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KPUTHYHUI AHAJII3 TEOPETHYHUX HAIIIPHUX XAPAKTEPUCTHK
(IIPOTHUIIOKEKHIX) BUIIIEHTPOBMX IIOMII

Apani3yioTeCA OCHORHI NPHUHIHIHE CIPYMHHHOI Teopil BIAUEHTPOBHX nomn (IiApOIHHAMIMHMX Harbi-
tauin). KpurHaHo OUiBIOETHCS TpamuuifHmi miaxin o inenrudixauil xapakTepucTuky ileanbHol BiTueHTpO-
BOI oMM, HarononiyeTscs Ha ToMy, 110 JIOTIKY CHHTe3Y ileanbHOT HOMIIM Heye NPHIYINeHHS Ipo «pamiais-
HUH BXify piausy B poboue koneco. Lle MpHIyIMeHHA Mae CeHC TUILKH CTOCOBHO OKDEMUX PEXHMIB pofoTH
noMnu (10 OAHOMY s KoxHol gactotd ofepranus poGodoro xoneca). Haromomyerscs, mo BigMoBa Bix
HEOTO HE CYIPOBOIKYETHCS AKHMUCH HETATHBHMMM HACHLIKAMH B Teopil. 3arponoHoBane MeTOANKY KOpeKT-
HOTO 3ICTABJAHHS INEANBHNX | peanpHUX XapakTePUCTHK BiTIEHTPOBHX nomin BuKian matepiany cynmpopo-
HACYETRCA POSTIAAOM UUTKOM abCTpaKkTHOTO HAOUHOTO IPUEIANY.

Knrouosi crosa: BUIIEHTPOBA NOMIA, {1eaNbHa BiINEHTPOBA MOMITA, HAMIPHA XaPAKTEPHCTHKA, 11CH-
TH(HKALIA XADEKTEPHCTUHR

P.M. Hashehuk, T.R. Tsaruk

CRITICAL ANALYSIS OF PRESSURE THEORETICAL PERFORMANCE
(FIRE) CENTRIFUGAL PUMPS

The basic principles of the theory of centrifugal pumps (hydrodynamic pumps) are analysed. Tradition-
al approach to identify the ideal characteristics of the centrifugal pump critically evaluated. It is noted thai the
logic synthesis ideal pump spoil assumption of "radial entry” fluid in the impeller. This assumption makes
sense only for individual modes of the pump {one for each frequency of rotation of the wheel). It is noted that
the rejection of it is not accompanied by some negative effects in theory. The correct ideal and real characteris-

tics technique of centrifugal pumps are matching. The material is accompanied by an abstract consideration
entirely clear example.

Keywords: centrifugal pump, centrifugal pump ideal, pumping characteristic, identification of charac-
teristics

Berym: npo mo finerbea? BaaxaroTs, Mo eIy BiIOMY HPOTHIIOKEKHY HOMITY CTBOPHB
mexanik Kreci6iii 3 Anexcarnpii, mo xus y II — I cr. mo PX. Ile 6yna aoumningposa mopmsesa
MallHHA 13 BCMOKTYBaJbHEM 1 HaTHITAIBHAM KJIAMAHAME, a TAKOXK [HOIMMH JETAIIMH CYYacHHX
PYUHMX HPOTHIIONKEKHUX IOMIL. 3araioM, cyJacHa pydHa IPOTHIIOKEKHA TOMIIa MaiKe He Bizpis-
HAETBCA BiJi CTAPOAABHEOL. A OT HalIpPOCTIIHAM rigpoMEXaHiYHIM IPHCTPOEM IHHAMIYHOTO INTH-
Oy icropis Busnac xoneco Cersepa. Tox y IPaKTHYHOMY CEHCI, 3BAXAI0YN HA TAKY JANEKY PETPO-
CHEKTHBY, TIPO TOMIH Mano 6 OyTH BiZOMO Bce 10 NelHIlb.

1754 poxy xonecom Cernepa daxopo sanikasuecs JI. Oinep. Tox, Mabyrs, Toxni i BUHUKIIA
1764 Tax 3BaHol crpymMuHHEOI Teopil rigpommHaMimiax Mamud. [TotiM 6yin y3aranpHeHHs... Jlar-
parx 1788 poxy macas: «Mu 3apnsuyemo Ofsiepy 3a meprui saransHi GOPMYIH i PyXy piInem
(...), 3anmcani B IpocCTiil 1 ZcHIM cCHMBOJINI YaCTKOBHX MOXIMHKX. .. 3aBASKH UBOMY BiIKPHUTTIO BCS
MeXaHika pIIUH 3BeJacs 10 HHTAHH aHami3y, 1 axmo 6 ni piBHsHHS OyIM IHTEIrPOBHAMHE, TO CTAIO
0 MOMINBHM Y JOBUILHOMY BHIAKY HOBHICTIO BU3HAYYBATH PYX PLOMHH 33 JIil 6Y/(b-JKHX CHIL..».
Teopia JI. Oiinepa zapxmyu Haxuxana, i 6araTo-xTo Biputs y 1i BeecmmnicTs. TOX 1 3 Teopieto mu-
HaMIYHHX TTOMIT TaKOX He Majio 6 6y TH KIOnoTis.

I'inpomexanixa (aepommHaMia) CIHpaeThCs Ha QyHIAMEHTATbHI 3aK0HA (Qi3HKH-MEeXaHIK,
ajne yepes HaABCIHKY CKIQJHICTH JOCTIDKYBAHMKX ABHII BOHA BHMYILUEHO BH3HAC HIOH YHHHWMH
HUTy HA3KY IPHITYIIEHb-CIPOINeHs. Tox iHKkonm B GhopMarizoBanoMy BigoOpaxeHHi BajKKo BII3HA-
TH peabHiCTh. BUHMKAIOTE i MApaZiokcH. A 9¥acTo IPOCTO HEMOMKIIMBO BIPTYANBHO CHHIE3YBATH
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ifeanpHy TiAPONHHAMIYHY MamlHAY, a OT)Ke 3HHKAE IULIX «BiJ ilealisHoro — 10 peansHoroy (Hal-
3pugaiino edeK THBHEI CTOCOBHO 1HIMAX 00 €KTIB mi3HaHHA) [1].

Tosx BEABIIETRCA, 100 HABITH Y HUIKOM OYEBHIHOMY, 3aBajiocs 6, TIiyMadeHH] «i[ICaBHOTO )
B TiApoAuMHAMIII IPUXOBAHI Xail HeBeMWHKi Ta Bce X rappki. IIpuBepTac yBary Yu HaBiThb HACTOPO-
KY€, 30KpeMa, Te, [0 YH He B KOXHIH KHIDKII (X0Y 3 AKHX 9aciB), IPUCBAYEHIN rigpoauHaMITHAM
MAIIHHAM, 32 I[jea’bHy IPABUTE BIAUEHTPOBA IIOMIIA, B XapaKTepHUCTHIN AKoi He dirypye iHdopManis
Ipo TapaMeTpr 1 BXoAy (Zus., mpuMipoM, [2—12, ...]). IIpuansor0 1BOTo € MPHITYINeHHs, SKe MOX-
Ha Ha3BATH MPHIYIIEHHAM IIpO «paiaibHuil BXiy» piuHan y poboye KOIeco ieanbHol MOMITH.

Mera poborn. Tox BuprKae GaxaHms 3’ACYBaTH, UM CIPaB/i IPHIYINEHHS PO «paiialib-
HUH BXiZ» € HECYIIEPEUHHM | TEOPEeTHYHO BMOTHBOBAHAM, 9H € IMi[CTABM BBAXATH ICHYIOYE O3Ha-
YeHHs ifeanbHol HamipHOT XapakTepHCTHKH BiUEHTPOBOI NOMIM (30KpeMa IIPOTHIIONKEKHOT) Oe3-
3aCTEPEIKHO KOPEKTHHM.

o cioBa...

TTomna IpOTHIIOKEKHA UM HAIOKEKHA (ajie He HOYKEeKHA) — IPUCTPidl 11g racinmus (a He
PO3MATIOBANHS Wi UIATPUMYBaHIL) HOXKexi, Uu Mir 61 X049 SKUACE NPHXHIBHHK TEPMIHA «HACOC)
TTOSCHUTH, YOMY 3K BiH, allojioreT CJIOB’ SHI3MY (HABPSL M ICHYIOHOT0), BUMYIIEHHH BUKOPHCTOBY-
BAaTH HOPAJ 3 «HacocoM» TepMiH «Typbira»? Typbina (yKp. — BHPIHI) — JIONATKOBUHA JBUTYH,
IO NEPETBOPIOE MEXaHIYHy SHeprifo MOTOKY IUTMHHOTO CepeloBHINa (rasy, IapH, BOJH, OJMBH...)
HA MEXaHigHy eHepriro o6eproBoro pyxy CHCTeMH JIomaToK. To6To me — mpoTHCTaBHUN MOMI 32
eexTOoM Ail anapar; Ta 3a MEBHHX PEXUMIB B3aeMOJil IIMHHOIO IOTOKY ¥ JIOMATOK HABITh cama
MIOMIIA NIEPETBOPIOETHCS Ha TYpOiny. A HOXOIMTE TepMiH «Typbinay Bin ¢pann. turbine, a rnubioe
— Biz nat. turbo — suxop. Tox sxmo Typbina, To oMy He tomMna? Tox xi6a He Kpaule noeaAHyBa-
TH IyKOMOBHHM TepMiH «Typ6iHa» caMe 3 4yKOMOBHHM TepMiHOM «moMmay. 1[ikaBo Takox, mo ne
33 TAKa Aig «xagaTH»? Sk BOHA Mac MO3HAYATHCS PO ykpalckkow? U He rapMoHifinime 38y-
YaTh pa3soM «IoMIIay (He Hacoc), «IIOMIIaK, «IOMITYBaTH) (He Ka4aTH)?..

Teopernune miarpynra: guHamiuna mamuna JI. Ofinepa (Eiinepa). [loropraiivo cropi-
HEW NpuKianHol rizpoMexanixu [2, 7, 11, 12]... 3eeprimMoca no puc. 1, e 300pakeHo CupomeHy
cxeMy pyxXy pimnu B poGodoMy Koneci BigueHTpoBoi moMmu (riZpoAHHaMidHOTO HarHiTada): iH-
nexcn «1» i «2» mo3EavaroTs BXin B pobode Kosreco i Buxin 3 Bporo. Lis Beim BimoMa cxema He 1o-
BUHHA O CHpHIIMATHCS 9K TPHBIaibHA, OCKIIBKY BOHA MICTHTH iHQOpMAaIii0, KOHYE HOTPIOHY I/
TIOANBINHX BHKIIAZOK.

YV BineHTpOoBill mOMIN piaMHa MiIBOAHTHCS 10 pobOYOro Kojgeca y BICHOMY HampsMi 3i
IMBHAKICTIO vV, (MOJYJH BEKTOpa V IO3HAYaTHMEMO Hepe3 V). BeKTop mo3HavaTHMeMO MAacTKHM

npsMuM IpuGTOM, HOro MOIYIh — 3BHUYaifHuM KocuM. Ha BXOZi B KOJIECO HOTIK PilHK BUMYyIIe-
HO BiIXWJISETHCA B PafiadbHOMY HANPAMI 1 fasii MOYHHEAE PyXaTHCh 3 AEIKO0 MBHAKICTIO v, . Mix
TONATKAMH MIBUIKICTH IOTOKY HOCTIHHO 3MIHFOETHCS 32 HAIPAMOM 1 MOJYJEM, 1 Ha BHXO/I 3 KoJle-
Cca BCTAHOBJFOETHCA MIBAIKICTE v, . [[03HAYA0UWN MOMEHTH IMITYIIbCY (MOMEHTH KiTIbKOCTI PyXy) Mac

pimunu B 06’ emax 0, I, 2 (mus. puc. 1) pignosigyo wepes L, L, L,, 3°4COBYeMO: B TOYATKOBOMY
HOJIOKEHH] KOoeca iMITyIIbC Mach PIIMHN B MDKJIOTIATKOBOMY IIPOCTOpI CTaHOBHTE Ly +L,, a gepes
Iy’ke MaJuii IPOMIKOK vacy df Bin HaOyBae 3HaueHHs L, +L,; ocKiTbKH Koneco obepTacThes 31
CTATION MIBHAKICTIO , TO BEMYMHA L, 3a/MIIAcThCS He3MIHHOIO; TOXK IPUPICT MOMEHTY IMITYJIBCY

IUIMHHOTO ~ cepeioBuina  BimgocHo — oci  ofepragmsd  3a  4ac  df  CTAGHOBHTHME
dL=(L,+L,)~(L,+ L) =L, — L, . BusHauaroun iMITyJIbc MacH pi/liHH Ha BXOJi B KOJECO 5K pUv,,

a Ha BUXOJ 3 HBOTO — SIK POV, , 3HAXOAUMO MOIYTb IPHUPOCTY MOMEHTY IMIIYIIBCY SK BETHYHHY
dL =(pQv, cosa,r, —pQv, coso,r ) dt,

ne O — MIBEAKICTS BUTPATH PIOMHE Yepe3 MDKIONATKOBHN KaHall, p — FyCTHHA PIIMHHA; O — KyT
MDX BEKTOpOM abCOMOTHOI MBHAKOCTI V 1 BEKTOPOM IIEPEHOCHO! MBHAKOCTI W, 7 — pamiyc, Ha
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SAKOMY PO3TAIIOBAHIIA nepep13 KaHaty (9m BXizg, uu Buxin). IlBuaxicts 3minm MOMGHTY IMITyTIBCY, SIK
BIZIOMO 3 MEXaHIKH, JIOPIBHIOE TOJIOBHOMY MOMEHTY M 30BHIINHIX CHIL, IO JiFOTH HA PLAHHY:
dL

.;f-;:pQ(vz COSU, 7, —V, cosa ) =M . (1)

Jami mix Q posyMiTHMEMO IIBHIKICT MPOHMKAHHA Kpi3h KOJIECO TIOTOKY BCi€l piaHY (a HE TIIBKH

CTPYMEHA B kanani). e i € sHamenute pisnsuus JI. Offrepa. MoMeHRTOM CHI Bard B CEpPENOBHIII
pm;mm 3a3BHYal He‘{T}’IGTB 00 cucTeMa KaHaliB B p060q0MV Kozeci Maibke IiiKoM CHMETPHYHA
BIZTHOCHO OCi HOTO OOepTaHHH a4 B paMKax CTPYMHHHOI MOZIEI MM 3a OJJHAKOBOI I'YCTHHE MaTepia-
Ty Kojieca 1 camoi pilliHy — HaBiTh HUIKOM BiCecHMETPHYHA.

4pPv,

i
1

Pucynox 1 — Abcmparmnua cxema pyxy piounu & poboiomy koneci 8ioyenmposoi nomnu

Buxazeni mipkypanss ¢ Ge3I0raHHUMA TiTBKH B PAMKAX CTPYMHHHOL Teopii rigponHHa-
MIY9HHX [PATOK — 34 IPHITYIICHHS, O AeThCA Ipo Ge3iiid 3HUKAI0Ye TOHKHX JOMATOK, MO IiATh
IOTIK pinuHy Ha 6314 TakoxK 3HAKA0YE TOHKHX CTPYMITHOK ineansHOl pinanu. Haronomyioay Ha
HEOMY, JiesK1 BENMUMHH, SKHMH OLEpye L Tecpm HOMIYaI0Th 1HIEKCAMH «ooy», 0 03HAYAE HECKiH-
YEHHICTD, Ta «t», MO 03HAYAE «TeOpeTHIHicThy (imeansHicts). Tox BUpa3 (1) jaopeuHo nmcarty y
dopmi

pO(v, cosa,r, —v, cosa,n) =M, (2)

Hotyxsicts, Hanasana noToky pifuHK, B ileanbHoMy (TEOPETHIHOMY) BHIIANKY HOPIBHIOE MOTYX-
HOCTI Ha Bajly KoJeca, 1o obepTacThes:

P,=M_,o=p 0=pgOH,_, 3)

1€ Py, — CTBOPIOBaHMH THCK B piftuui, H,, — TaK 3BaHAN TOPETHIHNI HAMIp.

46 36iprux nayrosux npays




Bexrop abCcorOTHOT WIBHAKOCTI VE CYMOK V=1u-+W BEKTOPIB IEepeHOCHOI U i BiZHOCHOL
W HIBHIKOCTEH:

vV, =0, +W, V, =0, +W,. (4)

Lleii BexTOp AOPEUHO POITIANATH TAKOXK AK CYMYy V=V_+V BeKTOopiB v, Mepuiia€uaoi (pajiais-

HOT) T2 Vv, KOJOBOI (HOTHYHOT) IIBHIKOCTEH:

Vi = Vmi + Vul H VZ = VmE + Vzc?. ‘ (3)

Ouepnno, mo pisagaaamM (4), (5) ignosigaoTs (aus. puc. 1) coiBBIIHOIMEHHIM

v, =Vsino,, v, =v,cosd, =iy, —v,, cotP,,

H3

V,, =V,8iNd,, v, =V, COsa, =u, —V,, cotf,, (6)

E

ge o, i o, — KyTd Mix abCONIOTHOIO Ta HEPEHOCHOK MIBH/IKOCTAMY BiIIOBLIHO Ha BXOJl B KOJIe-
co i Ha BExoxl 3 HBOTO; P, i B, — KyTH MIX BIOHOCHOIO MIBHAKICTIO T4 HalpPAMOM IEPEHOCHOI
HIBHIKOCTI BLANOBIZHO Ha BXOJI B KoJeco 1 Ha BUXo/l 3 Heoro. Kyta o 1 f xapaxrepusyiors KoH-
dirypauiro momarox. 3 mapaienorpaMis IIBHAKOCTEH MOXKHA BHCHYBATH KiHEMaTHYHI 3a€KHOCTI
(3a TEOPEMOTIO KOCHHYCIB KYyTiB TPHKYTHHKA)

2.2 2 A 222 s
wy =v, +up =2, cosoy, Wy =y iy —2v,U, COSa, . (7

UnnaHyEMHE € TAK0K CHIBBIIHOINEHES

==, (8)

vz:ﬂAml = szAnQ = Q ‘ (9)

Ocranne BuinimBac 3 GakTy HEMepepBHOCTI HOTOKY PiHHY Kpi3k Koneco. Tyt 4, 1 4, — muiomi

Npoxiguux (KUBMX) MEpHIiaHHUX Tepepi3iB BiUIOBIIHO Ha BXOXI B KOJNECO 1 Ha BHXOZL 3 HBOTO.
Tak 3Banyii MOMEHT IIBUKOCTI PIIMHN HA BUXO/I KoJeca € OLTBIINM 33 aHATOTIHHY BENIUYUHY Ha
BXO/1i B JIOIATKOBE KOJIECO:

V, COS O, 7, >V, COSTLF . (10)

Orxe, sk suimaeae 3 (10), Koleco 3axpydye MOTIK piIHHH BIAHOCHO cBoel oci obepranus, 1 MO-
MEHT 11 IMIYIBCY i JUHAMITHOKO JI€X0 JIONATOK 3pOCTac.

Ha migcrasi (2),1 (3) 1 (8) MoxHa BH3HAYHTH TEOPETHIHUH Hamip:

P,

oo

" _M.o _p. _o,cosa,n-v COSQU ) V,ii, COSOL, =Vl COSQL,

oo = - =
g0 pgQ pg g g
1e e 3mamennra dpopmyna JI. Ofinepa.
Teopernannii Hanip, CTBOPIOBAHUH MOMIIOI ¥ pa3i HibH HecKiHYeHHOI KINBKOCTI JIONATOK,
MOKHA BH3HAYATH TAKOXK 34 MO3IPHO Ayke «CTPYHKOI» GOPMYI0K — CYTO Yepe3 KOJOBl MepeHo-
cHi u, foTH4Hi BifgocHl w Ta abCcomrOTHI v IMBHAKOCTL PIIHHHN:
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2 2 2 2 2 2 2 2 2 2

Uy —u; W, =W, v, =V DPy=py U —U W, —W,

— 2 i 2 { 2 i . 72 | i 2 i
24 — + , H, -

o

i 2
L H, =21 (11)
2g 2g 2g pg 2g 2g 2g

Mo:xHa BBaXKaTH, IO BHPA3
2 2 2 2
Py= P _ Uy mUy W —W
g 2g 2g

€ CBOEPIIHUM PIBHSIHHAM GaJlaHCy, POMONLLY eHepril B MOMIIL.
Bignasmu ix gpyroro pisasaubs (7) mepuie, MAaTHMEMO CIIiBBIIHOIIEHHS

2 2 2 Z 2
Wy =W, =V, =V +u, —uy —2(v,i, CoSeL, — Vi, COSH, ),

g 1

Ha TicTaBl AKoro 3 nepmoro pisasaHHA (11) 3HOBY, 5K i ciig Oyno cnofiBaTHCE, BHINNBAE GOPMY-
mu JI. Oidinepa

_1,V, COSOL, — UV, COS QL
g

H

feo

(12)

Omxe (11) 1 (12) — piBnoninui, ane cnispinHomenus (12) — B neBHiH Mipi KOHCTPYKTHBHiIIe
(3MicTOBHO KOHKpeTHiIIe). 3Baxaroun Ha (6) 1 (9), Bupas (12) MOKHa HOJATH Y BUIIIL

2 .
g =Ve TWVa W T — (v, COtB, —1v,,, COtPy) _

foo

g g
2 2 g
mm Ol cotf, ~~Z~t—3~cot§31 (13)
g g fém?, Aml
au (nuB. (8)) v BErIIAAL
2 a2 2 ’
g, =Bm® Q0 e s |mx 129 (14)
g g Anﬁ Aml g g
e
32 7 h
K=r -1, L= cotP, ———cotf,
2 “Fmi

— KOH(pIrypanifini napavMeTpu JonaTkoBol cuetemu. 3posymino, dyuknis H = H _(0) (o= const)

€ 3pocTarogoio y pasi L >0, coamrono — y pasi L < 0. Boua e Hesminnoro y pasi L =0,

Tpanupiiine TaymMadenns igeansnol nomnu (ieanpHoro rifpoXuHaMiYHOre HarHiTa-
wa). 3asuyail no Qopmanerol izeHTHdIKANIl XapakTepHCTHKM iNcaibHOI HOMIM HAYTH TaKAM
mgxoMm {7, 9—11,...7.

Bupas (12) mibn mifxasye, oo SKIIO Bxe HueTses npo iteansry (1) BIMUIEHTPOBY HOMIY, TO,
parHy4y MakCHMI3yBaTd Hamip /7, ciin 6yno 6 moxnamars o, = /2 (nonarka 5ibu Mae modu-

HATUCE TaK paniycHo (pamianbHo), o0 iMeanpHAH NOTIK Ha BXO/l HE 3aKpydyBaBes; IPH UBOMY
3a3BHYail MPU3HAYAIOTE O, = 5...18 rpag):

U,V,CO80L, U
=Y 2%
max H

o o o
! & &

<u2 "sz COtg2) s (15)
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ne v,, — panianbHa (Mepu/iaHHa) CKIaJ0Ba MBHIKOCTI V, pigmay; B, — KyT MDX JOJAaTHHUM Ha-

TPSIMOM BiHOCHOT IIBHAKOCTL W, PLIMHE i Bill’€MHHM HANpAMOM KOJIOBOI il BHAKOCTI u, Ha 30-
BHINIHBOMY IiaMeTpi d, =2r, po6o4oro Kojieca; « ooy mo3Ha4ae TyT T€, MO KUIBKICTS JIOHNATOK B
imeansHilt momMin HiGH HeCKiHWEHHA, TA BOJHOYAC Te, IO HANPSMHHH MPHCTPIH iAeaNbHO CIPAMO-
BYE TOTIK iJeaibHOI PiIIUHHA B KoJieco. He BUMArars » HepeanbHOIO — HYJIbOBOTO 3HAYCHHS BEIH-
ypHA ¥, (X04a...). 3ayBaXMO, 10

od, mnd, _Q 0

U, = OF = = v, o= = :
2 2 ? s
nid b,

2 60 " 4

m2

O - 1ojaua

P}

ne ® (n) — MBHAKICTH (YacToTa) 00epTaHHA poOOHOro Komeca (JIOMATOK) IOMIIH;
nomm (06’ €MHA IIBUIKICTS HATHITAHHS PIMHEK); A, — TUIOIIA JKHBOTO (MEPHIIAHHOTO) nepepisy

BHXOJLY OMIH; b, — IIMPUHA JIONATKY Ha BHXOZ1 poGodoro koseca. A tomy (15) Mae BHIIEAL

.V, COSU iU, cot
e e _af, oot )
o g g\~ mDb,
CaMe 3a1eNHIcTh
I h 2 7.2
U cot o, cot U mr ,
H{w:“‘“%‘ iﬁz“‘ ﬁzQ): warzm ng 7Htw<Q:O):“g’: 2 H (16)
g nd,b, y g nd,b, g g

3a3sBHyail TIYMAadYaTh K TAKy, U0 XapakTepH3ye MOTeHMifHi (B3ipuesi, ane HeIOCHKHL) MOKIHBOC-
Ti momry. BoHa HiKoM He 3aleXUTh BiJ BIaCTUBOCTEH piAuHM, AKY IIOMITYIOTH.

Otox elleMeHTApHA Teopis 32 B3IpleB] BH3HAE XapakTePHCTHKY MTuOy HABEAEHNUX Ha pHC. 2.
Crpasni, y pazi o = const supas (16) BusHauae npsmy

H_ =A+BQ, (17)

_zii’ Bt cot B,
g g nD,b,

B =0. Konua nomarky Ha BEXOHI Bimirmyti Brmepexn (B, > n/2) sanexHicts (17) — 3pocratoua, a

e A= .Y pasi B, =m/2 upsma (17) ropusontansua: H,, = A4 =const, 60

xoJH BimirEyTi maszan (B, <7/2) BoHa — cHangHa. IIpu mpOMY MOTYXKHICTH KOJIECa BH3HATACTHCA
sk P, =pgH, 0= (A+B0)Q. [unamiuuii Hamip Mas 61 064HCIIOBATACE 32 HOPMYIIOI0

2 2 2 2 2 2.2 " 2 N A2
H, = ViV VitV V@71 _Qwr,cotf, +(1+cot p, 1 _Qm
42, AL )2g

ml

2g 2g 2g g 4,

a craTHunul — sk H, = H,_ —H,. O4eBHIHO, IO ¥ pasi HyTboBOI nojadi cTaruiHa i JFHAMIYHA
CKJIaJIOBI HATIOPY € OJHAKOBHMU:
_ 2 22
'}{L@(QMO) _u _0'n
2 2g 2g
SIKINO KepyBaTHCh CYTO MPUHIMIIOM MaKcHMisalii Haropy, To Hilmo He 3a00poHide BHMAara-
11, abH KOJOBA CKJIAJ0BA v, MBHAKOCTI v, B3araii Oyna Bl €eMHOXO (CHpSMOBAHOO IPOTH HEpe-

H(Q=0)=H,(0=0)=

1l
HOCHOI IIBHAKOCTI ,, B TaKoMy pasi o, > 7t/2 ), Ane JOCBifl MiKasye, MO Taka nporo3uiisn 6es-
IJIy3/[2 B IPaKTAIHOMY CEHCL.
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ﬁz <n/2

Ba=n/2

w=const TN

Bo>n/2 T

1

\\\ P ter /,
\\\WA‘.( e e . S — e //

Pucynox 2 — He yinkom smicmoeno adexeamnui xapaxmepucmuxu ideansnoi ¢ioyenmposoi
HOMAYU 30 PIZHUX CRPAMYSUHD TONAMOK HA 6UX00i pobovo2o koleca

3MicToBHE KOPEeKTYBAHHA XAPAKTEPHCTHKH «I0f2Ya — HANIpy ineannuol mommn. Ane
Y1 MOXHA BBAKATH XapaKTepHCTHKY (16) TaKkor, Mo He Mae OaHOT0 FanmKy?

KyroBy MiBHIOKICTE ® MOJKHA 3MIHIOBATH 083 TOTO, 06 OJHOYACHO 060B’ 93K080 3MIHIORA-
TH HAfpsAMY HIBZAKOCTEH v 1 v,. Haromicts 3Mina mogaui O y pasi dixcosanoro o cynposo-
JUKYBATHMETECS TAKOXK 1 3MIHOIO HaUpsMiB BEKTOpiB v, i v,. Crparni, komu y pasi $ixcopanoro
® moAg¥a () 3MEHIIYeThCs (301IbIIyeThCS), BIIMOBLIHO 3MEHIIYIOTHC (361LIBIIVIOTECS) I IMBH-
KOCTL V,, 1 V,, Ta W, 1 w, (uB. puc. 1), a omxe abcomoTHi mwBHAKOCTI v, i v, y Mipy, mpmmMi-
pow, 3MeHLreHHS O HaONM#ATHMYTHCS BIANOBIAHO [0 W, i u, (3a MoxyneM i Hampsmom). Tox y
paszi O =0 teoperuunuil ranip HaOye sHavenHs (nus. (11), (8))

2 —u? (=)o’
g

Te came crispinnomenns (18) minkom bopmansHo BuLIHBAE # 3 (14).

H, (0=0)==

) (18)
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V pasi spocranus O o nesiol Mexxi abcomoTHI mBHAKOCTI v, i v, HabmmkaoTecs (1 3a

MOJYJIEM, i 32 HapsAMOM) BLITIOBIZHO 10 V,,
HEM cHiBBigHOomeHHs 60 v, =V _;, ab0 v, =V, , (33 ymoBE = const ).
Ilepiie 3ragaHe criBBiAHOIIEHHSA CTaE YHHHNAM Yy pasi

v, v 1
N e mb = __.‘._.“M,Q.. o tanﬁl s

ul ui Amliﬁi @
TOGTO Konu CHpaBﬂ}K}%&TﬁMeTBCﬁ YMOBB,
0
= mlrl tanﬁi :
153

Ha takomy pesxumi poGoTH iieanprol oM Hanlp HaOyBae 3HaYeHH

oy A 08|

=l F
fois ‘2 2 i
E\ A . tanf, J g

JIpyre criBBiIHOMIEHHS CTae YHHHAM y pasl

VooYwm o 1 Q. tan 3
= = = 5.
u, u, Ao

TO6TO KOITH CHpaBIXYBaTHMETECH YMOBA

1%

=4 ,r,tanf, .

Tox namip HabyBae 3HAYEHHI

A . tanB, ) 0
H_ =t ( , _,,ZW&WE;}_@_.
\ “4mi tanﬁl g

Crissipomenus (19) 1 (21) Mormu 6 cTaTH YHHHAMY OJHOYACHO 332 YMOBH

A

“ el

rtanP, =4

m2

rtanf, .

A B rakomy pasi 6yne siproro pisaicte H =0 (mus. (20), (22)).
Benmunna (14), sximo i nabyBae HyT50BOTO 3HAYCHHS, TO 3arajiOM TUIBKH ¥ pasi

2 2

o i
¥, v
@ ; cotB, ——

ml #il

cotP,

Benuamna (23) € mapameTpoM IOMITH.
Ha nigcragi (11) 1 (14), 6epyun no yearu (6), (8), (9), 3#axomuMo AUHAMIYHY

O 2 2 2.2 2 _ 2 2
Vy V) Vi FV VL TV Vi, + (U, =V, cotBy) v

(1, —v,, cotB,)’ _

Hd — 2 — m il — 2 nl
2g 2g 2g

@’(r2—r2) o0 rcotp, rcot, | OF1+cot’B, 1+cot’p, )
= - - +ML PE T J
““m2 il

2g g . AmZ Aml zg
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(19)

(20)

21

(22)

(23)

24)
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T2 CTAaTHYHY

2__‘ 2 2 2 2 2
HS=Hmde=:(r2 2}; 15 __..Q,,. 1+002t {32~1+cc;t B,
g 2g Amz "4m1

(25)

ckaazoBi TeopeTHaHoro Hamopy H,. . Tox owermmHo, mo vy pasi Q=0 cTarugsuil i quHaMigHmi
Hamop# OJHAKOBI:

H (0=0) (#-rHao’
H(0=0)=H,0=0)="=@=0_(5 “r)e
2 2g
OTOX XapakTepuCTHKa igeanbHOl BiIEHTPOROI MOMIH (pHC. 3) 3aiMINAcThCd B SKICHOMY
CEHCI TAKOIO caMoto, K Ha pHc. 2, ane il MaroTh OyTH HpHmucani nijKoM innm mapamerpd. 3okpe-
Ma, piBHICTS L =0 — 1e He 3aBxgim B, =0.

Piw
H, Ptco 7

(w3-ut)/g

0 )
Pucynox 3 — Xapaxmepucmuxy ioeanvroi ei0yeHmposoi nomnu
30 PI3HUX KOHDiZypayiti TONAMKOGUX CUCHEM
Bsaxarumenmo, 1o cxema Ha pHc. | «Io-CIpaBXHBOMY» BinoGpaxkae oIuH 3 BIpTYalbHHX

pexumiB poboTi ineanbHOT oM. Bapirooun O, BipTyaibHO XK 3MIHIOBATHMEMO PEXHM poGOTH
TIOMIIH: B TAKOMY pasi BICTps 300paxeHHs BekTopa abcomoTHol mBuukocti v, (v,) Kos3aTume
B31083K nipaviol V) (1, ), a BicTps 300paxeHHs BEKTOpa BIJHOCHOI WIBUAKOCTI W, (W, ) — B3IOBK
npavoi W, (W,), puc. 4. Tlpami ¥, 1 W, ta V, 1 W, nomapro napaiensui. O4eBUIHO, MO KyTH 110
o, MO O, He MOXYTh 3aTUMIATHCS He3MIHHUMH, puc. 4¢. Cepel BUAUICHNX HA pHC. 46 pesxiMiB,
o iX BiIoBiAHO inenTHGIKYI0TE Touku 0, 1, @, 2, b, 3, 4, 5, € ogun Takuii, mo #oro inenmudiky-
FOTh TOYKH g 1 SKOMY BiANOBia€ pajiaibHe CIOPSIMYyBaHHS BeKTOpa abCOoNIOTHOI MBHIKOCTI v, Ha
BXOJIl B KOJECO, Ta OJMH Takui, mo Horo ineHTHGIKYIOTs TOUKH b Ta SKOMY BiAIIOBIae pajiaibHe
CHpsAMYBaHHS BEKTOpa abcomoTHO! IHBUAKOCTI v, Ha BHXOML 3 Koneca, Takoro mTHOY peskuMu —
€IHHI cepenl yeiel MHOKUHN MOXUIMBHX. TOX He MOXKHA IIPHITYCKATH, IIPHMIPOM, IO INBHAKICTS V,
MOXEe MaTH caMe pajiycHe CIpAMYBaHHS 3a PI3HUX 3HaYeHb Hojaqi, 60 1e 3pyiiHye NpHHIMIHA
cTpyMuHHOL Teopii. Bxososi v noMiry 1 BuX0/0Bi 3 Hel BiAIOBiZar0Ts mwiany | i 2 mBuKocTel.
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Pucynox 4 — Inanu weuoxocmeti pyxy niuHHO! peuosunu Ha pisHUX
pexcumax pobomu idearsHol noMnu
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Cxopucraiivocs puc. 4 s nobyeassg HOBOI KopHCHOI iHdopMaii. 36UThIMO 1iaH 2 IBH/I-
KocTeH PIMHA Y #, / 1 pa3iB, puc. 5. B TakoMy pazi 3’ SBISIETECS MOKIIMBICTS BEMYHHY X, 0O Bil-

HoBiae yMOBHiH MepuAiaHHIA DIBHAKOCTL V,, X 7, /7 (Ha MaciTaboBaHOMY IUTAHI), TPAKTYBATH K
aHasor mojayl (IpoAyKTHBHOCTI) ¢ IOMIIA, a BEJIMYHHY V, IO € Pi3HHUIEI0 BENHYUH V,, X7,/ 1
v, (3 ypaxyBaHHAM IX 3HaKiB, HAIPAMKIB), — K aHAIOT CTBOPIOBAHOTO 1/ICANIbHOK) IOMIIOIO HATIOPY
H, . Tox nerxo puOyNyBaTH HalipHY XapakTepHCTHKY ifeansHol mommm H  =H _(0), puc. 6.
Hoga xapaxtepuctuka-nipsma H = H, (0), 3BiCHO, BiPi3HAETHCH B Ti€T XapakTepHCTHKH-TIPIMOT
H, =H (0), mo pmumsana 6 3a npunyimesas o, =7t/ 2. MoxHa 3ayBaxurty, 1Mo B Aianasoni
rtanBo=0'<0<Q0"=4
i 3a wanip M| (Q) . HiupmmM € it gianason 0 < 0 <0, peuMiB IHOMITH.

nonag A4 r, tan B, (mus. (19) 1 (21)) manip H (QO) € narith Oib-

il m2

Kepyrouncs TpeTsoio 3 Hu3ku dopmyn (11), MOoxHA HOKATKOBO MOOYIyBATH 3aJICKHICTH
H, =H, (0) ouaauigsoro Hanopy H,, Big nozaui ¢ (DpORyKTHBHOCTL), a BITAK 1 3IEXKHICTD

() Ta Hie 3AdeREICTE Big noxaul

i)

cratugroro Hanopy I, = H (Q)=H _(0)—H (@) Bixg noxaui

O Tax 3BaHOTO KoedinleHTa peakTHBHOCTI £, =k (Q) = H (0)/ H _(Q) Binnentporoi nmommu. [lo-

jiea)
Gynosani 3anexxnocti H =H, (0), H, = H (Q), 9k 1 DigTBepUKyIoTh Bupasu (24), (25), — ne
napaboy, AKUM MOYATOK CHCTEMH KOOPIHHAT HE HAJEXKHUTE. 10X 110-0co0IHBOMY JOBEIETLCH CTa~

BUTHCE 1O 3aiiponoHoBaHoro B [10] anroputMy moOynoBu peaibHOI XapaKTePHCTHKH MOMIM Ha
OCHOBI LIeansHol.

[ »,__.-,':ﬁ

\\ /R

.

N, S (Tlnan 2} x 7y /1y

Pucynor 5 — Aoanmosani nianu wieuorocmeti
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Pucynok 6 — KopexmHuo 03navena xapakmepucmuxa i0eansuoi nomnu

Bin izeanbnol XxapakTepHCTHKHE [I0 TEOPETHYHO peaibHOl. Xall HanipHy XapaKTepUCTHKY
H,, =H,_(Q) igearsHol moMITH 3 HeCKIHYEHHOIO KiIBKICTIO IONATOK BinoGpaxae Ha puc. 7 cragsa
npsma A”B"” .Y pasi ckingeHHOI KUIBKOCTI JIOMATOK ifeansHa HoMna (IO IpPAIIoe 3 iJeanbHoro pi-
JMHOK) TAKOXK Majia 6 MaTd NiHilHyY HamipHy Xapaktepuctuky H, = H (0) < H ,(Q), BinoGpaxy-
BaHy, ckaximo, npsmoro A'B’. Kinpkicts exeprii, HajaBaHa piIvHI CKIHYEHHOIO KUIBKICTIO JIOTIa~
ToK, 6yje, 3BicHO, MeHmo0. BeepeIyHi HArHITaYa | B cCaMOMY PeabHOMY IUIHHHOMY CepelOBHII
BUHHKAIOTH BTPATH HANOPY /i, Ha HONaHHS TepTs, i ix MoxHa Biobpasuty napaGostidHO0 KPHBOIO

OCC’. Orox 3anexuicTs manopy H, —h six momagi O Bigobpaxarume napabonivsa Kpusa

A'EE’ . IcHy10Th Ine # yJapHi BTPATH HANOPY, 3yMOBJIEHI BUMYIICHOWO cTpHOKONOAiOHO0 3MiHOO
mBuaKocTel (32 MOIyJIEM i HAIIPAMOM) YaCTOK PIHHY B HNIMHHOMY IOTOILI. Y AapHi BTPaTH Hamo-
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py A, B imeani MoxyTh 6yTH BiACYTHIMHE Xiba mo 3a sKoics ommiel mogaui O = O, (pexumM Gesyna-
PHOI B3aeMOZii JIOMATOK i DIinMHH), a 3arajom ix moBmeHHa 6 BigoOpaxkatn sxace mapabona
DD'D"D". Orox xopuchuit manip H, = H, —h,_—h, Bino6paxatume nmapabosiuna xpusa KEK' .
Ane wactuHa g, piauHH BTiKae 3 po6090ro IpocTopy uepes pisHOMAHITHI HENLIBHOCTI i He HOTpa-
wisie Ha Buxig nomnu. 1o oberaBuny MoxkHa o6nikysatw, sMiuyiodn kpusy KEK' Ha BenuH4uHY
q,- Came 3mimena kpusa LBL' BimoGpakaTuMe IIyKaHy HANipHY XapakTEpHCTHKY HiOH peatbHO!
nommy. Bucnosieni noci MipKyBaHHA MOYKHA 3yCTpiTH y 6arateoX JiTepaTypHUX Jkepenax (OHB.,
npumipom, [7, 11, 12]). A or B poborti [10] 3amnponoroBano B3sTH [0 yBard me ¥ AUHAMIYHY Halli-
pHY xapakrepuctuky H, = H (0), axy Binobpaxeno napabonowo OBB'B”, 1110 upoxXomurs 90MyCh
depes [10YaToOK CHCTEMH KOOpAMHAT. Binrak MoxHa posmissaty 3anexwicts H, = H (Q) cramu-
HOTO HAMOPY BiJl MOZaYL.

Pucynox 7 — HeropexmHo 03Ha4eHd XApaAKMEPUCIUKA PeanbrOT ROMNY

Ane pume 6yno 3°scosaso, mo 3anexuicts H, = H (Q) nusamigHoro Hamnopy Bij nonmaui
d a\& 3

HE MOYKE [IOYHHATHCA B [IOYATKY CHCTEMHE KOOpAuHAT: caM $akT obepTanusa pobodyoro Koieca mom-
M € CBIAYEHHAM TOTO, INO pifiuHa B HOI'0 KaHANAX HABITH 32 HYJILOBOI mojayl HazxlleHa «uHaMid-
HOw» enepriero. Tox HULAX BiX iZeansHol XapaKTepUCTHKH JI0 PeAbHO! CIiJ Helio YTOYHWUTH: €
MiACTABH, HacaMIepesl, 3MIHATH xapaktep nepediry 3anexsocti H, = H (Q), puc. 8 (qus. Ha mi-
miro MM " ). A pigmosizHo 50 (24) nepebir i€l 3aneKHOCTI, 3PEHITO0, MOXKe GyTH pisHmM. 3BicHO
1€ NO3HAYUTECS Ha nepebiry XapakTepUCTHRY CTaTHIHOTo Hanopy, puc. 8a (ninig NCN').

Pisnoswpam nanopy H,, H,, H, H  MOXHa IOCTaBUTH Y BIANOBIIHICTE NOTYKHOCTI, puc.
86: F, = pgOH, — teopetuudy, sxoi Moria § Teoperndno HaOyTu IUIMHHA PEYOBMHA B IPaTii i3
CKIHYEHHOIO KUIBKICTIO nonaTok; P, =pgQH  — axy Morna 6 peansHo HabyTu pedoBHHA, SKINO 6
vacTuHa il He MOJMIuaNa KoJja MHUPKYJAnil depes pi3Hi HemimsHocT, F, = pgQH — rigpasnivsa,
aKy HiOu peanbHO Habyna pevoBuna; P, = pgQH, — CTATHYHOTO HANOpPY. 330BHi 0 MOMIIH Haj-
CHJIAEThCS SIKach HOTYXKHICTE P (TyT YMOBHO ANS BH3HAYEHOCTI NPHAHATO, IO 3AIEXKHICTDH
P = P(Q) e nixiiinow; P — MOTYXHICTS MAPHOTO XO/1y TIOMIIH).

WX
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Pucynox 8 — Kopexmio 03Ha4y8ana peanbna Xapakmepucmura ipmyanibHol nomnu

Orox koedinienT KopucHoi Iii IOMIIH BH3HAYYBATHMETHCS K
_B _pgQH _pgOH
P P Mo

A AKIIO € MiACTaBy 0COBIMBO JOPOKUTH CTATHYHUM HAIIOPOM, TO JOPEHHO 32 OLHKY eQeKTHBHOC-
Ti oMy 6party koediienT KOPUCHOI Al Y TAKOMY BHPaXKEHHI:
_ P _pgQH, _pgOH,
P P Mo
Arnie B KoMy ceHci xoedimienT kopucHOT Aii XapakTepu3ye BTpaTh eneprii B momini? L{ixaso,
o momua 3a HpoayKTHBHOCTI O, < O < 0, «pocHnay 1L cBoel edeKTHBHOI poboTH MOTYKHICTH

P, = pgQH,, a nanicnano i Oyno Tinekm noTyxHicTs P < K. SxuM YMHHHEKAM IPHIMCATH Taki

BIpATH MOXJTHBOCTeH? MabyTh, JOCKOHATICTh TIOMIY Ha pexuMax () < O < 0, NOpEYHO OLiHIO-
Baty KoedinienToMm eeKTHBHOCTI

P H. H
ﬂe:i;“igg‘gﬁ“:i(TEQKnsez_&:ng g . g

“m<ﬂs<ne<n'
F, pgQH, H, P, pgQH, H,
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Herpusianeni 3aysarn. He Mo)xHa 3a/IHIIUTH 110328 YBArOK TEOPETHYHI BUKIANKH, B KUK
HPUNYINEHHS PO «paniaipHUH BXi) 32CTYNAIOTh BMOTHBOBAHMM TBEDIKEHHAM I0416HOTO X 3Mi-
cry. B poGorti [13], npuMipoM, HaroNoOMyeThCs IPUGINZHO HA TAKOMY.

3 pisnanna Ounepa (12) sunnueae, 10 meopemuynuil HAnIp 301eHCUMb 80 K01060T NPoeKyil
V, =V, COSOl, UEUOKOCII V| CIIPYMUHKU HA 6X00i & tonamkosi kananu. Ane maxe moxcHa 6 eea-

. JHCAMU RPABUNBHUM MINLKY Y pA3] 3aKpYYYEAHHS NOTMOKY WIUHHOI PeH0osunY HA 6X001 6 KOAeco cne-
YIATbHUM HARPAMHUM QRapamom. AKujo xe 3axpyyye ROMIK e1aCHe camo KOoNeco, mo 3ae0axy yiil
11020 OIf meopemudHUll HaNip ROMAU MAE 3POCIMAMY 1je HA 8EUYURY

A = MV _ MV COs Oy

t y

g g

SUSHAUYSARY 3108Y J¢ mary 3a pienannsm Oinepa. B maxomy pasi (Ous. (12)) sazanenuil meope-
ULHIL HARIP, CMBOPIoSanil I0CGNLHOI NOMROI0, MAE O COULCIIO8AMIUCL 30 (DOPMVILOI0

H H,V, COSO, Uy,

1,V COS G, ~ 1V, COS O,

too T

+AH, =
g g g

A e caMe TOH pe3ynsTaT, AKOTO MOXHA JIHTH, TPOCTo 3a87a0un o, = 7t/ 2 (o € 03HAKO0
paiafibHOCTI BXOY).

3 HaBe[eHuX MipPKyBaHb HECIIOJIBAHO BUILINBAC, IO HATIPAMHWMN ariapat Ha BXOJI B i[eaTh-
HY TIOMITY — ii€ HiGH 3aBXKIH IKiATuBYi npuetpii. Bin-60 0608 s13x0B0 moripuryparume ii Hamip-
i BracTuBoCTi. IIpoHn3yroun HanpsMHMil anapart, pianHa Hibu cripaBi BTpadae eHEpriio. AJie mpo
NMCHIATHBHI BTPaTH, 3BICHO, He HaeThes (MOMIa Ta piiuHA — ifeanbHi %k). AJle BCTAHOBIIOIOTH
HANpSMH] anapari Bee XK 3a/Uisl YCyHEHHS yAapHOI B3aeMOIil peanbuyx INTHHHOL PEeUOBHHH 1 foma-
TKOBOI cuctemu. OTxe B ifeanpHil TOMIL yAapHa B3aEMOJIIA — [ KOPUCHE SBHINE, SKUM CIiT KO-
poxutn? A B TakoMy pasi, goMmy 6 me He AoBecTH, BUOYZOBYIOUH TEOPIIO iXEANBHOTO VAAPY IUIMH-
HOTO Tijla 3 TBEPJHM, a He IpoCcTo Aexnapysatn?

3saxmMo e Ha Take. Ha Bxozi B komeco pizuHa HiGu (3a MOBYa3HUM IPUNYINEHHAM) HE
obepraerses. To YoMy 6 3 THMH caMHEMM HacliKaMy He BBaXaTH, o #, =07 A MOXHA 3 TAKAMHE

(127)

!

K HaCNiJKaMH HPOCTO MOKJIAcTH r =0 —— piapHa HiGu MOTpamnsge B KOJECO LEHTPATLHO-BICHO.
Anie 3aranom I{iKaBo, SIKHMH X TaKUM¥ KOHCTPYKTHBHHMH 3acofamu poGode xojieco igeambHol
IOMIIM 3[aTHE HAJaTd PiIMHI INE NEepej] BXOJOM B JIONATKOBHH MpOCTip mutoMmy eHepriio AH, ?
Hlupo xaxy4u, MOXHA NPUITYCTHTH, Mo pobode Kojieco Mae crpas/i (4epes yaapHy Jio 3i LIBH/-
KIiCTIO, CKaXiMO, 3BYKY B pPifHHI) 3aKpydyBaTH KpHBOJiHIMHMH cToBOYD (TOBCTHH mIHYp) pimuEH
nepes BXoaoM y nomny. Ane mob el cTos0yp HOCTIHHO MONOBHIOBARCS HOBOIO PIIMHOIO, IOMIIA
came y HOro mpocTip MoBHHHA Hafcwiatu eneprifo. [lobu ne obnikysatn, Tpeba nomyMKn BuiiTA
2@ Mewd oMt (Bepyyn, MOXITUBO, O YBArH reoAe3uydi napaMeTpu.. . ).

A myxe kpailie yoyny Ty Hemoposyminas Tak? [Iponosxmo nonatkoBy cuctemy Gezriocepei-
HBEO JIC BXOAY Y JIOMIY Ta «3aCTasMOy CTPYMUHKH 11€anbB0] PIAMHY HOTPATUITH ¥ JONATKOBY CHC-
TeMY CTPOTO BICHO 3 ASAKOKO MIBEAKICTIO Vv, {aumB. puc. 1). Tox came B Takomy pasi crase Hibu 6e3-

3acTepexne ynanoo Gopuyna (12°). OTxe NOHATTS iTeanbHOI BIAIEHTPOBOI HOMIIH MOBHHHO CIH-
paTHCh Ha NPUITYINEHH (TI0CTYIaT, TII0Te3y) Mpo BicHuH, a He panianpHuit Bxin, B TakoMy pasi KoH-
KpeTHO npo Gy/i0By iXeanbHO! NOMIN He NOBHHHO O Hrucd! A B3araii, xpaie BCi HENOPO3yMiHHS
CHHCaTH HA YIapHYy B3a€MOJII0 piuHH # jonatok. Jlo ciosa, konu tpeba MOAOIaTH TPYAHOLI, IO
000B’3K0BO BHHMKAOTS B TeOpil ieallbHAX TiAPOJHHAMIYHIX TIEPETBOPIOBAYIB €HEPTii, 3aBX /M Te-
OpETHKIB «PATYE» MOCH/IAHHA Ha HEMiABIaNHY OOJIKOBYBAHHIO «B’S3KICTH) ILIMHHOTO CEPEJOBHINA.
(it «pummCyrOTEY NPAKTHYHO ECe, MO MANO0 6 YCYHyTH CYNepegHOCTI.

B gomy x nonsrae cyTs igeansnocti mommu? Xo4 TakK, X09 CIK — eHEpPreTHYHUX BTpaT He-
Ma, KoedilieHT KopucHOT [ii fopiBHIoe oquHuni. TOX eHepreTHYHa IIEATBHICTS K Taka iCHye cama
o cobi. Ane BBakKaroTh, IO y pasi 3amaHol MBHAKOCTI ofepTaHHs poboYoro Koleca ifeansHa
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OMITa [IOBHHHA CTBODIOBATH SKHAHGLTGIMIA Hamip, pifuHA MOBMHHA MaTH 3MOTY Iepebupatu Ha
cebe (mornmmuaTtH) SKHARGLIBINY HOTYXKHICTE. 1lefl aprymMenT He 0e33acTepexHHuH, OCKINBKH {[IB.
prc. 6) icuytots pexama Q' < 0 < Q", Ha SKEX PANiaNbHICTH BXOJY, HABIAKH, BUK/IMKAE NCBHE

sMenmIeHHs Hanopy. Jo Toro x, «momma Ge3 panianbHOTO BXOY» BTLTIOE MIMPLIHA Jana3oH 3Ha-
weHs npoayktusnocti 0 < Q < @, (3HOBY nuB. puc. 6).

BucHosky. 1. Bukianese TOBOJNTS, 0 TAK 3BaHE IPUITYIIEHHES PO «pajianbaui BXin» B
pofote KoJeco BiJIEHTPOBOI [OMITH HE MOYKHA BBAKATH ILTKOM KOPSKTHHM. B paMRax CTPYMUH-
Hoi Teopii FlﬂpOHﬁHaMl‘IHHX I'PATOK MIBUJKICTH TOTOKY HA BXOJI B HOMIY He MOXe OyTd CrpamMo-
BaHA CYTO PajianbHO 33 Pi3HUX 3HAYEHB BHTPATH IUIMHHOTO cepejoBuma. ¥ pasi (ikcosaroi dac-
ToTH 06epTanHsa pobGOUOro Kojieca iCHYE TiMBKH OJUH pexuM poOOTH HOMITH TaKMH, KOIH BEKTOP
BXIMHOT NIBMAKOCTI CTPYMHBKH CIIPSMOBAHHH came B3ZIOBXK pajiyca. Bumpaputu caTyauiio e
3MOIKEe HaBiTh SKMUCH «BCEPeXUMHMN» HAaIPIAMHUH anapar.

2. TIpHiryIneHHs Ipo «pa,z;iaﬂbmﬂ”i BXIZ» NPH3BOMWTE JIO TOTO, 1O Ha MHOXWHI MOMJTHBHX
PEHKIMIB po6om TIOMITH, OXOIUTIOBAHIH PeXUMOM «pamaﬂmoro BXOAY» 1 PeXRHMOM <<pamanmoro
BHXOMY» HAHip ifealbHOI MOMIIM CTa€ MEHINMM 33 Hamip, SKAi TIPOTHO3YC «IIPABUIBHAY TEOPis.
Tos MeTa HPUNYIIEHIS TapaHTyBaTH MAKCHMATBHII Hallip HACTIPAB/l 3araioM HE JOCATacThCH.

3. PesyipTatiB, Mo BHIUIMBAIOTH 3 YMOBH «PajliaflbHOCTI BXOIY», MOYHA HIHTH TAKOX, TIPH-
PIBHIOIOUM HYJTIO Pajiiyc BXOJY B IPatKy (a OTKe — KOJIOBY, HEpeHoCHy HIBUIKICTH CTPYMUHOK).
Tox s KOHCTPYKTHBHO HeszificHeHHa ane BiIBepTa yMOBa € pIBHOHIHHOI{) YMOBI 3 TIPUXOBAHUM
TaH/DKeM «PaialbHOCT. AJle LBOro pasy anHaﬁmm ¢Tae BIIOBHI BMOTHBOBAaHMM IOCTYJIAT IIPO
«BIiCHICTH BXOYY», a HE HOro pagiaisHicTh. Ta ToIi TOBENETHCS BH3HATH, IO KOH(Irypaiis joma-
TOK Ha BXOJi B po004e KOJIeco B3araii He MO3HAYAEThCS Ha XapaKTepHCTHKAX IIOMITH.

4. HarpsiMEi anapaTyd 3aBid TOKIAKAH] TIOKPallyBaTH XapaKkTepuCTHKH PeabHAX TiIpo-
JUHAMIYHAX MAIIHH (3am00irafour HaAMipHEM BTPATAM eHeprii BHACIIIOK yIapHUX SBHII, SK CBI-
mauts gocsin). To au He nopuEHA 6 MaTy HanpsMHEI (VsBHEH) anapar i ineansua nommna? 3a Bij-
MOBH BIJl IIPHIIYIEHHES IIPO «paianbHuil BXiZy 34 ilealbHy IpaBUTHME caMe IOMIIE, B AKii He Mae
MiCIs yIApHIM SBMMAM. I 1le MOKHA BBAXATH ILIKOM NOrivnmM i 6e33acTepeHo npuitHarauM. B
{HIOMY pasi ZoBenocs 6 TOEANyBaTH CTPYMUHHY TEOPiIO NEPETBOPEHHS CHEPFii 3 TEOpi€lo ieans-
101 yaapHol B3acMOii INIHHHOT PEYOBHHHY 1 TBEPAOTO Tina (riApoauHamMivHol IpaTK).

5. 3BicHO, TYT iIeTHCS JHITE PO TPABAMBICTE CBPHCTHKH, IPABHILHICTD PO3YMIHHS, aleK-
BATHICTH TIyMadyeHHs... [HeaqsHa moMia Maia 6 CIyryBaTd B3ipIeMm i IijfKasyBaTH, SK yJOCKOHa-
JEOBATH PealbHy. A XApaKTEPHCTUKH 1eanbHO] MOMIH Maii O mifgKasyBaTH, K ;{06Hpam parnio-
AANBHI anpoKcuManiitai 3aco0u Ha IUIXY Bif 1A€aNBHOTO JI0 CHIPABKHBOTO B npoleci aHami THIHO-
ro Bmoopfmceﬂm XapaKTePHCTHK PEANBHIX TIOMIL A B3arani ciiji KOPHCTYBATHCH TaKUMH 3acoba-
MH, 5K AKHANMEHIIE 3aJIeKaTh Bi MOKIMBAX METOIUYHUX 1 TexHiuHuX noxubox. IIpobnemi x ui-
JIKOBHTO TOUHOTO BiHOOPaKeHHS PeaTbHIX XaPaKTePHCTHK HOMII MOJKE TIOBHOLIHHO 3apajATH Xida
Mo HaAiliHa eKcrepuMenTanbia indopMais.
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