€, |
PeostorivHOO MOAEIIIO KpOBI — pimKoi g ?
TKAHWHYA, MEXAHIYHI BIACTUBOCTI  SKOI o,
BU3HAYAIOTLCS B A3KICTIO  IUIa3MU 1 n
epUTpOLMTaMU (JIOKJIaHIIIE B po3aiii 4),
MOJIEIIOECTECS JIBOMA B’M3KMMH 1 OIHHM o
npyxuHum  enementom  (puc.  2.26). Puc. 2.26.

Peomoriuna mozaens

3anumieMo 3akoH [yka ISl TPYKHOTO kpoEi

CJIEMEHTa, 3aKOHU TEpPTS i1 KOXKHOTO 3

B’SI3KUX EJIEMEHTIB, BPaXyEMO XapaKTep PO3IMOAiLTy B MOJIEINI HAIIPYT
i nedopmamiii MomiOHO 10 MONEpPEAHIX Mojeleld 1 OTPUMAaEMO
CHCTEMY PiBHSHb:

o=0,+0,,

E=¢& +¢&,,

o, =1&,, (2.80)
0, =1h¢,

o, =FEg,.

[MincraBumo Bupasu qus o, 1 0, B nepue piBHAHHA (2.80) 1
OTPUMAEMO
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o =0,+0,=1¢ +1,¢, (2.81)
3BigKu
§=2-Tg (2.82)
m

[Ipomudepeniroemo apyre i m’sre piBHSHAS (2.80) 1 TiACTaBUMO
1’ siTe piBHSAHHS B Apyre. OTpuMaeMo

... . O
5:51+f92:51+El- (2.83)
3Bincu
. O,
E=6——. 2.84
Z (2.34)

3 (2.81) orpumaemo G, =0 — 0, = O —1],€ , @ MiJACTaBUBILH LCH
Bupa3 B (2.84), orpumaeMo

glzg—ﬁ:g—%. (2.85)
E E
[IpupiBHsiemMo mipaBi croponw (2.82) 1 (2.85) i oTpumaemo
T i S IE, (2.86)
mon E
abo
+ 1 E
f+EM TR~ 5y B o 2.87)
mmn, 772 mm,
PiBustaas  (2.87) — ue audepeHimiagbHe PIBHAHHSA —MOJEII

nedopmarii kposi. Po3s’s3kom piBHsHHS (2.87) € (momatok 4):
_phtin gt 1 E
g=[e " [e [ G+ —O'Jdtdt. (2.88)
m, Thil,

Sxmo kpoB 31ePopMyBaTH (CTUCHYTH 200 PO3TATHYTH), a TOTIM
3QIMIIATH IO AedopMallifo, TO B Hiii BHHUKHE Hampyra, sKa 3TiHO

(2.87) npu (8 = 0) i (6‘ = O) Oy/Jle BU3HAYATUCH CITIBBiIHOLIEHHAM

. E
0 +—o0 =0, po3B’I3KOM KOO IIPH G(t = O) =0, Oyne
m

E
-t

c=0,-¢™ . (2.89)
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Piusausa (2.89) — me BimoMe pIBHSHHSA peiakcarii i BOHO
1ICHTUYHE PIBHSHHIO peJiakcalii riaakux M’s3iB (2.76). I'padik mis
pernakcartii qedopmMariii KpoBi MoAiOHMIA 10 Tpadika puc. 2.24.

IIpn mnpukimameHHi MO KpOBI IOCTIHHOTO HaBaHTAKCHHS
((7 = const) i (d = ()) piBusHHs (2.87) IpHiiMe BUIIIST

PRV R/ S Ry (2.90)
mn, mmn,

Tpu nouarkosux ymosax (£(f, =0)=0) i (£(t, =0)=C), ne
C — xoHcTaHTa, oTpuMaemo (popmyna (13) monatky 4)

Wk ¢ - 1—exp oL/ T/ N |
E(’?n + 772) m+n, mn, m=+mn,
(2.91)

BinnosizHa 3aexKHICTh g(t) npuBesieHa Ha puc. 2.27. Ha Hiit

E =

CTpLIOYKaMHU BKa3aHO MOMEHTH MPHKIAACHHS 1 3HATTS 31 3paska
Hanpyru. [licns uboro npyxnHa CKOpOUy€eThCs, a MOPIIEHb Y B’ A3KiH
piovHI TIepecTae pyxaTHCi 1 TIpH

t—>oo npedopmanii He 3HUKAKOTh, £ |

TOOTO MOJENh MIHCHO MPEICTABIISE
B’SI3Ky Ta TPYXKHY piAnHY, IO HE
30epirae Gopmy.

MexaniuHi BmacTWBOCTI  OioJo-
TYHUX TKaHWH TPH PI3HUX THIAX |
HABaHTaXCHHS  OIUCYIOTbCA,  SIK
NpaBWIO, MOAETSIMH 3 YOTUpMA 1 T
Oinbire enementamu. /s Oiomoriy- Puc. 2.27. 3aexHicTs
HUX PIJUH 3aBXIU BUKOPUCTOBYETHCS BiIHOCHOI Aiepopmaltii KpoBi Bix
MOJENb 3 IMOCIIZOBHO 3’ €QHAHUMU 4acy TpH MOCTiiHil Harpysi
OOHMM ab0 HeKUIbKOMa B’ SI3KUMH
enleMeHTamMu (LU HIPaMH).

r) TpoM0 i TKAHUHH MO3KY

Mogens broprepca (puc. 2.28) 3a10BUTEHO ONHUCYE PeoJIOrivHi
BJIACTHBOCTI TPOMOa Ta TKAHMH MO3KY.
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7
A
B VA

E,

Puc. 2.28. Monens broprepca Tpom0a Ta TKAaHUH MO3KY

HudepenuiansHe piBHSAHHA, SKe omucye nedopmanii  AaHoi

MOJICITI:
T S E +E 1. E
£+—2€=—0'4{M+—}0'+ Zo. (292
7, E, En, m mm,
Po3B’s13xk0M maHoi Mogieni € (1ogaTok 5)

B, B, BB
8:i0+(uje & J.e'” odt + ) e ™ J‘e'h Iadtdt.
E, mn, mmn,

(2.93)
Hexait o =const, Toxi, iHTerpyroun Apyruii nomanok (2.93) i
IHTETPYIOYH 3a YACTHHAMH HOT'0 TPETiH 0IaHOK, OTPUMAEMO:

2
gzia{mjﬂﬁig t&_[&J _
E, nn, )E, mmn, E, E,

:O'(L-FM'FLI_LJZO_(L'FL'FLIJZ (294)
E  nE, n nk, E E, n

[E, +E, 1 ]

=o| +—2+—1|

EE, 1

PiBusiHHst (2.94) € piBHSHHSAM TIpsMoi. BOHO mokasye, 1o npu

CTaJIOMy HaBaHTaKeHHI Tpomba a00 TKaHMH MO3KY, BOHU OyAyTb
JHIHO BUJOBXYBATHCh, aX J10 PO3PUBAHHS.
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2.8. lunamika ckopoyeHHsI M’si3iB

KepyBaHHsa cKopouyBaib- 7
HOIO BJIACTHMBICTIO M 5132 3/iM- 108 F,
CHIOETBCSI 32 JIOTIOMOTOI0 Be-

JIUKOT KUIBKOCTI MOTOHEHpO- 0.8

HIB, CKJIQZIOBI YACTHHU SIKHX —
aKCOHM B CKJIaIi HEpBa, IO
yIpaBisie PyXOM, MiAXOIATh i
1o m’sa3a. Came dyepe3 akCOHU
NEepenaeTbCcsl  CNEKTPUUIHUI 0.2
CUTHAJI, SIKUA MPUBOIUTH O
CKOPOYEHHS BOJIOKHA M’513a. 02 04 06 08 10
IcropuuHO OCHOBHI  pe- Puc. 2.29. I'padiunmii onuc piBHAHHS
3yIbTaTd MO MeXaHim i Xinra
SHepreTHIll CKOPOYEHHS M’s-
3B OTpHIMaHI Ha KpaBeIbKOMY M’si3i (3rMHae HOTY B KOJIHHOMY
CyrJo0i 1 po3ropTae roMiJIKy BCepeHY) JKa0H i MONepEeIHOMY M’ 31
(3ruHae CTETHO, JOMOMAara€ BiJBEJACHHIO 1 OOCPTaHHIO CTETHA)
KpoJnka. B excnepumeHTax mo M’sS30BOMY CKOpOYEHHIO M’s3 (abo
M’5130B€ BOJIOKHO) 3a3BMYail CTHMYJIIOETbCS HE 4Yepe3 Heps, a
OUIIXOM  TI0adi Ha HBOTO EJNEKTPUYHOIO IMIYJIbCY CTPYMY
OpSMOKYTHOT (opmu. Skmo Ha M’S3 MOJATH  EINeKTPUUHUHA
MOTEHIIIa], M3 y BUIBHOMY CTaHI PO3BUBAE CHIIY 1 CKOPOUYETHCH,
a00, AKIIO BiH 3aKPIUICHUA MK 3a()iKCOBAaHUMHU OCHOBAaMU — TUIbKH
po3BuBaE cwiy. B HaWMpOCTIIOMY BHJII MEXaHIYHUX JOCIIIiB
JOCHIDKYIOTh 3MiHYy HaTiIry M’si3a IpU CTUMYJl EJIeKTPUYHUM
ctpymoM mpu (ikcoBaHid moBkMHI M’a3a (abo nesikoi Horo
yactuHu). Taka 3MiHAa HATATY M’si3a HA3UBAETHCS [30MEMpPUyHUM
ckopouennsm. Hampuxian, y pexumi i30METPHUHOTO CKOPOUEHHS
MPALIOIOTh M SI31 JIIOAWHY Y BUIA/IKAX:
® YTpUMYBaHHA Tija Yy WIATATHYTOMY TIOJOXEHHI Ha
MEePEKIIAI1HI;
®  YTPUMYBaHHS UITAHTH Y ITiTHATOMY CTaHi HaJl TOJIOBOIO;
CTUCHEHHS 1LeJIEH KyBaJIbHUMH M’ sI3aMU;
® CKOPOYCHHsSI MiOKapQy NUIYHOUYKIB TP  3a9MHCHHUX
KJIaIlaHax.

0.6

O/Vsane
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Iakonm Ha M’S3 cTaje MOCTiHE HaBaHTAXXEHHS 1 CITOCTEPIraroTh
3a 3MiHOIO Horo AoBkHHHU. Taka 3MiHA HA3UBAETBHCS I30MMOHIUHUM
ckopouenuam. Hanpuknmam, JUTKOBHA M3  (QYHKIIOHYE B
130TOHIYHOMY pE&XHMi TPH B3a€EMOAII HOTH 3 OmMOpow y asi
amMopTH3aIlii.

Kpim TOr0, BUBYAIOTH TAKOXK AYKCOMOHIUHUL PEKUM CKOPOUCHHS
M’si3a, TP SIKOMY BiIOyBa€eThCS 3MiHA WOTO 1 JOBXKHHH, 1 HAIPYTH
M BIUIMBOM Oaratbox (akTopiB (IK OI1OJOTIYHMX, TaK i
MEXaHIYHUX).

3HauyHa KITBKICTh JaHWX NP0 MeEXaHiyHI 1 eHepreTHYHi
BIIACTHBOCTI M’si3a oTpuMaHi A.B. XimmoMmM mpu mOCHTiKEHHI
KpaBelbkoro M’si3a xabu. CIIBBIJIHOIICHHS MK OCHOBHHUMH
MEXaHIYHUMH XapaKTePUCTHUKAMHU CKOPOYEHHS M’si3a — HIBHIKICTIO

CKOPOYEHHS (U) i 130TOHIYHOIO CHIJIOIO, sIKA BHHHUKAE TMPH
CKOPOYCHHI (F ) Ha3UBAETHCS XAPAKMEPUCTIUYHUM PI6HAHHAM Xiina
(F+a=b(F,-F), (2.95)

ne F — cuia, 110 BUHMKAE B M 531 IPH CKOPOUYECHHI 200 30BHILITHS

CUla NPHUKIAJCHOrO HABaHTaXEHHS F, — MakCHUMajbHa CHIIA

130METPUYHOTO CKOPOYCHHs, a4 1 b — emmipu4Hi mapameTpw,
[I0B’A3aH1 CIIIBBIIHOIIEHHIM
a

b= FUVMKC , (296)
0

e v,,. — MakCHMajbHa IMIBUAKICTb CKOPOYEHHS M’si3a (U =0, .

npu F = 0). st kpaBenskoro m’si3a xabu a = 0,25 - F), s m’s13iB
JIOAUHU a4 = (0,25 —0,4)- F,. Koncranta b s pi3HuX M’si3iB €

pi3HOIO.

Ockinbku criBBifHOmEeHHS (2.95) Mk F i U BH3HA4YalOTh B
YMOBaXx, KOJIM M 513 CKOPOUY€ThCA 1 MiJHIMAa€e BaHTaxX, TO cuia F, mo
PO3BHBA€ThCS M SI30M, BHM3HA4Ya€ TaKOX Bary BaHTaxy, SKUU
migHiMae M’s3. 32 YMOBH  BiJICYTHOCTI BaHTaXy HIBHJIKICTb

CKOpPOYCHHA M’s3a MaKCHMaJbHa: 1%

Makc

— IIBHIKICTH CKOPOUYEHHS
HEHaBaHTaAKEHOro M’s3a. [lpu  30UNBIICHHI  HAaBaHTaXCHHS
MIBUJIKICTh CKOPOYEHHS M’s3a 3MEHINyeThcs. [, — 1€ rpaHuuHa
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Bara BaHTaxy, SKUd Moxe migHatu M’s3. [Ipu F > F, mBHAKICTH
CKOPOYCHHS CTA€ BiJl’€MHOIO (M’ I3 PO3TATYETHCS).

HenaBantakeHHI M’s13 KOPOTIIIAE 3 MAaKCHMAJILHOIO TIBUAKICTIO,
sIKa 3aJISKUTDH BiJl THITy M SI30BUX BOJIOKOH. Hampukinan, kpaBeubKuit
M’sI3 ’Ka0M CKOpOuyeTbca 31 IIBUIAKICTIO Bchoro smme 0,2 w/c
(mpubnmuzno, 10 moBxkwH M’si3a 32 1 ¢). M’s3u pyKu JIOOWHH, SKi
Habarato [OBIN, KOPOTIIAIOTH 31 MmBHAKICTIO 8 m/c. llIBHUmko
CKOpPOYYIOUHChH, M3 PO3BUBAE MEHIY CHIY, Hi’K HPH MOBUILHOMY
CKOpOYEHHI a00 miciasi TOMEpeAHbOro  po3TAryBaHHS. Llum
MOSICHIOETECSA TOW 3araibHOBIIOMUN (PakT, IO MIBHUAKI PyXH
MOJKIIMBI, SIKIIO HE MOTpiOHA BeJNWKa CUiia, TOOTO KOMHU M’SI3U HE
HaBaHTaXXeHi (BUILHO PyXalOThCsl) 1, HABMAKW, MAKCUMAIlbHA M S30Ba
CWJIa BHUMAara€ TMOBIIBHUX PYXiB, HANPHUKIAl, TpPH TIepecyBaHHI
BEIMKUX TpeaMeTiB abo migioMi mrTaHrd. Bemwky Bary MoxHa
MiTHATH a00 3IMITOBXHYTH 3 MICI TUIBKH JyXe MOBiUIbHO. lle
IIJTKOM MOJKJIMBE 3aBJISKH 3[ATHICTI JIFOJWHU JOBITFHO 3MiHIOBATH
MIBUIKICTh M SI30BOTO CKOPOYEHHSI.

Sk BUIHO 3 PIBHSHHS XilIa CHIa HATATY 30y/pKeHHX M's3iB F,
MIBUJIKICTh U X CKOPOYEHHS, & TAKOX 1 BEJIMYMHA CKOPOYCHHS, B
OCHOBHOMY, BH3HAYalOTh PYXOBY [isUTGHICTH JIOAWHH. Jl0OBKHHA,
cujaa i IBHAKICTL CKOPOYEHHSl € HalOUIbII Ba)XIIMBUMH
XapaKTePUCTUKAMU AWHAMIKH PYXY M’sI3iB.

Cuna HaTAry M’si3iB 3aJIeKUTh BiJl CYKYITHOCTI MEXaHIYHHX,
aHaToMiyHUX 1 (izionorivanx ymoB. (OCHOBHOI0O JWHAMIYHOIO
YMOBOIO, III0 BH3HAYA€ HATAT M 533, € HOr0 HaBaHTa)XXEHHsS, TOOTO
CWJIa, IpUKJIaneHa 10 (i3ioJOriYHOTO MONEePEYHOTO Mepepizy M s3a.
[in ghizionociunum nonepeunum nepepizom m’s13a pO3yMIOTh TLIOLLY
IIONEePEeYHOro mepepisy M’s3a (cM), IO NPOXOAMTH Hepe3 BCi
M’s130Bi BojIokHA. [liomia monepeunoro mepepizy M’si3a He 3aBXKIH
30ira€rbcss 3 HOro  (i3ioNIOriYHUM  IOMEPEUYHUM  IEepPepizoMm.
Hanpukman, mpu ogHaKkoBil TOBHIMHI, M’SI3U 3 MapajelbHHM i
Hip’ICTUM PO3TAIIyBaHHSAM BOJIOKOH 3HAYHO BiAPI3HSIOTHCS 3a
JTAaHUM TTOKa3HUKOM.

[NepmuM npaBUIIOM TUHAMIKA M’SI30BUX CKOPOUYECHb € MPUHYUN
Bebepa: cuna m’sa3a, npu inwux 0OHAKOBUX YMOBAX NPONOPYIUHA
tioeo @izionociunomy nonepeunomy nepepizy. ToOTO YuM BiH €
OLMBIIMM, TUM OIJTBITION0 € CHJIA, SIKY BiH po3BHBac. Yepes 11e TOBCTI
BOJIOKHA PO3BHBAIOTH OLIBINY CHIIY, HiK TOHKI. barato ckemeTHUX
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M’SI31B 4epe3 BEIMUKY KUIBKICTh M SI30BHX BOJIOKOH y CBOEMY CKJIaji
MO>KYTh PO3BHBATH CHJIy OLIBIIY 3a Bary Tina.

Juia  xapakTepuCTHKM 3ATHOCTI [0 HAmNpyTH, fAKa MOXe
PO3BHBATHCH M’SI30M IIPH CKOPOYCHHI, BBOIIATH ITOHATTS aOCOTIOTHOT
CHJIM M’si3a. AGCOJIIOTHA CUJIM M’SI3a — 1€ CHJIA, 1[0 PO3BUBAETHCA
OJIMHUIICI0 IUIONII TONEPEeYHOro TMepepisy M™’s3a Mpu  Horo
CKOpo4YeHHI. BBaxkaeThcs, 1m0 abCOMOTHA CHTa M 5134, SIKY BiH MOXe
PO3BUHYTH TIpU ONTHMANBHIA  JOBXHHI  CKJIama€e  OJM3BKO
2-10°H/ M.

[TonepeyHO-BOJIOKHUCTI M’sI3HM, 3a THUIIOM SKUX T0OyI0BaHa
OLIBILIICTh CKEJIETHUX M S31B, MAlOTh L€ MOKAa3HHMK JEIIO BHUIINM,
HIX TIapalieTbHO-BOJIOKHHCTI.

3 eKCIIEpUMEHTIB BiJIOMO, 1110 HaWOLIbIIAa Maca BaHTaXY, KU B
3MO3i YTPUMYBAaTH M’SI3 JIFOAMHH 3 HOMEPEYHNM mepepizoM 1 cv’, B
cepelHbOMYy CTaHOBUTh 10 xe. 3HaOuM LEd MOKA3HUK, HE BAXKKO
BU3HAYUTH CUITY, SIKY MOKYTh PO3BUHYTH Pi3HI M 5131 Jt0A1HH. BoHa
Ma€ HACTYIHI 3HaueHHsS (B K&): IUIsl JTIUTKOBOTO M’si3a — 6,24; mis
posruHauiB mui — 9,0; )xyBanmpHOTO M’si3a — 10; ABOTOJIOBOTO M’si3a
mwieda — 11,4; mnedoBoro m’s3a — 12,1; Tpuronosoro m’s3a — 16,87.
3BHYaifHO, 00YHMCIEHA TAKUM IIJISXOM BEJIMYAHM JIMIIE B OLILIIIHA
ab0 MeHIIii Mipi HaOMMKAIOTHCA JI0 ICTHHHUX, OCKIJIBKH HE Y BCIX
JOJIEH 1 HaBiTh HE Y BCIX M s31B OAHOTO i TOTO X Cy0’€KTa M’s30Ba
CHJIa OJTHAKOBA.

®i3i0J10TIYHI YMOBH, 110 BIUIMBAIOTh HA BEJIUYMHY HATITy M’s3a,
B OCHOBHOMY MOJKHA 3BECTH JI0 OCOOIMBOCTEH HOTo 30y/KYBaHOCTI
1 CTOMITIOBAHOCTI, SIKi BiJIOOPaXKYIOTHCS HA MOXJIMBOCTSX M SI3iB Y
MIBUIICHH]I Y 3HUKEHHI HOTO HAIIPYTH.

Kpim Toro, cuna Hatary m’si3a Moxe OyTH Pi3HOIO B 3aJI€KHOCTI
BiJI;

. BIUIMBY Ha Hei HEPBOBUX IMIIYJIbCIB, $IKIi MOXYTb
MOCHUJIATHCS B M’SI3 3 Pi3HOIO YacTOTOIO;
o BUXIJHOI TOBXXUHH M’s13a.

OcTaHHE TPOSBISETBCA B TOMY 110, SKIO IONEPETHBO
HaOJIM3UTU KIiHII M’S3a OAWH JIO OJHOTO, TO BiH, NpPH I1HIIAX
OJIHAKOBUX yMOBax, Oyie PO3BHBATH MEHINY HAmpyry. I, HaBmakw,
SIKIIIO M’SI3 TIONIEPEAHBO PO3TATHYTH, TO BiH CTAa€ 3JaTHUM PO3BHUHYTH
oIy Hanpyry. OJIHAK MPH TyKe BEIIUKOMY PO3TATYBaHHI M’s30Ba
CHWJIa 3HOB 3MEHIITYETHCS.
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Y cTaHi CIOKOIO M’SI3M HE € IIOBHICTIO pPO3CIA0JICHHMH, a
30epiraroTh JACSIKY Hapyry, sKa HA3UBAETHCS MOHYCOM.

HIBuakicTh cKOpOYeHHsI M’si3a TIOB’s3aHa 31 MIBHIAKICTIO HOTO
nedopwmartii. Lle 3a1eKNTh:

®  BiJ BEIUYHMHU B SI3KOCTI M’si3a (M’s3M, IO CKIAJAIOTHCS 31
«UIBHJIKUX» BOJIOKOH, HANIPUKJIA/l, TUTKOBUH, CKOPOUYETHCS
3 OUIBIIOI MIBUJKICTIO, HDK Ti, IO CKJIany SIKUX BXOJSTH
«TIOBUTbHI» BOJIOKHA);

BiJI CHUTH, SIKa PO3BHBAETHCS M’ SI30M;

e Bij HaBaHTaXeHHS (MPHU IHIIMX OJHAKOBHX YMOBAax, YUM
OULTBIIMM € HampyXeHHS M’s3a 1 YUM MEHIIOK € Maca
YaCTUHHM Tila, IO TEpPeMillyeThCsl, TUM OIiJbIIOID €
MIBUJIKICTh CKOPOUYCHHS).

Bennuuna ckopoueHHss M’siza. [ M’s3iB  CIIpaBeIMBHIMA
npunyun bepuyani: Benu4rHA CKOPOYEHHS M 532 IPONOpLilHA
JIOBYKHHI 10TO BOJIOKOH.

Haii6inpIe ckopodyroThCst M s13H, TOOYIOBaHI 3 TOBI'UX BOJIOKOH
— HapajieabHO-BOJOKHUCTI. CKOPOUYCHHS M’513a 3aJICKUTh TaKOX Bij
CHJIM, IO BHHUKAE Yy HBbOMY MpH 30y/OKEHHI, 1 BiJi BEIHMYUHH
BaHTaXYy, SIKUH BiH niepeminrye. YuM OLIBIIOI € aKTUBHA CHIIA M’ SI3y
1 YMIM MEHIIIO0 € MPOTHUJIiF0Ya HOMY 30BHIIITHS CHIIA, TUM OLITBIINAM €
HWOro CKOPOUYEHHS.

2.9. llenTp Mac oprayiB JHOIMHA

Posrisgaroun TiNO JIIOJUHKM K CUCTEMY B3aEMHO PYXOMHX Mac
HWOT0 YaCTHH, MOTPiOHO 3a3HAYNTH, 1[0 BOHO MA€E IIJIKOM BU3HAYCHI
IAHAMIYHI BJIACTHUBOCTI. B 3ameXHOCTI BIZ TOro, SK Il MacH
pO3TalllOBaHi B MPOCTOPI OJHA BIJHOCHO OJHOI 1 HACKIJIBKH BOHHU
pyxomi, 3ayiexarh i JUHAMIYHI BIACTUBOCTI BCHOTO TiJIa JIFOJMHHU.
Tino moauHu K OioMeXaHIYHA CHCTEMa 3HaXOAUTHCS B PiBHOBa3i,
CTYHiHb CTIHKOCTI $IKOi XapakTepu3ye TIOJOXKEHHS 3arajibHOTrO
LIEHTPY Mac JIFOIMHU.

3a CBiYEHHSAMHU 0araThOX aBTOPIB, BIEPIIE TOJIOXKCHHS ICHTPY
Mac JIIoAWHM BU3HAuMB JIkoBaHHI AnbdhoHCO bopemm, skwii B
1679p. y cBoiit kam3i «IIpo JokoMoIlii TBapuH» mucas, mo «LM
JIOJICBKOTO  TiJla, 10 3HAXOAWTHCS B BHUIPSMIICHOMY CTaHi
PO3TaIIOBYETHCS MIXK CiIHHUIIIMH 1 JIOOKOM>.
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Taommus 2.7
BigHOCHI MacH JJaHOK Tija i po3TallyBaHHA iX HEHTPIB Mac
Ha3zsa nanku Binnocna maca PosramyBanua LIIM
TaHKH (Y BIAHOCHHX
OJUHULISIX
BiJCTaHl Big
MIPOKCUMAIHLHOTO
cyrmnoby)
l'onora 0,07 Han BepxHiM kpaem
CIIyXOBOTO MPOXOJTY
Tymy6 0,43 Ha Bincrani 0,51 Big
IUIEYOBOI KICTKH
ITneue 0,03 Ha Bigcrani 0,45 Big
TJICYOBOTO CYIIIO0Y
[epemmmigus 0,02 Ha Bincrani 0,43 Bifg
JKTHOBOTO CYTJIO0Y
Kucte 0,01 Ha Bigcrani 0,37 Big
3a11’ ICTHOT'O CYIJIo0y
Crerno 0,12 Ha Bincrani 0,45 Big
CTETHOBOT'O CYTJIO0Y
I'ominka 0,05 Ha Bigcrani 0,41 Big
KOJIIHHOTO CyTJI00y
Crynus 0,02 Ha Bincrani 0,44 Big
I’ ITH

CporoiHi iCHYIOTh PO3BHHEHI METOAMKH BU3Ha4YeHHs [IM
oprauiB joauHu. [Ipuiimaroun macy mroauau 3a 100%, BU3Ha4Yal0Th
Macy YacTHH ii opraHizMy y BijHOcHUX oauHHISX (%). LlenTp mac
JIAHKY BU3HAYAIOTh 3a BIJIHOCHOIO BIJICTAHHIO ii BiJl IPOKCUMAJILHOTO
cyrnoba. Bi3pMeMmo BiacTaHp Bif LEHTpa Mac JesKOi JIAaHKH,
HamnpUKIad, Iieda 10 cyrioda i po3AUIMMO I 3HA4YeHHS Ha
JOBXHMHY JlaHOi JIaHKW (Toieda). Mu OTpHMaeMo y BiJIHOCHHX
OJUHHMIX HEHTP Mac JaHoi JUISHKY.

B tabnuni 2.7 npencrasieHi cepeHi 1aHi Ipo Macy JaHOK Tina i
TIPO TTOJIOXKEHHS iX IIeHTpiB Mac (3a O. ®imep, M. bepumreiin).
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Po3ain 3. CraTuka

Cratuka — 11e PO3AUT MEXaHIKH, PEAMETOM BHUBUCHHS SKOTO €
MaTtepianbHi Tia, M0 3HAXOIATHECS B CTaHI CIOKOIO TIPH IIii Ha HHUX
30BHIIIHIX CHII. Y HIMPOKOMY PO3YMiHHI CIIOBa, CTaTHKa — 1€ TEopis
piBHOBaru OyAb-sIKUX TiT — TBEPAUX, PIAKUX ab0 ra3onogiOHuX.

CraTuky mpHAHATO MOIIISATH HA TEOMETPUYHY Ta aHANITHYHY. B
OCHOBI QHANITUYHOI CTATUKHA JICKUTh HPUHYUN — MOICIUBUX
nepemiwjens, SIKUA BH3HAYa€ YMOBHM DIBHOBaru OyAb-sKOI
MexaHiuHOi cucTteMu. ['eomeTpuuHa craTuka Oa3yeThCs Ha, Tak
3BaHUX, aKClOMaX CTaTHUKH, SKI € HACHIJKOM 3arajibHUX 3aKOHIB
JUHAMIKY JJIs BUITAJKY, KOJH IIBUIKOCTI TBEPIUX T MPSIMYIOTh 10
HYJISL.

3 iICTOpUYHMX MPUYHH 1 MEJAroriyHUX MipKyBaHb CTaTHKY YacTO
BUKJIAJIAIOTh HE3AJICKHO BiJ IUHaMiku, Oynyroud ii Ha HACTYIHHX
akcioMax:

a) BIIACTHBOCTEH CHII,

0) piBHOBarw,

B) IIii Ta POTHAIi.

Cratuka — HaiicTapilmid po3iin MeXaHiKH; JesKi 3 ii IPUHIUIIB
Oynu BiZOMi BXKe€ CTapOJaBHIM €THIITSHAM 1 BaBHIIOHSHAM, PO IO
cBimuarh moOynoBaHi HUMHU mipamian i xpamu. Cepen meprnx
TBOPIiB TEOpETHYHOI cTaThku OyB Apximen (6mu3bko 287-212 mo
H.€.), KU PO3POOUB TEOpPir0 Baxkens i CPOpPMYITIOBAaB OCHOBHHIA
3aKOH TiJpocTaTuKU. PoOjOHAYaIbHUKOM CY4acHOI CTaTHKH CTaB
routaggens C.Crein  (1548-1620pp.), skuii B 1586  pomi
c(hopMyITIOBaB 3aKOH JIOAaBaHHS CWII, ab0 MpaBWIIO Mapalenorpama,
1 3aCTOCYBaB MOT0 IPH PO3B’SI3KY HU3KH 3a/1a4.

OCHOBHHMH TIOHSTTSIMU CTATHKH € TIOHSTTS CHIIU, CUCTEMH CHII,
€KBIBAJICHTHOI CHCTEMH CHWJI, BUIBHUX Ta HE BUIBHHX TiJl, MOMEHTY
CWJI BiJTHOCHO TIEHTPY 1 BiJIHOCHO
oci. - -

[oHsATTS cunu Ta Momenmy cun Z g

Ly
8IOHOCHO YeHmpy i 8IOHOCHO OCi -
Oyno gaHe B posmimi 2 2
«JImHAMIKAY.

Cucmemoro Ha3UBAETHCA CY-

KYIHICTh CHIJI, MPHKJIAJICHUX JO A

Puc. 3.1. Cucrema 301:KHHX CHII
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OJTHOT'O TBEPAOTO Tija.

Cucmema 36ixchux cun (puc. 3.1) — me cwim, JiHil i SKUX
MEPETHHAIOTHCSI B OHINA TOYIII, K& HA3UBAETHCS IIEHTPOM CHUCTEMHU
CHIL.

Exsisanenmnumu Ha3UBAIOThCSI CUCTEMH CHUJI, SIKi JIIOTh Ha TiJIO
OJTHaKOBO.

YMOBY €KBiBaJICHTHOCTI CHCTEM CHJI 3aITUCYIOTh Y BUTIISII:

(17}13217;17“) ~ (é,f;,é,...f’m) 3.1)
PiBHOAIHOIO Ha3MBAETHCS CHJIA, €EKBIBaJIEHTHA CUCTEMI CHUIL:
R ~(R)~ (E.FE.F,...F). (32)

3pienosadicenolo Ha3WBA€ThCA CHCTEMa CHJI, PIBHOMIMHA SKUX
iCHY€ 1 TOPIBHIOE HYJIIO

(17“117“213‘317“) ~0. (3.3)

Bci Tista B MexaHii JIIATHCA HA GLIbHI TA HEBLIbHI.

BinbHe TiIO MOXKE TeEpeMilllaTUCs B MPOCTOpPI B OyIb-SKOMY
HaIPSMKY.

HeBinbHUM Ha3WBa€ThCS TIiJO, TEPEMIIIEHHS SIKOTO OOMEXKEeHi
HaKJIaJ€HUMHM Ha HBOTO 6 A34Mu, TOOTO IHIIMMHU TidaMH, IO
00MEKYIOTh CBOOOIY MEpeMillieHb ITAHOTO Tijia.

Bei cwim B Mexadill MOMUISIOTBCS HA aKMUGHI CUIU 1 CUlu
peakyii 8’s13ell.

OcTaHHI MOXYTh BUHUKATH TUIBKH Y BIIMOBIAb HA JIIH0 aKTUBHUX
cwi. BimsHaunMmo, 1m0 peakyia 6’a3ell HanpaumieHa 8 OiK,
NPOMUNEHCHULL MOMY HANPAMY, KYOU MIN0 He MOJice nepemiuamucs
BHACTIOOK HAKAAOEHUX HA Hb0O2O 6 's3€ll.

3.1. AkcioMH CTAaTHKH

AKCIOMH CTaTHKM MOXHa CQOPMYJIOBATH BHKOPHUCTABIIH
MOHATTS 1 3aKOHM AUHAMIKK. Tak,
mepuia akcioma — Ie, IO CyTi, F
nepedpasyBaHHsI IEPIIOrO 3aKOHY 1
TUHaMiKu 0Oe3 TIOHATTS  1HEPIIi- f;
QIBHUX CUCTEM BIJITIKY. E

1. Akcioma inepuii: mng miero
3pIBHOBaKEHOI CI/ICTG%\/\I}H CH.H MT Puc. 3.2. Imoctpauis akciomu
pyXa€TeCad HPAMOJIHIMHO 1 PIB- PIBHOBAaru CHCTEMH JIBOX CUII
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HOMIpHO abo nepedyBae y CTaHi CIIOKO¥O.
2. Akcioma piBHOBaru cHCTeMH JIBOX CHJI: CHUCT€Ma JBOX CHII
3piBHOB)KEHA TOJI 1 TITBKH TOMI, KOJIH ITi CHIIH:
e iIOTh B3JOBX ONHIET TpsAMOi, fAKa 3’€IHYE TOYKH IX
TIPHUKJIaJaHHS;
piBHI 32 MOITyJIEM;
HanpsIMJICH] B POTUJICKHI CTOpoHH (puc. 3.2).

Bim3naunmo, 30kpema, mo 3 ymoBu: |\Fj,F,) ~ 0, BummBae

F =-F,.

3. Akcioma npuenHanHs (BiIKHIaHHA) 3piBHOBaKEHOI
CHCTEMM CHJI. i1 CHCTEMH CHJI Ha TiJIO HE 3MIHUTLCS, SKIIO 10 Hel
npuenHaTH (BiAKMHYTH) 3piBHOBAYKEHY CUCTEMY CHIL.

HacminkoM 11i€l akcioMu € HacTyImHa TeopeMa, sIKy MU TIPUHMEMO
6e3 noeeneHHs: mist crud HA ATT He 3MIHUTBCS, SKIIO IO CHITY
MEpEeHeCTH B3IOBXK JiHiil Aii B Oyllb-sIKY TOUKY LIBOTO Tija.

UetBepra akcioma 0a3yeTbCs Ha MPABUITL JOJJaBAaHHS BEKTOPIB.

4. Akcioma mapajegorpama: piBHOJIfHA JBOX  CHII,
MPUKIIAJICHUX 10 TiJla, BU3HAYAETHCA 32 MPABHIIOM TIapajiesiorpama.

R ~(E.E)= R=F +F,. (3.4)
I[OB)KI/IHa BCKTOpa I_é BU3HAYAETLCA 3FiILHO TCOpEMHU KOCI/IHyCiB
R=\[F?+F} +2FF,cosa , (3.5)

ne @ Kyt mix Bektopamu F) 1 F,.
IT’siTa akcioMa € TpeTiM 3aKOHOM JAMHAMIKH.,

5. Akcioma aii Ta npoTuaii: 1Ba TiNa B3aeMOIitOTh 3 cliamu F

i F,, piBHUMH 32 BEJIMYMHOIO i TPOTHIICKHUMH 32 HAIIPSIMKOM.

F =-F,. (3.6)

BigzHauumo, 110 i CHIM Ha BIAMIHY BiJl CHJ, MPO SKi Hie MOBa B
aKcioMi 2, CHCTeMH HE YTBOPIOIOTh, OCKIIbKY MPUKJIIAJICH] JI0 PiI3HUX
TIJI.

6. Akcioma 3aTBepaiHHsi: piBHOBara 37e(opMOBaHOrO Tijia HE
TTOPYIITUTHCS, SIKIIO TiJIO BBAYKATH a0COIIFOTHO TBEPIHM.

Lls akcioMa 03BOJISE PO3TIAAATH piBHOBAry He TuUTbku ATT, ane
TaKOX TiJ, IO MOXYTh NedopMyBatucs. Hanpukian, npu BUBYEHHI
PIIUH B T1APOCTATHIIL.
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7. Akcioma 3BiJIbHeHHS BiJ B’si3eii: HEBIIbHE MaTepiaabHE TiJIO
MOJKHA PO3IIIAJIATH K BUTbHE, SIKIIO B’S31 3aMIHUTH 1X PEaKIlisIMH.

Bim3aaunmo, mo y BCiX TOMEpemHiX aKcioMax pO3TIIsIaIncs
BUTHHI Tima. BignmoBimHO /ISt BUTBHUX TiJT B HACTYMHUX Maparpadax
MU Cc(HOPMYITIOEMO YMOBH PIBHOBAaru i TEOPEeMH CTaTHKH. Y TOW ke
Yac BCi CKeJIeTHI KICTKH, M’ SI3H Ta iHII OPraHu Tijia € MPUKJIAIOM Til
3 B’SI3MHU. 3BiICK 3pO3yMijia 3HAYMMICTh OCTAHHBOI aKCIOMH, SKa
JO3BOJISIE BiA T 3 B’SA35IMH TEPEXOMUTH OO BUIBHHUX, a TaKOX

3.2. Tunu B’s13eii i HanpsiM iX peakuii B craTumi

IneanbHo rianenbka moBepxmsi. PosrmsHeMo Tijo, sike MOXKe
MepeMimaTich 0e3 TepTs MO TIAJACHBKIM TOPU30HTANBHIN MMOBEPXHI

(puc.3.3). Hexait Ha HBOTO Ji€ cuia TOKIHHA P, MpHKIaaeHa 0

Woro 1eHTpa Mac. Peakmis B’s3i N mpencraBieHa CHIOH,

a) 1 6)

\ N [

PERN
]/

/ 9 P
\p 'p

Puc. 3.3. Cunm, 110 Aif0Th Ha TiJI0 3 OOKY iZeabHOT I1aJKOT MOBEPXHI

PO3MOIIICHO0 10 IUIOIIMHI HMXKHBOI TPaHi I[bOro Tijia, 1 i1 MOXKHA
BB)KATH MPHUKJIAICHOO JI0 IIEHTpa L€l rpaHi.

[TpUHIIUITOBO KapTHHA HE 3MIHIOETHCS, SIKIIO MOBEPXHS Tija Oyze
[IaJICHBKOR0, ajie KpuBoJiHiiHOW (puc. 3.3, 0).

Sxmo Timo y Burasai Opyca 3 TIJVIQJAEHBKOIO IOBEPXHEIO
OTIMPAETHCS B TOUIN A Ha 1/1eaTbHO TUIAJIEHBKY TIOBEPXHIO, a B TOUIII
B — ma Buctyn (puc. 3.3, B), TO HEBaXKO 3pO3yMITH, IO TiIO HE
3MOXe TepeOyBaTh B PiBHOBA3i, SKIIO B SKOCTI aKTHBHOI CHIIH
BHUCTyIae HOro BiacHa Bara. PiBHOBara JaHOro Opyca MOXIIHBA,
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SIKIIIO 10 HBOTO TIPHUKIIACTH 30BHIIIHIO cuty F . [Ipu nubomy, sk Oyze

[IOKa3aHo B OJAJIBIIOMY, PIBHOBara
MOJK/IMBA TIIBKM B TOMY BHIAIKY,
KOJIM JTiHisI Ji1 i€l CUIM IPOXOAUTh
Yepe3 TOUYKY TNepeTHuHy JiHif i
peakuiit R, i R,.

Otxe, 3 NpUBOAY LBOTO THILY
B’s31 MOXKHa 3pOOHWTH HACTYITHHN
BUCHOBOK: peaxyis ideanvro
2/1a0€eHbKOI NOBEPXHI NPUKIAOEHd 8
moyyi 0omuKy I CHpsaMO8aHAd NO
Hopmani 00 noGepxHi miia abo
8’31

£l A

N

Puc. 3.4. Cuin, 1o Aif0Th Ha
TiJI0 3 OOKY THYYKHX,
HEBAaroMuX, HEPO3TSHKHUX HUTOK

I'myuka, HeBaroma i Hepo3TH:KHA HHUTKA. Peakmis B’s3i
JIOPIBHIOE CHJII HATSTy HUTKH, BOHA HANPSAMIICHA B3JIOBXK HUTKHU Bif

Tija, sIKe I HUTKa yTpumMye (puc.3.4).

Kopcerkuii HeBaroMmuii NpsAMoJii-
HiHHAKA CTPHKEHbD. Peaxis
HampsiMJIeHa B3JIOBXK CTPWXKHS, SKHUH,
Ha BiOMIHY Bil HUTKH, MOXeE
CIpUIMATH 3yCWIUISL SIK HAa PO3TAT

(SB), TaK i Ha CTHUCK (SA) (puc. 3.5).
4. Pyxoma omopa. [omyckae
nepeMillieHHs 3aKpimieHoi Ha oropi
TOYKHM TiIa TUTBKH B3JIOBXK OIOPHOL
wionwan (puc.3.6, a). Peakmis Ha-

a) A
// \\
|| 7
N :‘A

P

7] 6\ T
hPGHEa |
4 S

|
-2
\

A

P

N Q_\;_A

Puc. 3.5. Cuin, 1m1o AiroTh Ha
TiJIO 3 OOKY HEBaroMmux,
OPSIMOJIIHIHHUX CTPHIKHIB

6)

I ///,; ///i/

Puc. 3.6. Pyxomuif ItiHApHYHIIH IIapHip
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MpsIMIIEHA TIEPIICHINKYIIAPHO 3aIITPUXOBAHIM OMOPHIii IITOMIUHI.

VY HaBuanpHid JiTeparypi Led BUA B’s31 TaKOK HA3WUBAIOThH
pyxomum YuniHOpuyHumM wapHipom. Yacto Ha cxemax THUITYy B’s3iB
Takui 3B’S30K 300pa)karoTh TaK, SK IIOKa3aHO Ha puc. 3.6, O.
[Ipuknamgom B’si3eil TaKOro THUIMY € KOTOK — LWIIHAP MAIIWHH, IO
TpaMOye acanbT Tpu yKIaJaHHI JOPOXKHBOro monoTHa. Korok
MOJKe 00epTaTHUCh HaBKOJIO OCi, a BiCh — PyXaTHUCh 10 T0PO3i.

5. Hepyxoma omopa. Ilepemkomkae mepeMilieHHI0 3aKpiMIeHol
TaKUM YWHOM TOYKH Tijla B TOPHU3OHTAIBLHOMY i BEPTHUKaIbHOMY
HampsiMKax. lleil 3B’S30K JOIMyCKae IMMOBOPOT Tila HABKOJIO MAHOL
Touku (puc. 3.7, a), TOMy B HaBUANbHIA JiTepaTypi HOTO TaKOX
HA3UBAIOTh Hepyxomum yurinopuunum wapuipom. Ha cxemax BiH
300paky€eThCsl TakK, SK MOKa3aHO Ha puc. 3.5, 0. [Ipuknamom B’s3eit
TAKOTO THITY € ITiIIIATHHK.

6)

Puc. 3.7. Hepyxomuit quiniHApHYHNIL IapHip

6. Cdepuunnii mapuip. Ha BiaMiHy Big IHIIHIPUIHOTO
HmIapHipa HE AOMYCKA€ IEPEeMIlIeHHs 3aKpilUIeHOi TakuM YHHOM
TOYKH TiJla B TPHOX B3a€EMHO MEPIEHINKYISIPHUX HarpsiMKax. B’s3p
JIOMTYCKAa€ MOBOPOT Tijia BIJHOCHO TPhOX Oceit koopauHaT (puc. 3.8).

o _ ‘2‘
2
/) H Y
x Eor " 2
Puc. 3.8. Chepuunnii mapHip
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Peakmiro cepudHoro mapHipa BHPaKarOTh TPhOMa CKIAJOBHMH Yy
TPHOX B3a€EMHO NEPIECHANKYISIPHUX HANIPSIMAX:

R=X,+Y,+Z,. (3.7)
[lpuknamoM Takoro WIAPHIPY €, HANPHUKIAJ], Ta30CTETHOBHUI
CyrInoo.

3.3. MoMeHT cHJI BITHOCHO LIeHTpa

Posrnsremo Ttinmo, ske 3akpimieHe B meHTpi O 1 MOXe
MOBEPTATUCST HABKOJIO OCi, NEPHEHAUKYISIPHOI [0 TJIOUIMHU
MaloHKa i mpoxoAuTth 4epe3 Touky O. Ilpukiagemo B Toumi A

LLOTO TiNa cwiy F 1 BUSCHMMO, UMM BHU3HAYAETHCS 00epTaibHa is
uiei cunu (puc. 3.9).

3rigHo (2.23) MOMEHT CHIIH F BizsocHo Touku O AIst TaKoi
IIOCKOT CHCTEMU BH3HAYAETHCSA CITiBB1THOIIICHHSIM
M=r-F-sima=F-d, ne d —meye uiei cuim.

OnHi MOMEHTH CHI
OyayTh obepratu TiNO 3a
TFOIMHHUKOBOIO .

CTPIJIKOO, 1HINI — MPOTH
Hei. {06 po3pizHsaTu Taki 7 d
MOMEHTH CHJI Mik CO0O0I0, B/M :

B CTAaTHIL BBEJIU NPAGUILO : 0
3HaKi@: MOMEHT CHIIU A
BBa)KAETHCS JIOJTaTHIM,

SIKIIIO cuia mparHe

MOBEPHYTH TLIO pOTH Puc. 3.9. Cuna i utede cuu
X0y TOJTMHHHKOBOL

CTPUIKM 1  BiJI’€MHHM,

AKIIIO BOHA 00epTaE TiJI0 32 XOAOM TOAUMHHUKOBOI CTPUIKH.

Jus  cuctemu 30DKHMX CHJ € CHpPaBeJIMBOI0 TeopeMa
BapinboHa: MOMEHT PIBHOAIMHOI CHCTEMH 30DKHMX CHJI MO0
JOBUIBHOTO 1EeHTPY O JOPIBHIOE T€OMETPUYHIN CyMI MOMEHTIB YCiX
CWJI CUCTEMH BiTHOCHO IIEOTO IIEHTPY

MO(K,)ziMOi(ﬁi)’ (3.8)
i=1
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ne M o(R) — MOMEHT PiBHOJIHOT MOMEHTY CHJI BiTHOCHO LEHTPY

0, M, (E) — MOMEHT CHJM F, BiJTHOCHO LIbOT'O 3K LIEHTPY.

Jis miockoi cucteMu 301KHUX CH reoMerpuyHa cyma B (3.8)
MIEPEXOINTH B anreOpaiuHy

M,(R)= iMOi(F;). (3.9)

MoMeHTOM CHJIM BiTHOCHO OCi 7 HA3WMBAETHCS MPOECKIIiS HA IO
BiCh BEKTOpPa MOMEHTY CHJIM BiJIHOCHO TOYKH, IIO JIS)KUTh Ha OCI.
MoOMEHT cuii BiTHOCHO OCI XapaKTepu3ye OOepTaNbHYy A0 CHIH
HaBKOJIO JIaHOI OCi.

IMaporo cun Ha3WBa€ThCs CHUCTEMa NIBOX CHJI, PO3TAIIOBAHUX B
OJTHIH TUTOIIMHI, SIKI PiBHI 32 BEIMYMHOIO, IPOTIIICKHO HAMPSMIICHI 1
He nexarb Ha opfHiil mnpsamiit (puc.3.10). Ilapa cun He wMae
piBHOAIIHOI. ToMy mapy cuJI He MOXKHA 3aMIHUTH a00 3piBHOBaKHUTH
OJTHIEIO CHIIOF0; 11 MOYKHA 3PIBHOBKUTH TIJIBKU 1HIIOKO TTApOFO.

Ilneye mapu d — HAWKOPOTIIMK BiAPI30K MK JiHISIMH dii CHII,
II0 CKJIQAAI0Th Hapy.

i

F=F

Puc. 3.10. ITapa cun

MoMeHTOM mapu CHJI Ha3MBaeThcs BekTop M (FI,FZ) MOJYJb

SKOTO JIOPIBHIOE JIOOYTKY OJHIET 3 CHN Tapu Ha IUiede Tapw,

HaNpsIMJICHUH TEPIEeHANKYIISIPHO A0 IUIOIIMHM Jii mapu y Toi OiK,

3B1IKM OOEpPTaHHS Mapy CHJI BUIHO IPOTH X0y CTPIIKH TOANHHUKA.
Moysib MOMEHTY HIapu

M(E.F,)=F-d=F,-d. (3.10)
JIBi mapm eKBiBaJICHTHi, SKIIO iX MOMEHTH BEKTOPHO pIiBHI.
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Hacminkom mporo € Tte, mo mapy cui, sika gie Ha ATT, moxna
nepemilaTy y IwiomuHi ii aii, abo y mapaneibHy IUIOUIMHY, MPH
IIFOMY MOXXHa 3MIHIOBaTH MOIydi cui abo Tuiede mapu, aie
30epiraTé BeTMYHMHY MOMEHTY 1 HaIpsiM oOepTaHHS.
[loHATTST mapu cull IyXe BaKJIMBE B MEXaHilll OCKIJIBKH BOHO
3aCTOCOBYETHCSI TIPH BUKOPH-
& o ' CTaHHI PiI3HOMaHITHUX Ba)KEIiB.
Baxine — TBepae Timo, sKe
MOXKe oOepTaTHCs  HAaBKOJIO
HEpPyXOMOi OmopH. Tyt
pPO3TIANAETBCS  Tapa CWl  —
piBHOJIHA TPUKIAICHUX CHII

‘

»

»

[}
Wl Jd L
'

R ~ (17"1,132) 1 peakuis omopu

" N . Baxinp 3acTOCOBYIOTh IS
vE 3MiHM HampsMy 1 3HA4YEHHS
Puc.3.11. Baxeni [ poxy (a) Ta Il CHJIN, HanpuKJani, ISt
F 3pIBHOBQXCHHS BEJIMKOI CHIIM
L Masor. Jlroguna crana BUKOPH-
— HaBaHTAKEHHS, F2 — NIPUKJIafeHa CTOBYBaTH  Bakilb 1I€ B
cua, by, [, — rutedi Baiens JIOICTOPUYHI YacH, IHTYITUBHO
PO3YMiIOUM PUHIIUT HOTO Aii.

Pospizustors Baxkeni 1, II ta Il poxy. B Baxeni I poxy, sxuit e
Ha3WBalOTh BakelneM piBHoBaru, (puc. 3.11) TOYka omopu
po3TalioBaHa MiX TOYKAMH TPHUKIAJaHHS CHI  (HapUKIal,
3aJTI3HUYHMNA UTaroayM, KOPOMHUCIIO Ha TUIeYl, HOXKHII), a CaMi CHJIH
HampaBlieHi B OJHY cTopoHy. Y Baxens Il ponmy, sikuii Ha3uBaroTH
BakKelleM CHJIM, TOYKH TIPHKJIAJAHHS CWJI PO3TAIIOBaHI 1O OJHY
CTOPOHY BiJI OTIOPH, a CHJIM HANpaBJIeHi B Pi3HI CTOPOHH, MPHIOMY
MpUKJIaieHa cujla 3HAXOAUTHCS Aaji BiJ ONOPH HiX HaBaHTaKEHHS
(HampukJan, py4yHa Tadka AJsl IepeBe3eHHs IpyHTy). Baxins III
pony, SKHM Ha3HUBAIOTh BaXKeJEM IIBHIKOCTI, BIAPI3HAETHCS Bij
Baxkens Il poxy TvM, 110 y HUX TOYKa NPUKJIaJaHHS CHIIU ONMXKYe 10
TOYKU ONOPH, HIX HaBaHTa)KEHHs (HANPUKJIAl, CTpiia migidoOMHOTO

KpaHy).

poay (6) : O — nepyxoma omopa, F| 1
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3.4. YMOBH piBHOBAaru B cTaTHIIi

1. YMoBHU piBHOBaru CHCTEMH 301KHUX CHIL.

st piBHOBarm CHUCTeMH 301KHUX CHJI HEOOXIHO 1 JOCTaTHBO,
mo6 piBHOAIMHA CHCTEMH CHJI JOpIBHIOBaNa HYIIO (F€OMETpPHYHI
YMOBH):

R=0,
ab0 cyMa mpOoEeKIlild X CHJI Ha OCl KOOPAWHAT JOPIBHIOBAIA HYITIO

(aHAMITUYHI YMOBH):

Zn:Fix:O; F,=0; > F, =0. (3.11)
i=l1

i=1 i=1

SIKIO BCl CHJIM CUCTEMH 301KHUX CHJI PO3TAIllOBaHI B IUIONIWHI,
Hanpukiag XOY, To A iX piBHOBAaru 3aIMIEeMO Ba PiBHAHHS

YF=0; Y =0.
i=1 i=1

2. YMoOBa piBHOBaru CUCTEMH Map CHII.
[Tapu cu, sIK 3aBrOAHO PO3TALIOBAHI y POCTOPI, IIEpedyBalOTh Y
PiBHOBa3i, SAKIIIO TEOMETPUYHA CyMa IX MOMEHTIB JIOPiBHIOE HYIIIO:

Zn:Mi =0. (3.12)
i=1

Teopema mnpo 3BeleHHSl NOBIJIbHOI CHCTeMH CWJI (OCHOBHA
Teopema cTaTukH): [loBinbHY cuctemy cui, npukiagenux 1o ATT,

MOXKHa 3BECTH JO TOJOBHOTO BEKTOpa cucreMu cui R, skuit
JOPIBHIOE PpIBHOAIMHIA wLi€l CHUCTEMH CHJI 1 TPUKIAJCHUH Yy

JOBUIBHOMY IIEHTpI 3BeaeHHs O, 1 TOJOBHOTO MoMeHTy cuin M ,

SKHH JOPIBHIOE BEKTOPHIH CyMi MOMEHTIB MNPHKIAJACHUX CHII
BiJIHOCHO IICHTPA 3BE/ICHHS:

R=YF i M,=YM,(F). (3.13)
Posriagaemo OerMi BUIIAJAKH 3BC€ACHHA CUJI.

a) R=0; M;=0 — cucrema cun 3piBHOBaXkeHa, TOOTO TBEp/IE

TLJIO T II€F0 TAKOi CUCTEMH CUJI 3HAXOIUThCS Y PIBHOBA3I;
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6) R=0; M,#0 — cuctema cun 3BOAMTBCS 10 MapH CHII,

MOMEHT SIKO1 HE 3aJIeXKHTh BiJl ICHTPA 3BECHHSL.
3. YMOBH piBHOBAar# IOBIILHOI IPOCTOPOBOI CHCTEMH CHII.
st piBHOBaru AOBiTBHOI MPOCTOPOBOI CUCTEMH CHJI HEOOXiHO 1

JOCTAaTHBO, MO0 TOJOBHHMH BEKTOP R 1 TOJOBHHUI MOMEHT Iii€l

cuctemu cunn M|, IOpiBHIOBAIM HYIIIO (F€OMETPHYHI YMOBH):

R=0; M,=0, (3.13)

a00 CyMH TIPOEKIIIH YCiX CHI Ha KOKHY 3 TPhOX KOOPAUHATHHUX OCeH
i1 CyMH iX MOMEHTIB BIiJHOCHO IIMX OCEW IOPIBHIOBAIH HYIO

(amamiTHYHI YMOBH):

> F=0: Y M,(F)
i=1 i=1

=
=

I
2
-

F,=0: Y M. (F)=0. (3.14)

i=1 i=1

4. YMOBH piBHOBAru JIOBiJIHHOI TNIOCKOI CHCTEMH CHIL.

Jis piBHOBaru IOBUTBHOT TUIOCKOT CUCTEMH cH (JIeXKaTh B OJHIN
IUIONIMHI) HEOOX1JHO 1 JOCTaTHHO, MO0 TOJOBHUH BEKTOpP CHII 1
TOJOBHUM MOMEHT IIi€i CHCTEeMH CHJ JIOPIBHIOBAIH HYJIIO
(reomMeTpHYHI YMOBH):

R=0 =0

M,
iFfO;Zn:E.y:o; iM(é):O. (3.15)
i=1 i=1 i=1

5. YMoBa piBHOBary 1miocKoi CUCTEMH MapaieIbHUX CHII.

Jiist piBHOBAru IUIOCKOI CUCTEMH MapaielbHUX CH (JIiHIT mii cr
napajieibHi) HEoOXiIHO 1 JOocTaTHBO, MO0 anredpaiyHa cyma
MPOEKIIH yCiX CHII Ha BiCh, Mapalie)IbHy CHJIaM, 1 anreOpaidyHa cyma
MOMEHTIB YCiX CHJ BIZHOCHO OyIb-SKOi TOYKH Ha IUIOIIHHI
JOPIBHIOBAJIM HYJIIO:
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VF, =0 Y M(F)=0. G16)
i=1 i=1

SIKIIIO BCi cuim napasenbHi oci OY.

_ IIpaBuia CKJIAJAHHS ABOX
R
" napaJjeJbHUX CHII:
Puc.3.12, a. TIpasua 1. Cuin, OJHOHAIIPAMIIEH],

CKJIIaJaHHSA OJHOHAIIPAMIICHUX

HapajenbHUX CHJI napanenbti (puc. 3.12, a):

R=F+F,; F,-AC=F, -BC.
(3.17)
2. Cunm pisHoHanpsimieHi, mapanensti (F, > F)) (puc. 3.12,
0):
R=F,-F;F-AC=F,-BC. (3.18)

3.5. OnopHo-pyxoBa cuCTeMAa JIIOAUHU

3 Touku 30py OlOMEXaHIKM cuUcCTeMa
3a0e3neueH sl pyXy JIOJUHU BKIIOYAE B
cebe CYKyNHICTh KICTOK (CKeJeT, pHC.
3.13) meBHUX pO3MIpiB, Mac, MOMEHTIB
iHepmii, fKi cHoily4deHi MK co0OK 3a
JIOTIOMOTOI0  PI3HUX THUIIB 3’€HAHb, 1

Puc.3.12, 6. [Tpasuina M’s131B, SIKI IPU3BOJATH JI0 PYXY KiCTOK B
CKITANaHHs JMAaHUX  3’€IHAHHSAX 3aBIJKA  CBOEMY
PI3HOHANPAMIICHHX CKOpoYeHHI0. 3a  (opMoOI  KiCTKH

TTapasCIbHIX CHiL HOIIJISIOTE Ha JOBIi, KOPOTKi, IIOCKi a60

OKpYIJi; 3a CTPYKTYpOlO Ha TpyOdacTi,
rybuacti i moBiTpoHocHi. [loBra TpyO4acra KicTka IOKa3aHa Ha pHUC
3.14. YV mnpotieci €BOJIOLIT JIOJAUHM JOBXHHA W TOBIIMHA KiCTOK
301IBIITYBAJIACH 1 KICTKW HA0YJIM BEMKOT MIITHOCTI.

Ckenet nopocioi JoauHu cknagaerbes 3 200 — 214 kicTok, sKi €
MAaCHBHOIO YaCTHHOIO OIOPHO-PYXOBOTO amapary. bijabuiicTs monei
mae 206 kictok (85 mapHux i 36 HemapHUX). Y HOBOHAPOKCHUX
3a3Buvall Onm3bko 270 KIiCTOK, 3HAYHA KUIBKICTh SKHUX € JIyXKe
ManeHbKuMH. Lle poOuTh CKeneT THyYKilMM i JomoMarae AMTHHI
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MIPOWTH Yepe3 POJOBHIA KaHAI. Y Mipy JOPOCTImAaHHS 0arato 3 mux
KICTOK 3pOCTaroThCs.

3a OymOBOIO CKeJNeT JIOAWHU MOMINSETHCS Ha CKENEeT TOJIOBH,
Tyiry0a i KiHIiBoK. CKeJleT TOJIOBH Ha3WBAETHCS YEPETIOM, KU Mae
CKJanHy OyZoBy. Y depeni 3HAXOIUThCS MO30K 1 JIesKi CEHCOPHI

Kuounna

nJe4oBa
KicTka

npoMereBa ) : I P Jonarka
kictka / : » :

JKTHOBA
Kierra

1 — san'acrox
2 — n'acTox
3 — dananrn ] ) Kpiki KicTku

BeJHKOroMin-
KoBa KicTka

CTerHoBa
kicTka

Manoromin-

4 — 3annecko \ HATKOTIHOK xoBa KicTka

5 — nnecro
6 — anTH ’
O—L — b\

©»—[ )

HAZN'ATKOBA KicTKa m'ATEOBA KicTkA

Puc. 3.13. Ckener mroguau

CHUCTEMH: 30pOBa, CIyxoBa, HIoxoBa. [Ipu 3aHATTIX (I3UUHUMHU
BIIPaBaMU BEJUKE 3HAUCHHS MA€ HASBHICTh OMOPHHUX MICIlb Yeperna —
KOHTPQOPCIB, SKI IMOM’SKIIYIOTh IOIITOBXH 1 CTpycH Tpu Oiry,
CTpUOKax.

besnocepenHpo 3 TynyOOM dYepen 3’€IHYETBCS 3 JIOMIOMOTOIO
IBOX MEpHIMX MMUHHUX XpeOuiB. CkeneT TyiayOa CKIagaeThCs 3
XpebeTHOro CToBMa 1 TpPymHOi KINTKH. XpeOeTHUH CTOBI
cknanaeTbes 3 33-34 xpeOuiB 1 Mae m'sATh BiAAimiB: mwitaui (7
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xpe61iB), rpynuuit (12), monepexoBuit (5), KprkoBuil (5 3poImIeHnx
XpeOIIiB) 1 KynmpukoBHii (3ponieHi 4-5 xpebuiB). 3’ eaHaHHs XpeOIIiB
3MIUCHIOETBCS 32  JOIOMOTOI0  XPSIIOMOMIOHHUX, e€IacTHIYHUX
MDKXpeOIeBUX MAWCKIB 1 CYrJIo0OBHX BiAPOCTKIB. Mixkxpebiesi
JMCKH 30UIBIIYIOTh PyXJHBiCTh XpeOTa. YumM Oinmpiua iX TOBIIMHA,
TUM BHWIA THYYKICTh. SIKII0O BUTMHU XPEOSTHOTO CTOBMA BUPAXKEHI
CHJIBHO (TP CKOITi03aX) PYXJIUBICTh TPYIHOI KIIITHHH 3MEHIITYETHCS.
[Inocka abo oxpyrima cmmHa (ropOara) CBIAYUTH MPO cIaOKiCTh
M’5I31B CITUHHU.

B oOCHOBHHWI1 cKkeneT BXOAWTH 1 TPyAHA KIITKA, KA BHKOHYE
3axUCHY (YHKIIIO I BHYTPINIHIX OpraHiB 1 CKJIAaNa€eTbes 3
rpymuan, 12 map pebep i ix 3’egHanb. Pebpa — me mtocki
JIyTOMOAI0HO-BUTHYTI JIOBTiI KICTKH, SIKi 3a JIOTIOMOTOH) THYYKHX
XpAMIONONIOHUX ~ KIHIIB TPUKPIIDIIOIOTECS 10  TpyauHU. Bci
3’€HaHHS pedep AyXke eNaCTUYHI, [0 MAa€ BAKJIMBE 3HAYCHHS JUISI
3a0e3neUeHHST TUXaHHSI.

ON: L bymnosa mosroi 04acTol KiCTKH
emidizapHmi i G
XSl \ Tio (madis)

A g o

I'OJIOBKAa

(emihiz)

KOMIIAKTHA
PpEUOBHHA
ry0gacTa pedoBHHa | _ | .
- B . JKOBTHH KICTKOBUH

YepBOHHMI KICTKOBHHA MO30K MO30K

OKICTA

Puc. 3.14. BynoBa noBroi Tpy04acToi KicTKH

CkeneT BepxHBOi KIHIIIBKM YTBOPIOIOTh IUIEHOBHU TMOSIC, SKHM
CKJIQJIA€ThCS 3 JIOMATOK 1 JIBOX KJIIOYHIb, 1 BiIbHA BEPXHs KiHIIIBKa,
sIKa BKJTFOYAE TIIEYE, IEPEATUIiaYs 1 KUCTh.

CkeneT HIWKHBOI KiHI[IBKM YTBOPIOIOTh Ta30BUH TMOSC, SKHMA
CKJIQJIa€ThCS 3 JBOX Ta30BMX KICTOK 1 KPMXKIB, 1 CKEJET BUIbHOL
HWXHBOI KiHIIIBKY, KU BKITIOYA€ CTETHO, TOMLJIKY 1 CTOITY.

Kictku ckenery Mixk c000H0 MOXYTh 3’€IHYBaTHCh TpPhOMa
MOXUTHBHME criocobamu (puc. 3.15):

HepyxoMumu 3 €OHAHHAMU, Y SIKAX MK KICTKaMH € TIPOIIapoK
CIOJYYHOI TKaHWHHU YU Xpsla, ado YTBOPIOETHCS KICTKOBHM IIOB.
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llinmHa abo MOpOKHWMHA MK 3’€THAHUMH KICTKaMH BiJCYTHI
(Hampukian — xpeOLi Kynpuka ado KiCTKH yepemna);

Hanigpyxomumu 3’ €OHAHHAMU, SKI MalOTh HEBENHWKY IIUTHHY B
XPAIIOBOMY a00 CIOIYYHOTKAHHHHOMY IMPOIIAPKY MIXK 3’ €THAHIMH
KicTkamMd  (HampUKIaj, XpsAMIOBI TPOLMIapKd MK  XpeOusmu
3a0e3MeuyloTh THYUKICTh XpeOTa);

Pyxomumu 3’eOnannsamu, abo cyznobamu, siKi XapakTepU3yIOTHCS
HasBHICTIO MK KiCTKaM{ TIOPOKHHHH Ta CHHOBIaJIbHOI MeMOpaHw,
10 BUCTHJIAE 3CEPEIMHM CYTIIO0HY Kancyy (puc. 3.16).

OCHOBHMMHM BHIaMHU pPyXiB, sKi 3a0e3nedyroTh cyriodu, e:
3TWHAHHS - PO3THHAHHA, BifABeNEeHHS (HA30BHI) — TIPHUBEICHHS
(Bcepenuny), obepraHHs (MOBOPOT HA30BHI i BCEpelUHy) i KPYroBi
pyxu (B IUIEYOBOMY, Ta30CTETHOBOMY, IIPOMEHE3aIl ICTKOBOMY
cyrnob6ax). CymapHO B OpraHi3Mi JIOAWHH HapaxoBYeThcs Ot 150
3’€IHaHb, SIKi € CYTI00aMH.

Tunu 3’ €AHAHHA KiCTOK

a~ v A
HepyXoMe HarniBpyXxome pyxome
(wmoB) (cyrno6)

cyrnobosa
roioBKa
7 KiCTKa

cyrno6osa
cyMKa

<} >xuposa
rianiHoBui
XPpSLL

cyrnoGoBa
piavna

gepen xpebeTt KOJIIHHUH cyrno6

Puc. 3.15. Tumnu 3’eHaHHA KiCTOK

B opranizmi jogauan € 639 m’s3iB. HaliMacuBHIIIMI — BETHKHI
CIIHWYHUI M’s3, a HaliMEeHIIWH — cTpeMiHHHMH. 3arajgbHa Maca
cKeneTHol Myckynatypu ckimagae 40% wmacu Tina. IlomepeuHo -
CMYTacTi CKeJeTHI M’S3M — Il aKTHBHA YaCTHHA ONOPHO-PYXOBOTO
arapary, sika IpUBOJIUTH B PyX KICTKOBI JIAaHKHU 3a JOIIOMOI'OK CHIIH
HaTSTy, SKa BUHHUKA€ TPH CKOPOYEHHI M’s3iB. YTNpaBIiHHSI LUM
KICTKOBO-M SI30BHM amapaToM pyXy 3IiHCHIOETbCS IIEHTPATbHOIO
HEPBOBOIO CHCTEMOIO.
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Jiis BHBUEHHS MeEXaHIKM PyXiB J>KMBOTO OpraHi3My 3a3BHYAl
OyayroTh HOro Moaenb — OiOMEXaHIYHy CHCTEMY, sIKa BKIIIOYA€e
OCHOBHI BIIACTUBOCTI BHKOHAaHHS HEI pyxoBux ¢(yHKmiA. Taka
CHCTeMa JJIsl BUIINX CCAaBIIiB BKIIIOYAE B ceOe OioKiHeMaTH4YHY napy
— CHOJYYEHHS ABOX KICTOK, BIJHOCHHH pyX SIKUX BH3HAYA€THCS
TUTIOM 3’€HAHHS Ta KEPYIOUUM BIUIMBOM BIAMOBITHHX M’S3iB. Y

«f‘: %

IImockmii CimmonomioHuit Kynsactnit  Braoxonomioauit

2

$2 v
RN L

g

Puc. 3.16. Bunu cyrio6is

TaKkWX Hapax 3’€AHaHHsS ABOX JIAHOK 3/IMCHIOIOTHCS TaKHMM YHWHOM,
o0 CTBOPUTH JIMINE Harepen 3anaHi (Bu3HadeHi) pyxu. KinmbkicTs
MOKJIMBUX BHUJIIB PyXiB OfHI€] Ol0KIHEMaTHYHOI Mapy BU3HAYAETHCS
i1 KITBKICTIO CTYIIEHIB BiJIBHOCTI.

biokinemaTu4Hi mapu 3 0OHuUM cmyneHem BITBHOCTI € HACTYIIHI
cyrnobm: 1iede, IKTBOBUH cyrmo0, Mmikdanmanrosi cyriobu
NaJbIliB, COWICHIHHS CTOIHU 3 BEJIMKOIO OEPIIOBOIO KiCTKOIO.

BbiokinemaTuyHi mapu 3 deoma cmyneHsamu BUIBHOCTI € HACTYIIHI
CyTJIOOH: KONIIHHUM Cyrino0 (SIKuil MOXKe 3TUHATHCH 1 PO3THHATHCH, a
TaKOX JIOMYCKAa€ HEBEJIMKUH IIOBOPOT TOJICHI BIJHOCHO CTETHA),
3aIl’SICTHO-TI SICHUH CYTJIO0 BEJTMKOTO TalbIlsl KHCTI PYKH 1 JIesKi
iHTII.

BiokinemaTnuHi mapu 3 mpboma cmyneHsMu BIIBHOCTI €
IapoNoJiOHI CYrfoOH, y SKHX MOXJIHMBI PyXH Yy HACTYIHHUX
HanpsIMKax: MOBOPOT; NPUBEACHHS 1 BigBeAeHHS Yy (QpPOHTANBHIH
IUIOIIMHI; 3rMHAHHA Ta PO3TMHAHHA. TakuMHM Cyrinobamu €:
MJICYOBHUH, TA30CTETHOBHI.

HafinpocTtimoro wMozemwro 0ioMeXaHIYHOI CHCTEMH  JIOIMHH
BBaXkaeThCsl mapHipHa mozaenb O. Dimepa (puc. 3.17), B dKii
JIIOJIMHA PO3IJISAAEThCSA K IEeBHA OOMEXKEHa KUIBKICTh TBEPAHMX
LHUTIHIPIB, 3’ €HAHUX 3a IOTIOMOTOIO IIAPHIPIB.

3arajioM B JIOACBKOMY OpraHi3Mi HapaxoBYe€TbCs OMU3bKO 33
cyrio0iB 3 TprOMa CTYIICHSAMH BiIbHOCTI, 29 — 3 mBoMa i 87 — 3
onHiero. CyMapHO Cyrjio0u Tija JIOIUHH BOJIOIIIOTE 244 CTyIEeHIMU
BIJILHOCTI.
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biokinemaTtn4Hi mapu CkeneTy 3 €IHaHI MDK c000r0 B Oioki-
HEMaTHYHI JIAHIFOTH. B 3alie)kHOCTI BiJl TOTO, AKi KIHEMaTHYHI Mapu
MIPUCYTHI B JIAHIIOTY 1 SIK BOHW PO3TAIIOBaHi, PO3PI3HAIOTH TUIOCKI i
MIPOCTOPOBI KIHEMAaTHHI JIAHITIOTH. Y TUIOCKOMY JIAHITFO31 BCi JTaHKH
pyxarTbcsi B oiHIH abo mapanenbHuX miomuHax (puc. 3.18, a, 0).
KIHEeMaTUYHHN JIAHITIOT,
JTAaHKA SIKOTO
YTBOPIOIOTh 3aMKHYTHI
KOHTYp,  Ha3WBAa€ThCS
3aMKHYyTUM (puc. 3.18,
0, T), KOO0 KOHTYp HE
3aMKHYTHH, JIAHIIFOT Ha-
3UBA€TbCS  HE3aMKHY-
TaM abo0  BIAKPUTHM
(puc. 3.18, a, B). VY
TPaJULIHHUX MEXaHi3-
Max 3a3BHYail BUKOPU-
CTOBYIOTBCS  3aMKHYTI
KiHEMAaTHYHI JIaHIIOTH,
BIIKDUTHMH JIAaHITIOTA-
MU € OilOKiHeMaTH4Hi
JIAHIIOTH CKeJIeTy JTio-
JIUHH.

Jlerko MoxxHa TOpa-
XYBaTH KiNBKICTh CTY-
MEHIB BUILHOCTI JUIsl OKpEMUX OlOKIHEMAaTHYHHUX JIAHIFOTIB CKENETy
moaunu. Hanpukman, pyka mae 18 pyxomux cermenrtiB i 27

a) c 6) ‘
A
D
A8 A GO
5) A

B c @

Puc. 3.17. llapnipna mozgens ®imepa

sl t

Puc.1.2

Puc. 3.18. KinematuuHuii JaHLIOT: a) BiAKPUTHUIL, IIIOCKUI; ) 3aMKHYTHIA,
IUIOCKHI; B) BIAKPUTHIL, IPOCTOPOBHIA; I') 3aMKHYTHH, UIOCKHIA

95



CTYTIEHIB BiJIbHOCTI.

VY ckenerax TBapuH 1 JIOOUHH BCi OlOKiHEMAaTHWYHI MapH €
BaKEJSIMHA. Y KOTIB KpPIM KiCTOK CKEJIETy BaKEISIMH € PyXOMi KirTi, y
O0aratboXx puO — KOJIOYKH CIIMHHOTO IUTaBHHWKA. barato BakeniB
MO’KHA 3HAWTH y TiMi KOMaX, NTaxiB, BOHU € 1 B pOCHHH. THUIOBHIA
BaXiJIb — CTOBOYp ZiepeBa i HOro MpoJOBKEHHS — KOPiHb.

KictkoBi Baxkedni, siKi 3’€AHaHI PyXOMO y cyriio0ax, MOXYThb MiJ
TI€I0 TIPUKIIAACHIX CHIT 30epiraTH MOJI0KEHHS 1 3MIHIOBATH HOTO.

Jns mpuxnany, po3TJIIHEMO MEpeNIulivyus JIOJUHUA SK OJUH 3
BuaiB BaxemiB (puc. 3.19). Cuna Hatary m’s3a F' mpuKiIajieHa o
KOPOTKOTO Tuleya ¢ Bakens (Touka omopu O — JNKTHOBHHA CyTiio0).
HaBanraxxennst R — Bara
Tila, SIKe 3HaXOINUTHCS B
KHCTi, — PUKJIaIEHE 0
JIOBIOI'0 mieya b.
O0uBI CUIIN
3HAXOAATHCSL IO OIHY
CTOPOHY BiJl  TOYKH
ONopH, OTKE JaHUU
Baxinp € Baxkenem Il
pony. Tyt HE
BPaxOBYETHCS cuna
TSOKIHHSL CaMOro TMepeIuTivdsi, MPUKIaJeHa 10 HOro IeHTpa Mac.
Tomi, yMOBOI0 piBHOBAarm MAaHOTO Baxels OyAe PiBHICTH MOMEHTIB
MPUKJIAJICHUX CHJI BITHOCHO TOYKH Oropu 3rijHo (3.18)

F-sina-a=Rb. (3.19)

Hexait, nns copouienss, o = 72'/ 2,1omi sinax=1.

va

Puc. 3.19. Baxinp MBUIKOCTI

Ockinbku Tpu 0oOEpTaHHI BaXKedsl KyTOBa MIBHJIKICTH () BCIX
HOro TOYOK OJTHAaKOBa TO 3riHO (1.28)
19 19

mina_ _ ~mA3 s (320)
b a
mge U,.. — WBHIKICTb PyXy KHCTI 3 TiIOM, U, . — LIBHIKICTH

ckopoueHHss M’siza. I3 cmiBBigHOmeHs (3.19) 1 (3.20) moxHa
OTpUMaTH

b b
F=R—iv,, =0, .—. (3.20)

M3
a
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[Ipu a < b Baxins mporpae B cwm (F > R), ane guepac 8 weuokocmi
MepeMimeHHs BAHTaXY (U

i = U, ) 1 HABUBAETHCS TOMY BajKeJIeM
IIBHIKOCTI.

XOpomyM TPHUKIAJ0OM BaKENS IIBUIKOCTI € HIDKHS INEJIerna.
Hitoua cuma F y Hifl 3A1HCHIOETHCS XKyBaIBHUM M si3oM. [Ipotwmmi-
toya iif cuna R — omip TBEpAOT 1Ki, SIKa PO3AABIIOETHCS 3y0aMu — Jie
Ha 3yOm. Ilnede mpukmagaHHs [it040i cHIM Habarato KOpOTIIE
Uieda TPHUKIAJAHHS MPOTHIIIOYOl CHIM, TOMY >KYBaJbHUH M’s3
KOpOoTKHH 1 cunmbHuE. Komm moTpiOHO poO3rpu3TH MIOCH TBEpIE,
JMIOAMHA i€ KOPIHHUMHU 3y0aMu, 3MEHIIYIOYHM IPH [BOMY IUIeYe
CHJIH OTIOpY.

I[Ipu @ > b Baxine Burpae B cwii (F < R), ame npoepae &

weuoKocmi TepeMilIeHAs BaHTaxy (U < U, ,) 1 Ha3UBAETHCA

miuia MA3

TOMY BaskeJieM CHJIH. [IpHKIIaoM Takoro BaXKEJs € CTOIA JIFOIUHU
npu BcraBaHHI Ha nanbil (puc. 3.20). Le takox Baxins 11l poxgy. ¥V
LOMY BHIMAAKY OMOpor O BaxKems CIyXKaTh TOJOBKH ITJICCHOBHX
KICTOK; CHIIa TsDKiHHS R Tila mpukiajieHa 0 TapaHHOI KICTKH, a
M’si30Ba cuyia F, 110 3AIHCHIOE MIiJHOM Tifa, MEepelacThes depes
AXIITIOBE CyXOXKWIUIS 1 TIPUKJIa/IeHa JI0 BUCTYITY 11’ ITKOBOI KiCTKH i
OCKUIBKH a > b 10 F < R.

Baxeni B )kuBUX OpraHi3max JaloTh BUTpall y cwii. Hanpuknarn,
JIOBT1 HOTH OJIEHS JAOTh HOMY MOJIMBICTH IIBUIKO OiraT, KOPOTKi
JIaM KpOTa pO3PaxOBaHI Ha 3aTpaTy BEJIMKHX CHJI 33 MaJiol
MIBUAKOCTI, JOBII IEJNENM MMCIMBCLKHX CO0AK J03BOJSIOTH IM
MIBUIKO CXOOWUTH 3400MY IIij
yac Oiry.

[MomiOHUX BaxenmiB y Tl
MIOAUHU  OIIBIIICTh, aie € i
Baxem | pomy, Hampukian,
gepen (puc. 3.21), 1o pos-
IJIA1a€ThC B cariTalbHIN IUIO-
muHi. (CariTaabHa IUION[MHA
po3TalioBaHa B IEPEAHBO-
3aAHpOMY  HampsMmky. Cari-
TanbHi IUIOMmKHI (ysBHI) mpo-
XOJISITh BEPTUKAIBHO CIIEPEy
Ha3aa y340BX TUTa; TIUIBKH Puc. 3.20. Baxins cumu
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CEepeIMHHA cariTajbHa IUIONIMHA IIUTh WOrO Ha IIBI CHMETPHYHI
monoBuHM). TyT Bick 00epTaHHSA MPOXOAWTH UYEPE3 3WICHYBAHHS
gyeperna 3 TMepmnM XpedieM, poib CHiIM omopy R Bimirpae cuma
TSDKIHHS, SIKa TPUKIaJeHa A0 [eHTpa Mac uepena, a F — cuiia HaTsIry
M’S131B 1 CyXOKHUITb, MPUKPIMICHUX 0 MOTHINYHOI KiCTKH.

SIKIO  pO3IIISAATH CKEJNeT SK CYKYIHICTh OKPEMHX JIaHOK,

3’€qHAHUX B OOWH oOpra-
Hi3M, TO BHUSIBUTHCS, IO
BCi Il JIAHKK TIpH HOP-
MAJIBHIA CTIALI JIFOMUHU
YTBOPIOIOTH CHCTEMY, IIO
3HAXOJUTHCS y HECTIHKIH
piBHOBa3i. Tak, omopa
Tyay0a mpeJCcTaBlICHa KY-
JLOBUMHU MTOBEPXHAMHU
Ta30CTETHOBOTO  3UJICHY-
BaHHs. llenTp Macu Ty-
my6a po3TamioBaHW BU-
e ONOpH, IO MpH Ky-
JBOBIM  OMOpPiI  CTBOPIOE
HECTiliKy piBHOBary. Te

Puc. 3.21. Baxins 1 pony

K BIJHOCHUTBCA 1 JO KOJIHHOIO Ta

TOMIJIKOBOCTOITHOTO 3’€[HaHb. Bci 1i aHkK mepeOyBaloTh y CTaHi

HECTIKOi piBHOBAry.

LenTp Mac Tija JIOAWHA TPU HOPMAaJBHIN CTIHI pO3TamoBaHMMA
SIKpa3 Ha OJIHIM BEPTUKAJI 3 EHTPAMH Ta30CTETHOBOTO, KOJIIHHOTO 1
TOMIJIKOBOCTOITHOTO 34WIEHYBaHb HOTH, Ha (2-2,5) cm HIDKYE MHUCY
KpuxkiB 1 Ha (4-5) cm BUIlle Ta30CTErHOBOI oci. TakuMm 4WHOM, Iie
Jy’Ke HECTIMKHI CTaH 3 €JIHaHHSA JIAHOK CcKeleTy. Bes cucrema
TPUMAETHCSA B PIBHOBA3l, TUIbKM 3aBIIKU IOCTIHHIA Hampysi y
M’s13aX, SIKl MIATPUMYIOTh CKEJIeT.
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Po3aia 4. Mexanika piTuHHUX Ta ra30BUX MOTOKIB

Pimnna, TycTHMHa $KOi He 3aJie)XKHTh BiJ] 30BHIIIHBOTO THCKY,
HA3WBAETHCS Hecmucaugorw. 1iopomexanixa BUBYaE PiBHOBATY 1 pyX
HECTHUCIUBUX PIIUH Ta B3aEMOJII0 3 3aHYPCHUMHU B HUX TBEPAUMH
TiJIaMH.

INimpomexanika MOAUIAETHCA HA TIAPOCTATHKY Ta T1APOJUHAMIKY.
3akoHW piBHOBarM piauH (TEOpis pIBHOBArM BOAHM B OKEaHax,
MOBITPs B aTMocdepi, Teopis MIaBaHHS Ta CTIMKOCTI IIaBalOYUX Ti,
TOIIO) BWBYAE cZiopocmamuxka. KiHEMaTHKy pIAKHX CepeaoBHII,
3aKOHU PyXy ifieasibHO 1 B’S3KO01 PiAMHU 1 il B3a€EMOJiIO 3 TBEPAUMHU
TiJaMu, iHIIMMU piinHaMu a00 ra3aMH BUBYAE 2i0POOUHAMIKA.

4.1. 3ak0oHU TiAPOCTATHKH

B rigpomexaHimi pigMHU 1 ra3u poO3IJSAAOTHCS SK CYIIbHE
CepeloBHINle, IO pPIBHOMIPHO  3allOBHIOE TIEBHHHA  00’€M.
Hanpyxenuii cTaH Takoro CYIUIBHOIO CEPEJOBHUINA MOXKHA
XapaKTepu3yBaTH 3a JIONOMOTOI THCKY. Y BHUIAQJKY pPiBHOBard B
CEPeIOBHIIII MUCK JOPIBHIOE BEIMYHHI B3SATOI 3 00CPHEHHM 3HAKOM
HOPMaJIbHOI HANpyrd Ha JOBUTRHO OpIEHTOBaHIA B NaHId TOYII
TLTOIIA I

P=-0. “4.1)

CepenHs BeIMYMHA THUCKY Ha JESKYy IUIOHMAAKY JOPIBHIOE
BiJTHOIICHHIO CEPEJHHOTO 3HAYEHHS HOPMAJBHOI CKIIQJOBOI CHIIH,
10 Ji€ Ha TUIOMIAAKY, /IO TUTONII Ii€l TIOMa KK

poAL
AS

Tuck Bumiproetnest B cucreMi Cl B mackansax (//a). OnuH mackaib
— IIe TUCK, SIKHH CTBOPIOETHCS CHIIOIO B 1 H, 10 i€ HOPMaIbHO JI0
mIomaaky 1 M1 Ia=1HwW = 0,102 Kec/m>. BuxopuctoBytoTbcs
TaKOX HacTymHi oguauii: 1 kec/m” = 1 am = 9,81 ITa; 1um.pm.cm.
(Imopp) = 133,322 I1a.

B TeopetnuHiii rigpoctaTuili 1 ONMUCY HECTUCIMBOI HEPYyXOMOT
piIuHA BUKOPUCTOBYIOTH piBHsIHHA HaB’e — CTokca:

(4.2)

%gradP = % , 4.3)
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ne P — THCK, SKWH /i€ Ha €NeMEHT pIANHH Macol m 3 OOKy

30BHIMHBOI cunu F', p —rycTHHA piguHM.

[Ipu BigCyTHOCTI 30BHINIHIX CHII (1’3 = O) piBastHHS  (4.3)
Brupaxkae 3akoH Ilackans: THCK y BCiX yacTHHAX 00’eMy piauHH 200
ra3y OJTHaKOBHUI (p = const) 1 6e3 3MiH mepeaaeThCsl y BCI TOUKU
00’eMy. SIKIIO €MHOIO CHIIONO, IO /i€ Ha PigUHY, € CHIa TSDKIHHS,
HampaslieHa B370BXK oci OZ, To piBHAHHA (2.3) MOKHA TIepenucaTh y
BUTIAIL

dpP
= = pg. 4.4
b (4.4)

BizbmeMo iHTErpanm 3 ocTaHHBOTO BHpasy Bin z=0 (HmOBepxHs
piauHn) 10 7 — MIUMOWHU, KA BiIPaxOBYETHCS Bif MOBEPXHI B
HaAMpPSIMKY IPUCKOPEHHS g .

P z
[ap= [ pgaz. (4.5)
Py 0

IaTerpyBanHs BH3HAYae, IO B OJHOPIJHIA HECTUCIIUBIH
HEPYXOMIiH PiJIHI THCK 3pOCTAaE 3 TIIMOMHOIO 32 JTiHIHHUM 3aKOHOM

P=P,+ pgz, (4.6)
ne P, — tuck Ha nosepxHi z=0 (306niwmnili
THUCK). Bupas o244 HA3MBAETHCS

2iopocmamuyHuM TUCKOM.

= HepiBHOMipHHI pO3MONIN THUCKY B PiJIHHI
ll abo rasi CTBOPIOE 2i0pocmamuuny niouoMHY
cuny (BUIITOBXYBaJlbHA CHJIa, cuiia ApXximena),
sKa i€ Ha Tija 4acTKOBO ab0 IMOBHICTIO B HUX
Puc. 4.1. Cuna 3aHypeHux. lld cuna BU3HA4YaeTbCAd 3aKOHOM
Apximeria Apximeaa: Ha TiJIO 3aHypeHe B piguHy (a0o ras)
(puc. 4.1) gie cuma, sKa HampsMIIEHA
BEPTUKAIBHO Bropy, NPUKIaAeHa OO LEHTPY TSLKIHHS BUTHCHEHOTO

00’eMy 1 UnCeNBHO piBHA Ba3l BUTHCHEHOI PiIMHU (ra3y)

F,=p,8V,, 4.7)

ne p, —TycTHHa pijuHu abo rasy, V, —00’eM BUTHCHEHOT piluHu

abo razy.
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SIkiio cuna TSOKIHHS mg MEHIIa BHIITOBXYyBanbHOI cumu F,, TO

Tio OyAe cCIUIMBaTH Ha MOBEPXHIO IOTH, JOKH Bara BHUTICHEHOI
3aHYpPEHOI0 YaCTHUHOIO TiJla PiJMHU HE CTaHEe PIBHOIO CHIII TSDKIHHS,
mo fgie Ha Tino. Skmo mg>F, — Tino mortowne, Axmo mg=»F, —
Tiji0 Oy/e BUTbHO IJIaBaTH BCEPEIUHI PiAMHM.

TxaHMHU MOPCBKHX TBapHH (M’SI3U Ta KICTKH) MICTATH OUIKU Ta
HEOpraHiuHi peYOBUHH, Yepe3 1o 1X rycTuHa Bapitoe B Mexax (1060
- 2000) xe/m’. Jins 3abe3nedeHHs IUIaBy4OCTi TBApHH T'yCTHHA iX
TKaHUH TIOBUHHA HE CWJIBHO BiAPI3HATHCH BiJ 3HAYEHb T'YCTHHHU
Mopchkoi Boau. lle 3abesmnedyeTbcs pedOBUHAMHM 3 HEBHUCOKUMU
3HAYCHHAMH IycTHHH: xup (930 xo/m’), CKBaJIeH Ta BOCKOBI edipn
(860 xe/n’), rasu (=0 ke/at’).

3Ha4yeHHsT TYCTHHH OIlOJOTiYHMX PIIUH 1HKOJIH  MOXYTb
BUKOPHCTOBYBATHCS SK JIarHOCTUYHI KpHUTEpil CTaHy OpraHizmy
(Tabmurs 4.1).

Tabnurs 4.1
3aneKHICTh TYCTHHH XKOBYi BiJl CTaHY 340POB’S
CraH 310poB’s T'ycruna, ke/m’
Hopma 1008+ 0,2
XPpOHIYHHIA XOJaHTIOreNaTHT 1004+2,0
[upo3 neyiHku 1001+ 0,6

4.2. [loBepxHeBHii HATAT PiTUH

PinuHN 3aiiMaroTh 3a CBOIMH
BIIACTHBOCTSIMHU MPOMiXKHE
CTAHOBMILE MK rasamMu 1
KpucTajiaMu. 30Kpema, piguHa
SIK 1 KpUCTaliyHe Tino, 30epirae
00’eM, aje moaiOHO 10 rasis, He
30epirae cBoei Qopmu. Jlns

Puc. 4.2. HanipsiMOKk i BelmMumMHA CUIT

B3a€MOJIii MONIEKYITH Pi/IUHHY 3 KpHUCTAJIITHOTO crany
CYCiIHIMH MOJIEKYIAMU XapaKTECpHE YIOPSAKOBAHE
pO3TanIyBaHHs 9aCTHHOK

(aTomiB 200 MONEKyI), a IJIA Ta3iB — XaoTW4yHEe. B po3TamryBaHHi
YaCTUHOK PIIMHH CIIOCTEPIraeThcs TAK 3BAHUN ONIKHIN MOPSIOK —
Il YNOPSIKOBAHE PO3TALIyBaHHS II0 BITHOIICHHIO 1O JOBLIBHOI
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YaCTHHKH HAWOMMKYIMX 10 Hel cycimiB. B kpucramiuamx Timax mae
MicIle JaneKui MOPSIOK — BIOPSAKOBAaHE PO3TAIIyBaHHS YACTHHOK
10 BIIHOIICHHIO IO AOBUIBHOI YaCTHHKH CIIOCTEPITAETHCS B MEKax
3HaYHOTO 00’eMy. B KpHCTamigyHUX Tijlax YaCTHHKH KOJHBAIOTHCS
Ol TONOXKEHHSI PIBHOBAarM — BY3JTIB KPUCTANIYHOI PELIiTKH.
Monekynd pigMHH SK 1 YacTHHKM TBEpAOrO Tijda TaKOXK
KOJIMBAIOTHCS OIS TOJOKEHHS PIiBHOBArW, ajie I IOJOMKEHHS I
MOJIEKYJT piAMHA HE € TocTiHHUMH. Yepe3 MAeIKWi dYac, SKHHA
HA3UBAIOTh YacOM  «OCIJIOTO JKUTTS», MOJIEKyla CTpHOKOM
MEPEeXOIUTh B HOBE IIOJIOKEHHS pIBHOBarWM Ha BIJICTaHb pPiBHY
cepemHiil BiAcTaHi MK CyCiIHIMH MoOJIeKynaMu (HampuKiIam, s
o ~ 3-107"" ).

Cunm B3aeMoOmiii 3MEHIIYIOTHCS 13 30UTBIICHHSAM Bigmali Mix
MOJICKYJIaM{, TOMY KOXXHa MOJIEKyJa PIIUHHM B3a€MOJIE JIMIIE 3
MOJIEKYJIaMH, 1[0 BXOJAATH B TaK 3BaHy cepy MOIEKYISpHOT [ii.

KoxHa Monekyna 3a3Ha€ NMPUTATAHHS 31 CTOPOHU HAHOIMKYMX
CYCiJliB, IO 3HAXOAATHCA B MEXaxX c(hepr MONEKYISApHOI mii, EHTp
SIKO1 CIIBMANa€e 3 JIAHOK MOJEKyNor. PiBHOmiNHA BCiX cuim s
MOJICKYJIM, IO 3HAaXOAWUTHCS BCEPEOUHI PIJANHU B CEPEIHBOMY
nopiBHIOE Hymr. PiBHOmIiHA CHWJI TPUTATAaHHSA, $Ki JiIOTH Ha
MOJIEKYJTy, IO 3HaxXOOUTbCA B IIOBEPXHEBOMY WIapi piauHH,
HanpsiMIIeHa BcepeauHy piauau (puc.4.2). Tomy noBepxHeBHU mIap
PIAMHYU Ma€e MEHIITy KOHIIGHTPAI[iI0 MOJIEKYJI, HiX BHYTPIIIHIH, TOOTO
BUHHUKAIOTh NEPEIYMOBH CKOPOUYCHHS IUIOIII MOBEPXHEBOTO MIapy.
Take sBumie HaOyTTsS BIAKPUTOI TOBEPXHI pIAMHU CcTaHy 3
MiHIMaITbHO MOXKIIMBOIO IIJIONICIO TOBEPXHI HA3UBAIOTh HOBEPXHEGUM
namszom. Cepex ycix ¢iryp meBHOro o0’eMy HaliMEHIIY IUIOLLY
noBepxHi Mae Kyns. Tomy Kpauisg piguHH, Ha Ky HE JilIOTb
30BHIIIHI CHJIHM, BHACIIIOK MIOBEPXHEBOTO HATSTY NpPUIMae KyJsICTY
¢opmy. Kpammmau pinuHHM, A0S SKUX POJb CHIM TSOKIHHA Mana,
IificHO MpUHMaroTh GOPMY KYJIbOK.

BHacIizlok MOBEPXHEBOTO HATATY IOBEPXHS PIJIVMHU YTBOPIOE
HiOH e opMOBaHy TUTIBKY, B SIKii BAHUKAE CHJIA, 110 «HAMATAEThCS)
3MEHIUTH ii Twiomry. L{r0o cuily Ha3MBaIOTBH CuUn0i0 NOBEPXHEBO2O
namsey F,,. BoHa chnpsMoBaHa B3IIOBX IIOBEPXHI PiAMHHU
TIEPIICHANKYJISIPHO 70 MEXi ITi€l IMOBEepXHi. EKCrepuMeHTAIBHO
JOBEICHO, IO 3HAYEHHS CHJIM MOBEPXHEBOTO HATIATY MPSMO
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OpPOMOPIIIHHE TOBXHHI KOHTYpY [, SKHil OOMEKXYy€e TIOBEPXHIO
piovHH.

F, =al (4.8)

KoediuieHT @, mo 3anexuTh BiJ NPUPOAN PiTUHH, HA3UBAETHCS

Koegiyicumom noeepxnesoco namsey (ab0 TPOCTO HOBEPXHEGUM
namsieom). 13 criBBigHOMEHHS (4.8)

o . .,

o o © 7 ollosepxuesuii BHJIHO, 11(0) Koegiyicnm
o © ooo map nOBEPXHEB020 HAMAZY ( IUCCIHHO
0% % o 8 NIOPIBHIOE  CHJII, NPUKIAfCHIH 10

OOo % % o© o OJMHHIIL JOBXUHA Kparo

0 00 0 02 Buyrpimmiii MOBEPXHEBOI IUTIBKU PiIMHH.

o0 o0 o0o0© map

3 HiABUIICHHSAM TEMIIEPaTypu «
3MeHmyeTbcs. llpu  HaOmmxeHHi
pIAMHU 110 KPUTUYHOTO CTaHy
KOoe(illi€eHT TOBEPXHEBOTO HATSTY
npsamye 1o Hyiasa. Kputuunuil cran
XapaKTepU3yeTbCsl  KpUTHUHOIO  Temmeparyporo.  (Kpurtnuna
TeMIeparypa BH3HAYa€Thcs SIK TEMIepaTypa, MpH SKili 3HUKAIOTh
BiIMIHHOCTI B (Di3MYHUX BIIACTUBOCTAX MIX PIAWHOKO 1 Maporo, sKi
3HAXOJIATHCS B PiBHOBa3l MixK c000:0). Ile MOSICHIOEThCS THUM, IO B
KPUTHYHIA Toulli (TO4Ii, $IKa XapaKTepU3yeThCS KPUTUUHUMHU
3HAYEHHSIMM THUCKY, 00’€My Ta TeMmIepaTypd, NpH SKild Hacrae
KPUTHYHUN CTaH PiIWHU) PI3HUI MK PIAKAM 1 Ta30MoAi0HUM
craHamu 3HUKae. OKpiM 1BOro Koe(illi€eHT MOBEPXHEBOTO HATSTY
3aJIeKUTh BiJ JoMimok. Hanpukian, po3unH Muiia y BOZl 3MEHIIYE
il MOBEpXHEBHIA HATSAT, a LYKPY — 301IbLIYE.

B tabnumi 4.2. npuBeaeHi 3Ha4YeHHSA KOSQIIIEHTa TOBEPXHEBOIO
HATSTY IS IesTKUX PiguH npu temnepatypi 20°C.

Puc. 4.3. KoHIeHTpaIlisi MOJICKYIT
PiIMHN B IOBEPXHEBOMY i
BHYTPILIHIX [Iapax piAuHU

Taonuisa 4.2
KoedilieHT MOBEpXHEBOI0 HATSTY JUISl ICIKUX PIAMH

Pinuna o, mH/m Pinuua o, mH/m
Bona 72,5 PryTh 470

Koy 48 Crmpr 22

Monoko 50 CuBopoTKa 60

KpOBi
Ceua 66 Edip 17
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KonnenTparrist Mosiexys pifiHI TIOBEPXHEBOTO APy MEHIIa, HixK
MOJIEKYJ BHyTpimHiX mapiB. Ha puc. 4.3 ymoBHO 300pa)keHO
PO3MIIIEHHS MOJIEKYJI TIOBEPXHEBOTO Ta BHYTPIIIHBOTO IIApiB
pimaA. OCKUTBKH BiJICTaHI MK MOJIEKyJaMHU TIOBEPXHEBOTO IIapy
Jemo Oifblni 3a BicTaHi MK MOJIEKyJlIaMd BHYTPIIIHIX MIapiB, TO
BOHM MAalOTh HAJUIMIIOK TOTEHI[iaNbHOT eHeprii (mquB § 6.4)
MDKMOJIEKYIISIPHOI B3a€MOIii MTOPIBHAHO 3 MOJIEKYJIaMU BHYTPIIIHIX
mapiB. Cyma X MOTEHIIaIbHUX E€HEepPriil CKIala€e eHepeilo BChOTO
nosepxuesozo uapy W,, ska JOpiBHIOE

W, =aSs, 4.9)
Ie S — miIomIa NOBEpXHi Lapy.

Ilpy KOHTaKTI piAMHU 13 TBEPAUM TiJIOM
MOXKJIMBA CUTYyallis 3a SKOI MOJEKYJIH TBEPIOTO
TiIa CHJIBHINIE MPUTSATYBATUMYTh MOJICKYIIN
pinuHwy, HIXK MOJIEKYIIH piauHM
NPUTATYBATUMYThCS MDK c000r0. Y 1mboMy
BUIAJKY KaXyTh, L0 PIAMHA 3MOYy€e TBEPIE TiJIO0
(puc. 4.4) i kym 3mouysannsi € MK TIOBEPXHEIO
piavaM 1 TBepauM Tiom roctpuil. [loBepxHio
TaKOTO TiIa HA3WBAKOTH 2idpoinvroro. SIKmIo

Puc. 4.4. Kyr | C

3MOUyBaHHS 6—0, To wm™ae wmicue mnoBHe (izeanbHe)

3MOUyI040T 3MOYYBaHHS PIIMHOIO TBEPAOTO Tina.
pimuiu Hanpuknaz, moBHe 3MOYyBaHHS CIOCTEPIraeThes

MIPY KOHTaKTI BOAX 200 CHHUPTY 13 YUCTUM CKIIOM,
Ha(TH 3 BOJOIO, TOMIO. SIKIIO K CHJIM MPUTSTAHHS MK MOJIEKYJIaMHU
piavHU Oinblmi, HIX MDK MOJEKYJIaMH PiAWHM i

TBEPJOTO Tina, TO CIIOCTEPITaeThest
He3MOouy6aHHs PIIMHOI0 TBepaoro Tiia (puc. 4.5,
kyr 6 — Ttynmii). IloBepxHI0O Takoro Tina

Ha3UBaIOTh 2iopogobuorw. Tak, HanpukiIam,
MOBOJIUTH ce0be PTYTh MPHU KOHTAKTI 3i CKJIOM Ta
OaratbMa iHmIMMH TBepauMH Tinamu. [lpm

Puc. 4.5. Kyt 6 —180° mae micue TOBHE HE3MOYYBaHHS.
3MOUYBAHHS HE Sxmo kamiasp (TOHKY TpyOKy) 3aHYpHUTH B
3MOYYI0YOi

piAvHY, TO BHACTIIOK SBUIIA 3MOYyBaHHS
(He3MoUyBaHHSA)  pigWHA  IMiIHIMATUMETHCS
(ommyckaTUMeTbCs) B I[BOMY Kamiysapi. Take
BTATYBaHHS (BHINTOBXYBAaHHS) pIOUHU 3 KaliisIpy HA3WBaKOTh

piauHK
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kaninapuumu aeuwjamy. TT0SCHUIMO TPUYMHE BUHUKHEHHS TaKOTO
MiAHIMAHHS YM OMyCKAaHHS PiMHU B KaIiJIspi.

Posrisremo pimuHy 3 pizHOIO (hopmoro moBepxHi (puc. 4.6).
SIKIO TOBEpXHS PIAMHH IUIOCKA, TO Ha OyIb-AKy MOJIEKyly M,

a

Puc. 4.6. Cunn, SKi CTBOPIOIOTH MOJIEKYJIAPHHUN THUCK ITiJ] TIOBEPXHAMH: Q)
ILUTOCKOI0, 0) BUITYKJIOIO, B) BBITHYTOIO

MOBEPXHEBOro IIapy Ji€ pe3ynbTyloua cuia Fj, cropsMoBaHa
MIEPIICHUKYIISIPHO IO TIOBEPXHI BCEPEAWHY PIAWHHU, a CHIH 3 OOKY
IHIINX MOJIEKYJl TOBEpXHEBOro mmiapy F, — cKommeHcoBaHi. Ha
MOBEPXHIO 3 OOKY PiJJMHH 3[iHCHIOETHCS MOJICKYISIPHUI THUCK P,

SIKUH JTIOPIBHIOE aTMOC(HEPHOMY.

Axmo K moBepxHsA pinuHU Oyne KPUBOIIHIHHOI, TO CHIIH
MOBEPXHEBOI'0 HATATY, L0 AIIOTH Ha MOJIEKYTy M), HampaBiieHi mif
KyTOM 1 BX€ HE KOMIICHCYIOTh OJHa OJIHY, a IX pe3ylbTyloua
HampaBiieHa JI0 IIEHTPY KPHBH3HU IOBEPXHi 1 3/AiHCHIOE Ha Hel
JIOMAaTKOBUH  MOJIEKYJIsApHUE  THCcK  Ap. Bemmumny  Ap

po3paxoByIoTh 3a Gopmy. oo Jlamnaca:

I 1
Ap=oc| —+—1|, (4.10)
R R,
ne R, i R, — paniycu KpUBH3HM IOBEPXOHb PIJUHH B ABOX B3a€EMHO
HePIeHANKYSIPHAX TIepepi3ax.
Slkmo moBepxHs piguHu chepuuna, To R=R =R, i
20

Ap=—. 4.11
P = (4.11)

OCKiNbKH CHIIM, IO CTBOPIOIOTH JOAATKOBHN MOJEKYJISPHUHA
TUCK 3aBKOU HANpaBJICHI 0 LEHTPY KPHUBHU3HU TOBEPXHi, TO 1
JOJIATKOBOMY THCKY NPHUIHUCYIOTh TAKUH )K€ HAIIPSIMOK.
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[lix mier0 1BHOTO JOJATKOBOTO THUCKY 3MOUYIOYi  PiIUHH
MiAHIMAIOThCA N0 KaiJIspy, a He3MOUYI0Ui — OITyCKalOThCSL.

Bucory mimiiomy pimuHH B Kamiispi MOXKHAa BH3HAYHTH 3
hopmymnu:

h:M’ (4.12)

Pia8R
ne R — paniyc kaminspa. Y Bumaaky cos@< 0 dopmyna (4.12)
MOKa)Ke BUCOTY OIYCKaHHS PiIUHH B KaIlJIspi.

Kaminspri sBUINa BimirpaloTh 3HAYHY POJIb B MPUPOII, TEXHIII],
BUPOOHUITBI, OyMiBHUITBI Tomo. BoOHM BH3HAYAIOTH YMOBH
KOHJICHCALlii Mapy, KUTIHHS PiIMH, KpUCTai3alii. 3ModyroUi piauHu
JIETKO TPOHHUKAIOTh B TOPHCTI TiNa. 3aBISKH 1bOMY, HAIPHUKIA.
BiIOYBa€ThCS 3BOJIOKEHHS OUIM3HM, BaTH B CHPHUX TNPUMIIMICHHSX,
YTPUMYETHCS BOJIOTa B IPYHTI, Tomo. HaBmaku, He3Mouyroui piiuHu
HE MOXYTh POHUKHYTH B ITOPHUCTI Tija, HANPUKIA], B Tip’s NTaxiB,
3MallIeHe KUPOM.

PeyoBuHH, sKI 3MEHIIYIOTH KOE(DIIIEHT IMOBEPXHEBOTO HATATY
piavHM, Ha3uBaIOTh nogepxueso axmusHumu (ITAP). 3acrocyBaHHs
[TAP HaOyno HaA3BUYAHHO MIUPOKOTO BXXHUTKY B JiSUTBHOCTI JIFOIMHA
BiJl 3BHYAWHOTO TMpaHHA OUTM3HU 10 OOpPOTHOM 3 JHYMHKAMHU
MaISIPITHUX KOMAapiB y BOJIOMMAaX.

Cria BIAMITUTH, HANPUKJIA/, 110 TTOBEPXHS JICTCHb JIIOAMHU Mae
cnenudiuny penbedHy (HOpMy, MO BU3HAYAETHCS HASBHICTIO
€JIEMEHTapHUX CTPYKTYp — anbBeod. Taka Gopma 3a0e3rneuye BeTuKy
IUIONTy JIETeHb JUIA  TOJINIICHHS Ta3000MiHy. [limBuIeHHS
MOBEPXHEBOI'O HATATY MOXKE IPHU3BECTH N0 HEOE3MeyHoro
pecHipaToOpHOrO 3aXBOPIOBAHHS — 2IANiHOBO-MeMOPAHHOI X60podu
HOBOHAPOOICenux. 3armoOIrTH MHOMY 3aXBOPIOBAHHIO MOKHA 3a
paxyHok BHeceHHs [IAP, siki 3MeHIIYyIOTh KOe(illieHT TOBEPXHEBOTO
HaTAry anbBeodl. OHIEI0 3 TakuX PEYOBHH € (ochaTHIUIXOIIH,
MOJIEKYJIM SIKOTO MaloTh BHJIOBXKEHY (hOpMY MYTOJIOBKiB. ['0NOBKH
TaKUX «ITyTOJIOBKIB» € TiIPOMITBHUMH, & JIAHIFOKKHU - «XBOCTUKHY —
rizpooOHUMH 3 KUPHUX KUCTOT. [10oNspHI rOJOBKH 3HAXOIATHCS Yy
KOHTAaKTi 3 BOJIOIO, TOAI SIK XHUPHI KUCIOTH 3aJUIIAIOTHCS Y TOBITPI.
Pesynprarom pmii Takoro rpaHUYHOIO MOJEKYJSIPHOIO IIapy €

.. . _3
3MeHmeHHs KoedilienTa noepxuesoro Hatsry Bix 70107 H/m

10 30107 H/ .
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4.3. 3akoHu rigpoauHaMiky ineaqabHoi piTnHu

B peanbHHX pimnHAX MK OKPEMUMH IIapaMH PiTHHA BUHHKAIOTH
CWJIH B’SI3KOTO (BHYTPIIIHBOTO) TEPTA. B OKpeMux BHUIIagKax BIUIUB
BHYTPIIIIHBOTO TEPTS HEBSJIMKUA 1 HHUM MOXHA 3HEXTYBaTH.
I0eanvHolo Ha3WBAETbCS HECTHCIMBA PiAMHA, B SIKOI BiACYTHS
B’s3KicTh. llpm posrmsmi  pyxy imeanpHOI pITUHE  KOPHUCHO
PO3TISAAATH MIBUAKOCTI PyXy €IeMEHTapHUX (IyXe Malnx) 00’ eMiB
PIIMHM B TIEBHUX TOYKAX IMOTOKY.

Cmayionapnum (cmayionapHoto) HAa3UBAETHCA TOTIK (Tedis), B
yCiX TOYKaX SIKOTO (SIKO{) MIBUAKICTH €IEMEHTapHUX 00’ €MIB PiTMHU
He 3MiHIOETbcs 3 uacoM. s rpadiyHoro 300paykeHHs Tedil
BUKOPUCTOBYIOTH MIOHSTTS JIiHIT Tedii.

Jlinieto meuii Ha3UBAETHCS Taka

fa) = : > d JIHIS, TOTHYHI 10 SKOI B KOXKHIM ii
- = ; .
TOUIll CIIBMAJAIOTh 3 HAMPIMKOM

IIBUIKOCTI €JIeMEHTapHOTO 00’ eMy
pimuaM B 1iit Toumi. JliHii Tewii Ha
] Jd ~ MAaJIOHKY TIIPOBOAATHECS 3 TaKOIO
: B TYCTOTOIO, MO0 KiTBKICTh JiHIH, 5Ki
Puc. 4.7. Jlaminapa (a), Ta MEPEeTHHAIOTh  MEPICHIUKYISPHY
TypOysertHa-(b)-redil pilHH B IJIOIAAKY OJMHMYHOI IUIomi Oyna
KaHaut giamerpom d oo .
MPOTNOPLIHHOI MOJYIIO MBHIKOCTI

piavHA.
[MoBepxHto, yTBOpeHy IiHIsIMH Teuil, IO MpOBeAEHI 4epe3 yci
TOYKM MAaJIOr0 3aMKHYTOI'O KOHTYpa, Ha3uBaIlOThb mMpYoOKolo meuil.
Po3pizHsatoTe naminapHy abo
S2 nmrapyBaTy Tedito Ta TypOy-
neHtHy. Jlaminapnowo Hazu-
BAIOTh TEUilO, B SIKIH OKpemi
mIapy OpU CBOEMY pyCi He
3MINIYIOThCS (KOB3alOTh OJWH
BiHOCHO onHOTO) (puc. 4.7,
a). B mypoyrenmuiu Teuil
BiZOyBa€ThCs epeMillyBaHHs
OKpEMHUX IIapiB, yTBOPEHHS
3aBUXpEHb B  pe3yibTaTi
BUHHUKHEHHS HOPMaJIbHOT

hy

hy

Puc. 4.8. Pyx piaunu B TpyOLi
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(TmomepeuHoi) CKIIaA0BOI MBUAKOCTI (puc. 4.7, b).

Posrnsiremo TpyOKy Tedii, HACTUIBKA TOHKY, II0 B KOXKHOMY ii
mepepisi MBHAKICTh MOXXHA BBaKAaTH OJHAKOBOIO y BCIX TOYKax
nepepizy (puc. 4.8). Posrmaaemo mepepizu TpyOku S; 1 S,. Hexait
MIBUAKICTh PIAMHM B LMX Iepepi3ax — BiANoBigHO U, 1 vL,. Tomi
Maca piJIMHU, sKa MpoHIuIa Yyepe3 mepepi3 S; 3a yac Af IOpiBHIOE
m, = p,v,S,At, a depes nepepiz S, piBHa m, = P,U,S,At, ne p, i
p, — TYCTMHa pIAMHH B MEpIIOMY 1 Jpyromy Inepepizax
BianoBigHO. /Iy cTamioHapHOTO pyXy MacH piguHH m, 1 m,
MOBHHHI OyTH PIBHMMH, 1HAKIIE KUIBKICTh PIIMHU MiX S; i S»
noBuHHa Oyna O 30inbmryBaTuch (200 3MEHINYBAaTHUCh) 1 Tedis
nepecrana 6 OyTH cTalioHapHOI. 3BiJICH

PS50 = P,S,0,. (4.13)

Pipasiang (4.13) Ha3uBalOTH PiBHAHHAM HEPO3PUBHOCTI MOTOKY
pimmaM.  JIIsS  HecTHUCTUBOI  piaMHU (p1 =p, = p) PIBHSHHS
HEPO3PUBHOCTI CIIPOIILYETHCS

S0, =8,0,,a60 Sv=const. (4.14)

3 (4.14) cnipye, mo 4uM Oiiblia MIIOMIA epepisy TpyOku Teuii,
THUM MEHIIA MBUIKICTE TeYil 1 HABIIAKH.

Komu pinmHa pyxaerbess mo TpyOi 3MIHHOTO Tiepepidy i pi3HOi
Bucotu (puc. 4.8), To s xgeskoro i 00’e€My 3MIHIOETBCS SK
KiHETUYHA TaK 1 MOTeHIliaJbHa eHeprii o0’emy piauHu (auB. §6.4).
s 3mMiHa 0OyMOBJICHa MI€0 JCSIKUX 30BHINIHIX CHJI, POOOTa SIKHX
piBHa 3MiHI [OTeHWiaJdbHOI 1 KiHETW4HOI eHeprii  piAMHU
A=AWk +AWn.

[Ticna mizcTaHOBOK 1 MEpeTBOPEHb B JiBiM Ta mpaBiil 4acTHHAX
OCTaHHBLOTO CITIBBIIHOIICHHS OTPUMAEMO BHUPa3

2 2
%+pghl +P1=’O;2 + pgh, + P, (4.15)
a0o /7151 TOBUIBHOTO TIepepizy
pv’
+ pgh+ P = const, (4.16)
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2
v ; . . o
ne pT — JIWHaMiYHUH THCK, pgh — T1IPOCTaTUUHUHA THCK, p —

CTAaTUYHUM THUCK.
PosmipHicTh Bcix  J10-

P, naHkis  (4.16)  oguHUIS
P, eHeprii ~ po3miieHa  Ha
OJTMHUITIO 00’emy
Sy — U] —_ U S,
[lﬂ% 3] IMepmmit i
v

a 6 o
. . THUHN OJAaHKHN MarTh
Puc. 4.9. PiBHI NiAHATTS piIUHU B ApY AOA

MAHOMETPHTHNX TPYGKEX, IPHEIHAHHX 210 CI).BI/IIIHI/II\/'I _3micT - onumAL

prGI/I a) LIUPOKOTO Hepepi3y KIHETUYHO1 Ta IIOTCHII1-

i 6) By3bKOrO mepepisy aIBHOT CHEpTii BiJMOBIIHO,

SIKI TIPUXOSTHCA Ha OJWHU-

o 00’eMy pIiMHM, TPETIM NOJAHOK — Ii¢ poOOTa CHJI THUCKY IIO
MEPEMIIIEHHIO OJMHHMII 00’ MY PiTUHH.

PiBusinas (4.16) HOCUTh iM’s1 BepHy1i Ha YecTh IOCIiTHHKA.
Lle piBHsHHS BHpa)kae 3aKOH 30€peKEeHHS €HepPTii IpU CTaIllOHaApHIH
Tedil izeanbHOI piguHu. st rOpU30HTaNIBHOI TPYOKH Teuii iy = hy 1
piBHsIHHS bepHyIi npuitmMae BUTIIS

2
p+ % =const . 4.17)

3BificH BUILTUBAE, M0 B THX MICIAX TPyOH, Jie OiIbIa MIBHIKICTh
Teyil, TUCK OyJie MEHIIIUM 1 HaBmnaku. Lle MoXHa poIEeMOHCTPYBaTH
3a JIOMOMOTOI0 MaHOMETPHUYHHUX TPYOOK, PiBeHb MIHATTS PIIWHU B
SKUX TPONMOpUiliHUN cTatmuHOMYy THUCKY (puc. 4.9). Buano, mo B
LIMPOKOMY Iepepisi (a), e MBUAKICTD Tedii MeHIa, CTATHYHUHA THCK
OUTBIINI, HIXK Y By3bKOMY Iiepepisi (0).

3MiHa JgiaMeTpy CyAMH KPOBOHOCHOI CHCTEMH OpraHizMy
MPUBOIUTH 10 TAKUX XBOPOO SIK mpomb0o3 Ta anespusmu. 30KpeMma,
npu TPoMOO03i, BHACTIJIOK YTBOPEHHS Ha BHYTPILIHIA CTIiHI CyIWHH
KpPOB’SHUX 3TYCTKIiB, BiJIOYBA€ThCS 3MEHIICHHS 11 TOMEPEYHOTO
nepepisy. Lle 3MeHImICHHs BENMYMHHM Tepepisy S CyAuHH
CYNPOBOKYETHCS 30UIBIICHHSAM IIBHUAKOCTI TEUil KPOBI Y MICIIX
MEHIIIOTO Tiepepidy 3rimHo 3 piBHAHHAM (4.14). 30iabIIeHHS
HIBUIKOCTI Te4ii U MPHU3BOJAUTH JO 3MEHIICHHS CTATUYHOTO THUCKY
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p BIANOBIAHO 110 (4.16). 3MEHIIEHHS LBOTO TUCKY HUKYE IEBHOIO

PiBHS MPU3BOAMUTH A0 3aKyNOPKU CYAMHHU. AJie yepe3 1€ KiHeTHYHa
€Heprisi KpoBi, IO pYyXaeTbcsA, 3OLIBIIYETHCSA, 1 OTBIp CyAWHHU
30imbIIyeThCs. BUHNKaIOTh KOJMBAHHS CTIHOK KPOBOHOCHOT CYTUHY,
SIKi CIIPUYHMHIOIOTH OOJIICHI BiTUYTTS.

[Ipu aneBpu3Mi BiOyBaeThCs 301IbIICHHS BEIWYHHU Tepepizy S
CyOIWHH BHACTIAOK MAaTOMOP(ONOTIYHMX 3MiH y 1i CTiHKax.
IBuAKIiCT Teuii KPOBi 3MEHIIYETHCS (IUB. PIBHSIHHS HEPO3PUBHOCTI
MOTOKY), aje CTaTHYHHHA THCK p 30UIBIIyETbCs (AWB. DPIBHSHHS
Bepuymmi). Iled HaamWIIKOBHH THCK MOXE MPHU3BECTH 10
KPOBOBWJIUBY.

[le opaHiet0 XBOpOOOIO, TOB’S3aHOI0 BXE 3 IOBEPXHEBUM
HATSATOM DPIIWH € 2a3zo8a embonis, IpH SKil OyipOaIika razy Moxe
CYTTEBO YTPYAHUTH i HaBiTh 3yIIWHUTH MPOTiKaHHS KPOBi B CyUHAX
MaJIOT0 BHYTPIIIHBOI'O JiaMeTpy. 3aBAsSKH ra3oBiii emMOoiii KpoB
MOKE HE TMOTPAIUISITH B BaXKJIUBI OpPraHu, MI0 MOXE MPHUBECTH IO
cepiio3HuX  (QyHK-
I[IOHAJIbHUX PO3Ja-

AN\ AN\ NANANANRNNNNN — AMMITLETLARRLLAELRR LAY, i 1 -
< X oiB i, HaBiTh, 10
7/
7 R, JIETAIILHOTO PE3yIib-
— TaTy.
-" Slkio BHaCIIIOK
A\ TypOYJIEHTHOTO pPy-
SN2 Xy B KpOBI YTBO-
P \\4 10 B N\ N\ \\6W6\ \NAANRRNNN pIOCTBC;I rasoBsa
HucC. 4.1V. DIITTMB Ira30BO1 JIbOAIIKH Ha IIPOXOKCHHA .
1oy, . poxon Oynpbamka 3 paji-
KpPOB1 110 CyJIH1
yCOM, Habararto

MEHIIMM BHYTPILIHBOTO pajiyca CYIOWHH, TO BOHa Mae Maixe
chepuuny HopMy 1 BUIBHO MEPEHOCUTHCS 3 KPOB’10 0 JIaHIH CYMHI.
[Ipu nmonamanHi Takoi OynbOaIIKK B CyAUHY 3 BHYTPILIHIM paiycoM
MEHIIUM pajiyca OynpOamku, MeHick OynbOamku aedopmyeTbes
Mij JIIER0 CHIH THCKY KpoBi. [lepe/Hiii MEHICK BUTATYETHCS, paliyc
KPUBHM3HH Horo R, 3MeHIIyeTbCs, a 3ajHiil, HaBIAKH, CTa€ OiIbII

IUIOCKUM 31 301IbIIeHHAM cBoro paniyca R, (puc.4.10). BinnmosigHo,

JOJAaTKOBI MOJIEKYJISIPHI THCKH, SIKI IIIOTh HA JaHI MEHICKH, OyayThb
HEOQHAKOBI 1 IX pe3yNbTyroua CHia, TMPHKJIaJcHa 10 OyIn0alikwy,
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Oyze HampaBlIeHa MPOTH MIBUAKOCTI KpoBi U . (puc. 4.10). Lle moxe
MIPUBECTH J0 TIOBHOI 3yNMMHKH KPOBIi B JaHi¥ CyanHI.

lle ripma cuTyallis BUHHUKae KOJMU OynpOamika MoTpamuisie Ha
po3ranyxeHHs (Oipypkallito) CyauH 1 MOBHICTIO 3yIHHSE KPOB B
JIBOX CYCITHIX CyqUHAX.

I"a3zoBa em00Iisi MOXKe BUHUKHYTH TP TIOPaHEHHI KPYITHUX BEH,
Jie THCK KPOBi € HIDKYMM BiJl aTMOC(EpPHOTO, IpU HENPaBHUILHOMY
MPOBEICHHI BHYTPIIIHLOBEHHUX 1H’ €Ki, TOLIO.

I"a3oBi OynbOamIKy MOXKYTH YTBOPHTHUCS MIPH PI3KOMY 3MEHIIICHHI
30BHIMIHBOTO THCKY. Ilpm mpomMy BinOyBaeThcsi 3MEHIICHHS
PO3YMHHOCTI ra3iB (B MEpILy Yepry — HITPOreHy) B KPOBi i mepexoi
iX 3 pO3YMHHOTO CTaHy B Ta30BHH. 3 TaKOIO MPOOIEMOIO CTHKAIOTHCS
BOAONA3W TMpPH IIBUAKOMY IMNTHAOMI 3 TIMOMHH Ha TIOBEPXHIO
(keconna  xBopo0a), JIBOTYMKHM Ta KOCMOHaBTH —  TPO
po3repMeTH3allii KabiHu JliTaka Ta ckadaHIpiB.

4.4. 3akoHH rigpoauHaMikm B’A3K0I piquHU

Jus Bcix peanbHUX piAMH B Till 9u 1HIIWA Mipi BiacTuBe
BHYTpIITHE TePTsI 200 B’SA3KICTh, MO MPOSIBISETHCSA B MPOTUAIl TIpH
nepeMillleHHi 0JTHOTO Iapy piAnHY (Ta3y) BiAHOCHO iHIIOTO.

Po3risitHemMo Tedito B’S3KOI  PIAMHM MK JBOMa TBEPIUMHU
iactuHkamMu  (puc. 4.11), 3 SKUX HIDKHS HEpyxoMa, a BEepXHS

pyxaeThcs 31 mBUAKICTIO U,. Hexall Tedis piAMHU € JaMiHApHOIO Y
BUIIA1 JEKIIbKOX IIApiB 31 MBUAKOCTAMU U;, U,, U; U,, TOLIO.
Ilap piguHu, skuii Oe3MOCEPEHBO 3HAXOMUTHCS OIS HIKHBOT
AX

A -

Puc. 4.11. Tedis B’A3K01 piJMHH MiX PyXOMOIO i HE pPyXOMOIO TBEPIIMHI

HEPYXOMOi IUTACTHMHKYM BHACTIJIOK MPUTATAHHS MOJICKYJ PIIVHH i
TBEPAOTO Tia € HepyXoMuM, ToOTO ioro mBuakicte U, =0. I3

301JBIIICHHSM BIiJICTaHI Bil HWXHBOI IIACTUHU WIBHJKICTH IIapiB
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pimuHu  Oynae 30imburyBaTHCh (U, < U;< U,< ;). MakcumanbHa

MBUAKICTh OyAe y IIapa piiuHHU, SKAA «IPHIUIAE» 0 BEPXHBOI
TUTACTHHU.

Ilapu B’s3k0i piAWMHM OIFOTH OJWH HAa OIHOTO BHACIIIOK
MIPUTATAHHS MOJIEKYJ Pi3HUX MIapiB MixK cOO0I0 Ta Mepexix MONEKyI
i3 OHOTO WIapy B IHMIMK BHACTIAOK iX TEIJIOBOTO PYyXY. 3aBXAu
BEpXHill Iap piAMHM HaMaraeThCsl MPUCKOPHTH PyX HUKHBOTO, a
HWKHIA HaMmaraetbcs HWoro 3arambMyBaTtd. Cuja BHYTPIIIHBOTO
TEPTs NponopLiiiHa o S mapis, sIKi B3a€EMOIIOTE, 1 TUM Oifblia,
YUM OlTbINA 1X BiJHOCHA MIBUIAKICTH. OCKUIBKH PO30OWTTS HA IIAPH
PIIMHE yMOBHE, TO TPUHHATO BUPAXATH CHIY B 3aJEKHOCTI Bif
3MIHM IIBHIKOCTi, BiJHECEHOI /O [OBXHHH B HAINpPSMKY,
NepHeHINKYIIpHOMY MIBUAKOCTI (B3A0BXK oci OX), ToOTO Bix
dv/dx — zpadienma wsuoxocmi (LIBUAKOCTI 3CYBY).

3MIHIOIOYM IIBHIKICTE U pPyXy BEpXHBOI IUIACTHHH, MOXHA
EKCHCPUMEHTAbHO ~ BCTAHOBUTH  CITiBBIJHOIICHHS  (piBHSIHHSA
HbroToHa 0J1s1 B’SI3K0r0 TepTH)

dv
F =n—|S, 4.18
ﬂdx (4.18)

1€ 77 — B’SI3KICTh (AMHaMIUHA B’SA3KICTh) PIAMHH, KA JOPIBHIOE CHIIL
B’SI3KOTO TEPTS, II0 BUHUKAE MK IIapamMyl PiTUHHU TPU TPaJi€HTI
uBuaKocTi 1m/c Ha 1 M NOBXUHHM, NEPHEHIUKYISAPHINA HAPAMKY

. . . 2
PyXy PiIHHH, HA MMOBEPXHI Iapy piAuHu wiomero 1w’ , S — mioma
mapy pianHu. JlnHaMivyHa B’sa3KicTh 77 B cucteMi Cl BUMIpIO€eThCS B

NAcKanbL — CeKyHOax (Ha -c), B cucremi CI'C — 6 nyazax (I]):
la-c=10I1.

SKImo B’SI3KICTh PIAMH HE 3aJ€KUTh BiJl TPai€HTa IIBHIKOCTI
(ayme 3aMeXUTH B CKIaMy PIAMHM, i TEMIIEpATypH Ta TUCKY), TO Taki
piiMHU  TigKopstoThest  piBHsSHHIO  (4.18) 1 Ha3HMBaKOThCS
HbIOMOHI6COKUMU. PinWHW, JUIs SKUX He BHKOHYEThes (4.18)
HA3UBAIOTBCS He HbIOMOHIGCHKUMU. BIacTUBOCTI HBIOTOHIBCHKOT
pIIMHUA MarOTh OUTBIIICTH piguH (BOJAa, PO3YMHH HEOPTaHITHHX
PEUOBHMH, HHU3BKOMOJICKYJSIpHI OpraHiuHi piAWHU) 1 BCi Trasu.
KoeimnieHT B’SI3KOCTi 1 HPIOTOHIBCHKHX 1 HE HBIOTOHIBCHKUX PiIHH
3QJICKUTH BiJI TEMIIEPATypH, PUIOMY TSI PIIUH BiH 3MEHIIIYETHCS 3
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MiABUIICHHSAM TEMIIEpaTypH, a I ra3iB — 30UIBIIY€EThCS, M0 BKA3YE
Ha pi3HUI MeXaHi3M BHYTPIIIHBOTO TEPTA B PiAMHAX i ra3ax.

PignHH, AK1 CKJIamaroThes 13
CKJIQJIHUX 1 BEIHKHX MOJEKYJ
(momiMepiB, OpraHik¥, TOMIO) i
SKi ~ YTBOPIOIOTb  TNPOTSDKHI
MIPOCTOPOBI CTPYKTYpH, € HE
HBIOTOHIBCHKMMH. 1X B’SI3KiCTB
Habararo  Oimpmia  HK Y
MPOCTUX PiAnH. 30UTBIICHHS 1X

Puc. 4.12. Buginenuit wap piausan B’A3KOCTI BiI0YBa€ThCs 3aBJAKH
TOMy, IO TpW Tedii poboTa
30BHIIIHIX CUII 1€ HE TUIBKH Ha

MIOJIOJTAHHS ICTUHHOI HBIOTOHIBCHKOi B’SI3KOCTI, 4 1 HA PyWHYBaHHSA
CTPYKTYpH.

[lpu pyci pimuH B UWIIHAPHUYHHUX TpyOaxX BHACHIJOK OCHOBOL
cUMeTpii eneMeHTapHi 00’eMH piguHH, PIBHOBIANANEHI Bif oOcCi,
MaloTh OJHAKOBY MIBUAKICTh. Hali0Oinplry MIBHIKICTH MAalOTh Ti
eJIeMEHTapHI 00’ €MHU, SIKI PyXarThCsl B3J0BXK oci Tpyou. HaiiGnmxuai
JI0 CTIHOK TPYOH IIapy PiTUHU — HEPYXOMi.

Buninimo munminapuyanid 00’ €M piAMHA pajiiyca r Bix oci TpyOH i
JOBXUHOIO /. SIKIIO THCK Ha TOPILIX TPYOU p, 1 p,, TO CHJIA TUCKY,

dS = 2mrdr

sika 3a0e31euye nepekayyBaHHs JJaHoTo 00’ emy (puc. 4.12)

F=(p,—p,)m”. (4.19)
Ha 0iuHy moBepxHIO BHALJICHOTO MIIIiHAPa 3 OOKY OTOYYIYOTO
1Iapy piJiHH JIi€ CHjIa BHYTPITHBOTO TEPTS
F, :nﬂSzn@%zrl, (4.20)
dr dr

ne S =2ml — nnoma 6iuyHOi moBepxHi nmimiHApa. OCKiIABKH pianHa
PYXa€eThCsl PIBHOMIPHO, TO IIi CWIM 3piBHOBaXeHi, ToOTO F =F .
3Biacu

(pl—pz)ﬂ'r2 =—77%27rrl. 4.21)
r

3Hak « — » B mpasiii wactumi (4.21) mokasye, mo dv/dr< 0

(IIBHOKICTH 3MEHIIYETHCS 31 30LIbIIEHHSM 7. Po3minuMo 3MiHHI B
(4.21) i mpoiHTETpYyEMO
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1%

jdu:—wfrdr (4.22)
iy L :

OTpumaemo
D= P (p2_ 2
v=——"=R"-r"). 4.23
4ln ( ) ( )
Haii0inpmy mBUAKICTE Ma€ map piAWHY, SIKUH NPOTIKa€e B3AOBXK OCi
Tpy6H (r=0)
— p. )R?
Dyee = (p =P )R (4.24)
) 4ln

Butpara piguan dQ, ska mpoTikae depe3 AeSKHid MonepeuHuit

nepepis Tpyou dS =2srdr 3adac dt :
szd_Vzdl-dS v-dt-dS _ 0-dS =027 dr
dt dt dt

(4.25)
[MiacTaBumo U 3 (4. 23) y Bupa3 (4.25) 1 npoiHTerpyemMo

R’
0= y sz(R r2)-rdr— ey
Zl n s 8n )

(4.26)

OtpumaHna 3aneXHICTb HOCUTH Ha3By ¢opmyau Ilyazeiins. Sk
BUAHO 3 (4.26) nipu 3a1aHiil Pi3HUII TUCKIB Ha TOPLAX TpyOW uepes
Hel MPOTiKae TUM OUTBIIIE PIAMHA YUM MEHIIA ii B S3KICTh 1 OUTHIIHIA
8nl
7R*

paniyc Tpyou. Bemnumna X = HOCUTb Ha3BY 2i0pagiiuHo20

onopy.
Hust TpyO 31 3MiHHAM JiamMeTpoM B piBHSHHI (4.26) 3aMiCTb

PI3HUII THCKIB Ha JOBXHUHY TpPyOM HEOOXiJHO OpaTH Tpaji€HT
tucky. Toai piBasHH: [lyaseins npuiime BUTTISA

0- 7 R* dp
C8p dl’
JlamiHapHy Teuito B’S3KO1 PIIUHH BIAPI3HIIOTH Biff TYpOyJIE€HTHOT
3a, TaK 3BaHUM, yuciom Pelinonvoca:

vd
Re = Latia , (4.28)
n

4.27)
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ne P, —yCTHHA PIAMHH, U — ii WIBUIKICTE, d — AiaMeTp TpyOu.

Sxmo yucno Pelinonpaca 6inbie aesikoro kputuyHoro (Re > Rey,),
TO pyX piamuHu € TypOyneHtHuM. Hampukman, mms Tedii Boau B
IIaJKuX OUIIHAPUYHMUX TpyOax Re,, = 2300, mis kpoBi cyauHax —
Re, ®900-1600. Ockinpkn uncio PeliHonbaca 3anexuTh Bif
B’SI3KOCTI 1 TYCTHHU PiTUHH, TO 3pyYHO BBECTH iX BITHOIICHHS, SKE
HA3UBAETBCS KIHEMAMUYHOIO 8 A3KICHIO:

v=n/p,. (4.29)
Kinemarnyna B’A3KICTh BUMIPIOETHCS
2 .
[M 4 }, B cucremi CI'C — [Cm] (auTaeThes —
1_7; cmokc; cuiBBigHoieHus 1Cm = 10'4M2/c).
i o BukopucTOBYIOUM TMOHATTS KiHEMaTHYHOI
B’SI3KOCTI, YKcio PeifHONbICa MOKHA BUPA3UTH
mg Y BUTTISAL
vd
Re =—. (4.30)
14
Pic. 4.13. Pyx 3 (4.30) BunHO, 110 XapakTep Teuii pPiAWHU

3aJIeKUTh BiJ Jiamerpa TpyOow. B mmpoxux
Tpy0ax HaBiTh INpPH HEBEIMKUX MIBUAKOCTSX
piIMHM MOXXKE€ BHHUKHYTH TYpOYJICHTHHH pyX.
Hanpukman, B TpyOkax jiamerpoM 2 mm Tedis BOAH CTa€
TypOyJIEHTHOIO MpH MMBUAKOCTI Oimpmniid 1,27 m/c, a B TpyOi
niameTtpom 2 cm — ke nipu mBuakocTi 0,12 m/c (T =16°C).

KYJIBKH B P1IUHI

4.5. Pyx cpepuyHuUX Tij1 B B’SI3KOMY cepeaoBUIL

B’s3kicTh piAMH MOXKHA CIIOCTEPIraTd HE TIJIBKHU MPH PyCi PiuH
B Tpybax, a 1 mpu pyci TBepauX Tin B piamHax. [Ipu piBHOMipHOMY
pyci y B’S3KOMy cepeloBuIli Tin chepuyHoi GopMH cuia B’S3KOTO
TepTs BU3Ha4YaeThes 3a popmynoro CTokca

F, =6rrnuv, 4.31)

1e r — pagiyc Tina, 77 — Koe(illieHT B S3KOro TepTs, U — MIBHAKICTH
PYXY Tija KynacToi GOpMH Y B’SI3KOMY CEPEIOBHIIII.

Hexaii kynbka nazgae B pinusi (puc. 4.13). Ha nei nitots cunu:
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F, — cuna Apximena, mg — cuna TsoKiHHS, F, — cuila B’sI3KOro
TepTst. MoTyns piBHOAIMHOT IIMX CHIT
R=mg—-F,-F;. (4.32)
LIBumKkicTh KyNBKH 3pOCTa€ JOTH, NOKH PIBHOMIWHA HE CTaHe
PIBHOIO HYITIO, TOII
F,=mg—-F,. (4.33)

Ockinekn mg =p, V¢, F,=p,,Ve,V =§7rr3, TO

MiCTaBUBINY I1i BUpasu i (4.31) B (4.33) orpumaemo
U= 2 r2g(p1<y.1_ppi())
9 n ’

ne p,,, — TyCTUHA KYIbKH, L, — T'yCTUHA piguHu, V — 00’em

(4.34)

KYJIbKH, g — IPUCKOPEHHS BLIBHOTO Ma [iHHS.

dopmyna (4.34) cnpaBeannBa He TUTBKU s pyXy chepu B
piauHi, a i B ra3i. Bona Moxe BUKOpHUCTOBYBATHCh, HATIPUKJIA, IS
BHU3HAUYEHHS Yacy OCiJIaHHS MUY B TIOBITPi, TOIIO.

4.6. 'emognnamika

I'emongnaaMika BHBYaE€ pyX KpOBI IO CyIWHHIN CHCTEMI, SKHMA
3aJICKUTh BiJl BIACTHBOCTEH KpPOBi, KPOBOHOCHHX CY/AMH 1 cepls.
Di3UYHOI0 OCHOBOI FEMOIMHAMIKH € TiIpOAMHAMIKA Ta PEOJIOTIs.

Cucrema KpoBOOOITY JIFOMMHU CKJIQJAETHCS 3 CEpUs i CHCTEMHU
KPOBOHOCHHMX CYAWH, $Ki YTBOPIOIOTH BEJIMKE 1 Majle Koja
KpoBooOiry. Cucrema KpoBOOOIr'y BHKOHYE B  Oprafi3mi
TPaHCHOPTHY (YHKILiO: KPOB TPAHCIOPTYE KHCEHb 1 TOXUBHI
PEUOBHMHHM BiJl JIET€HiB 1 OpraHiB TpaBJ€HHS 1O BCiX TKaHUH
OpraHi3my, BiJl TKAHWH KPOB BUHOCHUTH KiHIIEBI IPOJYKTH OOMIHY 71O
opraHiB BuIIeHHS. PyX KpoBi B CyAHMHHIN cHCTeMi MOXIIMBUH 3a
HAsBHOCTI Pi3HMLI TUCKY Ha MOYATKY i B KiHUI cyauHu. s pizHULS
THCKIB CTBOPIOETHCS POOOTOIO CEPIIS.

KpoBoHOCHa cucrema — 1€ CKIagHa 3aMKHyTa CHCTEMa
eNIACTHYHMUX TPYOOK pi3HOro aiamerpy (aopra, aprepii, aprepioinu,
Kalmiisipd, BeHynIHM). Bixm cepus KpoB pyxaeTbcss TO aopTi —
€aCTHYHIA TPyOIll 3 M’ S30BOi TKaHWHHA. UM maji BiJ cepIlsi, THM
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OiypIe pO3raTy>KyIOThCSI CYAWHH, BIJICHJIAI0YM B YCI OpraHH CBOi
posramykeHHs — aprepii. [liameTp CyaMH 3MEHIIYETbCA 3
BiAmajgeHHAM Bim cepmsd. Y  TKaHMHAX  OpraHiB  aprepii
PO3TamyXylOThCA Ha APIOHI CYyAWHU — apTEPioiH, SIKi Tat0Th MOYATOK
BEJIMYE3HIH KiJIbKOCTI BOJIOCSIHUX €EMHOCTEH — KaIiJIsipiB.

Tabnuns 4.3

IIBHIKICTH 1 THCK KPOBi B CyIMHAX

Cynuan HIBUAKICTD, Tuck (Tonan
102 ]V atMocdepHoro),
c MM. pm. CM.

Aopra: 50 - 150
BHCXIJ/IHA aopTa, 30-90
JlyTa aopTH, 60
CllaJHa aopTa 30
Aprepii 20 -50 80 - 20
Aprtepionn 1-20 50 -20
Kaminsipu 0,01 - 0,05 20 - 10
Benynu 0.1-1 10-5
Benun 10-20 (-5) - (+5)

3 tabnuii 4.3 BUAHO, IO MIBUIKICTh Tedii KpoBi 3rijgHo (4.14) €
MaKCHMAJIBHOIO B a0PTi,

v, emfe OCKUIBKM  OCTaHHS €
50 ; HaWBYKYUM MicLeM
40 KPOBOHOCHOI CHUCTEMH.
% ] Z[am- HIBUJKICTD  Tedii

\ / KpOBl 3HWXKYETBCS Yy

20 \ / HAIMpPSIMKY BiJl aOPTH 110
10 X Kanusipis (puc. 4.14).

_n CymapHa IJI011a

aopTa aprepii apTepionn Kaminspu BeHH KaHiJBIpiB y 500-600

Puc. 4.14. Po3noain niHIHHOT IIBUIKOCTI pa3iB IIEPEBUIIYE IIJI0-

KPOBOTOKY B P13HUX AUIAHKAaX H—Iy HOHCpe‘lHOFO Hepe_

CYAHHHOTO pycia TUHY a0PTH, BIIMOBIIHO

1 IMBUAKICTH TeYii KPOBi
y HUX y 500-600 pa3iB € MCHIIOIO 3a IIBHIKICTH B aOpTi. 3HauHE
3HW)KEHHS HIBUAKOCTI Teuil KPOBi B KamiJisipax CIpHsE MOKPAILCHHIO
0OMiHY pPEYOBHMH MK KPOB'I0 1 TKaHWHAMH, IO € III€ OIHIEI0
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MIPUYHHOIO TOTO, IO OOMIiHHI TIPOIIECH, B OCHOBHOMY, MPOTIKAIOTh y
KaIJISIpHIA cCHCTEMI.

Crinka Kaminspa Mae ocoOnuBy OYZOBY 1 Haraaye CiTKy B BIYKOM
Bexmunao0 (30 — 40) A. Uepes ui Biuka BiNBHO MPOXOMITH 3
KaliJsipiB B TKAHMHW MOJIEKYJM KHCHIO Ta BOAM, COJIi Ta iHII
MOKUBHI peyoBuHU. Kaminapu, mHOCTYnoBo 30iMbLIyIOUM CBil
IiamMeTpi, IepexoiTh y BeHYIH. BeHynu 3’€IHYIOThCS y BEHH, SIKi
HecyThb KpoB 10 cepusa. Komo 3amukaerpes. Jlo Micms crapty Kpos
MOBEPTAETHCA, B cepeqHboMY, uepe3 20 cekyHa, 3a 100y 3AilCHIOE
4200 obepriB.

KpoBoHOCHa cucrema SIK CHCTEMa 3aMKHYTHX  TpPYOOK
XapaKTepU3YEThCS CBOIM TiJpaBIiYHUM OIOPOM 3TigHO (4.26).
ApTepioin € OCHOBHUMH PETYJISITOPAaMH 3arajbHOTO TiAPaBIiYHOTO
oropy KpoBoToky. Ilpu Benmukomy (hismdHOMY HaBaHTaKEHHi, KOJIA
BUTpaTa () KpOBI MiJABHMINYETbCS y JEKidbKa pa3iB, THUCK KpOBI
MiABHUINYETHCS Yy MEHIIIN MpOMOpIii uepe3 MiABHIICHY MPOMYCKHY
CIIPOMOXKHICTh apTepiod.

BpaxoByroun, 1o BHYTpillIHI pajiycu aoptu 1, , apTepii r,

op ipm 2

aprepion r,,, 1 KamijapiB 7, BIJHOCATBCA SK:

Taop * Tapm * Taon * Tean = 3000 :500 271,

TO, 3TiAHO 3 (OPMYJIOK JUIS TiAPABIIYHOTO OIOPY, MiHIMaIbHUMA
rigpaBIiYHUN omip Mae

aopTa, a MaKCHMaJIbHUN OrIip,

—  xamimpu.  OpHak, 507 2% 47

OCKUIBKH OIIBIIICTh CY- 401

JIUH BKIIOYEHI B pyX 304 27

KpOBi NapanesbHo, TO 20 4 19

CyMapHU{ OIIp MEBHOI

IUISTHKA CYAUHHOI1 10T 4 3
CHUCTEMH MCHIIHNM, B 0 F v S — - — .
MOPIBHSHHI 3 ONOPOM apTe- apTe- Karli- BEHY- BEHH
OKpeMoi CyauHH. 3a- pil  piomm mapu I

BISIKU BEJIMKIH Puc. 4.15. CriiBBiIHOIICHHS TiAPaBIiYHUX OMOPiB

pi3HHX yacTuH cyauHHOI cuctemu (100% —

KIJIBKOCTI Karuspis, X T A -
T1apaBJIIYHUMA OIIP BC1€1 CYAUHHO1 CI/ICTGMI/I)

CyMapHHI orip
KanIIpHOT MEPeXi € MEHIIUM 3a CYMapHHH OIip apTepion i, THM
Oinmpmre, aopru. TakuM YHMHOM, HAWOIIBIIMN TiAPaBIIYHHUKA OITip
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cepel BCIX MUISHOK CYJWHHOI CHCTEMH Ma€ CyKYIHICTh apTepiol
(puc. 4.15). 3miHa iX 3a30py BiAIrpa€e TOJIOBHY pPOJIb y PEryJALii
THCKY KPOBI.
KpoB — 1ie cycrnensis
1,4 mxm 2,5 Mrm pinkoi Ta3MM Ta 3a-
BUCIHX B Hil popmeH-
HHUX €JIEMEHTIB (KIITHH
KpOBi):  EPHUTPOITUTIB,

\_—/ JICHKOIUTIB Ta TPOM-

oomutiB. KpoB’sHa 1mia-

>

< 3Ma CKJIaJa€TbCA 3 BO-

7,6 - 8,3 Mxm ..
. . Iy, OINIKIB Ta JESKHX
Puc. 4.16. 'eoMmeTpuyHi po3Mipu epuUTPOLIUTA.
Bu 360Ky HU3BKOMOJIEKYJIIPHUX

cronyk. B cepennpomy
JUISL TOpOCiIol JIFOJMHM Maca KpoBi ckiamae a0 7% Big ii macwu.
KonuenTparris EpUTPOLIUTIB B KpOBi

6 3
CTaHOBHUTB 1, = (4—6)- 10° M. 3a DMM TIOKa3HUMKOM BOHA

Ha0araTo IMEPeBHINY€E KOHICHTPAI[iIO JICHKOIHUTIB Ta TPOMOOIIUTIB.
ToMy HaOIMKEHO KPOB MOXKHA BBKATH 3 TOUKU 30Py MEXaHIYHHX
BIIACTHBOCTEH CYCIICH31€0 EPUTPOLUTIB y Ta3Mi. B 3B’s3Ky 3 1M,

Puc. 4.17. Arperaitist epUTPOLMTIB B KPOBI.

KpPOB € HE HBIOTOHIBCHKOIO PIIUHOI0. ['€OMETpHYHO €pUTPOIUTH €
MIKPOCKOITIYHIMH TIOJIBIHHO BBITHYTUMH JUCKaMH JiaMETpaMH
piBHUMHK NPHOIN3HO 8MKM, TOBLUIMHOIO B LEHTpi Oins 1,4mxm 1 Ha
nepudepii — 6ins 2uxm (puc. 4.16). Epurponurtu ckiagaroTbes 3
TOHKOT MeMOpaHH TOBIIHHOIO (70-1 00)A, 3aIIOBHEHOI
KOHIIGHTPOBAaHUM PO3YMHOM TeMOrjo0iHy. Y HepyXxoMild KpoBi
EpUTPOLUTH HAKJIAAAIOTHCS OJMH Ha OJHOIO, YTBOPIOIOYH TaK 3BaHi
«MOHETHI CTOBITYHKIY, 3 6-8 epuTponuTis (puc. 4.17).

I'emaToxkputoMm (Hf) Ha3WBAa€TLCSA BINHOIICHHS 3arajibHOTO
00’ emy eputponuTis (V,,) 10 06’ emy kpoBi (V,,):
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Hi= Yo (4.35)
=5 :

Kkp

s 3mM0pOBHX JOPOCIHHX KiHOK Ht :(0,41 —(),43)%, I
30OPOBUX JOPOCIHX YONOBIKIB — Hf = ((),44 — 0,46)% .

JuHamidHa B’SI3KICTh KPOBI CTAaHOBHTB 7] = (4 - 6)M17a -C, TIpH
PI3HOMaHITHHX TATOJIOTiISIX BOHA MOXKE 3MIHIOBATHCH B IIUPOKUX
Mmexax Bin 17 =1,7mlla-c (npu aHemii — Mano epUTPOLHUTIB B
KpoBi) 10 17 =22.9mlla- c (npu noninuremii — 6arato epUTPOIUTIB
B KpoBi). MaremMaTH4HO 3aJeXHICTh B’S3KOCTI KpOBI  Bij
reMaTOKPUTY MOKHA MPHOJIM3HO NPEACTABUTH Y BUTIISI

n=ne", (4.36)

1€ 1], — B’SI3KICTh IIa3MH.

§08008- SPB8ED

Puc. 4.18. [lepopmanis popmMu epUTPOIUTIB B KaIiJIsApi IPH HU3BKiH (3711Ba)
1 BUCOKIH1 (cripaBa) MIIBHIKOCTI KPOBi

[Ipu mporikaHHI KpOBI MO KaIlijsApax arperarisi epUTpPOIHTIB
najiae, BOHU J1e(OPMYIOTBCS 1 B’SI3KiCTh KPOBI1 3MEHIIY€EThCs (pHC.
4.18). SKmo npencTaBUTH KPOB, IO PYXAETHCS IO CYJHHI, K CyMilI
JBOX PiAMH — IUIa3MH Oiisl CTIHOK CYAMHH, 1 OJHOPIAHOI CycHeH3ii
EpUTPOLUTIB y LEHTPi, TO, 3riIHO PO3PaXyHKIB, paailyc CEpLUEBHHU
CKJIaaTUMe (R —(),76r), me R -
BHYTPIIIHIA paliyc CyIWHH, F — pajiyc
eputpouuTa. [yxe TOHKUN IIap IUIa3Mu
noONr3y CTIHKM Kamijispa BiAirpae podb
MacTiwia. 3aBASKH I[OMY OIIp PYXY

EpUTPOLUTIB 3MEHIIYETHCS. Edexr
3MEHIIEHHsS. B’S3KOCTI KpOBI B JApiOHHX
cynuHax 3 giametpoM d < 500 mxm 3a Puc. 4.19.
paxyHOK  nedopmariii  epHTPOIHMTIB i Jedopmauis

opieHTamii X B3MOBX OCi Cy[WHU HOCUTH  SPUTPOLMTA B KAlULAPI
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Ha3By (peHOMEeHY cirma a6o edexty Papeyca — Jlinaksicra.

EputpounTi  XapakTepH3yIOTbCS  BHCOKOIO  €ACTUYHICTIO.
3aBAsiKu CBOIM (OopMi MOABIHHO BBITHYTOTO ITHUCKY, BOHH MOXYTh
cwibHO  gedopmyBatucs mo  pisHMX ocax  (puc. 4.19).
Hedopmyrounch, epUTPOLUTH MOXKYTh MPOCYBATHCA OJUH 32 OJHUM
y Kamiisgpax JiamerpoM Bcboro 3 mkm. CamMe B TakMX TOHKHX
KalmIIpHUX CyAWHAX 1 BiAOyBae€ThCAd Ta3000MiH MK KpOB’IO i
TKaHWMHaMH. Taka BHCOKA EJACTUYHICTh EPUTPOIMTIB ITOKpAILye
OOMIHHI TpOLIECH 1 3HIKYE B’S3KICTh KpOBi. 3aBISKH BiIHOCHO
HEBUCOKIH B’A3KOCTI KpPOBi, B CHCTEMi  MIKPOIUPKYIISIIi
3HIKYIOThCS HAaBaHTXXEHHS Ha cepie. [Ipy JesKuX MaToNoridHux
CTaHaX EJIACTUYHICTh CPUTPOLIMTIB 3MEHIIYETHCS 1, K HACTIIOK, —
MOTiPIIYETHCS KPOBOOOIT.

B’s3kicTh pi3HUX pEedYOBUH NMpHUBeAeHA B Tabnwmii 4.4.

Tabnuns 4.4
JuHamivHa B’S3KICTh Pi3HUX PEYOBUH
PeuoBuna [oBiTps | Bona I'minepun | Kp | [lnazma
OB
Temnepatypa | 20 20 | 100 |20 36 |36
) OC
JnHamiuna 0,018 1 03 p 4 - 11,5
B’SI3KICTb, 6
mlla-c

OcCkibKH KpOB HE HBIOTOHIBChKA piJiHA, TO 1ii B’s3KICTh
3aJeKUTh Big 0Oaratbox

n mapaMeTpiB: rpajieHTa

\ p P P .

MIBUAKOCTI KpOBI1

§ & oee
(dU dx)’ il TeMmeparypu
(T), remaToKpuT Hy),
puTy

T€OMETPUIHHX

n nmapaMeTpiB  CyauH  —
105)1 [

i 0):
do/dy ~ PaAiyea (r), moBxuHU (
n:n(du T,Ht,r,l).

x’
3okpema, 13 301TBITICH-
HSIM TPaJIi€HTA IIBUIKOCTI

Puc. 4.20. 3anexHicTh B’SI3KOCTI KPOBI Bij
rpajJi€HTa MBHIKOCTI
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il B’A3KICTb 7] 3MEHIIYEThCS M0 EKCIIOHEHLIAIbHINA 3aJ€XKHOCTI 10
B’S3KOCTI IUIa3MHM  7],,, AKy MOXXHAa BBa)KaTH HBIOTOHIBCHKOIO

pinuHOIO (puc. 4.20).
TemnepaTypHa 3aJeXHICTh B’S3KOCTI KpOBI CKimamgHa 1 ii
MIPUOJIM3HO MOYKHA BUPA3UTH CKCITOHCHITIATEHOIO 3aJICKHICTIO

——r (4.37)
ne a 1 b — xoHcranTH, 7 — abCOMOTHA TeMIlepaTypa.

B cepennpomMy, 30imbIeHHs Temmeparypu Kpoi Ha 1°C
MPUBOJIUTH JIO 3MEHIIICHHS i B’s13KOCTI Ha 2%.

PosrnsiHeMo Mozenb KpOBOHOCHOI CHUCTEMH Y BUTJSIII Hacoca
(cepust), sikuii mepekauye piamHy (KpOB) MO BENWKIM KITBKOCTI
TpyOOK (cynmuH) pisHOTO nmiametpy (puc. 4.21). Hacoc mae Burmsiag
CIACTHYHOI TPYIIi, SIKAa PUTMIYHO CTUCKYETHCS, MOJAIOYU PiIHHY
Yyepe3 KiamaHd B cuctemy TpyOok. [Ipum 3MmeHInenHi o0’eMy rpyiri
(cxopoueHHi JBOTO
HITYHOYKA) — BiJIKpUBa-
€ThCH JTBUH Knamad K i
piIMHA BHIITOBXYETHCS
B TpyOKy A BEIUKOIrO
nmiametpy (aopty). Po-
O0ouya (aza BHIITOBXY-
BaHHS CEpIEM KpOBi B

aopTy (cxopoueHHS
= ) CEpIIEBOTO M’si3a) Ha3H-

Puc. 4.21. Moaenb CyquHHOI CHCTEMH
Ba€ETHCA cucmona.

O06’eM KpoBi, IO BUIITOBXYETHCS B a0PTY MPHU OJHOMY CKOPOUECHHI
CepIsi, HA3UBAEThCA yoapuum 06 ’emom, skund ckiamae (60-70) .
3aBIsSKN €IacTHYHOCTI CTIHOK aoOpTH 11 00’€M 301IbIIYETHCA 1 BOHA
npuiiMae BCIO PiZIMHY, SIKy BUINTOBXHYB Hacoc. [licns 1iei dasum
knanaH K 3akpuBaeTbes. TUCK B aopTi (cucmoniunuii apmepianbHull
mucx, CAT) migBuiryetbcs. 3aBISKH TOCTYIIOBOMY CKOPOYEHHIO
CTIHOK aOpTH IMiABHLICHHS THCKY IOIIMPIOETHCS B3HOBXK BCi€i
apTepiaNbHOi CYAMHHOI CHCTEMH 1 piJJUHAa TIPOIITOBXYEThCS B
CyOAMHH MeHmoro paiamerpy. IlocTymoBo THCK B cyauWHax
3MEHIIYEThCSI /0 BEIWYHMHH, SKA& HA3UBAETBCS  OiACMOAIUHUM
apmepianohum muckom (JAT), 1 pinmHa B KIHII IUKITY 4Yepes
BIYCKHUM KianaH K, Momnajae B paBuil IUIYHOYOK CEPIIS.
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Bemnuuna HIBI/II[KOCTi HYJ'II)COBOT XBHITI U, y BEIHUKHUX CyOWHaxX

3QJICKUATh Bif iX PO3MIpIB 1 MEXaHIYHMX BIIACTHBOCTEH TKAaHWHHU
CTIHOK 1 BU3Ha4aeThes 3a popmyinoro MoeHca - Kopresera

v, = % , (4.38)
ne E — moxyns FOHra cTiHku cynuHu, h — ii TOBIIMHA, O — IyCTHHA
CTIHKHM CYAWHH, d — BHYTPIIIHIN IiaMeTp CyTUHH.

Ha puc. 4.22 npuBeneHo aBa IUKIH MYJIbCOBOI XBHJII B TUICYOBIMH
aprepii.

3 (4.38) BugHO, MmO 3i 30UIBIIEHHSAM KOPCTKOCTI CyIWHHU 1
TOBIIMHU 1i CTIHKM IIBHIKICTH MYJIhCOBOI XBHIJI 3pocTae. Tak, B
aopTi BoHa JopiBHIOE (4-6) m/c, B apTepisx M’s30Boro tumy — (8-
12) m/c. B BeHax, siki OUIBII €TacTUYHI, IBUAKICTh MYJIHCOBOT XBHIII
MEHIIIa 1, HampuKial, B TOPOXHHCTIH BeHi ckimamae 1 wm/c. I3
NPUBEACHUX MJaHUX BUAHO, IO UIBHAKICTh MYJIbCOBOi XBHII
Habararo Ounblna JiHIMHOI MIBHUIKOCTI KpOBi, fKa HAaBITH IpH
CTIOKIHHOMY CTaHi JIIOJUHU B aopTi He nepesuutye 0,5 m/c.

3 BIKOM €JAaCTUYHICTh CYAWH JIOJUHHM 3HWXKYETbCA (MOIYNb
IOHra 3pocrae), a mBUAKICTH MyJIbCOBOI XBUIII pocTe. BoHa 3pocrae
i 31 30imbIIEHHAM TUCKY. [IpW TiABHIEHOMY THCKY CyIWHA JEII0
PO3TATYETHCS, CTAa€ OUIBII «HANPYKEHOIO» 1 A ii MOJAIBIIOTO
PO3TAry MOTPIOHE OijbIle 3yCHILIS.

-

v

Puc. 4.22. 3mina apTepianbHOTO THCKY B IUIeH0BiH apTepii: T — TpuBaicts
CepIeBoro IUKIy; T, — TpUBalicTh cucToNH; T, — TpuBaicTs AiacTony; P, —
makcumainpuuit CAT; P, — minimansuuii JIAT

dopma MmynbCOBUX KOJMBaHb 1 IX  XapaKTEPHCTUK €
Bi10OpaskeHHsIM pOOOTH ceplis 1 CTaHy CYAMHHOI cucTeMu. Tomy iX
peecTpanisi Ha Pi3HUX OUISHKAaX CYAWHHOI CHCTEMH 1 HACTYIHUH
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aHaJIi3 MaloTh A1arHOCTUYHE 3HAYCHHS.

Onny 3 mepmux Mojenedl KpoBOTOKY 3ampomnonysas O. ®pank,
SIKUM TEOPETUYHO PO3BHHYB 17€f0 TIPO Te, M0 apTepil «3amacaroTb»
KpOB IIil 9YaC CHCTOJHM 1 BHINTOBXYIOTH i B APiOHI CyAMHU MiJl 4ac
miacromn  (puc. 4.23). B paniii momeni 3poOneHi HacTyIHi
MPUTYLICHHS:

1. Bci Benuki cynuHN 00’€MHAHI B OIWH pe3epByap 3 BHUCOKO
eTACTUYHUMHU CTIHKaMH, 00’€M SIKOTO TPOTOPIIHHUN THUCKY.
INppaBimiyHUM ONIOPOM pe3epByapa HEXTYIOTh.

2. Mikpocynuau o0’emHaHi B OJHY JKOPCTKY TpPYOKYy.
lNppaBmiyamii  omip Takoi KOPCTKOI TPyOKH BEIHKHIA,
eaCTUYHICTIO 11 HEXTYIOTb.

3. EnacTudHICTb i Omip AJIs1 KOXKHOT IPyINH CYIWH TOCTIHHI.

4. Tlepeximmi mpomecH BCTAaHOBICHHA pyXy KpoBi He
PO3TIIAIAIOTHCS.

5. 3aKkpuTTs Ta BIIKPUTTS a0PTAIBHOTO KJIallaHa BU3HAYAIOTHCS
«30BHIIIHIM MEXaHI3MOM», SKHUH IIOB’SI3aHMM 3 AaKTHBHOIO
TUSTTBHICTIO CepIIsl.

O06’eM aOpTH B MOMEHT Hacy f 3alUIIeMO y BUTIISI

V(t)=V,+c-plt), (4.39)
ne V, — 00’em pesepByapy B MOMeHT yacy 7=0, p(t) — THUCK KpOBI B
pesepByapi, ¢ — KoedillieHT TPYXHOCTI, SAKHI XapaKTepHu3ye
eJIaCTUYHICTB CTIHOK pe3epByapy.
[ponudepenirroemo (4.37) mo yacy
av__ dp
dt dt
VY (T1P) — npy>xHuit pe3epByap (aprepii) yepes kianan K| HaXOJUTh
KpOB 13 ceplsl, BUTpaTa sikoi JopiBHIOE (). BoHa 3MiHIOE 00’€M

(4.40)

pesepByapy Ha Benuuuny dV/dt i Bigrikae 3 Butpatoro Qp uepes
knanad K, B iepudepruHy cuctemy (apTepioiv, Karispu). 3Bijacu

av
=" +Q,. (441
o dt+QO( )

CKOpHCTaEMOCH b opmyJI0t0
[Tyazeiins aist BuTpatu Qq

P D,
QO = T, (442)

Puc. 4.23. Mopaenb KpOBOTOKY
®panka
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aHs . . 8nl
Ie p, — THCK KpoBi micis kianald K, (BeHO3HOI KpoBi), X = % -
T
TigpaBIiuHUN Omip KOPCTKOi TPpyOKW Ha BUXOXI 3 pe3epByapy, [ —
NoBKHMHA TpyOku, R — ii pagiyc, 77 — B’s3kicTh KpoBi. MoxkHa

BBaxatu p, %0 (muB. Tabm. 4.4). Toxi migcraBusim (4.38) i (4.40)
B (4.39) otpumaemo

dp . p
OQ=c-—+—. (4.43)

dt X
[Ipu 3akiH4eHHI CHCTONHM KPOB HE TocTymae B pesepByap (Q = 0)
MIOIINPIOETHCS B BEHO3HiH cuctemi. 3Biacu 3 (4.43) MOXXHA OTpUMATH

dp _ dt

> Tex (4.44)

InTerpyroun nanuii BUpas, OTpUMaeMo

Inp=-

+ A. KoHcTaHTy A 3HaiiieMO 3 MOYaTKOBHX YMOB:
c-X

p(t=0) = p.. Tyt p. — cucronidyauii aprepianbHuil THCK. OCTaHHE

PIBHSHHS TIEPETBOPIOETHCS B

t
= (4.45)
p. c-X
abo
_r
p=p.-eX. (4.46)
[TincraBusiy (4.44) B (4.40) mpu ymoBi p, =0 orpumaemo
_r _r
0, =L pex =Q e X, (4.47)
X
e Q = % — BUTpaTa KpoBi 3 TPYKHOTO pe3epByapy Micis

kyanaHa K, B KiHIIl CUCTONH (TI0YATKY J1aCTOJIN).
Xoya naHa Mojenb rpy00 ONKCYE peajlbHHI TUCK KPOBi, BOHA
MPOCTa 1 MPaBUIIHLHO BiIOOpaXkae MpoIiec 10 KiHII JiacTOIH.
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4.7. Aepoannamika

AeponmHaMika — 1€ pO3AUT TiApOaepOAMHAMIKH, B SKOMY
BHBYAIOTHCS 3aKOHH PYXY T'a30BOTO CEpeIOBUINA i foro B3aeMoii 3
TBEPOAUMH TilaMH B HBOMY. 3 TOYKM 30py OioMexaHiku B
aepoIUHaMIlll IHTEpeC BUKIUKAIOTh 3aKOHH PyXy MTaxiB 1 KOMax.

Kpuo nraxa abo xomaxu Mae o0TidHy GopMy i3 3aKpyTICHHM
mepenHiM KpaeM Ta BY3bKHUM 3amHiM (puc. 4.24). Ilpm ix
TOPH30HTAJIBHOMY MOJILOTI MOJIEKYJIH TOBITPsI OOTIKAIOTh KPHUJIO, ajie
3aBIAKM BUTHYTIH HOTO BEpPXHIA IMOBEPXHI BOHH IPOXOIATH 3a
OJIMHUINIO Yacy NUIAX OUTBIINKA, HIK Ti MOJEKYJH, IO OOTIKaloTh
HOro HW)XHIO, OUTBII IUIOCKY IOBEPXHIO, 1 OTXKE MalOTh OUIBIILY
HIBUIKICTH pyXy. Hecumerpuune oOTiKaHHS Kpuja CHPUYHMHIOE
MOSIBY IMPKYJSIIHHOTO MOTOKY HABKOJIO KOHTYPY KpWia, SKUM Ha
ONMyKJIId TJIONIMHI CHOpsIMOBaHMHA B OIK Tewii TOBITPSA, IO
MPU3BOANUTH /O 30iJbIICHHS MIBHIKOCTI pPyXy TMOBITPs, a Ha
BBITHYTIH — TIPOTH Tedii, IO CYHPOBOKYETHCS 3MEHIICHHIM
LIBUIKOCTI PyXy HOBIiTps. 3rigHo piBHAHHS bepnyii (4.16), sxmo
HIBUJIKICTH MOBITPSHOTO TOTOKY Oijiblla, TO THUCK CEpeIOBHIIA
MEHIIINHA, 1 HABMAKW. 3aBIJKH PI3HUII TUCKIB MIX BEPXHBOK Ta
HIDKHBOIO TUIOIIMHAMY KpWJIa TITaXxa i KOMaXxyW BUHUKAE NIOHIMATbHA
cuna, Mo CIpsIMOBaHA MEPINEHANKYISIPHO A0 HANPSAMKY IIBHAKOCTI
pyxy Tina. KpiM migHiManbHOI CHIM HAa HHUX JiIOTh CHJIA TSDKIHHS,
cuia iX M’A30BOI TATH Ta CHia JIOOOBOTO ONOpY MOBITPS, sKa JIi€
MPOTHJICIKHO HAMPSIMKY HIBUAKOCTI pyxy Tina (puc. 4.24). B3aemue
BiJTHOIICHHS IIMX CHJI i BU3HAYAIOTh a€POJMHAMIYHI XapaKTEPUCTHKH

ITinHiManbLHa

CI‘LTI”'I Crma OTIOPY
CHITa TATH

/C>

"IT"IK[I

( _HTa
TKIHHA

Puc. 4.24. Cunu, sxi Oif0Th Ha KPUJIO NTaxa
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nTaxiB 1 KOMaxX. Y TpOIeCi MONBOTY MTaxX 3JaTHUNA 3MIHIOBATH KyT
aTaku — KyT MK XOpAOI0 Kpuja Ta HamlpsSMKOM IOTOKY MOBITpS,
PUYOMY 3MaxX KpHWJIa BHH3 XapaKTePH3YeThCs 30UIBIICHHAM KyTa
aTaky, o0 30UTBIITY€ TiAHIMAIBHY CHITY.

Tabnuns 4.5
HaBaHTa)keHHs Ha KpuJja NTaxiB
Hazga Maca, ¢ | [lnoma mosepxHi | HaBanTakeHHS
KPUJL, CM” Ha KPHIIA, Ko/M
JKaitBopoHOK 34 220 1,59
Bopona 615 2045 3,01
Kauka 925 834 11,00
JlacriBka 160 123 12,9
Koniopi 10 20 5,0
Annbarpoc 8502 6250 13,60

Bimomo, mo ans miTarouux TBapWH BiHOCHA MOTYXKHICTH M’ SI3iB
3pocTae, B TOM 4Yac K Maca Tijga 3MeHIIyeTbes. Lle BimOyBaeThes
TOMY, L0 MOTYXHICTh M’SI31B 3MIHIOETHCSI MPOMOPIIHHO TJIOMI iX
MIOTIEPEYHOTO TIepepizy, a 00’eM (a 3HaUWTh, 1 Maca) — SK KyO
JIOBXUHU. Aue, 3 iHmIOro OOKy, MaJeHbKHHA mNTax abo KoMaxa
MOBHHHI JloNlaTW OifbIIWIA OMmip TMOBITPs, SKE OOTIKae HOTOo
MMOBEPXHIO, 3yMOBJICHUH MaJICHBKUM TiJIOM 1 B’S3KICTIO MTOBITPSI.

B pe3ynbrati BiTHOCHOTO 3pOCTaHHS MOTYXHOCTI M’ S3iB, 3 OJHI€l
CTOPOHH, 1 301IbILICHHS OTIOPY MOBITPSI, 3 IHIIO1, MyXa MOXKE MiTHATH
B nioBiTps 200 BificoTKiB BIacHoi MacH, ntax — 100.

Taonuis 4.6
HaBaHTa)keHHsS Ha KpHJIa KOMax
Hazsa Bara, 2 IInoma HapanTaxeHHs
TIOBEPXHi KpWJI, | Ha KpUia, Ke/m’
e’

Myxa 18 20 1,0
MeTtenuk 50 860 0,06
MockiT 1,3 8 0,16
JxMiTB 2100 116 18,0
Oca 85 68 1,25

KopucHo npuBecTH 3Ha4eHHS «E(PEKTHBHOCTI» Oii KpHi, TOOTO
MacH, Ky 37aTHA IIHATH B MOBITPs | v OBEpXHi KpHIa.
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3 Ttabimmii 4.5 BHAHO, IO MajeHBbKI NTaXd MalOTh BIJHOCHO
HEBCJIMKE HAaBaHTAXXCHHS Ha Kpwia. Benwki, Taki sK, HalpHKIa,
anbpOaTpOC, HE3BAKAIOYM HA BEIHKHII po3Max KpHI, Ha | ° ruromi
MMOBEPXHI KprJja maHIMaoTh mpudausHo (11-19) ke.

BenuunHa HaBaHTaXCHHS KPWJI JJIi  KOMax CXoxa 3
HaBaHTA)XKCHHSAM JUIsS TTaxiB BCyleped NPUIYHICHHSIM, CYASYd i3
30BHIIIHBOTO BUIJISY, [0 HABAHTAXKEHHSI iX KPUIIEIh Ty)KE BEITHKE.

Sk BumHO 3 TaOIMIN 4.6, KpiM JPKMEIISI, HaBaHTAKCHH Ha Kpuia
y KOMax MEHIIIe, HiX Yy MTaxXiB.

4.8. BioJsioriuna Ta MeIMYHA anapaTypa reMoIuHAMIKH
4.8.1. BumiproBaHHA THCKY KPOBi

3HaHHS TUCKY KpOBi JIIOAMHU BiJirpae BEIUKY poOJib B
niarHocTyBaHHI OaraTbox 3axBoproBaHb. CAT i JIAT moxyTs Oytn
Oe3nocepeTHF0 BUMIPSHIMH 32 JOMOMOTOI0 TOJIKH 200 CremialbHOl
TpyOKH — KaTeTepa, BBEJCHHX B KPOBOTOK MEBHOI apTepii JIIOAWHH 1
3’€¢IHaHUX 3 MaHoMeTpoM. Ha mpaktuii 1ei OoicHUN MeTon He
BUKOPHCTOBYETHCS, a 3aCTOCO-

BYETbCA  OC3KPOBHHH  Memoo

Kopomkosa, 3anponioHoBaHU# B

1905 poui i peayizoBaHuil B

npwiaai, SKUA — Ha3HUBAETHCS

cpiemomanomemp. CyTb MeToO-

Ny TIOJISiTa€ B HACTyMmHOMY. Mixk

IUIeYeM 1 TUICHOBUM CYTIIO000M

HAKJIaJa€ThCsl MaHXKeTa, B SKY

3a JIOTIOMOT'OI0 TYMOBOT TpYIIIi

HarHITalOTh TIOBITPs, TUM ca-

MHUM 3MIHIOIOYH THCK B MaHXKe-

Ti, 10 (QIKCYETHCSI MAHOMETPOM Puc. 4.25. Chirmomanomerp
(puc. 4.25). OIHOYACHO 3 IUM Kopotkosa st Bl/{lzllp}osaliﬂﬂ TUCKY
3a JIOMOMOTOI0 (POHEHIOCKOMa B VORI apTeptl
MPOCIYXOBYIOTHCSL TOHH 1 IIYMH

B IUICYOBIH aprtepii B o0macTi JiKThOBOTO 3ruHY. lloBiTps
HaTHITa€ThCS B MAHXKETy JOTH, TOKH 3a JIOTOMOTOI0 (DOHEHIOCKOITY
He Oyze 4yTHO 3BYKiB BiJ mpoTikaiouoi KpoBi B aprepii. Lle o3Hauae,

128



0 THCK B MAaHXETi CTaB OUIBIIMM CHCTOJIYHOTO apTepiaabHOTO
tucky (CAT) 1 kpoB mo aprepii He mnpoxoauts. I[loBiabHO
BUITYCKAIO4H MOBITPSI 3 MAHKETH, 3HIKYIOTh B HIl THCK, a 3HAYUTh —
1 TUCK Ha apTepito. B Toif MOMEHT, KOIM THUCK CTaHE TPOXH MEHIINM
CAT, KpoB OKpEeMHUMH MOPLIsIMUA HOYHE MPOXOTUTH MO apTepii i 3a
JOTIOMOT010 (POHEHJOCKOMY MOYHHAIOTH MPOCITYXOBYBAaTHUCH OKpeMi
ToHH. BoHn oOymoBieHi BiOparii€ro CTiHOK apTepii Oe3mocepeaHbo
3a MaHKETOI0 i €0 MOTYKHUX TOIITOBXiB KPOBI, SIKi MMPOXO/ISATH
Kpi3b CTUCHYTY MaH)KETOIO MIJISIHKY CYAWHH TibKHM B MOMEHTH
CUCTONH cepis. 3HaYeHHS THUCKY, SIKHH B I MOMEHT (iKCyeThCs
MaHOMETpPOM, TpPHUHMAalOTh 3a cHUCTOmYHUN (BepxHiil). [lpm
MOJANILIIOMY TOHHXKEHHI THCKY B MAaH)KETI TOHM TOYMHAIOTH
JOTMOBHIOBAaTUCh IymMaMu. Lli mymu oOymoBieHi TypOyJeHTHUM
PYXOM KPOBi 4epe3 4acTKOBO CTHCHYTY MAaHXETOI JIISHKY apTepii.
HlyMu MmBHIOKO 3racal0Th MPHU IOCATHEHHI KPOB’I0 JIAMiHAPHOTO
ToKy. [loBHa BiCYTHICTH LIYMIB JOCSITA€EThCS B MOMEHT ITOBHOTO
BIIKpUTTSI CTHCHYTOI IUISSHKH apTepii. 3HAYeHHS THCKY, SKHMA
(hikcyeThCsI MaHOMETPOM B L€H MOMEHT dYacy HpuiiMaloTh 3a
niacToNmvYHUH (HIDKHIH).

VY 3mopoBux nroxeit B Bimi Big 15 mo 50 pokie CAT, BuzHaueHui
3a metogoM Kopotkosa cxiranae (105 — 120) mm. pm. cm., a JAT —
(60 — 80) mm. pm. cm. 3 BiKOM, SIK IPABUJIO, THCK 3POCTAE.

4.8.2. BumipoBaHHsi B’S3KOCTI

KpOBi M
2
Po3min  ¢isukm, sAxuii  BUBYAE
B’SI3KiCTh pinuH HAa3HUBAEThCS
gicko3umempico, a  TpwIagd  —
Bickozumerpamu. llpu gocmimkeHHAX
B’SI3KOCTI  piAMH  BUKOPHCTOBYIOTbH
HACTYITHI BUJIU BICKO3UMETPIB:
1. Pomayitinuii 8icKO3UMemp W ‘ 1
Kyemma. Y HbOMY pinnHa 3HAXOIUTHCA @

MK JaBoMa mmiaiHapamu (puc. 4.20).
. o . . Puc. 4.26. bynosa
30BHIIIHIH TMITIHAP 3HAXOAUTHCS Ha OCi o . ]
. POTALIMHOTO BICKO3UMETPA:
JIBUTYHA 1 MOXe oOeprarucs 3 1 — 3oBHimmHi# wHTHAD,
MOCTIHHOK KYTOBOIO IIBHIKICTIO @) . 2 — BHYTpIIIHIH IUiHAp
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BryTpimHiil — HEpyXOMHI 1 MiABIMIEHWNA HA CHIpajbHIM MPYXUHI.
IIpu oOepTanHi 30BHINIHBOTO WHJIIHIpPAa 3a PaxyHOK B’s3KOCTi
PIOVHE BHYTPIIIHIN HUIIIHAP TOBEPTAETHCSA HA JCAKHHA KyT. 3a UM
KyTOM MO’KHA BH3HAQYUTH MOMEHT B’S3KHX CHJ M, MPUKIAACHUX 10
BHYTPIIIHBOTO HITIHAPA.

Leit meron mo3BoJsie BUMIPIOBATH B’SI3KICTH DIIMH B MEXax

5
(1 -10 )Ha -C, TOOTO 3MallyBaJbHUX MACTWI, PO3IUIABICHUX
CHJIIKATIB 1 METaJIiB, B’ I3KHX JIaKiB 1 KJI€iB, KPOBi, TOIIIO.
B’si3kicTh pigrHE BU3HAYAIOTH 32 (OPMYIIO0

(Rl _Rz) M
N="— 55 "7 (4.48)
2R, lw
ne R, 1 R, — paniycu 30BHINIHBOTO i BHYTPIIIHBOTO HUIIHAPIB, [ —
BHCOTAa DPiAWHU MDK CTIHKAMH IWIHAPIB, M — MOMEHT CHII,
MIPUKJIAICHUX o BHYTPIIITHHOTO
HWTHIpa, @ — KyTOBa NIBHJKICTB

o0epTaHHs 30BHILIHBOTO UIIIHApPA.

UuMm Oinplna @ , TAM Ha OUTBIIWEH KYT
MOBEPHEThCS  BHYTPIIHINA mwmiHAp. 3
ypaxyBaHHSIM  TPYKHOCTI  TPYKUHH
KpPyroBa IOKaJa [03BOJSIE BHMIPIOBATH
B'S3KICTh PIAMHU TIPU Pi3HUX MIBHIKOCTSIX

o0epTaHHs, TOOTO MPHU PI3HUX 3HAYCHHSIX Puc. 4.27. bynosa

. . . . KaliJsIpHOTO BiCKO3MMETpa:
rpafienTa mBHAKocTi dv/dz B pimumi a, b, d — MiTKH,

MDK IIWIIHAPaMH, [0 BAXKIUBO JUIA C — Karinsp
BU3HAYCHHS 7] HE HBIOTOHIBCHKUX PiJNH.

2. Kaninapuuu esickosumemp Ocmeanvoa. llpuHiun poboTu
TaKOro BiCKO3MMeTpa 0a3yeTbcsi HAa BUMIPIOBaHHI 4Yacy MpOTIKaHHS
yepe3 Kamuisip PiAMHM BiJOMOI MacH IIiJ JI€I0 CHJIM TSOKIHHS IMPH
MEBHOMY TIepernajii TUCKIB.

B omne i3 komu Bickosumerpa (puc. 4.27) mo wMitku d
HAJIMBAETHCS PIAMHA 3 BIZIOMOIO TYCTHHOIO O, 1 B’S3KICTIO — 7},
(mampuknan, Boaa). 3a JONOMOrO0 TyMOBOi TIpymri, sKa
MIPUETHYETHCS A0 1HITOTO KOJIiHA, PiAMHA 3aCMOKTYETHCS IO MITKH d.
[Ticns mporo rpyma Bif’ €THYETHCSA 1 CEKYHAOMIPOM 3aCiKaeThCs dac
IPOTIKaHHA PIAUMHU f, MDK MiTKamMM a 1 b. Taki X BUMIpIOBaHHs
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OpOBOAATH 1 IS JOCHIAXKYBaHOI pIAMHM 3 TYCTHHOWO O,
BU3HAYAIOYM dac ii mpoTikaHHA ¢ . J1d eTaJoHHOI piiuHU 3

BimoMoto B’si3kicTio piBHsSHHA Ilyazeiins (4.26) MoxHa 3amucaTe y
BUTILAAL

V R A
0 =—=2%% (4.49)
t, 8n, I
Jia nociimKyBaHOT piIMHA MOKEMO aHAIOTI9HO 3aIMCaTH
Vv aR' Ap
O =—=—"-—7+, (4.50)
t. 8n. 1

ne V — 00’eM pinuny, mo neperikae, Ap,, Ap  — pi3HHIL THCKIB Ha
KIHISIX ~ Kamisipa A eTaJoHHOI 1 JOCHDKYBaHOI — PiTUHU
BIANOBIAHO, 17),, 1), — KOE(DIUIEHTH B’A3KOCTI €TAIOHHOI 1

JOCIIKYBaHOI PIOWHYU BIANOBIAHO, f,, ! ~— 4Yac NPOTIKaHHI

X
€TaJIOHHOI 1 JOCHIPKYBaHOI PIIMHU Yepe3 Kamiyisip TOBKUHOIO [ i
paxiycom R.
Tak sk V B iux ymoBax st 000X piMH OJHAKOBI, TO, 3 (4.49) i
(4.50) HE BaXXKO OTpUMATH

4 4
R ~Ap°t0=7ZR ~Ap"tx. 4.51)
8n, 1 8n, I

Ockimekn  Ap, = p,gl 1 Ap, = p.gl, TO migcraBuBum i

3HaueHHs B (4.51), ogep>kUMO PIBHSHHS JJisi BU3HAYCHHS BIJHOCHOL
B’SI3KOCTI

P,
’ Polo

KaminsipHi BicKO3UMETpH BUKOPUCTOBYIOTHCSI B OCHOBHOMY TSI
BUMIPIOBaHHI B’A3KOCTI KpOBI 1 MOXYTh 3aCTOCOBYBaTHCH B
mmpokoMy miamasoni  Bin 107 [1a-c¢  (rasm) mo 10*7Ila-c
(KOHCHCTEHTHI MaCTHJIA).

3. Meouunuii gickosumemp I'ecca. 3a Oy0BOIO BiH € KaIliJIsIpPHAM
BICKO3MMETPOM, IPU3HAYCHHM [UIs BHMIpIOBaHHA KoeQilieHTa
B’SI3KOCTI JyXe HeBeJMKoro 00’emy piamuu. Bickozumerp [ecca
CKJIaJa€ThCsl 3 ABOX IpaayioBaHuX mimeTok 1 (s 3a00py KpoBsi) i 2

n.=1 (4.52)
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(mns 3a00py BOMN), 3aKpiIIEHNX HA 3aralibHiil miacrasii (puc. 4.28).
YcepeauHi MINETOK MPOXOAATh KAIJISPH CTPOTO  OJHAKOBUX
nmiametpiB. Jpyra mimerka 3’emHaHa 3 kpaHoMm 3. Ilicims Toro sik B

2 3 4 5

W = A
0 5 10

1
Puc. 4.28. Bickozumerp ['ecca: 1 — mimeTka 1uist KpoBi, 2 — mineTka a1 Boay, 3 —
KpaH, 4 — CKISIHUH TPIHHKK 3 TYMOBOIO TPYOKOIO, 5 — CKIIsIHA TPYOKa 3 MOPIIHEM

JaHy MineTKy HaOpaHa BOJa, MO CIYKUTh €TAJOHHOK PiJUHOIO,
KpaH 3aKpUBAETHCA, IO J03BOJISIE HAOpAaTH NOCTIHKYBaHY PiTUHY B
Mepiry IMeTKy, He 3MIHIOIYW piBHS HaOpaHoi Bomm. OOuIBi
MineTKu 3’€lHaHi 3 TPIHHUKOM 4 TYMOBUMH TpyOKaMu, BiJl SIKOTO
Wiae iHma rymMoBa TpyOKa, siKa ImiJi’ €JHaHa 10 CKISTHOTO CTEPHUIILHOTO
HAaKOHEYHHUKA 3 TIOPLIHEM 5.

BigkpuBmm kpaH, TineTky 2 3aHypIOIOTh B JUCTUIILOBAHY BOIY
BiJOMOi Temreparypu i HaOWpalTh BOAY JIO HYJIHOBOI BIIMITKH,
micis  4Yoro KpaH 3akpuBaroTh. llimetky 1 3aHyproloTh B
JOCT/DKyBaHy KpPOB 1 TIOpPIIHEM 3alOBHIOIOTH 1 70 HYIIBOBOL
BiIMITKH. BiAKpWBIIM KpaH 1 PO3MICTHBIIM OOWIBI MINETKH 3
KallisipaMd TOPU30HTAIBHO, MOPLIHEM 3a0€3Meuy0Th OJHOYACHHUH
pyx pimuH. Uepe3 neskuii 4ac GikCyrOTh O MIKaIax BiJICTaHi Xy, sKa
nmpoinuia Boja i x, Ky Mpoinuia KpoB. B’ s3KkicTh KpoBI BU3HAYAIOTH
3a popMyII0I0

X,
n :770—0_ (4.53)
X

ToyHicTh BUMIpIOBaHb HEBUCOKA 1 CTAHOBUTH OMM3BKO 4%.

4. Bickosumemp Cmoxca. BiH 0a3yeTbcs Ha BHUKOpPHCTaHHI
¢dopmymu  (4.31) mpu pIBHOMIpHOMY pyCi 1l€aJilbHOI KYJIbKA
paaiycoMm r y B’A3KOMY CepeJOBHII. B mumiHap 3 A0CHIIKYBaHOIO
PIAMHOIO OMYCKAa€ThCS KyJbKa BiIOMOTO pajiycy, MICIs 4Oro Ha
NesKii BiZCTaHi BiJ MOBEPXHI pimuHA (I KPOBI AOCTATHRO Scm) —
HacTaHHSA PIBHOMIPHOTO PYXY, CEKYHIOMIpPOM 3aciKaeThCs 4ac ¢ ii
OIyCKaHHS Ha BHCOTY h. 3rimHo (4.34) B’A3KICTh piAWHH
BU3HAYAETHCS
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77 = g rzg(pxy:l _ppid)t

, 4.54
9 h (39

OCKiNbKH [ = Ut .

Januii MeTron MOXKHa BHKOPHCTOBYBATH TIPU BUMIpPIOBaHHI
mBuaAKocTi ocinanust epurpouutiB (ILIOE), 3a gomomMoroio skoro
MOKHa BH3HAYUTH ICHYBaHHS 3alaliOBajlbHOTO IpoLecy B
opranizmi. Eputponmtn pyxawoTbcsi y minazmi KpoBi. OCKiTbKH
EPUTPOLUTH MalOTh aucKomomiOHy ¢opmy (puc. 2.12) i maroThb
OlTpIly TYCTHHY HDK TUa3Ma, To MBHAKICTH iX ocimanHs (LLIOE)
MO’KHa BU3HAYUTH HAOJIMKEHO 3a popmyoro CTokca.

3 (4.34) BunHo, mo HIOE v 3anexunTs BiA B’A3KOCTI KPOBI 7}

00EPHEHO MPOTOPIIHHO

ot (4.55)

n
BuxopucraBmm 3anexHiCTh B’A3KOCTI KPOBI Bif TemIeparypu
(4.37) orpumaemo

1 -b
v=—e r . (4.56)
a
Jiist IBOX Pi3HUX TEMIIEPaTyp Tijla, BAKOPUCTABIIN OTPHMAEMO
11
b A
2o \R N (4.57)
b
[TponorapudmyBaBIIM OCTaHHINA BUPa3 OTPUMAEMO
Inv, -Inv, =b LN . (4.58)
L T,

3 (4.58) Bumuo, mo 3a 3HadeHHsM [IIOE wmoxHa BH3HAYaTH
HasBHICTh 3amajbHUX MPOLECIB B OPraHi3Mi, IPHU SIKUX TEMIIEpaTypa
JIOKaJbHO 3pocTae. Km0 Temmeparypa Tuia 30iMbLIyETHCS,
B’SI3KiCTh KPOBI 3MEHIIYETHCS, a IMBUAKICTh OCIJIAHHS €PHTPOIIMTIB
301IbIIYEThCSA.  30IIbIIEHHS IIBMIKOCTI OCIJaHHS EPUTPOLIMTIB
3YMOBIIIOETECS 3allaJIbHUMH NPOLIECAMH, TOCTPUMH 1H(PEKIIHHUMU
XBOpOOaMu, XpOHIYHUMH JIOKAITI30BaHUMH 1H(EKITisIME (a0criecamn),
TpaBMaMH, 3JIOSKICHUMH ITyXJIMHAMH, CTAHOM BariTHOCTi. Oco0IrMBO
npouenypa BumiptoBanHs IIIOE jmomimeHa y pas3i  Takux
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3aXBOPIOBAaHb, SK TEMIIOPANLHUN apTput, Koiau 3HadeHHs [LIOE
nocsiratoTs 100 mm/200.

Ha mpaktuni mma BusnHauenHs [IIOE 3acTocoByroTh MeTon
Becteprpena: 2 uz BeHO3HOT KpoBi pa3zom 3 0,5 mz murpary Hatpiro
(aHTHUKOAryJIsIHT — pEYOBHHA, SKa HE Ja€ KpPOBI 3rOpTaTUCh)
HaOMpaloTh y UWIIHAPUYHY TPYOKY, 3alOBHIOIOYM i1 A0 piBHA
200 »m, 1 TOMIIITAIOTh BEPTUKAIBHO B MITATUB, IIPH I[OMY MPOOipKa
MOJKe 30epiratucs 10 2 TOAWH NpW KIMHATHIA TeMreparypi i 1o 6
TOAWH Yy XOJIONWIBHUKY; BUMIPIOBAaHHS MPOBOJHUTHCS MPOTITOM
TOMUHH, a TPU HEOOXIAHOCTI — MPOTSITOM JBOX TOIWH; OCITaHHS
EPUTPOLUTIB Y Cy4acHid mpoObipiii Ha 2 mm 3a TOAWHY BiAIMOBimae
sHaueHHo IIOE 1 mm/200 (TobT0 cydacHa Moamdikaiiiss MeTomy
Macitadye i Mae moxuoky 0,5 mm/200 — OCKUIBKH BI3yaJlbHO MOXHA
3HATH TIOKa3HUKHM 3 TOYHICTIO 10 TNPHOJH3HO TOJIOBHHH
MiTiMeTpoBOi Tofinku). Yeped 1200 BHUMIPIOIOTH BiJICTaHb Bif
BEPXHBOI MEXI CTOBITYMKA IIa3MH JO0 BEPXHBOI MEXKi CTOBITYMKA
epurporuTiB. lle BigcTaHp, BuUpakeHe B MM/200 1 € TIOKa3HHUKOM
IHOE. Hopmanehi nokazuuku LHOE HactynHi: (7 - 12) mm/200 nas
KIHOK 1 (3 - 9) Mm/200 AJ1g 4OIOBIKIB.

4.8.3. Indysiiini npuiaaan

[Hdy3iiiai npunangm — 1e NpUIaan, sIKi BHKOPUCTOBYIOTHCS LIS
BBEJIEHHS BHYTPINIHBOBEHHO a00 TMmiJx WIKipy pi3HOMaHITHUX
JMKApChKUX PO3YUHIB JUUIsI KOPEKIii CKIaay TMO3aKIITHHHUX Ta
BHYTPIIIHBOKIITHHHUX PiguH. [0 HUX, B MIEPIIY Yepry, BiTHOCATHCS
IINPMIM Ta CHUCTEMH JJsl BHYTPIIIHBOBEHHOTO KparelbHOTO
BHECEHHS (KpameJbHUI).

PoGora mmpuna (puc. 4.29) 0a3yerbcs Ha  CTBOPEHHI
Ha/IJIMILIKOBOTO THCKY B TOJIIIi, BBEJCHI B KPOBOTOK, B IOPIBHSAHHI 3
TUCKOM KpoBi. Lleld HaanumkoBuid THUCK Ap  CTBOPIOETHCS

MEXaHIYHOK JIi€0 Ha [OpUICHb MINpHIA, 110 3a0e3mnedye
BIIPUCKYBAHHS PO3YMHY LIIPHUIIOM B KpOB. PO3paxyHKH IOKa3yIOTh,
0 MIBUJAKICTh PYXy MOPIIHS 4, BUTpaTa po3unMHy () i IIBUAKICTH
MOro BUTIKAHHS 3 TOJKU U BU3HAYAIOTHCS 13 CITIBBIIHOIICHD
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Puc. 4.29. Pobota mmpura

4
u:m, Q:l/lS, D= 4Q2 ,
128718 md
(4.59)

ne d — miaMeTp ToJkH, [ — 11 1oBKuHa, S
— IUIOH[a  TIOMEPEYHOro  IMepepizy

HOpUIHA, 7] — KOE(IUiEHT B A3KOCTI
PO3UHHY.
[HIIIMM pUIagoM st

BHYTPIIIHBOBEHHOTO  BIIMBAHHSI €

kpanenbHus (puc. 4.30), sika 703BOJISE

BBOJUTH  DiJMHY  CaMOIUIMBOM  3a

PaxyHOK pIi3HHIII THCKIB, CTBOPIOBaHOI

MpH MiIHOMI KamepH 3 IpernaparoM Ha /

neBHy BUCOTY (~ 60 cm). Dopmynu

(4.59) wmoxHa 3acTocOBYBaTH 1 s

KparebHUII, SIKIIO 3aMiHUTH BEJTHYHHY Puc. 4.30. PoGora
S Ha mIomly mepepizy TpyOKH, a u — Ha KpaneibHHI
LIBUIKICT PYXY PiAMHU B Hill.

4.8.4. LlenTpudyru

HentpudyryBanns — 1e Tpouec pO3AUIeHHA (cemaparii)
HEOIHOPITHUX PIAKUX CEPEJAOBHII, IO HE 3MIIIYIOThCA, abo
TUCTIEPCHUX CHCTeM (HampuKiIad, 4YacTHHOK B  piOWHI) Yy
BIIIIEHTPOBOMY  TOJi.  3IiHCHIOETBCS  IEHTPU(YTYBaHHA 32
nornomoroo nentpudyru (puc. 4.31), OCHOBHOIO YaCTUHOIO SIKOi €
OapabaH (KOMMWK) 3 CYIIIBHUMH (MipYaCTUMH) CTIHKaMH, IO
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o0epraeThCsi 3  BEJIWKOIO  IIBUIAKICTIO HAa  BEPTHKAIGHOMY
(ropu30HTATLHOMY) BaITy. [epma ueHTpudyra Oyna
ckoHcTpyroBaHa y 1877 poui y Himewyunni Jledenpmom.

B3moBx BepTHKali Ha YaCTUHKY, 3aHYpPEHY B PiIUHY, JIIOTh CHIIa
ApximMena Ta cuina TsDKiHHA. Pesymbryroua cuna, sika Ji€ Ha
YaCTHHKY B3710BXK 0oci OY

F,=mg—F,=pVe-pVe=(p,-p,) Ve, 460

ne P, — TYCTUHA YacTHHKM, O, — IyCTHHA pigunu, V — 06’em

,%
i el e

)} @
> -1 pr
I @pr 6 pT

Puc. 4.31. Uenrpudyru ocamkenss (a) i pinpTpyBanus (6): C — cycnensis,
©® — dyrar (pineTpar), O — ocan, r, — paxiyc BUIbHOI TIOBEPXHI PiHHN;

Tpr — Pazliyc 00€pTaHHA CTIHKM HEHTpUdYTH; O pm — 9ACTOTA obepTaHHs

gacTUHKH. OTKe, YnM OiNbllla TYCTUHA YaCTWHKW B TOPIBHAHHI 3
TYCTHHOIO PiJiMHH, TUM Ginbuioro Oysie pesyibryioua cuna F, i tum

CKOpillle B rpaBiTamiiHOMy MOJIi YaCTHHKA OCSIJIe Ha JIHO.

Hexaii 4yactmHka o0’emom V' pyxaerbcs B ueHTpu(y3i,
3allOBHEHIN PIIMHOI0 HABKOJIO BEPTHKAJIBHOI OCi Ha Bigjami r Bix
mei. Cucrema Bimmiky, TmoB’s3aHa i3  UeHTpudyrow, €
HeiHepiiaabHOW. B TakMx cucreMax BIIJIIKYy BHHHKAKOTh CUIU
inepyii, HanpaBieHi o oci OX

F, =—ma, (4.61)

Je d — TPUCKOPEHHS HEiHEpI[adbHOI CHCTEMH BiJUTIKY BiJIHOCHO
iHepIiaNpbHUX. Y BHUMAAKY OOEPTAIBHUX CHCTEM II€ NPUCKOPECHHS

2 . .
Ha3WBAETHCA TOUCHTPOBUM \d, = @ I"), a CHUJIK 1HEpPI11, CIIPsIMOBaH1

BiI oci oOepTaHHs, HA3WBAIOTBCSA GioyeHmposumu. B pyxomiit
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ueHTprudy3i AIF0 BIAIEHTPOBUX CHJI 3a3HAIOTH SIK 1 TBEpAi 3aBUCII
YaCTMHKH, TaK 1 4YaCTUHKHU |
caMoi pITUHHU, IO CTBOPIOE I ! 3
MepeIyMOBY cemapartii I & T E ] S
. b————f 9
YaCTUHOK 32  (pakiisiMu. b e

I
Hanpuknan, 3aBaskud UM I
I

edexram BiIOYBa€THCS i
MPOCYITyBaHHA OUIM3HH B \mj
OapabaHi MpajbHOI MAIIUHH. .
P p Puc. 4.32. O0epTaHHs YaCTUHKY B

Sxmo B ueHTpudyY3i €
pinuHa, TO BiJIIIEHTPOBI
epeKTH CHPUYHMHIOIOT, BUHHMKHEHHS B piguHi 3rigHo  (4.16)

2
P

LHeHTpUdy3i

OCKUIBKHU

JOaTKOBOTO  OUHAMIUHO2O MucKy p=

U= ®py -, TO

C ppa)lzTr 2
2

PosrisiHeMo 3aBuciy B PiMHI TBEpIy YacCTHHKY, MAaJCHBKY 3a

po3mipamu. [l cripormeHHsT OyZeMo BBakatu ii ¢opMy y BUTISAL

mapanenerninena 3 IUIONIE0 HomepedHoro mepepisy AS, sk

rmokasano Ha puc. 4.32. Ha rpani 1 i 2 takoi yactuHKH OyIyTh HiSITH

CHJIM, CTIPMYMHEH] IMHAMIYHUM THCKOM. IX piBHOilHA, HanpaBieHa
o oci OX i fopiBHIOE

(4.62)

ppa)]fT(r + Ar)z _ ppa)lz'l"r2
2 2

AS =
. (4.63)

Eglez_E:

2
0, AS
= Pp@en> (r2 +2rAr + Ar? — r2)

2 .
Akmo Ar<<r, TO MOXHa 3HEXTyBaTH JoJaHKOM Ar”~ i
OTpUMAaTH

F, = p,@p rArAS = p Ve, r, (4.64)

ockimeku ArAS =V — 00’eM yacTHHKH.
3riqHo (4.61) BimueHTpoBa cwia iHEpIlii, IO Ji€ Ha TBEPAY
YaCTUHKY JIOPiBHIOE
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F,=pVaor,r. (4.65)

IH
Otxe, y pyxoMid mneHTpudy3i piBHOAIHHA CWI, MO AIFOTh Ha
YaCTHMHKY B TOPU30HTAJIbHOMY HAaIpsAMi BU3HAYA€ThCSA BUpa3aMHu
(4.64)1(4.65)

F,=F,~F,=(p,~p,) Vai,r.
(4.66)
Skmo p, >p,, T0 yactuHKa Oyjpe pyXaTuch B PiAMHI Bix oci
obepTraHHs, Ko P, <P, , TO — 10 OCi.
HacnpaBni, OCKiNBKM Ha YacTHHKY [iIOTh [IBI Pe3yJbTYIOUHX
cunu: B310BXk oci OY — F, i B3nosxk oci OX — F,, To yacTuHka

OyJe pyxaTuch 1O JEsAKii TBUHTOBIH JIiHII, IO CXOAUTHCH, abo
PO3XOAMTHCS B OCI B 3aJI€KHOCTI Bifl CIIBBITHOIICHHS BEIHYUH

pmllop

1 v
Bemmunna Q =-—% HasuBaetbcs axmopom  posoinenns
P

nentpudyru. 3 (4.60) i (4.66) oTpumMaemMo
pm _'OP .Va)I%Tr — a)IZJTr
(o, - p,)- Ve g

B cywacHux ynpTpaneHtpudyrax KyToBa MIBHAKICTH JOCSTae

(4.64)

spauens 277 -10° pad/c, 3eigku Tpu cTaHmapTHHX po3Mipax
uentpudyr 3 r,, = 0,ln orpumyemo Q ~4-10°.

VYibpTpaneHTpUpyrd 30aTHI PO3AIIMTH YaCTHHKH 3a PO3MIPOM
meHmi 100 #m, 3aBucmi abo pozunHeHi B pinuHi. BoHu 3Haiimm
LIMPOKE 3aCTOCYBaHHS B MEAMYHO-O010JIOTTUHUX OCITIJDKEHHSIX IS
po3nineHHs GiomonimMepiB, BipyciB 1 CyOKIIITHHHIX YaCTHHOK.

Oco0nuBy Tpyly NPeACTaBIsIOTH COO0 BY3bKOCIEIiaIi30BaHi
MeAWYHI LEeHTpU(Yrd, NPHU3HAYEHI ISl CTAaHAAPTHUX KIIHIYHHX
aHaJI31B KPOBi, HATIPUKIIA, JJIsl BU3HAYCHHS H.
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Pozaia 5. Biomexanika 1uxanus

JuxanHs — 1€ CyKyHHICTh TpoIleciB, Mo 3a0e3medyloTh
HAJXOKEHHS y BHYTPIIIHI OpPTaHW >KWBHX OPTaHi3MiB KHCHIO,
BUKOPUCTAHHS MOTO Ui OKHCIIOBAJBHHUX MPOLECIB, 1 BUAATICHHS
HA30BHI BYIJIEKHCIIOro rasy. [Iponec nquxaHHs € TOCUTh CKJIAAHUM, B
HBOMY 3aisHi JEKilbKka CHCTEM Ta OpraHiB IpH iX OJHOYACHIH
B3a€MOII].

lonoBuuM opranom, skuii 3a0e3neyye AWXaHHS JIOAWHH €
Jereni. IX MOBITPOHOCHI NIIAXM TpEACTaBIEHi HOCOTJIOTKOIO,
TOPTaHHIO, Tpaxeero. JIereHi € mapHUM OpPraHoM i IX YMOBHO MOXHA
PO3AUIUTH HA 3 CUCTEMH:

e cucrema KaHajiB abo TpyOok (OpoHXiaJdbHE IEpeBO), IO

SIKOMY TIOBITpPS AOCSTA€E anbBEOI;

® CHCTEMa albBeOo, 1€ BiI0YBAETHCS Ta3000MiH;

®  KPOBOHOCHA CHCTEMA JICTCHb.

Cucrema OponxiB (puc. 5.1) Bi3yaJlbHO Haraaye CHCTEMY
roppoBanux Tpyook. [To mipi posramykeHHs OpOHXiaIbHOTO JepeBa
niameTp OpOHXIB 3MEHINYETHCS, ajie iX KUIbKicTh 3pocrtae. KiHnesi
riovky OpOHXIB, SIKi HA3WBalOTH OPOHXIONAMHU, MAIOTh JiaMeTp <
lmm, ame iX KUIBKICTB JOcCsTae AeKiIbKoX THcsd. CTiHka OpOHXiB
CKJIAJIA€ThCS 3 TPHOX IAPIB:

1. BHyTpimmHii map — ciu-
30BUi. OCOOIMBICTIO JAHOTO
CJIM30BOTO HIAPY € HASBHICTH HA
MOBEPXHI BOPCHUHOK — «CTOBIIA
BOJIOCCSI», AKI CTBOPIOIOTH Ha-
OpsAMJIEHUH  pyX CiIH3y 1O
MOBEPXHI, CIPHUSIOYH  MeXa-
HIYHOMY BHMBEICHHIO MWJINHOK
abo iHmMHUX MIKPOCKOIIYHUX
YaCTHHOK JiaMeTpoM Bim 2 70
10 mxm HazoBHI. Llel MexaHi3M
BUKHJIA€ «4Y)K1» YaCTUHKHU 3i
MBUAKICTIO 16 mm/x6. TloBepXHsS CIM30BOI 3aBXKIHM 3BOJIOJKEHA,
MICTHTh aHTHTIJIA Ta IMYHHI KJIITHHU.

2. Cepennili map — M’s130BO-XpsmioBull. J[aHa 000J0HKA CTIHKH
OpoHXa BHUKOHYE pPOJb MEXaHIYHOTO Kapkaca. XPpAMIOBI KUTBI

Puc. 5.1. luxanpHa cuctema JIF0IHHA
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TaKoro Kapkaca MmoiOHi 0 Kijelb ro()poBaHOTO MUTaHTa. XPAIoBa
TKaHWHa OpoHXa Mepelko/Kae 3MEHIIEHHIO HOoro aiameTrpa NpU
repernagax THCKY IMOBITps B JiereHsax. KpiM Toro, XpsIioBi KiJbIld,
3B’S3aHI ~ THYYKOIO  CIIONyYHOK  TKAHWHOK  3a0e3nedyroTh
MOOUITBHICTD 1 THYYKiCTh OpoHXianbHOTO AepeBa. [1o Mipi 3HIKEHHS
niamerpa OpOHXIiB B cepefHiii OOOJOHII IMOYMHAE TepeBaKATH
M’SI30BUIl KOMIIOHEHT. 3a JOMOMOTOI0 TIAAKOi M’ SI30BO1 TKAHUHH Y
JIETEHsIX 3 SBJSIETBCSI MOXKJIMBICTH PETYJIIOBAaTH IOTOKH IIOBITPS,
00Me>KyBaTH MOIIUPEHHS iHPEKIiT 1 Ty>KOPIAHUX TiJl.

3. 3opHimHIA map — anBeHTHris. Ll obononka 3abe3meuye
MEXaHIYHUN 3B’S30K OpOHXIialbHOTO JepeBa 3 OTOUYIOUYHMH
opraHamu 1 TkaHuHaMu. CKIIQZa€Tbcd 3 KOJAreHOBOi CHOIYYHOL
TKaHUHH.

BponxianpHe mepeBo OTpUMalio Ha3BY Yepe3 CBOIO MOAIOHICTE 10
MEepPeBepHYTOr0  JepeBa.  [loyaTkoM  MOBITPSHUX  HUISXIB
OpOHXiaJBHOTO JiepeBa € Tpaxesl — HWIIHAPUYHA TPyOKa JOBXUHOIO
(11-13) cm i miamerpom (1,5-2,5) cm, sika y CBOiM HIDKHINA YacTHHI
PO3IBOIOETHCSI Ha JBa TOJOBHUX OpOHXM, IO HamNpaBslOTh
MOBITPSIHI TIOTOKW KOKEH y CBOIO JIeTeHIo (IpaBy 1 JiBy). Beepeauni
JIETeHI PO3TANYKEHHS IPOJOBKYEThCS Ha dYacTUHHI Oponxu (3 B
JiBil JiereHi i 2 B mpa.iii), cermMeHTapHi, Tomo. [loBiTpsHa cuctema
OpOHXiaJbHOTO JiepeBa 3aKiHYYETHCS TEPMiHAILHUMH OpPOHXi0JIaMHU,
SIKi IAI0Th MOYATOK JUXANBHIM yacThHI JiereHi (y HiH BigOyBaeThCs
ra3000MiH MiXK KPOB’I0 1 TIOBITPSIM JIETEHi).

HdiameTp KOXHOI TepMi-
HaJIbHOI OpoHxionu HE
nepeBuinye 1 mm, BOHa nae
noyatok 13-16 jauxaabHUM
OpoHxiojsiaM, SKi B CBOIO
4epry JaloTh NOYaTOK Ju-
XaJbHUM XOJlaM, IO 3aKiH-
YylOTbCSl  alibBeosiamMu. B
aNbBeoIax BiIOYBa€ThCS OC-
HOBHUI ra3000MiH.

Jlereni nwmme B MicIgx A0.0:(
3’€HaHHS 3  TOJIOBHUMH Qo0
OPOHXAMH MEXAH{4HO IIPH- Puc. 5.2. AnpBeonbHUI MillIEYOK
KpiluleHi [0 HaBKOJMIIHIX
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TKaHWH. Pemita iX mMOBepxHI HE Mae€ MEXaHIYHOTO 3B 3Ky 3
OTOYYIYMMHU oOpraHamu. JlereHi po3TaiioBaHi B CHEIliaJbHINA IT0-
POXHUHI TPyAHO! KIITKH TOBHIMHOIO (5-10) mxm, ska Ha3WBa€THCS
UIeBpaIbHOIO. LISt mOpo’kHWHA BUCTENIEHAa OJHOLIAPOBOIO CIM30BOIO
TKaHUHOIO — TIEBPOI0. Taka )k TKaHUHA BHCTHIIAE 1 caMy 30BHILIHIO
noBepxHIo JiereHi. L{i ABa MUCTKU CIM30BUX TKAHUH MOXYTh KOB3aTH
OllHA TIO OJHIA 3aBISKH CIerianbHOMYy MacTmry. [lpm Bamxy i
BHIUXY BiIOYBa€ThCSI KOB3aHHS 30BHINIHBOI MOBEPXHI JIETEHIB IO
BHYTPILIHIA MOBEPXHI rpyIHOI KIITKH 1 AiadparMu.

JlereneBa anpBeoIa BUIIISAE K TPOHO BUHOTPAAY (QIbBEOIEHUN
Mimiedok) (puc. 5.2) 3 miameTpoM oaHi€i «BuHOTpaauHKM 0,2 mm i
toBuHOO CTiHKH 0,04 mm. B nmeremsx ambBeon € 6au3bko 400
MinbioHIB. [lnoma BHYTPIIHBOI MOBEPXHI albBEON 3MIHIOETHCS
OinbIn HIXK B 3 pasu: MpH BAWXaHHI MOBITPS BOHA CKIaga€ OinbIie
120 A7, npu BuAuxaHHi — 40 M. Tlnoma MOBEPXHI aJIbBEOJI OLJIBIII
HiXx B 50 pa3iB nepeBHUIIYE IUIONLY HIKIPH.

OckKinbKH anbBeoia Ma€ KyJsicTy (OpMy, TO TIOBEPXHEBHI HATAT
ATbBEOJISIPHUX MEMOpaH, sIKi BUCTUIIAIOTH 11 BHYTPIIIHIO TTOBEPXHIO,
cTBOproe B MeMmOpanax 3rimHo (4.11) nmonatkoBuii Tck Jlaruaca,
SKAH HaMaraeThCsi 3MEHIIUTH pajiyc ambBeoll. [1pu BauxanHi 00’ em
AbBEOJT 30UTBIIYETHCS 3aBISIKH POOOTI TUXaThHUX M’SI3iB, THCK CTa€
MEHIITUM aTMOC(EpHOTO 1 MOBITPsI BUIBHO 3aMOBHIOE anbBeoid. [Ipu
BUJMXY JliaMeTp albBeoNl 3MEHIIYETHCS, JOAATKOBHH THUCK B HHUX
30iNBIIY€ETHCSA, 10, 37aBaJioCh OW, MOBWHHO Oyino O e Oinblie
3MEHIIIYBaTH 00’ €M aJIbBEOJ 1 MEPEIIKOKATH HACTYITHOMY BIIUXY.
AuJte IbOTO HE BiZIOyBa€ThCS 3aB/SIKU TOMY, IO BHYTPIIIHS MTOBEPXHS
QIbBEOJI TOKPHUTA CIELiaJbHOI0 OPraHiyHOK PEYOBHHOIO —
cypdakranTom. JlaHa pedyoBHHA MICTUTbH OpPTraHi4YHi CKJIAIOBi, SIKi
3HAYHO 3MEHINYIOTh KOEQIIIEHT TOBEPXHEBOTO HATATY O
cypdakranTa, IpUUOMYy O 3aJE€XKHUTh BiJl TOBIIMHM HOTO IUTIBKH:
MpU BJAWXaHHI BOHA ONbIa, OCKUIBKU ILIONIA TIOBEPXHI aIbBEOIH

oimpmia i o =0,05H / M, a MIPH BUAMXAHHI IS TUTIBKA TOBCTIIIA i
KOeili€HT MOBEPXHEBOTO HATATY cypdakTaHTa 3HIWKYETbest B 10-50
pasiB, NpuiiMarOuM 3HAYEHHS O = (0,001 —0,005 )H /m . Tpu
[[bOMY 3MEHIIYETHCS 1 JOJATKOBMH THCK B ajbBeoJiax, IO a€

MOXKJIUBICTh 3IiHCHUTH HAcTymHHE Bamx. OTke, came HasBHICTh
cypakTanTa 3 HOro YHIKQIBPHAMH TOBEPXHEBUMH BJIACTHBOCTSIMH

141



HEepeNIKO/KaeE IMOBHOMY CIAQJAHHIO aNbBEON TIPH BHAWXAHHI 1
3a0e3neuye MOXIMBICTh AuxaHHA. Kpim Toro, B cypdakraHTi
3HAXOATHCS AHTHUTNA, IMyHHI KIITHHH, IO 3a0€3MeYyl0Th 3aXHCHI
¢byHKIIl, a TakoX cyp(}akTaHT MEepemKoKae MPOHUKHEHHIO B
aJIbBEOJTY KpOBi. 3aBIsKU Cyp(aKkTaHTy PO3NPABISAIOTHCS JIET€HI pU
MEepUIOMY TOAUXY HOBOHAPOIKEHOTO.

BryTpimHsS TOBepXHA anbBeOoNl Ma€ TICHAW KOHTAakT 3
KaIlIsipaMy, 10 OTOPTAIOTh ajbBEONYy y BHIIANI CITKHA. 3aBISKH
TOMy, 10 aJbBEOJIa BiJIICHA BiJ Kamisipa Ay)Ke TOHKUM
MPOIIAPKOM, € MOXKJIMBUM aKTUBHUI Ta3000MiH MIX JIETEHEBOIO i
KPOBOHOCHOI CHCTEMaMH.

UYepes cucteMy OpOHXIB MOBITPS MOCTYIAE A0 ANBBEOJI, alie BOHO
BXK€ JIOCTaTHHO 3BOJIOKEHE 1 MmiJirpite abo OXOJIOMKEHE [0
Temnepatypu Tima. Jlig ToNermieHHs JaHWX TEPMIYHUX 3MiH
cim3oBa Tpaxei Mae Jyke TycTy CIiTKy MikpocyauH. Cruszosa
000JIOHKAa HOca Ta TOpPTaHi 3aTPUMYIOTh OLUIBIICT TBEPAUX
YaCTHHOK JiamMeTpoM Bif 10 mxm, SKi MOCTYNAIOTh B HAX 3 TIOBITPSIM.
Yactuaku giamerpoM Bing 2 mo 10 mxm BHUBOISTBCS Tpaxeew Ta
Oponxamu. HaiiMeHII 4acTHHKHM 0 2 MKM JOCSATAIOTh ajabBEOJ, JIe
BOHH BTATYIOTHCS CTIHKaMH 1 BAHOCSTHCS JIiM(OFO.

BenTtusiiis iereHiB 3iHCHIOETECS BHACIIIOK Pi3HUII TUCKY MiX
IBBEOJISIPHUM 1 aTMOochepHUM TmoBiTpsiM. [lpu BAWXaHHI THCK B
aJIbBEOJIaX 3HMKYETHCS (32 PaXyHOK PO3IMIMPEHHS TPYIHOI KIITKH) i
CTa€ HIDKYUM aTMOC(HEpPHOro: TOBITPS 3 arMoc(epH BXOIUTH B
MOBITpOHOCHI muisaxu. [lpu BUIUXaHHI THUCK B  albBeoiax
HaOJIMKAEThCA 70 aTMOC(hEepHOro abo HaBiTh CTA€ BHUIIUM HBLOTO
(mpu ¢dopcoBaHOMY BHIMXAHHI), LIO BIIMNOBIHO NPHU3BOAWUTEH 10
BUAJICHHS TOBITPSA 3 aJIbBEOJ.

[pu cknanHiit cucTeMi MOBITPOHOCHUX TPYOOK Pi3HOTO JIiaMeTpy
pyX TOBITpS B HHMX HOCHTb TaKOX CKJIQAHHH XapakTep BiJ
JaMiHapHOTO 10 TYpOYJEHTHOTO 3 BEJIMKUMH 3HAYCHHSIMH YHCIIa

Peitnonbaca. [Togi6Ho 10 rigpasiiuHoro omopy X = i4 , BUTpaTy
R

MOBITPS B JUXAJIBHUX MUIAXaX XapaKTEPHU3YIOThb 6 A3KUM ONOpPOM
OUXANbHUX WAXIB, SIKAW 9acTO HA3WBAIOThH pe3icTaHcoM R:

Rzg, (5.1)

Q
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ne AP — pi3HUIISI THCKIB HA BXOJi 1 BHXOJl €NEMEHTY TUXATbHUX
nUsixiB, ) — MakcMMalbHa BUTpara MOBITPS Ha BXOAI 1 BUXOII
CIIEMEHTY JMXAbHUX NUIAXiB. MakcuManbHa BenHuuHAa () MpH
BIWXaHHI  HA3WBA€THCA  MIKOBHM  IHCIIIPATOPHUM  IIOTOKOM,
MaKCHMaJbHa BEJIUYHMHA MPH BUIWXAHHI — MIKOBUM C€KCIIPaTOPHUM
MTOTOKOM.

Hooamnusicms (KOMILUIAMHC) BU3HAYAETHCS PI3HHUIICIO THCKIB
AP B 5lereHsx mija yac BIUXY 1 BUJUXY NIPH BBEACHHI B HUX MEBHOTO
00’eMy moBiTps V

Vv
C=—-. (5.2)
AP
Pesicranc AuxalpHUX NIISAXIB BU3HAYAETHCSA 3
R = Rfl + RB + RH + R/l't ’ (5'3)
ne R, — omip TKaHWHM JiereHiB, R, — omip BepXHIX AMXAIBHUX

HUIAXiB (MOPOYKHUHA POTA, HOCOBI XOJH, INIOTKA), R, — omip HIKHIX

IMXAIBHUX LUIAXIB (Tpaxesi, TOJIOBHI Oponxu), R — omip Mannx

TUXaJbHUX IIIAXiB (MEHIINX 2 MM B JliaMeTpi).

OcCkinbkH Omip JUXATbHUX NIISAXiB OOEPHEHO MPOMOPLIHHUHA
BHYTPIIIHBOMY JdiaMeTpy TPYOKH, TO 3 YOTHPHOX JofaHkiB (5.3)
HalOnbIe 3HaueHHs Mae R . Ha wacTky OpOHXion 3 BHYTpIIIHIM

niameTpoMm MeHIUM 2wy npunagae 40% Bin 3aralbHOI BENHYHUHH
OMoOpy JMXAJIbHHUX NUIAXIB, IO TMOB’SI3aHO 3 YK€ BEIHUKOIO
KUTBKICTIO JPIOHUX TMOBITPSIHAX MUISXIB 1 BEJHMKOK 3arajibHO0
IIONIer0 iX TomepeyHoro mepepidy. Kpim Toro, Ha BenmuumHy R
BILTUBAIOTh B’SI3KICTh 1 TyCTHHA Ta3y.

Jlyis BU3HAYCHHSI TUCKY B JMXaJIbHIA CHCTEMI BHKOPHCTOBYIOTH
(hopMyITy TPHOXKOMIIOHEHTHOT MOJIEITi JICTEHIB

\% \%
P=(R +R +R —_—t—, 5.4
(3+H+M)Q+C+C (5.4)

Ja K
ne C, — nopatiuBicTs nerexis, C, — NOJATIUBICTb IPYIHOI KIITKH.
Omip mUXanpbHUX NUIAXIB € AyXEe YyTIUBHUM 10 (aKTOpiB, SKi
BILIMBAIOThH Ha iX miameTp. Takumu (akTopaMu € JEreHeBHi 00’ €M,
TOHYC OpOHXiaJbHUX M’S31B, BUAIICHHS CIM3Y 1 3MEHIIEHHS 00’ eMy
IUXAIBHAX MUIAXIB IIJ Yac BHUAWXAHHI a00 I1X 3IaBIIFOBAHHSA
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SIKUMOCh 00’ €MHHM TPOIECOM Y JIETeHSIX (HANPUKIIAJI, ITyXJIHHOIO).
Binomo, 1o onip OiabInvi HAa BUAUXY, HIK HA BIUXY, A0 TOTO X BiH
OLTBIIMIA TIpU HEBENMMKHUX 00’ eMax
JIETeHIB,  OCKINBKH  TOBITpPSHI
LUISIXY TIPY LBOMY 1€ HE BiAKPUTI
B JocTatHii Mipi. OgHOpa3oBHiA
rMUOOKHI BAWMX CIHpUS€ 3MEH-
IIEHHIO OTIOpY, ajie 3aTsoKKa i
Yyac MajiHHSA [HMrapok abo BIH-
XaHHS IHIIMX  [OJPa3HIOIYHX
PEYOBHH, HABITAKH, 30UTBIIYE OTIp
3aBISIKM  PEQIEKTOPHOMY CKOPO-
YECHHIO TJIAJKOI MYCKYJaTypu B
pe3ynmbTaTi  moapasHeHHS il
peenTopiB.

Xporiynuii bponxim i
bpouxianbha acmma CyIPOBOA- HRiapparma
KYIOTbCS 30UTBIIEHHSIM  OTIOPY Puc. 5.3. Pyx miapparmu npu
IMXaJbHUX [UIAXIB TIPH  CIIO- BJIMXaHHi

KIHHOMY JUXaHHI y JeKiIbKa
pasiB B MOpiBHSAHHI 3 HOpMOIO. B
[IbOMY BHIIaJIKy O0’€M JIEr'€HIB
30LIBLIYETECS. 1 B Oprasi3mi
BUHHUKAIOTh JBa KOMIIEHCATOPHUX
MeXaHI3MHU: TIOBITPSIHI  MUIAXH
JIUXaJbHOI CHUCTEMH 301LIBIIYIOTh
JiaMeTp TpyOOK, IO MPHBOAHTH
0  3MCHIIEHHS  Omopy, a
MiZBHIICHANA THCK  €JacTHYHOI
BiJlIadi JOMIOMAara€e BUIUXY.

Bnux e akTUBHUM mporiecoM,
SIKMH 3ICHIOETBCS TUXATbHUMH
M’si3amMu.  Bceporo mpm BOWXY
BUKOPUCTOBYeTbca 10 M’A3iB,

TOJIOBHUM 13 SIKMX € jiajparma. Aiagpparma
Hiapparma — 1e HaHCHIBHINIUHA Puc. 5.4. Pyx niadparmu npu
M’s13 BIUXY, SIKUH 3a0e3neuye 2/3 BHAUXAHHI

00’eMy TOBITpsl NpH BAMXY. 3a
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OyZIOBOIO — IIe TOHKAa KyINOJOMOMAiIOHAa IJIACTHWHA, MPHKPIIJICHA SK
0aTyT 10 HIWKHIX pedep i xpedTa. B HOpMi Ipu CHOKIHHOMY JMXaHHI
(12-18 npuxampHUX pyXiB 32 XBWIMHY) Kymon miagparmu
OITYCKAa€ThCS MPUOJIM3HO Ha 1 cm, ane mix 9yac (hOpCcOBaHOTO BIUXY 1
Buanxy — A0 10 cu. Ilpu mapaniui BiH mif 4ac BAUXY 3MIILy€ThCS
LIBHUIIE BrOPY, HXK BHH3, Yepe3 3HWKEHHS BHYTPIIIHEOTPYTUHHOTO
Trcky. lle sBume BimoMe Wi HA3BOIO NAPAOOKCANLHO20 DYXY
diagppaemu 1 BUABIAETBCA TiA dac (IIOOPOCKOIIi, KONHM JIKap
MPOCHUTH XBOPOTO BAUXHYTH Yepe3 Hic.

I[Ipu Bauxy BimOyBaeThCS HH3KAa OJHOYACHUX pYyXiB, SKi
MIPU3BOJIATE 10 AKTUBHOT'O HATHITAHHIO TOBITPS B MOBITPSHI HUISAXH
IuxanpHOi  cucteMu. [Ipm  ckopodeHHi  miadparmMu  BOHA
VIIUIBHIOETBCsL  (puc.  5.3), oOpraHd  4YepeBHOI OPOKHUHH
MePEeMIMAIOThCS BHU3 1 BIIEPENd, B PE3yNbTaTi 4OTO BEPTUKAIBHUI
PO3Mip TPYJIHOI MOPOXKHHUHU 30inbHIyeTsesi. KpiM Toro, kpai pebep
MiAHIMAIOTbCA 1 BUCTYMAIOTh BIEpeaA, M0 CHpHUsiE€ 301IbIICHHIO 1
momepevHoro ii miamerpa. B manomy mporeci mpuiimae ydacts 10
M’s13iB. Y IUIEBpaJbHIM TOPOKHHMHI 3aBASKM BaKyyMy THCK
3MEHIIYETHCS HA TIOYaTKy BOUXY Ha 2,5 mxm pm. cm. (~0,33325 Ila),
a micng Hboro — Ha 6 mxm pm. cm. (~0,7998 [la). Take 3MeHIICHHS
TUCKY B IUICBPaIbHIN MOPOKHUHI MEPEAAETbCsS TKAHWHAM JIETEHIB,
SIKi PO3LIMPIOIOTHCS, 3MEHIIYIOUH THUCK B JUXaJIbHUX 1 MOBITPSHHUX
Bijyinax. B pesymerari atMocdepHe MOBITPS 3aXOIUTh B 00JacTb
3HIDKEHOTO THCKY — B JIeTeHi. [[poNIIoBIIN MOBITPSHI MUIAXH, CBIXKE
MOBITPSI 3MINIYETHCS 13 3aJHMIIKOBOIO IOPIIEI0 TOBITPSl JIETECHIB
(TIOBITpS1, MO 3aNUIIMIOCS B albBeoJiaX i AUXaJbHUX NUISXaX MiCIs
BUAMXY). B pesynbTari 1pOro, KOHLEHTpamis KHCHIO B TOBITPi
QIbBEOJT MIABHMIIYETHCSA, @ KOHIEHTpPALisl BYIJIEKHCIOIO rasy
3HUKYEThCSI.

CrnokiffHMH BUAMX € MACHBHUM MPOLECOM, BiH HE BUMarae
HanpyXeHHs OyIb-IKHX M’s31B — NOTpiOHE Jnie po3ciaalieHHs
niapparmu  (puc. 5.4). Jlerewi, 3aBASKH CBOIi €1aCTHYHOCTI 1
MPYKHOCTI caMi BUTICHSIOTH OCHOBHY YaCTHUHY TOBITps. Jluie npu
(opcoBaHOMY BHUAMXY MOXYTh HAaIpYXyBaTucsi M’S3H JKHBOTa,
MixpeOepHi M’sI31, BChOI'O IPU IIbOMY BUKOPHCTOBYETHCS 8 M’s3iB.
Jlo HalOITBI BaXKJIMBHX M’S3iB, IO 3a0e3ledye Iel THUI BUIUXY,
KpiMm giadparMu, BiJTHOCSTHCS MPAMHUI, KOCHH 1 MOMEpEYHUA M’ 53U
4yepeBHOI cTiHKU. [Ipy 1X CKOpOuYeHHI BHYTPILIHbOUEPEBHUH THCK
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MiOBUIICHUH, a pmiadparMa migHIMAaeThCS. BOHH CKOPOUYIOTHCS
TakoXX TMpH Kamni, OoBOTI, nedekanii. JlereHi mpu BUIUXY
CTHCKYIOTBCS, TUCK B HUX CTa€ OUIBIINM aTMOC(HEPHOTO, 1 MOBITPS
BHUXOJUTD.

[Ipu criokiliHOMY IWXaHHI JFOJMHA BIMXA€ 3a XBWIMHY (6-8) 7
niTpiB moBiTps. llpu razooOMiHi B anbBeosiaX TiJIO OTpPUMYE Oifist
0,25 n/x6 xucHIO 1 Bimgae 6ins 0,2 1/x6 ByTIEKUCIOTO Tasy.

O06’em TOBITPS, AKUIA BAUXAETHCS MPHU MAKCUMAILHOMY 3yCHILIL,
BapilOETHCS: ISl )KIHOK — 01t 2 1, YIS YOJIOBIKIB — OUIbIIIE 3 1.

XBOpoOW HETATHBHO BIUIMBAIOTh HAa POOOTY AUXAIBHUX M SI3iB. Y
XBOPHUX, SIKHM JOBOAWTHCS BUTpPAYaTH OiIbIIE 3yCHJIb Ha JUXaHHS,
niagparmMa MoOXKe CTOMIIIOBATHCS, B PE3yJbTaTi YOTO BEHTHIISLIS
JIETEHIB CTa€ HEaJeKBATHOIO, B HHUX HAKOIUYYETHCS JIBOOKHC
BYTJIEIf0. Y NESKHX XBOPHX BTOMa AiadyparMu BiJirpae BEIUKY POib
Y PO3BUTKY AMXAIBHOI HEAOCTATHOCTI.

VY JeskuX HOBOHAPOKEHHMX CIa00 CKOOPAWHOBaHA aKTHUBHICTH
PI3HHX MUXaThbHHUX M 53iB, IIO0 MOXKE CTaTH HPUIHHOIO CUHOPOMY
panmoeoi cmepmi.

[lpu niarHoCcTyBaHHI JIETEHEBUX XBOPOO BHUKOPHCTOBYIOThH
HACTYITHI MEXaHi4Hi mapamMeTpu: 00’ €M JIeTeHiB, MOJATINBICTh, OIIp
TUXaTbHUX MUISXIB.

Ilpu BumiptoBaHHI 00’e€My JIeTeHb BH3HAYAIOTHCA JIEKIIbKA
3HAYEHb!

o muxanpanil 00’eM ([O) — 06’eM moBiTps, MO0 HOro JIOAMHA
BIIXA€ 1 BUIMXAE y CIOKIHHOMY CTaHi (U1 310pOBOi JOPOCIOT
JIIoauHU — 0sm3bK0 500 M)

e pesepBHuil 00°’eM Bamxy (POBn) — makcumanpHuii 00’eM
MOBITPS, SIK€ MOXXHA BIMXHYTH JOIATKOBO IICJS CIIOKIHHOIO
BIUXY (I 3I0POBO1 JJOPOCIOT JIFOAUHU — O1n3bko 1500 an);

e pesepBHUil 00’eMm Buamxy (POBum) — makcumanbHHL 00’ €M
MIOBITPSI, SIKE€ MOKHA BUIUXHYTH J0JaTKOBO IICIIS CIIOKIITHOTO
BUIUXY (IJ1 3I0POBOi AOPOCIIOi IIOANHU — 61u3bK0 1500 an);

e 3ayimkoBuil 06’em (30) — 00’€M MOBITPS B JIETEHSX, MiCI
MaKCHUMaJIbHOTO BUAMXY. 3aJUIIKOBUM 00’€MOM BBaXKalOTh
1200 m;

® XUTTEBA €MHICTH JiereHiB (OKEJI) — MakcumanbHHA 00’ eM
TOBITPS, K€ MOXKHA BHIUXHYTH IICIIS MAKCUMAIBHOTO BIUXY.
CKEJI=10+POBa+POBun, mo mms 3I0poBOi  JOpOCIHOl
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JIFOJMHHU CTAaHOBUTH OJ1M3bK0 3500 M)

e 3aranbpHa €MHicTh JereHiB (3€JI), ToOTo 3arampHa €MHICTDH
razy B  JIeTeHAX, [pH  MaKCUMaJbHOMY  BAHXY
(3EJI=XKEIIH30);

o xBIMHANK 00°eMm muxaHasa (XOJ]) — o0’eMm moBITps, sKe
MIPOXOJINTH Uepe3 JiereHi 3a 1 x6.

I[lpu BuMmiproBaHHi kuTTEBOI emHOCTI JereniB  (PKEJI)
00CTeXXyBaHUI pPOOUTH TIOBHHI BIUX, a MOTIM SKOMOTA CHJIBHIIIE 1
IIBU/IIIE BUANXAE TOBITPS B TOJICTIICHUH cripoMmeTp. Y 3I0poBOi
JIIOJIUHY 3arajibHui 00’eM Buauxy 3HauHui. JKCJI 3MiHIOETBCS 3
BIKOM, BOHA 3aJICKUTh TAaKOX BiJl CTaTi, CTyMEHs! PO3BUTKY TPYAHOI
KIIITKA 1 TUXaTbHUX M 5131B. 3a3BUYail BOHA OLIBINA y YOJOBIKIB, HIXK
Yy JKIHOK. Y JiTel )KHTTEBA €MKICTh JIETEHIB Maja. Y CIIOPTCMEHIB
BOHa OuIbIlla, HDK Yy HETPEHOBAHUX JIIOJicH. Y IITaHTICTIB,
HamnpUKiIan, BoHAa CcTaHOBUTh Onm3pko 4000mz, ¢yTOOMiCTIB —
4200 mz, rimaacTiB — 4300 Mz, ToraBmiB — 4900 i, BecTyBaJbHUKIB
— 5500 ma.

[Ticnsg MakCHMallbHOTO BHIUXY B
JIETEHAX 3HAXOIUTHCS 3AITHANIKOBHM
06’em. Horo i QyHKIiOHATBHY
3aJIUIIKOBY €MHICTh JICTCHIB MOYKHA
BU3HAYUTH  TUIBKH  HENPSIMHUMU
MetomamMu. OIWMH 3 IUX METO[IB
MOJIATA€E B  HACTYITHOMY: 0OCTe-
KYBaHWH JHUXa€e B  CHIPOMETP,
NiAKIIOYEHUH /0 3aMKHYTOl M-
XallbHOI CHCTEMH, IO MICTUTh Te-
niii. BUMIpIO€eTbCsl CTYIiHBb pO3Be-
J€HHSl OCTAaHHBOTO IICIIS JEKIIBKOX
XBUJIMH TUXaHHA. Puc. 5.5. BI/IKOpI/ICTaHHSI

Bumipsatu nogaTiMBICTh JIeTeHiB MaHOMETPA JU1sl BUMipIOBaHHs

. . . HEraTUBHOTO THUCKY B
1 Oop AUXaJIbHUX HUIAX1B 3HAYHO IUIeBpaIbHii MOpoKHMHI: 1 —

cknagHime.  Jlng  Toro  mo0 niBa nerens; 2 — cepue; 3 —
BU3HAYNATH IIOJATIIMBICTL JIETEHIB, wieBpa; 4 — niadparma; 5 —
TOOTO BEITUYMHY 3MIiHH JICTEHEBOTO TOJIKa, BBC/ICHA B IICBPATILHY

> : HOPOXKHKHY; 6 — 6apabaH
00 €My Ha OJWHHUIIO 3MIHU THUCKY, ximorpada; d i d; — pismi pryri B

Tpeba  3HATH BHYTPIllIHBOTLIEB- KOJiHAX MaHOMETpa
paneHuMi THUcK. Ha mpaxtumi ¥oro
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MOXXHA BHMIPATH 32 JONOMOTOI0 HEBEIMKOTO JIATEKCHOTO
0aJoHYMKa, BBEACHOIO B CTPABOXiJ 1 CHOJIYYEHOIO 3 MaHOMETPOM.
TakuM YMHOM, THCK B CTPaBOXOJli OyJe BHU3HAYATH BHYTPIIIHBO
IUIeBpIBHUN THCK. JI7Is1 BUMIpPIOBaHHS ONOPY AWXAIbHUX IUIAXIB,
TOOTO 3HWKEHHSI THUCKY 1O XOIy AMXalbHHUX MUIAXIB HA OJWHUIIIO
00’€MHOI HIBHIKOCTI MOBITPSHOTO TOTOKY, HEOOXiJHO 3HATH
aNbBEONAPHHUE THCK. MOro BH3HAYAIOTH y OOCTEXKYBAHOTO, IO
3HAXOJIUTHCS B TIOJIOKEHHI CHASYN B TepMeTHUHil kamepi. CriogaTKy
HOro TpOCATH JOUXaTH, NepeOOpIooYr TOBHY  OOCTPYKIIO
TUXaJbHUX MUIAXiB, 1 32 3MIHOI THCKY B Kamepi Ha Ileil MOMEHT
4acy po3paxoBYyIOTh JiereHeBruil 00’eM. [1oTiM HOro mpocsSTh BaXKKO
JIMXaTH 1 3HOBY PEECTPYIOTh TUCK Y Kamepi. Ha mizmcTaBi oTpuMaHux
JAHUX BHU3HAYAIOTh AIBBEOSIPHUN THCK 1 PO3PaxOBYIOTH OIip -
xanmpHuX 1uixiB.  [lomiOHUME  Kamepamu OONamHaHI  TITBKH
Creliani3oBaHi HEHTPH.

5.1. Biosioriuna Ta MeqUYHA aniapaTypa CUCTeMH TUXAHHS
5.1.1. BumiproBaHHSI THCKY Y NJIeBpi

Tuck y muieBpasibHii TOPOKHIHI MOXKHA BUMIPSITH, TPOKOJIOBIIH
TPyJIHY CTIHKY HMOPOXKHHCTOIO TOJIKOIO, 3’€JHAHOI0 3 MaHOMETPOM
(puc. 5.5). Ilpu mnomagaHHi TOJKH B IUIEBPaJbHY MOPOXHHHY,
MaHOMETP IOKa)XE€ 3HA4YEHHS THCKY HIDKYOTO 3a arMochepHHi.
Takuii THCK 4YacTO HA3MBalOTh HETATHUBHUM, YMOBHO MpUMarouu
3HAauYeHHS aTMochepHOro

THCKY 3@ HyJb. 3ajdila- | esaliwa M
Bire wmep  3picm Bix Xen zb?g.'cm
IOYHCh BECh YaC HUKIAM - woy F
aTrMoc(epHOro, THCK B i \ ko i F
IUIEBPAIbHIA MOPOXKHMHI ;MO 0k 3
3MiHI—0€TL(i$IZ mp  yac PPN 40, 300:
BIUXY IIe THCK € HWX- R S : f s
4yuM aTMocdepHoro Ha (9- L 0f- 8
12) mm pm. cm., a mij yac Pr smop , F ol 2
BUAMXY — Ha (2-6) mm pm. oF mf I m%
cm. 3a PaxyHOK TaKoro ' - :

Puc. 5.6. Homorpama Mimiepa uist BU3HaUCHHS

HCTaTHUBHOI'O TUCKY B sravens JKEIT

IUIEBpANbHIM  [TOPOXKHHHI
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JIETeHI PO3MIMPIOIOTECS a00 CHamaloTh CHHXPOHHO 3 TPYIHOIO
KITITKOIO, 1[0 PO3MIMPIOETHCS 200 3BYKYETHCS.

SIKIo B TIeBpasibHy MOPOKHUHY TIPH MOPAHEHHSX, OMEparlisax Ha
TPYASX, MepesioMax, TOIIO MOTPAIUISE MOBITPS, TO THCK y HIl CTae
piBHEM aTMoc(epHOMY, JIETeHI CNaAaloTh i MepecTaroTh NpUiMaTH
y4acTb y AMXaHHI. SIKIIO MOBITps MOTpaIuisie B IUIEBPAJbHY IO-
POXKHUHY 3 IBOX CTOpiH, TO JIIOAWHA MOXKE 3arMHYTH BiJl 3aIyXH.
HanxokeHHS TOBITPS B IUICBPAJIbHY ITOPOXKHUHY HA3WUBAIOTh
NHEEMOMOPAKCOM. YacTroBuit MTHEBMOTOPAKC 3HAXO/AUTh
3aCTOCYBaHHS MPH JIIKYBaHHI TyOepKYIIbO3Y JIET€HIB.

5.1.2. CnipomeTtp

CrmipomMeTpist — MeTO BH3HAYEHHS JKUTTEBOI €MHOCTI JIET€HIB 1
00’eMiB MOBITpPs, 110 11 ckianaroTh. Lli TOKa3HUKU 3ajiekaTh Bill
BiKy, 3pOCTY, CTaTi, (I3MYHOTO PO3BUTKY JIOAWHK Ta IHIIMX
¢akropiB. s omiHkm QyHKmil gUXaHHS Yy AaHOi 0OCOOM  CIlin
BUMIpsiHI y Hei JereHeBi 00’ eMu
MOPIBHIOBATH 3 HAaJIe)KHUMHU BEJIH-
YMHAMH, PO3PaxOBaHUMH 3a (op-
Mynamu abo 3a HOMOrpaMamu (pHuc.
5.6). Hns BuMiproBanus JKEJ i
00’emiB, 1O il CK/Iamal0Th, BHKO-
PUCTOBYIOTh BOISHUN abo0 Cyxwuii
cripometp (puc. 5.7).

Bonsuuii  cmipomerp  ckiaaa-
€TbCS 3 30BHILIHBOTO LIWIIHApA 3
Bomot0 (A), BcepeouHi SKOro IO
MOPOXKHUCTIH HANPaBIISAIOUii TPyOIi
pyxaeTbcs BHYTpilHii muiningp (B)
3 mpormmaBkoM (). BayTpimmHii
HWIHAP 3aHypeHUH Yy BEpXHiH
BBEpX IHOM. B crokiiHOMy cTaHi
AaHHH HHHIHHP 3 .HOHHaBKOM Puc. 5.7. Boasauii criipometp:
3HAaXOAUTHCS B PIBHOBA3i — IIaBa€ y A — 3oBmimmii mumiEp; B —
30BHIIIHbOMY IWIiHApI. [lpuian orysLI0Be BikoHIE; B —
BiJKaNiOpOBaHUH Tak, 110 Ha LIKaJi BHYTpilIHiH wutinap; ' —
ornsmoBoro Bikonns (B) pisemp ~ NOMABENE 3 MOBITpAM; [ - Boa

T

(N

Toptin by

1111}
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BOAM 3HAXOAWTHCSA Ha HYNbOBIM BigmiTmi. [o mopoxaHCTOL
MeTaJeBOi TPYOKH MiA €IHaHAa TyMOBa TPyOKa 3 MYyHALITYKOM IS
muxaHHs. [Ipu BuANXy B MyHIIITYK TIOBITPS TIOCTYIIA€ Y BHYTPIIIHIN
OWTHAP 1 30iIblIye TUCK HAa BOMY, IMIIBUIIYIOYH 11 PiBEHb MiX
CTIHKaMU IWIIHAPIB. 3a PI3HUICIO TOKa3iB IIKAJIM BH3HAYAIOThH
00’eM BHIUXY.

Cyxuif cmipoMeTp peami3yloTh, B OCHOBHOMY, Ha OCHOBI
mikdioymerpa  Paifra
(puc. 5.8).

Bin Bumiproe Tinmbku
OOUH  TOKa3HUK  —
MiKOBY WIBHIKICTH BH-
muxy (ITIIB). Iorik
TIOBITPSL BCEpEUHI Ci-
pomeTpa Jii€ Ha JomacTi Puc. 5.8. ITlikpnoymerp Paiita
KpPHIIbYATKH,

MpUBOJSMYM iX B obOeprampHuil pyx. lIBuakicte obepTaHHS
BUMIPIOETHCSI €NEKTPOHHUM, (POTOCTEKTPUIHMM ab0 MEXaHiYHUM
CII0CO0OM.

5.2. Oco0auBOCTI AMXAJTBHOI CHCTEMH 3¢MHOBOJIHHUX TA NTAXiB

B nomepennix maparpadax Oyj0 [OKa3aHO BaXKJIMBICTh
3HAXO/DKCHHS B albBeOJaX JIETeHb JIIOMUHUA CyppakTaHty —
noBepxHeBo-akTuBHOI pedyoBuHH (I[TAP), mo Moxe 3MiHIOBaTH
KOE(IIi€HT MOBEPXHEBOTO HATATY BHYTPIIIHBOT MOBEPXHI albBEOIII.
VY TuX pigKiCHUX BHIIAJIKaX, KOJM Y HOBOHAPOHKEHOIO BiJICYTHI B
JIeTeHsIX KIITHHU L€l PeYOBUHM, TUTHHA HE MOXE 3pOOUTH HepIunit
BIMX CaMOCTIHHO 1 momupae. Uepe3 HEMOCTATHIO KIIBKICTH abo
nmoBHy BiacyTHicth [IAP B ampBeomax ONM3BKO MiBMiIBHOHA
HEMOBJISIT Y BChOMY CBIiTI NMOMHUpPAa€e LIOPOKY, TaK 1 He 3pOOMBIIH
MEPIIOTO BIIUXY.

Mix THM, A€SKi TBapWHHU, SKi JUXAIOTh JICTEHSIMH, MOXYTh
obifituce 1 Oe3 IIAP. B mepmy uepry wne BiZHOCHTBCS [0
XOJIOHOKPOBHUX — ka0, 3MiH, KpokoawiiB. JlaHMM TBapuHam He
MMOTPiOHO BUTpAaYaTH CHEPril0 Ha OOIrpiBaHHS CBOTO Tila, TOMY ix
MoTpeON B KUCHI HE TaKi BHUCOKI, SIK y TEIJIOKpOBHUX. CaMe TOMy
IJIOIa TIOBEPXHI JIET€HIB Yy HUX MeHIa. BigHOIIEHHS ILIoNI
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BHYTDIIIHBOT MOBEPXHi JIEreHiB moauHu 10 ix o6’emy S/V

4 -1
cranoBuTh npuOIM3HO 3-10 M

3 -1
CTaHOBUTH Bcboro 2-10°m .

, TOAI AK y ’KabW [ BeIHMYHUHA

3MCHIICHHS BEIMYMHU S/V Y XOJOJHOKPOBHHUX IIOB’sI3aHE 3

THAM, IO AiaMeTp ajabBeod y HuX mpuOmm3Ho B 10 paziB OimbImi,
HDK Yy TEIUIOKpOBHHX. 3rimHo (4.11) momaTKoBHH THCK, SIKUii
HeOOXi/THO MOAONaTH TIPH BANXY, 00EPHEHO MPOTOPIHHUN pajiycy
asnpBeol. Benukuil pagiyc anpBeos y X0JIOIHOKPOBHUX J0O3BOJISIE TM
JIETKO pOOUTHU BAWX HABITH O€3 3MCHIIICHHS BEIMUMHA O 32 PaXyHOK
[TAP.

Hewmae ITAP i B nerensix nraxis. [ITaxu — TEMIOKPOBHI TBApUHH i
BEAYyTh aKTUBHHH CIIOCIO KHUTTS. Y CTaHi CIIOKOI MOTpeda NTaxiB B
KHCHIO BWINA, HDK B IHIMUX XpeOETHUX, BKIIOYArOud ccaBIliB. llix
Yac TOJROTY IIsI MOTpeda B KHCHIO 3pOCTaE B JEKLIbKa pasiB.
JuxanpHa cUCTEeMa MTaxiB 34aTHA HACHYYBAaTH KPOB KHCHEM HAaBiTh
MPH TIOJHOTI HAa BENHKIH BHUCOTI, ¢ WOTr0 KOHIIEHTpAIlis 3HAYHO
MEHIIIa, Hi)K Ha piBHI Mops. BijjoMi BUIIafKu peecTpaltii IbOTIHKAMH
BHUCOTH 1OJIBOTY KOHJI0piB B 11300 M. Bynb-siki ccaBii (BKIIFOUarOUH
1 JIIOJMHY), ONMHUBIIKCH HA TaKili BHCOTi, MOYMHAIOTH BiAYyBaTH
KHCHEBE TOJIOYBaHHsI, PI3KO 3HIKYIOTh CBOIO PYXOBY aKTHBHICTb, &
iHOJI HaBITH BMAJAlOTh B CTaH HamiBHENPUTOMHOCTI. [ltaxu
MPUCTOCYBAIKCH JI0 TAKMX YMOB iCHYBaHHSI 3aBJSIKU TOMY, IO KPIM
3BUYAWHUX JIET€HIB, Y TaXiB € JOAAaTKOBA CUCTEMA, KA CKJIaJa€ThCs
3 I'STH 1 OiNblle Map TOHKOCTIHHMX TOBITpAHWX MimkiB. Jlari
MOBITPSIHI  MIINIKH CHCTEMOIO TPYOOK 3’€llHaHI 3 JIETCHSMHU.
[TopoXHMHM MIIIKIB IIUPOKO PO3TaNyKYIOTBCS B Tl 1 3aX0IATh Y
JesiKi KICTKHW, 1HOJI HaBiTh y ApiOHI KicTKHM (alaHr manbliB. B
pe3ysbTaTi quxajbHa CHCTeMa, HANPHKIIAJ KaukKd, 3aiMae OJIM3bKO
20% 06’emy Tina (2% — nerewi, 18% — MOBITPsHI MIIIKK), B TOW Yac
SK y JIOAWHUA JUXallbHA cUCTeMma 3aiiMae jwmime 5% 00’emy Tina.
CTiHKM TOBITPSHUX MIIIKIB 30iJHEHI Ha CYAWHH 1 B ra3000MiHi
ydacTi He OepyTh. MIlIKH HE TIJIbKU CIPHSAIOTH IPOYBAHHIO
MOBITPsl 4epe3 JiereHi B OJHOMY HAaIpsSIMKY, ane i 3MEHIIYIOTb
TYCTHHY Tijla, TEpTS MK OKpPEMHMH HMOTO YaCTHHAMH, CIPHSIOTH
e(eKTUBHOMY OXOJIOJUKEHHIO Tija.
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JlereHi nTaxiB moOy0BaHi 3 TOHEHPKUX, MAPANETHHO 3’ €THAHHUX,

a 0
Al v ] 203 A1 23]
- |'=3 : L | H|‘3=' |
i II K L II ! 1 I. -:" |_ .I I.|
b 1'#' % . . v o {L_J’f'

Tlopitpa —> -#bpoHx < =HDBiTIJH"K'J* =
B Brmm

Puc. 5.9. Pyx noBiTps B AMXaNbHi cuCTeMi NTaxiB: a - BIUX, 0 — Buaux, K11 K2 —
KJIaraHw, 110 3MiHIOIOTh HANPSIMOK PyXY MOBITPs, 1 — mepeaHiil MOBITPSHUN MIlIOK,
2 — nereHi, 3 — 3aHiil NOBITPSIHUH MiIIOK

BIIKpUTUX 3 000X CTOpiH TpyOOUOK — MOBITpstHMX Kaminsipis. Lli
KaliJsipd  BiAXOMATH BiA OpOHXIB 1 OTOYEHI KPOBOHOCHUMH
cymuHamu. [lig wac Bmuxy o0’eMH TepenmHiX 1 3aJHIX MOBITPSHUX
MIMIKIB 301TbIIYIOTECS. TIOBITps 3 Tpaxel HAAXOIUTH OE3M0CEPEaHBO
B 3aaHi Mimku. [lepemHi MIMIKH 3 OCHOBHMMH OpOHXaMH HeE
CIIOJTy9aIOThCS T 3AIIOBHIOIOTHCS MOBITPSIM, 110 BUXO/AUTH 3 JICTCHIB
(puc. 5.9, a).

[pu BuAKXY CONydeHHS MEPEHIX MIIIKiB 3 OCHOBHHM OPOHXOM
BiJTHOBITIOETKCS, a 33JIHIX — MEPEeKpPUBAETLCA. B pe3ynprarti mij yac
BUJINXY TIOBITPS Yepes3 JIEreHi nTaxa Teue B TOMY XK HaIlpsMKY, IO 1
npu Bauxy (puc. 5.9, 6). Ilin yac nuUXaHHS 3MIiHIOIOTBCS TIIBKH
00’eMHM TIOBITPAHUX MIIIKIB, a O00’€M JICreHIB 3aJIMIIAETHCS
NPaKTUYHO MOCTiHHMM. CamMe TOMy B NTalIMHUX JIETCHSIX HEMAe
HeoOxigHocTi B [TAP, po3kpuBaTh jereni Hemae moTpeou.
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Po3nin 6. Enepris, po6oTa, noTy:kHicTh
6.1. Enepris

3natHicTh (i3n4HOI cHCTeMHU (B OKpPEMOMY BHIAJIKy BOHA MOXKE
CKJIaJaTucCs 3 OJHOTO TiNla) 3MIHIOBAaTH MEXaHIYHHUH pyX TiJ, sKi il
OTOUYYIOTh, MOXKHA XapaKTepU3yBaTH HE TUIBKM CWJIOKO, aje W
eHepriero. EHeprisi — me 3aranpHa KimbKiCHa Mipa pyXy i B3aeMomii
BCiX BHIIB Martepii. Y BiANMOBIZHOCTI 3 Pi3HUMH (GOpPMaMHU PyXy
MaTepii po3mIsmaroTh 1 pi3HI (OpMHU: MeXaHIYHy, BHYTPIIIHIO,
€JIEKTPOMArHITHY, XiMiuHy, siiepHy, Tomo. Lleit moxin € yMOBHHM.
Tak, XiMi4uHa eHepris € CyMOIO MEXaHIuHOI eHeprii pyxy eJIeKTPOHIB
1 eNeKTpUYHOI eHeprii iX B3aeMomii MiX c000K Ta 3 aTOMHHUMH
snapamu. B omHux sBumax dopma pyxy MaTepii HE 3MIHIOETHCS
(HampuKJa, rapsye TUIO HarpiBae XOoJO/AHE), B IHIIMX IEPEXOUTh B
iHIy (opmy (HanpukiIang, B Pe3yNbTaTi TepTs MEXaHIYHUH pyX
MEPETBOPIOETHCA Ha TeruioBuid). OmHAK, y BCIX BUMAAKaX €Hepris,
sika BigaeThes (B TiK abo iHmIIN Gopmi) OAHUM TiJIOM iHIIOMY TiNYy,
JOPIBHIOE €Heprii, oTpuMaHiid IpyruMm TinoMm. [laHe TBepIKEHHS
OyJi0 oTpuMaHe Ha OCHOBI YMCJICHHUX €KCIEPUMEHTIB, SIKI JISTIU B
OCHOBY (pyH/IaMEHTaJIbHOTO 3aKOHY 30epe:KeHHs Ta NepeTBOPEHHs
eHePTil: enepeisn He BUHUKAE i3 HIU020 | He 3HUKAE, BOHA MOJICe uuie
nepexooumu 3 0OHi€el hopmu 8 THULY.

6.2. Mexaniuna podota

3MiHa MEXaHIYHOTO PyXy Tijia 3aBXAM BiOYBA€TbCS BHACIIIOK
aii cuit 3 60Ky iHmMX Tin. i KiTbKiCHOI XapaKTepUCTUKHU MIPOLECy
OOMIHY eHepri€clo MiK TiUIaMH, SIKi B3a€MOJIIOTH TPH I[HOMY, B
MEXaHilli BBOJUTHCS MOHATTS pobdotu cuin. PoboTta € Miporo 3mMiHU
eHeprii.

PoGora cunm — e Mipa gii cuid, sika 3aJIe)KUTh BiJ] MOJYJS i
HANPSMKY CHJIM Ta BiJ| MepeMillleHHs] TOYKHU 11 TpUKIaganHs. Ko
TiJIO pyXa€eThcs MPSAMOJIHIHHO 1 Ha HHOTO Ji€ CTaja 3a BEJIWYHHOIO 1

HampsMKoM cwia [, ska yTBOpIOE JCSIKHH KyT ¢ 3 HampsSIMKOM
nepeMilieHHs 7, To poOoTa Ii€i CHIIM BU3HAYAETHCS SIK CKASPHUIA

100yTOK BekTOpa crit F' Ha BEKTOP MEPEMIIICHHS 7
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A=F -r=F-r-cosc. 6.1)

OnuHUII BUMipIOBaHHS POOOTH [A] = [F ] [r] =1H -1m=1/prc .

3 (6.1) MokHa 3pOOMTH BHCHOBOK, 1[0 MEXaHi4Ha poOoTa MOXKe
Oytu sk poxatHoro (0< a<7r/2; cosa >0) Tak 1 BiA €MHOIO
(7/2<a < 7 ;cosa <0). Pobora Moxke B3araii He 3iliCHIOBATHC,
106170 A = 0 ipu @ =7/2 i cosar =0, HaBiTH AKWO HA TLIO Hi€
cwia. OCTaHHI BHCHOBKM OCOOJIMBO BHUPA3HO IIOKa3ylTh, IO
MOHATTA poOOTHM B  MEXaHilli CYTTEBO  BIIPI3HAETBCS  Bif
MOBCSIKIGHHOTO ~ yABJIEHHS TMpo poboTy. B  moBcskaeHHOMY
pO3yMiHHI Oyab-fKe€ 3yCHJUIS, 30KpeMa M’si30B€ Halpy>KEeHHS,
3aBXIU CYIPOBOKYETHCS BHUKOHAHHAM poOoTH. Hampukman, mis
TOTO 100 TPUMATH BaHTAX, CTOSIN HEPYXOMO a00 MepeMilaTa Horo
TOPU30HTAJIBHO, HOCIH BUTpadae 0araTto M S30BUX 3YCHIIb, TOOTO
«3IiicHIOE poboTy». OnHaK, podoTa M’s3iB K MEXaHIYHA BEJIUYMHA
B JIAHWUX BUIAJIKaX TOPIBHIOE HYIIO, & CHEPTisl BAHTAXKY MPH LOMY
HE 3MIHIOEThCSI.

3 Toro (akrty, 1m0 podoTa MOXe OyTH SIK TMO3UTHUBHOK, TaK 1
HEraTHBHOIO, BUIUIMBAE, IO poOOTa € anreOpaidHOK BEIUYHUHOR.
SIkmo cwna, MpUKIaAeHa A0 Tila, 3IIMCHIOE JOJATHY 3a 3HAKOM
poboTy, TO WIBHIKICTH Tina 30imbmryersbest. JlilicHO, B 1bOMY
BUTIQJIKy CHJIA, & 3HAYUTh 1 NPUCKOPEHHS, HANPSMIICHI B3J0BXK
HaNpSMKY IIBWAKOCTI, 30UTbIIyroun ii. SKmo >k cuia 37iiCHIOE
BiZ’€MHY 32 3HaKOM pOOOTY, TO NMPUCKOPEHHS HAmpsMIIEHE MPOTH
MIBUAKOCTI, 1 IIBUAKICTH Tijla 3MEHIITY€EThCSI.

Sxmo B dopmymi (6.1) mig F po3yMmiTe piBHOAINHY JEKUTBKOX
n
cun, sKi JifoTh Ha Tino F :ZF ;» TO TOAl PIBHAHHSA MO)KHA
i
MepenucaTy y BUTIISII

A= ZF r_z(l?j F)=3A. (62)

i

n

To0TO A = ZA, OTpumanu, moO y BHIAAKY, KOJIM pyX Tina
i

BiIOYyBa€eThCS TiA [i€l0 JCKITBKOX CHJI, TO po0OoTa, IIo

3IHCHIOIOThCA KOXKHOIO cuiioto F, -7 =F -r-cosq, He 3anexurhb
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BiX mii IHIIKUX CWI, 1 pe3yrbmyroua poboma OeKiibKoX Cull OOPIBHIOE
aneedpaiuniti cymi pobim 6cix cui, wo Oitlomb Ha Oawe Mino
(BJIaCTHBICTH ATMTHBHOCTI POOOTH).

B 3aranbHOMY BUMAJKy, KOJHM CHJIA MOXE 3MIHIOBATHCS SIK 3a
MOJYJIEM TaK 1 3a HampsMKOM, JUIsi OOYUCICHHS pPOOOTH CHUIH
BBOJIMTHLCSI IIOHSTTS €JIeMEHTAPHOI po0oTH OA :

OA=F-dr =F -ds-cosa , (6.3)
ne dr — eneMeHTapHe NEpEMIllleHHs Tina, ds — eleMeHTapHUi
UISX, SIKUH TOPOXOIUTH TiIO, & — KYT MiX HampsMKOM CHIH 1

JOTUYHOI /0 TpaekTopii Touku i1 MpUKIaJaHHSA, HAMpaBlICHOI B
CTOPOHY IepeMilleHHs. B nexapToBiii cucreMi KOOpaAUHAT

O0A=Fdx+ Fdy+Fdz, (6.4)
ne F_, Fy , F, — npoexuii cuam Ha KOOpAMHATHI oCi, X, y, Z —
KOOPAMHATH TOYKH 11 PUKIIAJaHHS.

PoGota A, sika BUKOHYETbCS CWIIOW F Ha JUISHIN TpaekTopil
BiJl TOYKH I 710 TOYKH 2, JIOPIBHIOE CYMi €IEMEHTapHUX POOIT CHIH

F Ha Bcix HecKiHUEHHO MalluX iJISTHKAaX TPAEKTOpii; Hs cyma
3BOJUTHCS /IO KPUBOJIIHIHHOTO 1IHTErpaly:

A:j.é‘A :jﬁd?:chosa-ds:jEds, (6.5)
1 1 1 1

ne F; —npoexist CUIIN Ha HAIIPSIMOK TI€PEMiIleHHS.
B nexaprogiii cucreMi KoopauHAT

A= j(dex + F,dy+F.dz). (6.6)
1

[Ipu mpsiMoniHiiiHOMY pyci Tila mix Ai€r0 NpHKIafeHoi cramoi
cuma ( F' = const , a = const ) orpuMaemo

2
A= Fcosajds = Fscosa, (6.6)
1

Jie § — MPOUCHUA TiJIOM IIIJISX.

S npuKIaa cui, sSKi 3aKI¥ BUKOHYIOTH BiJI’€MHY pOOOTY, MOXHA
MIPUBECTU CUJTY TEPTs. BenmuunHa cuiau TepTs, SiKa BUHUKAE MIPH PycCi
TiJla 10 TOPU3OHTAJBHIN IMOBEPXHI, BU3HAYAETHCSI 3a (HOPMYIIOH
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F,, = umg ,ne p — xoediuient tepts. 3a popmyinoio (6.6) maemo

A, = pmgs cos180° = —umgs . (6.7)
Otxe, poboTa CHII TEPTS Bix €MHA.

6.3. IToTy:kHicTH

MmuTTeBa TOTY)XHICTH — [I€ BeIMYMHA, SKa XapaKTepH3ye
IIBUIKICTh BUKOHAHHS pOOOTH 1 TOPIBHIOE BiJHOIIIEHHIO BUKOHAHOL
eIIEMEHTAPHOI po00TH OA 10 MPOMIKKY 4Yacy df, MPOTATOM SIKOTO
11 poOOTa BUKOHYBAIACS:

A
P=—. (6.8)
dt
OpuHulld BUMIpIOBaHHA TOTyx)HocTi — Bar (BT): 1Bm -

MOTY)KHICTh, TIpH SKid 3a 4Wac lc. BUKOHyeTbcs pobota B 1/[c.
[To3acucTeMHOIO OUHUIICIO TIOTYXHOCTI € KiHcbka cuna (k. ¢.). 1k.c.
=735Bm.

[MToTyXHICTh BUKOHAHHS POOOTH 3a NESIKUH MPOMDKOK dacy Af
JOPIBHIOE

A
=—, (6.9)
A
ne A — pobora, BuKOHaHa 3a 9yac Af .
[MincraBuBinu B (6.8) Bupas i3 (6.3) oTpumaemMo
A F-di -
P=—= r:F-u:F-U-cosa, (6.10)

dt dt
Ie o — KyT MK BEKTOpaMHu Fidr.

3 (6.10) BUAHO, IO MUTTEBA MOTYKHICTh JOPIBHIOE CKAISPHOMY
NOOYTKY BEKTOpa CHJIM Ha BEKTOP IIBHAKOCTI, 3 SIKOIO PYXaeThCs
TOYKa MPUKIaJaHHs i€l cid; i3 BupasiB (6.1) 1 (6.10) BuaHO, 110
MOTY)KHICTh, SIK 1 PO00OTa, € CKAIAPHOI BEIMYUHOKW. 3 (opMyIu
(6.10) BunMBaE, 1110 NPH CIiBINaJaHHI HAMPAMKY CHJIM 3 HAPSMKOM
nepemimmennas cosax =11 P=F -v, To6T0

F=£ 1 l)=£. (6.11)
) F

3 ¢opmyn (6.11) BuIHO, 10 pW NOCTiiHINA MOTY>KHOCTI ABUT'YHA
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MIBUAKICTh HOTO PyXy 0O€pHEHO MPOTOPIIiifHA CHIII TATH 1 HABIaKH.
Ha npomy Ga3yeTbcs mpuHIMI Aii KOPOOKM MEPEMHUKAHHS Mepeaay
PI3HUX TPAHCHOPTHHUX 3aCO0IB.

KoediuienT xopucnoi aii (KK/I) mexani3mis. Jlis MexaHi3MiB
(Hampuknan, cyrio0iB TBapWH) 3aBKOU IOB’si3aHa 3 BTpaTaMH
YaCTUHHM eHeprii Ha [ii HeMeXaHIYHUX CHJI (XIMiYHi peakmii B M’ 32X,
SKi YacTO CYHPOBO/DKYIOTBCS BHUIUICHHSM TeIUIa, CHIIM TEpTS B
BOJIOKHaX M’s3iB, Tomio). ToMmy IS XapakTepHUCTHKH MAaIlWH 1
MeXaHi3MiB (B ToMy 4ucii, i Oiosoriunnx) BBoaATh mouHATTs KK/,
SIKUM JOPIBHIOE BiJHOIIEHHIO KOPUCHOI poOOTH A, A0 3aTpadeHoi
(moBHOT) POOOTI A,:

==, 6.12
=" (6.12)

3

Axmo B (6.12) miacraButu (6.9), To KK MoxxHa BUpasutu sK
BiHOLIIEHHS KOPUCHOI NOTyXHOCTI Py, 1o 3aTpauenoi P, :

n= % . (6.13)
3
OcCkiNbKM  BTpaTH TOTYXHOCTI HEMHHY4I B  OyJIb-IKOMY
MeXaHi3Mi (B TOMy YHCIi — i B JIFOJICBKOMY OpraHi3mi), TO 3aBXIU
P, <Py, , 1 KK]l Oyap-akoro MexaHi3my 3aBXJ{ MEHIINH OJIMHULII.
[puitHATO 77 BUpa)kaTu y BiJICOTKaX.

Y OUIBIIOCTI MEXaHIYHUX 3’ €THAHb CKJIAJIOBHUX JKUBUX OPraHi3MiB
JApEMHI BTPATH CHEPTii, 3 TOUKH 30py MEXaHIYHOTO pyxy, Maii. J{is
ILOTO B HUX 3MEHIICHI, HACKIIBKU MOKJIMBO, CHJIM TEPTS 1 Oyab-sKi
CWIA OIOpy PYyXy MeXaHi3MiB. Y CHONYYHHX JIAHKaX IKUBUX
OpraHi3miB Il BTpaTu 3HWKEHI HacTuibku, mo KKJI Bussiserscs
JIMIIIE Ha JEKUIbKA BIICOTKIB MEHIIINAI OJUHUIII.

6.4. Mexaniuna eHepris

MexaHiuHa €Heprisi € XapaKTepPUCTHKOI PyXy 1 B3aeMomii Tif.
Bona 3anexxuth Bij iX MIBUAKOCTEH 1 B3a€MHOTO PO3TAIIyBaHHS.
OCKUIBKH B pe3yibTaTi MEXaHIYHOTO PYXy OYIb-AKE TIJI0O MOXKE
BUKOHYBAaTH MEXaHI4Hy poOOTY, TO 111 poOOTa € MipoIo 3MiHH B Tili
MexaHiuHOi eHeprii. ToMy eHeprito i poOOTy BHMIPIOIOTh B OJHHUX
omuanIsIX (B cuctemi CI — Jorc).
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Ckopucraemoch apyruM 3akoHoM HerotoHa y dopmi (2.5) i
MOMHOYKHMO HOr0 CKaJIIpHO Ha dF :
F-d?:m@-d?:m-dﬁﬂ:m-d5~D:mD-d5.
dt dt
(6.14)
3nmiBa € BUpa3 ais eneMeHTapHoi pobdotu (6.3). [ToBHy poboTy
BUKOHAHY TiJIOM 3HalIEMO iHTErpyBaHHAM €JIEMEHTapHUX pobiT OA
3rigHo (6.5)

Uy 2 2
A=jm5-d5=m”2 _mo (6.15)

2 2

ae U, 1 L, — IO4YaTKoOBa 1 KiHIEBa IUBUIKICTb TiNa HOpU HOro
nepeMilleHH.
Omxke, pobora cunmm F BusBMIAcS PIBHOKO 3MiHI JIesKOi

mo*

BCIIMYHNHHU , IPpUYOMY JIaHa BCJIMYMHA BU3HA4YA€ CTaH TiJIa i HE

3aJIe)KNUTH BiJl TOTO, SIKMM CIIOCOOOM TiJIO TIPHBEIEHO B € CTaH.
Bona 3anexuTh Big Macw Tina i HOTO INBHUAKOCTI pyXy B JaHIi
cucTeMi BiJUTIKY, TOOTO € (YHKII€I cTaHy il pyXy, i Ha3MBAa€ThCS
KiHeTH4HOI eHepriero. BennunHa KiHeTHYHOI eHEpril € BiHOCHO¥O,
OCKUIBKH MIBUAKICTH Tijla 3aJIe)KHUTh BiJl BUOOPY CHCTEMH BiMJIIKY, B
SKI PO3IISIaEThCsl HOTO pyX. Y pI3HUX IHEPUialbHUX CHCTEMAax
BIJUTIKY, SIKI PyXarOThCS OJHA BiJHOCHO OJTHOi, MIBHIKICTh TiNa, a,
oTXe, 1 Horo kiHeTmuHi eHeprii OynyTe HeoxHakoBi. Bomomitoun
2

KiHeTH4HO enepriero W, = TLJIO 34aTHE BUKOHATH poOOTY 3a

paxyHOK 3MEHIIEHHS MIBUAKOCTi, a, 3HA4uTh, 3a PaxyHOK
3MEHILIEHHs HOTO KIHETUYHOT eHeprii.

3MIHUTH KIHETHYHY €HEprif0 Tija MOXKHA TIIBKH MUITXOM
3MIIACHEHHS] pOOOTH, MPH I[LOMY 3MiHA KIHETHYHOI eHeprii 3a OyIib-
SKMH TMPOMDKOK dYacy HIOpiBHIOE anreOpaiuHiii cymi poOiT Bcix
30BHINIHIX CHII, IO JisUTH HA TLJIO MPOTITOM JAHOTO MPOMIKKY Jacy.

Kimetnuna eHepris Tina TMOB’s3aHa 3 WOTO IMITYyJIECOM p
CHIBBiAHOIICHHSM
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W, =2 (6.16)

SKIO po3rasAaTH CUCTEMY B3a€EMOJIKOYMX TUI, TO 3TiJHO
naparpady 2.1 cmig po3pi3HATH 30BHIMIHI 1 BHYTpimmHI cwim. B
TakoMy BUIAAKY (6.15) MOXXHA TiepenucaTy y BUTIISII

W ~W, =A+ 4, (6.17)

2
MU, : . P
(5] ‘AIK7 = ZT — CyMapHa KIHICBa KIHETUYHA CHEPrid BC1X TUI
) i=1

— MO
cucremn, Wy = Z’—” — cyMapHa Mo4YaTKoBa KiHETUYHA €HEepris
i=1

BCiX Ti cucTeMu, A — poOOTa BCiX 30BHIMIHIX CHJI HaJ CHCTEMOIO,
A' — po6oTa BCiX BHYTpIIIHIX CHIL

PiBastang (6.17) Bupakae 3MiCcT TeopeMH MPO 3MiHYy KiHETHYHOL
eHeprii cucTeMHu: 3MiHa KiHETHYHOI €HEPrii CUCTEeMH TiJl TOPiBHIOE
poOOTi BeixX (SIK 30BHIMIHIX, TaK i BHYTPIIIHIX) CHJI TPUKITAJCHUX JI0
CHCTEMH.

[loTeHmiaTbHOIO  €HEPri€l0  HA3WBAIOTH  CHEPrio,  sKa
BH3HAYAETHCSI B3AEMHUM PO3TALTYBAaHHSM B3a€MOIFOUMX MiXk CO00I0

T (a0 yacTHH OAHOTO TiNa), TOOTO MoTeHuianbHa eHepris W, €
(hyHKITiEFO KOOpIUHAT Tina (pajiyc-BeKTOpa):
W, =W, (F)=W,(x,y.2). (6.18)
[Ipu oMy abCoOJIIOTHA 3MiHA MOTEHIIAIILHOT €HEeprii JTOPIBHIOE
poOOTI, Ky 3MIHCHIOIOTH TiJIa, IO B3AEMOJIIFOTh.

A=W, (5)-W, (7))=-aw,, (6.19)
abo A=W, -W, , 710610 pobOTa  BH3HAYAETBHCI  HE
1 2
[OTEHIIAIBHOIO CHEPTI€H0, a IX IepeMilleHHsaM Ha AF =7, — 1, .

B 3amagax gnms  IeAKOr0O  YMOBHO BHOpPAHOTO B3aEMHOTO
pO3TallyBaHHS TUI CUCTEMH (CTaHy CUCTEMH) MPUHMAIOTh 3HAUCHHS

MOTEHLIaJbHOT eHeprii PIBHUM HYIIO (WH1 = 0). Hani Benuuuny
. . _ , . .
norenuianeHoi  emeprii = W, =W, , mos’ssanoi 3i 3miHOIO

pO3TallyBaHHA TUT CHCTEMH BiJi YMOBHO BHOpPAaHOIO HYJIHOBOTO
PpiBHS, TIPUPIBHIOIOTH JO BUKOHAHOI pOOOTH CHII B3aeMOII 4, B3ATO1
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3 IPOTHIICKHNM 3HaKoM: W), =—4..

[ToHATTS MOTEHIIATbHOI eHeprii BBOAATH TUTBKU JJISI TICBHOTO
BUIy CWJI — NOTeHIianbHuX. Cuiin, poOoTa SKUX HE 3aJCKUTh Bij
dbopmMu TpaekTopii Tijla, a 3AJIEKUTH TUIBKHA BiJ KOOpPAWHAT
ITOYaTKOBOI 1 KIHIIEBOI TOYOK WOr0 TPAEKTOpii HA3UBAIOTHCS
NOMEHYIATbHUMU.

Sxmo x Timo pyxamocs mo Oyab-sKii 3aMKHYTIH TpaekTopii
(TOOTO BOHO MTOBEPHYJIOCS Y MTOYATKOBE TIOJIOXKEHHS), TO po0OTa, 110
3MIIACHIOETHCSI TAKUMH CHJIaMH, TOPiBHIOE HYJIO0. B IboMy Bumaky

{ﬁd? =0. (6.20)

CucreMu TUI, B SKMX [IIOTb JIHMIIE IIOTEHIIAJbHI CHIIH,
Ha3MBaIOTHhCS KOHCEPBATHUBHUMH.

[Mpuknamom cuim, sIKi 3aJ0BOJILHSIIOTH YMOBI (6.20) € rpaBiTamiiiHi
CWJIH, CVTH TIPY>KHOCTI, CHITH €NIEKTPOCTATHYHOI B3a€EMO/II.

Ha BigmiHy Bix mOTEHIIIANEHUX ICHYIOTH 1 HETIOTEHINIATbHI CHJIH,
s skux  ymoBa (6.20) He BuKOHyeThcs. Cuim, po0oTa SKHX
3aNeXKHUTh Bif QPOPMH TpaekTOpii HA3WBAaIOTh HENMOTEHIiaJbLHHUMM.
XapakTepHUM TPHUKIAI0OM HEMOTEHI[IABbHUX CHII € CHJIa TEepPTS Ta
CHJTH, 5IKi BUHUKAIOTh TIPU HENPYKHUX JlehOpMallisiX.

CucreMr Tid, B SKHX [IIOTh SIK
k MOTEHLIAJIbHI TaK 1 HEMOTEHIAJIbHI CHIIH,
HAa3UBaIOTHCS AUCHNIATHBHUMH
(po3cirorounmn). CTporo Kaxkyuu, BCi
peaNbHi  MakpOCKOMIYHI CHUCTEMH B
MIPUPOJIi € TUCUTIATHBHUMU.

Posristnemo MPUKJIAIN
MTOTEHIiaTbHUX CHJI.

a) I'pagimauiiini cunu.

3HaiiieMo poOOTYy Ccua Tpasitalii
3emui, npu nepeminienHi MT macoto m
B3/IOBXK JIEAKOI TPAEKTOpii, HAPUKIAA 3
To4KH | B TOUKy 2 (puc. 6.1).

(\N

Puc. 6.1. Pyx marepianbpHO{

TOUKH B rpaBiTaLiiiHOMY 3a 3aKOHOM BCECBITHBOTO  TSUKIHHSA
o 3emi, R — pajiyc cuia B3aemozii mix MT macoro m i 3emmi
Semi Macor M IopiBHIOE
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mM

2 ]
r

F=G 6.21)

Ie r — BiJCTaHb BiJ HEHTPY 3eMii 10 Touku, G — TpaBiTaliiiHa
cTana.

3rigHo (6.5) Mmaemo

M cosa-ds. (6.22)

2

3nHak MiHyc B (6.22) BUHHKA€E BHACIIIOK PI3HOTO HANPSMKY CHIIH
TSDKIHHS 1 iepeMitnenHst. 3 puc. 6.1 BuaHo, mo dr =dscosa .
Toni
_GmM
r

GM GM

rn
=m| —— —

) h

A=—]%Gmr]l4 dr

n
(6.23)

3 (6.23) BUAHO, WO TpaBiTalliiHI CHJIM € TOTCHIIAILHUMH,
OCKLUIBKH 1X po00Ta A 3aleKUTh JIHIIE BiJ 71 i 72 1 He 3aJIEKUTH BiJ

dopmu Tpaekropii. [Ipy BUKOHAHHI 1} =7, CIPaBKYETHCS YMOBA

(6.20).
[pupiBHsemo mpaei yactunu (6.19) 1 (6.23)
M M
(W, —w, )=m M _CGM (6.24)
. B

SIKIIo JIOTIYHO TPUIYCTUTH, MO0 Ha HECKIHYEHOCTI (r2 —)oo)
MOTEHIiaJlbHa €HEeprisl TpaBiTaliiiHOl B3aeMOAil T MPAaKTUYHO

. GmM
JIOPIBHIOE HYITIO (Wn2 ~ 0), 10 3 (6.24) otpumaemo W, =— ,
h
a00 B 3araJbHOMY BHIIQJKy
GmM
w, =" (6.25)
r

Jns Oinpimocti 3agad 010JI0TIYHOI MEXaHIKH Tila 3HAXOMSThCS
Oiast moBepxHi 3emuti, T06T0 A<<R, ne h — Bucorta Tina Haj
noBepxHero 3emiti. Tomi (6.25) mepenuieMo y BUTIISII
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_GmM __GmM _ GmMR
r R+h R2 1+ﬁ
R

W, =

(6.26)

GM

RZ

Bemnuuna g = — Ha3UBA€THCA MPUCKOPCHHAM BUIBHOTO

h 1
nafginas. BpaxoByrouw, mo — << 1, Bupas h MO>KHa
k I+—
R

PO3KJIACTH B PSII 1 OOMEXHUTUCH NEpPIIMMH JBOMa WICHAMH

1

h
~1——. Toxi 3 (6.26) oTpumaemo:

I+—
R

W, =-mgR 1—% =-mgR +mgh . (6.27)

BenuunHa noTteHmiansHO eHeprii BU3HAYAETHCS THUM, BiJl SIKOTO
pPiBHS  BiJJpaXOBYETbCS BHCOTAa pO3TallyBaHHA Tina. Tomy
MOTEHIIaJlbHA €HEPris OJHOr0 1 TOro  Tila MOXe OyTH
MMO3UTHBHOI, HETATUBHOIO a00 PIBHOI HYIIO B 3aJ€KHOCTI Bif
BUOOpPY HYJILOBOTO piBHS  Bimmiky. SKmo  BiJpaxoByBaTH
MOTEHIIIaJIbHY SHEPIii0 Tijia Bil MOBEPXHI 3eMili, TOAI

W, =mgh. (6.28)

Ilone tskiHHA 3emii € BaXJIMBUM 30BHINIHIM  (akTOpPOM
JKUTTEIISUIBHOCTI  opranismiB. Hampuknaa, s oprasismis, 1o
MEPecyBalOThCSl Y BOJHOMY  CEPEJOBHUINNI, € BKIMBUM iX
opienTyBaHHs. TaKy MOKJIMBICTh OpPraHi3MiB Opi€EHTYBaTH HaNpsIMOK
CBOTO  PyXy BIJIHOCHO  TIpaBiTalliiHOTO  TOJS  HA3WMBaIOTh
epagimaxcucom. I'paBiTakCHC  CIIOCTEpIraeThcsi y  0arathox
Bomopocteil. PiBeHp  rpaBiTamiiiHOi  OpieHTalii  BOmOpOCTEH
BU3HAYAETHCS HASBHICTIO 3a0pyAHEHb Yy CEpelOBHILI, BIUIMBOM
COHSIYHOTO, 30KpeMa yJIbTPadioeTOBOro BUIIPOMIHIOBaHHSA. Takum
YUHOM, TPaBITAKCUC € BAKJIIMBUM €KOJIOTIIHUM (DaKTOpOM, KU Jae
3MOTY BOJHUM OpraHi3MaM 3HaXOAMTH Kpallli yMOBH iCHYBaHHSI.

PocTroBy peakiiifo pociaWH, sSKa BHKJINKAE BHUTHH a00
BUKPHBJICHHS 11 TIEBHOT YacTUHU y OIK TpaBiTallii SK 30BHINTHEOTO
CTUMYILy, Ha3UBAIOTh 2pagimponizmom.
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0) IlpysrcHui cunu.
VY pa3i moB3moBxHBOI AedopManii Tina (HampukiIan, MPYKUHH
B3JI0BXK 0Ci OX ) CUJIa IPYKHOCTI BU3HAYAETHCS 13 3aK0HY ['yka
F=—kx, (6.29)

ne k — xoe(illieHT MPYKHOCTI, X — BeIM4YHHA Aedopmarii.
Po6ota cum npyxHOCTI 3rimHo (6.5)

A= —j xdx = —%k(xg ~x7). (6.30)

3a popmymnoro (6.19) maemo
1
—Ek(xf—xlz)=—( —w,). 6.31)

SKImo mpuHATH, WO eHepris HexehopMOBaHOTO (xl :O) Tinma
piBHa HYyIIO (WH] = 0), TO JIeTKO oTpuMmatd Gopmyry s

MIOTEHIIIaJbHOI €Heprii MPYXKHOi B3aEMOIii

W, = %kxz . (6.32)

IloBHa MexaHiyHAa eHeprifm CHUCTEMH TUT JOPIBHIOE CyMi
KIHETHYHHX 1 MOTEHIIaJIbHAX €HEePriid BCIX TiJT CHCTEMHU:

N N
W= We+>W, =W, +W,, (6.33)
i=1 i=1
ne N — KUIBKICTb TiJ1 B CHCTEMI.
3akoH 30epe:KeHHsI TMOBHOI MeXaHiYHOI eHeprii cucreMH: B
3aMKHYTIH MeXaHi4Hid cucTeMi TII cyma KIHETHYHUX i
MOTEHIIIAIbHUX €HEePTil BCIX TUI CHCTEMH € BEJIMYMHOIO HE3MiHHOIO
MPU BCiX MOKJIMBUX HEPEMILIEHHSAX TiJl CUCTEMH, SIKIIO MiX TilaMH
JUIOTH JIMIIE ITOTEHIIAIBbH] CHJIN.
3 3aKkoHY 30epeKeHHS MEXaHIYHOT eHeprii BUILIUBAE, [0

N N
ZWIG + ZWE = const , (6.33)
i=1 i=l1

Sxmo cucreMa mepexoauTh 31 ctaHy | B cTaH 2, TO 3aKOH
30epeXeHHs SHeprii MOJKHA 3aMMCaTH Y BUTIISAII
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(6.34)
abo
(WK )1 + (Wn )1 = (WK )2 + (Wn )2 . (6.35)
OTxe, 3aKOH 30epeKEHHS MEXaHIYHOI €Heprii crpaBemTuBUI
JUIIE JJI KOHCEPBATUBHHUX CUCTEeM. JIJIsl JUCUMATUBHHUX CHCTEM
3MiHa TOBHOI MEXaHIYHOI €Heprii CUCTeMHU AOPIBHIOE POOOTI BCiX
HEKOHCEPBAaTHBHUX CWJI, IIO JiIOTh HAa Tila cUCTeMU. B 1bpomy
BUTIAJIKY MOXKHA 3aIACaTH
M
AW, +AW, =D A, . (6.36)
Jj=1
ne AW, — cymapHa 3MiHa KiHETHYHOI €HEprii BCIX TiI CHCTEMH,
AW, — cymapHa 3MiHa NOTEHIiaJbHOI eHeprii BCIX TLI cucTemw,

— pobota j - TOi HEMOTEHI[AJLHOI CHJIM HaJ TiTaMu

Juenomeny
cucteMu, M — IX KiTbKICTb.

PiBHsiHHST (6.36) € MareMaTHYHMM 3allUCOM 3aKOHY 3MiHH
MOBHOI MeXaHiYHOI eHeprii B JUCHIIATUBHUX CHCTEMax, TOOTO €
CBOI'O pOJy 3aKOHOM 30epexeHHs eHeprii y pasi Jii B cucTeMmi
HEIOTEHI[1aJIbHUX CHUJL.

3akoH 30epekeHHST MEXaHIYHOi eHeprii € OKpPeMHUM BHUIAJIKOM
3arajbHOTO 3aKOHY 30€peXeHHsI Ta MepeTBOPEHHS eHeprii B Oy/b-
SIKil 3aMKHYTIiH cUCTEMI.

Sk mpaBmIlO, Y BHUIIQJKy BUKOHAHHS POOOTH HEMOTEHIIAbHUMU
CWJIaMH 3MiHa MEXaHIYHOT €HepPTii IEPEeX0UTh Y TEIJIOBY EHEPTII0.

6.5 Eneprist Ta 00MiH pe4oBHH

3akoH 30epeXeHHS Ta TEPETBOPEHHS €HEeprii CTOCOBHO
OionoriyHUX O0O0’€KTIB MpPOSBISETHCA B IMpolecax MeTadoi3My.
Obmin  peuosun (memabonizm) — 1€ CYKYIHICTh IPOLECIB
MEPETBOPECHHSI PEUOBMHU 1 €Heprii B JKUBHUX OpraHizMax, sKi
CTaHOBJIATH OCHOBY X JKHUTTE i SITHHOCTI.

OOMiH pedoBHWH Tiependavyac pyHHYBaHHS CKIATHHUX OPTaHIIHHX
CIIOJIYK, SIKE CYNMPOBOJKYETHCS BUBUILHEHHSM €HEprii, He0OXimHOl
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JUTS IHIIUX TPOIECiB, Ta YTBOPEHHSAM CKJIAJHUX CYOCTaHIlH, IO
($OpMYIOTh PEUYOBMHY AJisi TKAaHMH Ta opraHiB. JKuBuil opranizm
OJICP)KY€E SHEpriio 3 NMPOMYKTIB XapyyBaHHS, BOHA BUTPAYa€ThCs Ha
HarpiBaHHS Tijla i BAKOHAHHS OpTraHizMoM poOoTH. Tumose 3HaYCHHS
O0OMiHY pPEeYOBHH SIK MOTYXXHOCTI HEPETBOPEHHs XiMIYHOI eHeprii y
TEIUIOBY Ta MEXaHiuHy U JIOAWHH Macor 70xe y CTaHi CHOKOO
cranoButh P =120Bm. Orxe, mpotsirom no6u (t=86400 C)

3aBOAKH OOMIHY PEUYOBHH /sl MiATPUMAHHS KUTTEMISUTBHOCTI
JIOAMHA JTAHOT MacH BUTpavyae CHEPTilo
3 3

W =P-t=120-86400 =10368 -10° /Jorc =2477 -10°kan.

TakuMm 4YMHOM, JFOAMHI II0J000BO MOTPIOHO OJEPKYBATH UYEpe3
xapuyBaHHs1 Omu3pko 2500xkan 3 TUM, MO0 MIATPHEMYBATH CBOIO
Macy. 30imbplIEHHs Mach Tijda Ha lxe CKBiBaJieHTHE 3aTpadeHiii
eHeprii BenmuunHo 6mu3bKko 7700xxa.

6.6. Po0oTa Ta moTYy:XKHiCTH cepus

Ceprie € OCHOBHHM JKEpEJIOM E€Heprii, sika BUTPAYAETHCS IS
3a0e3NeueH sl pyxXy KpOBi MO CyAWHaM KpOBOHOCHOI cuctemu. Lle
JIy’Ke CKJIQJHUN M’S30BUH KOJIMBAJILHUN FeMOAMHAMIYHHUIA OPTaHOM,
SIKUH 00’ €ZIHY€E J1BA «JIBUT'YHU» — JIIBY 1 [IPaBy YaCTUHY CEPIIS.

PosrissHemo poboty miBoro mnuryHodka ceprs. lMoro mnoBHa
poboTa, sika BUKOHYETHCS IIiJ] Yac MEPEHECCHHs KPOBI Macowo m i
00’emy V, 3anexuts Bij (puc. 6.2):

®  pIi3HMII TMOTEHITIABHUX eHEPriit Ha Buxoi i Bxomi AW, ;

e pi3HuUI KiHeTHYHHX eHepriit AW, ;

e poboTH, siKa 3IIHCHIOETHCA 32 PAaXyHOK PIi3HHII THUCKIB Ha

BHXO/Ii 1 BXO/Ii JIIBOTO IIUTyHOYKA Ap , TOOTO

A=AW, + AW, + 4. (6.37)
m 1)2 —1)2
Tyr AW, = mg (b, = hy), AW, =J2—)

A,=(p-p)V.
BigoMo, mo pi3HULOA BHUCOT MK LUIYHOYKOM 1 apTepialibHOIO
JyTOI0 ISl AOPOCIOT JEFOJMHU (h2 —h,)z 0,15m, mBuaKicTs pyxy
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KpOBI Ha Iid qiuisiHI cTaHoBUTh 0,4 Mm/c, a TYCTHHA P = 10° Ke/ M.
[louaTkoBa MBHUAKICTE CKOPOYEHHS M’SI3iB JOPIBHIOE HYIIO, TOOTO
v, = 0. Takox Biomo, IO apTepiaJbHUN THCK Y 3X0POBOi JIIOANHA
3MiHIO€eTBCA Bil 80 mm pm. cm. (niacTona — po3MKpPEeHHs TOPOKHUH
ceprs Ta iX HamoBHEHHs KpoB’to) mo 120 mm pm. cm. (cucroma —
CKOpPOUEHHS  M’s3iB  cepmsd  micias  po3ciabieHHs,  IIo
CYNPOBOJKY€EThCSI HAarHITAHHSAM KpOBI B apTepialbHy CHCTEMY).
Opnnak, MiHIMaJIbHHM THCK, IO BCTAaHOBIIOETHCS B apTEpisX,
MPU3BOJUTE JI0 3aKPUTTS aOPTAILHOTO KIamaHa, TOMY Pi3HUIS
THCKIB Ha BXOJIi 1 BUXO/Ii 3 JIIBOTO IIJTYHOUKA CTAHOBHUTH:

Ap =120 mm. pm.cm. — 0 =120 um.pm.cm. = 1,6 -10* I1a .
O6’eM KpoBi, IO BUIITOBXYETHCA B AOPTY IMPOTITOM CHCTOJH

IIpH OTHOMY CKopoueHHi cepus ckianae (60-70) ma. IloBHa poboTa,
1110 BUKOHYETBCA IIPHU LOMY':

Jiee
nepencepna

MIYHOSTOR

Puc. 6.2. Cxema niBoi uactunu cepi: U, , D h] — IIBHJKICTH, THUCK 1

BHCOTA 3HAXOJKEHHA 00’eMy kpoBi V Ha Bxozi B cepue; U,, P, , h2 -

Ti caMi BeJTMYHHM JJIs KPOBI HA BUXOII 3 Ceplis

2 2
AZAWH+AWK+AP ZpVg(}ﬁ_hl)*'ﬂuzz;Ul)*'(pz_pl)vz

10*°-70-10°¢ -0,15+%-103 .70-10°-0,4* +1,6-10*-70-10°° =
=1,14 /.
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s BU3HAUEHHS MMOBHOI POOOTH BCHOTO CepIsl O ITiel poboTH
CIiJT MONaTH POOOTY MPaBOro IIIYHOUYKA, SKUM HaKadye KpOB Y
JIETeHeBY apTepito, 3abe3neuyroun THCK Omm3pko 20 mm pm. cm.

(2,7'1031761), abo 1/6 apTepianbHOTO THCKY, BHKOHYIOUH MpPHU

npomy npubmuzHo 20% Bix pobotu 4. Tomi 3aranpHa podoTa, SKY
BUKOHYE CeplIe 3a OJTHE CKOPOUCHHS:

A,.=A4A+024=124=12-114 =14 [nc .

3a noly cepue BuUKOHYE (3a mynbcy 60 yaapiB 3a XBHIIMHY)

N =60-60-24 =86400 ynapis. Pobora cepiis 3a 100y CTAHOBUTB:

A,=N-4,, =86400 -1,4 =120960 Jpic ~1,2-10° [pic .
Jiist mopiBHSHHS, TaKy poOOTYy MoxHa 3aiicHUTH miaHsaBmm 1000 ke
Ha BUCOTY OMm3bK0 12 M.

I[Ipu  ¢ismuHoMy HaBaHTaXeHHI po0OoTa  cepisi  pi3Ko
301IBIIYETHCS, 3POCTAE CUCTONIUHUN Ta XBHJIMHHHIA 00’€MH KPOBI,
301TBIIYETECA 1 IIBHAKICTE PyXy KpoBi B aopti. llpm mpomy
30inbyeThes i BinHOmeHHs Mix Benuuunamu AW, i A . B

criokiiiHomy crani AW, / Ap ~(0,01. TIpu wHaBaHTaXeHHi OOWBI

BEJIMYUHH 3POCTAIOTh, aje IIBHAKICTH 3poctanHs AW, Bumia, Tak
110 JIaHE BiJTHOIICHHS MOXe jJocsaraty 3HaueHHs AW, / AP ~0,3.
KopricHa MOTYXHICTbh, 110 PO3BHBAETHCS CEPIEBHM M SA30M IIiJT

302

yac cucronu: P =

C

, ¢ T. = 0,3 ¢ — TpUBaJICTh CHUCTOJIH.

c

1,4

3Bigcu  otpumyemo: P = =4,67Bm. Yac o0mHOro LUKy

9
cepueBoi gismbHOCTI 1" = 0,85¢. CepeaHs MOTYXHICTh 3a BECh LIUKII

1.4
JIOPIBHIOE =——=1,65Bm .
P 0.85

cep

,

Koedimienr xopuchoi nii (KKJ) cepus, sKuii gopiBHIOE
BiJTHOIICHHIO BUKOHAHOI pOOOTH JIO BUTPAYeHOT eHeprii (77 = Af W)
ckinagae Bchoro (14-25)%, mo Bkazye Ha 3Ha4yHi BTpat eneprii. [Ipu
dbizuyniit poboti (HaBanTakeHHi) 1 TpeHyBaHHI cepms KKJI moske
30inpuryBatucsa.  llpm  migBHMINEHHI — apTepialbHOTO  THUCKY
HaBaHTa)XKeHHs Ha cepie 3pocTae, a KK]I — 3menmyersca. Tomy s
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MOJIETTIIEHHST poOoTH ceprst OaxaHo, MO0 KpOB’SHANW THCK OyB
MOPIBHIHO HU3BKHUM, a CEPLICBHI BUKH]I — BEJIUKUM.

6.6.1. Anapat mITy4HoI MATPUMKH POOOTH cepust

[lpu omepauisix Ha
cepri, sKi BHMararwoTh
HOT0 THUMYACOBOI 3aMiHH
B cHCTeMi KpoBOoOep-
TaHHS KpOBi, BHUKOpHC-
TOBYIOTH CITEIiaJIbHI aria-
paTd IUTY4YHOI'O KpPOBO-
obepranns (AILK) xposi
(puc. 6.3). Lleit amapar €
IIoO€AHAaHHAM IOTYYHOT'O
cepis (HacocHa CHCTEMa)
31 IITyYHUMH JIETCHAMH
(oxcureneparop — cucTe-

Ma, sKa 3a0e3redye HacH- Puc. 6.3. Cxema miAKIIFOUEHHS arapary
YCHHS KPOBI KHCHEM). mTyaHOro Kposoobiry 1o /1, — Ti cami
AHaPaT BUKOHAHHI Y BEJIMYMHHY 711 KPOBi HA BUXOZI 3 CepIIs:
BUTJTISA L epPECyBHOTO 1 — aopra, 2 — aprepianpHa JiHis, 3 —
CTONa, BCEPEAMHI SKOTO Mikpo®ineTp, 4 — apTepianbHuii Hacoc,

5 — okcureHeparop, 6 — BeHO3Ha JiHis, 7 —
HWDKHS TIOPOJKHKCTA BEHA, 8 — BEpXHS
MOPOXKHKCTA BEHa

pO3MIIIEHO  MeXaHiuHy
CKJIQJIOBY — HAcoCH, a
300Ky TpUKpirieHui di-
310JIOTIYHUNA OJIOK, SKUH
BMIIIy€e OKCHTCHEPAToOp, pe3epByap 3amacHoi KpoBi, TpUMadyi IS
TpyOOK 1 KareTepis.

[punnun poborun AILK mnonsirae B BizOopi BeHO3HOT KpOBi 3
opraviamy, micis 4Ooro BoOHa  (UIBTPYEThCS, 3irpiBaeTbes
(OXOJIOIKYETHCS), OKCHI'CHI3YEThCSI (HACHUYEThCS KUCHEM 1 3 Hei
BHUJQJISETHCS BYTJISKUCIIMI T'a3) 1 HACHITAETHCS B apTepiaibHE PyCIIo
xBoporo. TakuM 4MHOM, 3aMiHIOETbCS (QYHKISI ceplsl (HarHiTaHHS
KpoBi) 1 JjereHiB (ra3ooOmiH). ['a3000MiH 1 HarpiBaHHS
(0x0JI0/KEeHHs) BiIOYBalOThCS B OKCUT'eHEpaTopi. Bindip BeHO3HOT 1
HarHITaHHS apTepialibHOi KpOBi BiAOyBaeTbcs 3a JOMOMOTOIO
CHCTEMH HACOCIB, sIKa 3a GYHKIIEI0 MONi0HA cepIto (MATPUMYE THCK

168



1 OUPKYJSAIII0 KpPOBI B CyOWHAX OpraHi3My I dac omeparii).
Oxcureneparop 3a (QyHKIi€l0 BUKOHYE POJIb JIETeHIB 1 3a0e3medye
HacHYeHHs KpoBi kwcHeM. OTe, amapar B IUIOMYy BHKOHYE
(hyHKIIiTO cepIis 1 JIETeHiB.

6.7. PoGoTa Ta mOTYKHiCTh CKOPOYEeHHS M’A3iB

SAx Oymo mokazano B maparpadi 2.7  BaXIUBUMH
XapakTepUCTUKaMH POOOTH M’s3y € cujia 1 MIBHAKICTH HOTO
CKOpO4YeHHs. PiBHSAHHS, SKe€ BHpaXkae Il XapaKTEPUCTUKH, OYI0
orpuMano emmipudHo A. Ximmom (2.88) i mOTIM MiATBEPMIKEHO
KIHETHYHOIO TEOPI€I0 M S30BOT0 CKOPOUCHHS.

Busnaunmo poOoTy ckopoueHHs M’s3y 3a dac . 3rimHo (6.9) i
(6.11)

A=Fut, (6.38)
ne P — moTyXHicTh M’s513a, U — MIBUJAKICTh HOTO CKOPOYCHHSI.

Bupazumo 0 3 XapaktepucTHyHOro piBHsHHA Ximia (2.88) i.
migcTaBuBIM B (6.38), oTprMaeMo

A= bFF F . (6.39)

F +a
[Ipu cxopodeHHI M’s3a 3aBXKAW BUIUIAETHCS TIE€BHA KiBKICThH
TEIoTn (J, BHACHIJIOK TEPTsS M SI30BHX BOJIOKOH MiX CO0OI0 Ta
IHIIMX TpoleciB B M’s3ax. JlaHa BenuMYMHA  HA3MBAETHCS
mennonpodykyiero. SIk mokazaB XiJUI, TEIUIOMPOAYKIiS 3aJICKHUThH
JIMIIIE BiJ 3MIHU JOBXMHHU X M’s13a 1 HE 3aJI€)KUTh BiJl HABAHTAXKCHHS
Ha HBOTO:
O=a-x, (6.40)
JIe a — KOHCTaHTa 3 piBHAHHS (2.88).
3arajgpHa MOTYXHICTE P AKa PO3BHUBAETHCS M’ SI30M,

3ae
BU3HAYAETHCS IIBUAKOCTSIMA BUKOHAHHS M’ 5130M pOoOOTH 1 BUI1IEHHS
teriotu. Cxopuctasmucs (6.8), (6.11) ta (1.8), orpumaemo

o _A 5Q F~U+§=F-u+aﬂ=(F+a)u
: dt dt t dt
(6.41)
3rigno (2.88) piBHsHHS (6.41) MOKHA TTEpeNUCATH Y BUTIISAII:
P, =(F+ap=bF,~F). (6.42)
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PiBastHHA (6.42) MOKa3ye, M0 3aJeKHICTh 3arajbHOI MOTYKHOCTI

M’s3a P, Big npuknanenoi cwm F e niHiiiHOTO.
HocnimkeHast 1o- A

Ka3yloTb, IO KOH- Em.c

CTaHTa b 3aleXxuTh

BiJ TeMIepaTypH.

[Ipu wHarpiBanHi Ha
10°C mobmmzy 0°C
KOHCTaHTa b MonBO-
FOETHCAL. _P
Koncranra a 3Ha- - =
XO/IMTHCS B nianasoHi > L s
3nauenb Big 0,25F, / .-
a0 0,4F0. //A =
3a UUMHU JaHUMHU v*
JIETKO OLIHUTH MAaK- max

CHUMaJbHY IIBUAKICTH
CKOPOYCHHS IS Tie-

Puc. 6.4. 3anexHicTh HOTY)KHOCTI CKOPOUYEHHS

M’si3a P Bin com, 1o PO3BUBAETHCA F i

BHOTO M’s3a. LIBUAKOCTI CKOpoueHHs! U (IyHKTUpHA JIiHis).
BpaxoByroun 3amTpuxoBaHMil IPSIMOKYTHHUK BiZTTOBIZA€
(2.89) MokHa OLiHH- MaKCHMAaJbHIH MOTY>KHOCTI
TH BITHOILIICHHS (P...=F,. U..)
19

“uex (2,5 4),
s 2 (25-4)

I'padix 3amexHOCTI BIJHOCHOI MOTYXHOCTI BiJ BiJHOCHOTO
HaBaHTAKCHHS M’ 5132 HOCHUTH KOBITAKOMIOAI0HMIA BUTIIsA (pHC. 6.5).

3 (6.42) BuaHO, MO

a) P,,=0mnpu F=F;

0) [lotyxHicTh Jocdarae MaKCHUMAaJILHOT'O 3HAYEHHS

(PW )’W :,/a(FO +a)—a npu F =031F,. ILle o3nauae, mwo

MOTY)KHICTh M’SI30BOTO CKOPOYEHHsI Oy/leé MaKCUMAaJIbHOI KOJIH i
MIBUAKICTH 1 crta ckiaanaiots ~30% Bil MaKCHMAILHO MOMKJIHBHX
BEJTMYMH.

Ile BUKOPUCTOBYIOTH, HANPHKIAJ, CIIOPTCMEHU-BEIOTOHIIUKY:
IIpU TIepeXoii 3 PIBHUHU Ha TIPCHKY MUISHKY HABAaHTAXKCHHS Ha
M’SI3M  TIJBUIIYEThCH, 1 CIIOPTCMEH MEPEKIIoYae IIBHIKICTh
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BeJIOCHIIela HAa HAWMEHIITy Tepeaaqy.

MakcumManbHa TOTYXHICTh (200Bm) M’S31B pyKH JIOJWHH
TOCATAETHCS TIPH MBUAKOCTI CKOPOUEHHS 2,5m/C.

KoedirieHT KoprcHOI Iii TpH CKOPOUCHHI M’ 532 BU3HAYAETHCS 5K
BiJIHOIIIEHHS BUKOHAHOT po00TH A 110 3aTpaueHoi eneprii W

gt At Fo _ F o
W A+Q P, (F+alb F+a

KKA ™Msa3a 7
30epirae mocriliHe 3Ha-
yenHs (0ins 40%) B
niarna3oHi 3HaYeHb CUIIH
02F, < F < 0,8F,.
[paxtuno KK/ moxe 0.5
nocsarta (40-60)% s '

PI3HHX THITIB M’SI31B.
Binomotro € hopmyia

63AEMO36 ’}Z3Ky CUIU
wsazie 1 ix mact. ]_[IO Puc. 6.5. 3anexHICTh MOTYKHOCTI M’s3a BiJl
HaBaHTAKEHHS

4P/P...

F/F,

0.31 0.5

3aJIeXKHICTD MOYKHA
BHUPa3uTH GOPMYIIOHO;

F = %kmg, (6.44)

ne F — M’s130Ba cuiia, k — Jeska craja BEIMYMHA, 0 XapaKTepU3ye
(i3YHy TIATOTOBNIEHICTH aTiera; m — Maca ariera, g —
MPUCKOPEHHST BUIBHOTO NaXiHHA. Y MPOBIAHUX Ba)KKOATJETIB
M’s130Ba cujia CTaHOBUTH (55 — 57)% Baru Tina.
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JTOJATOK 1

Peosoriuna mogesn aedopmairii
KiCTKOBOI TKAHUHHU

HudepenuiansHe  piBHSHHS ~ MOAENi
nedopmarii KicTKOBOi TKAHUHU:

. E 1 . E+E,
é+—Lte=—0c+—1—0
n E, Eyn

Po3e’a30k pienannsa 1.

ey

Hosnaunmo o =E,/n, f=1/E,,

7:(E1 +E2)/(E2 )
3 (1) orpumaemo

E+ae=fo+yo.

Ilicns  3amiHn e=e"g i o=

7,

—at . B -
e g =pPe” o,,100TO

‘ [a_z}
& =pe "o,

Puc. 1. Monens
KenspBina nepopmarii
KICTKOROT TKAHUHU

2

Y

e’ o, orpumaemo

3)

IaTerpyBanns (3) yacTMHaMU OCTaHHBOTO BUPA3y /A€

o= p| o, [a - %j [ J

abo

at

)
P o,dt |,

e=pfe” {e“’a - (05 - %)J e“’aa’t} = fo—(af- y)e‘“’je“’adt.

BpaxoByroun 3HaueHHs & , [ 1 ¥, MaEMO

by,

E,

gziaJrle g ja-egdt. ()

E, n
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JTIOJATOK 2

Peosoriuna Mmogesn aedopmairii xpedora

E, E,
G G
’ ¢

Puc. 1. Peonoriuna Mozens nedopmariii xpedra

Judepeniianbhae piBHSIHHS Mol nedopMartii xpeodra (puc. 1):
s Bt Em . EE _mtm o E+E,

ey
M, Thil, Thit, Thit,
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JIOJATOK 3
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JTOJATOK 4

Peosioriuna mogen aedopmanii kpoBi

HudepenuiansHe PIBHAHHS MoJieni o
nedopmartii kposi (puc. 1):
+n,. 1 . FE
+ED T — 5y B ) O
mm, e mmn, E €
Po36’a30k pienanns 1. €, =R
m+n, 1 £ 7
ITo3naunmo a=FE———=, =—, 2
. 7, ??1
E 1
o=—-.
M, o
Puc. 1.
. ) Peosnoriuna Monens
[TizcraBumo B (1) 1 oTpumMaemo nedopmarii kposi
E+ac=yo+0o0. 2)
3po6umo 3aminy & = e “&, i, nizcTaBuBIy ii B (2), OTPUMAEMO
=y0+ 0 . 3)
3Bigcu
= "6+ "o
TOMY,
& = _[ e (yo + Sl . 4)
BpaxoByroun 3aMiHy, MaeEMo
E= e’mj.em(yo"+ So)ir . (5)
IaTerpytoun (5) orpumaemo
&= .[ e‘”je“’ (7/('7 + 5G)dtdt , (6)
abo
gt gt
1. E
— J Thil2 '[ i ( o+ O')dtd[ . (7)
7, mmn,
Yacmkoeuil eunadok: 710 KpOBI TPHUKIAICHE MOCTilHE

177



HaBaHTA)KCHHS TPH BIJICYTHIN MOYaTKOBiK nedopmarii. B takomy
BUIMAJKY:
8(0) =0, 8(0) =C, o=const, C — nesxa KOHCTAHTa.
Toni, (7) Habyzae BUTIISY:
E g, g,
&= —O'Ie it J-e T dtdt . (8)
mm,
[Ipoaudepeniroemo (8) i orpuMaeMo
M, M,

. E
E=——0-e mi> Ie i dt:
min,
E E _E'71+’72t
_ o‘( L J+ C——oce ", ©)
ma, \E(n+m,)) " nm,
ne C, — nesika KOHCTaHTa.
: o E )
3 ymoBH 8(0) = C orpumaemo C = +——0-C,, 3BinKu
=+, 1,
Cl :M(C_Lj. (10)
Eoc =+,

[IpoinaTerpyemo (9) i maemo

s,
£= E O'I diuP +Ce ™ dr=
mm, E(771+772)
mems,

-E
E O'[ E( 771772 r— C1771772 e i + CZJ , (1 1)

B mi, Y +772) E(771 + 772)

ne C, — nesika KOHCTaHTA.
3 ymoBH 6‘(0) =0 orpumaemo

0= io{C2 - %J , 3BLIKH
. E(n,+1,)

__Comy ___n'n) (c— o j 1)
2 2 .
Em+m,) Eolp+m) n+n,

178



[TimcraBumo (10) i (12) B (11) 1 oTprMaemo

e=—Nh (C— i J{l—exp(—Em+U2t]]+ g t. (13)
E(77| +772) m+mn, mn, m+n,

179



JNOJATOK 5

Peoutoriuna monens Aedopmauii TpoM0a i TKAHUH MO3KY
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