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YUCJIEHHOE MOJIEJINPOBAHUNE PA3BUTU S
PEI'YJISIPHBIX JIOKAJIBHBIX BO3MYIIIEHUN
1 TYPBYJIEHTHOI'O HIEPEMEIIIUBAHWN A
3A YIAPHOM BOJIHOM PA3JINMYHON MHTEHCUBHOCTU

B. II. Cranenko, FO. B. duunkun, O. [. Cuabkosa, O. O. Tomoposa
(POALI-BHUNSD, r. Capos)

C nomomrpio meroguk II'AK u TPIK wuccnenyerca pazpurue TypOyJIeHTHOrO MEpPEMEIIn-
BAHUS U PETYJISIPHOrO JIOKAJHHOTO BO3MYIIEHUS HA TpaHuie pasuena 6o3dyr—SFg npu B3a-
UMOJIEHCTBUU C PACIPOCTPAHSIOMIENCS B yaIapHO# TpyOe BoHOM ¢ unciamu Maxa B SFg or
1,7 mo 9,1. PaccMOTpeHBI ciiydan € JIOKAJIBHBIM BO3MYIIEHHEM B BHE TPEYTOJbHON KaHABKH
4 HONymuInHApa. Pacdersr mpOBOAUINCH C IIOMOIIBIO MIPSIMOrO JIBYMEPHOI'O K TPEXMEPHOI'O
YHCIIEHHOIO MOJEINPOBaHus. Pe3ybTaThl pACIeTOB CPABHABAIOTCH C U3BECTHBIME JKCIIEPU-
MEHTAJIbHBIMU JTAHHBIMU.

Karouesnie crosa: IpAMO€ YHUCJIEHHOE MOJCINPOBaHNE, IOKAJIbHOE BO3MYIIIEHNE, 30HA Ty P-

OyJIeHTHOrO IepeMelInBaHnus, KOHTAaKTHAs IPannna, ducio Maxa.

Brenenue

PazBurune Typbynentrnoro nepememnsanus (TII)
BCJIEJICTBHE HEyCTORIUBOCTHA Puxrmaitepa—
MerikoBa Ha rpaHuie pas3aeina IByX KHUIKOCTEi
WU Ta30B MPHU TPOXOKIECHWN UYepe3 Hee yIapHO
Boustabl (YB) cBA3aHO €O Ciry9aliHBIMU HAYAIbHBIMA
BO3MyLIEHUSIMA Ha 3TOoil rpanmmne. B pabore [1]
quciaeHHo wuccienopasock TII, Bo3HUKaiomiee Ha
korrakTHO#l rpanune (KI') eo3dyx—SFg npu B3a-
IMOJIEHCTBUU C paCHpOCTpaHdoIelica B ymapHO
Tpybe BoaHON ¢ Oompmmmu umcaamu Maxa B
Bozayxe (Mg > 5). Pacuers npoBogmiamch Kax
c moMoIpio k-¢ Momenu TYpOYJIeHTHOCTH, TaK U
HOCPEICTBOM IpaMOro (6e3 MCIOIb30BaHUA KAKUX-
aubo mogenedi TypOysnerTHOCTH) AByMepHOro (2D)
u TpexmepHoro (3D) WmcIeHHOrO0 MOAETMPOBAHUS.
PesysnbraTsr pacueToB CpaBHUBAINCH C U3BECTHBIMA
JAHHBIME OIBITOB [2].

Opnmako ma KI' BO3MOXKHBI U peryasgpHble Ha-
gasbHbIE JIOKaJbHBIE Bo3mymienus (JIB) ¢ mocra-
TOYHO OOJBIIUMU AMIUIATYJAME W JJTWHAME BOJIH.
Bompoc 06 ux BimgaHUU Ha pa3sBUTHE TYpPOYIEHTHO-
CTH, B 9aCTHOCTHU, 30HbI Typ6yJIeHTHOFO nepeMmenin-
Baung (3TII), a Takzke 06 obparnoM Bimanun 3T1I
Ha pasBuTme Takoro JIB mpencrasiser ompenesnen-
HBII mHTEpEC, TeM Holee, ITO paHee OBLIN IPOBEIE-
HBI 9KCIIePHMEHTAIbHbIE HCCIeA0BAHuA [3].

B nmammoit pabore mpuBOmATCH Pe3yabTATHI UUC-
JIEHHOTO KCCIeJOBaHUS ONBITOB [3| ¢ moMompio
npamoro 2D um 3D momenmpoBamma. B gomoswme-
HUE K YKCIEPUMEHTAJIBHBIM JIAHHBIM QHAJIU3UPYIOT-
s IMapaMeTphbl TypOYJIeHTHOCTH, & TaKXKe CIeTHHIE
(cxemubie) 3¢ dexThI, BOZHUKAIOIIUE NPU YUCJIEH-
HOM MOJIETUPOBAHUN.

1. IlocranoBkKa pacyeToB

Hagampuas reomerpusa 3ajadu MOKA3aHA HA
puc. 1 (maa 2D pacueToB HuKE BMECTO KOODIU-
HaTBl Z wmcmosb3dyerca koopaumaara X ). Ee Bepx-
HIOI0 9aCTh 3aHWMAET ra30Bad B3PbIBUATAS CMECh
(I'BC, crexmomerpuyeckas areTuaeH-KUCIOPOIHAS
cMech), masiaeHne Py B KOTOPOii BapbUpyerTcs, ITO
npuBoauT K pas3uHbiM unciaam Maxa YB B BO3my-
xe u B SFg u pa3sHOMY MOJTHOMY SHEPTOBBIIEIEHIIO
npu GUKCHPOBAHHOM 3HAYEHWH YIEJIHHOTO YHEPIO-
Boiesteanss (Q = 72700 (3mech m gasee UCIOJb-
3yercd CIeIyIoad CHCTeMa eIVHUI W3MEpDEHud:
Macca — r; BpeMsa — MC; JJIMHA — CM). B HekoTo-
poix ombiTax BmecTo ['BC ucnonb3oBadics HarpeThrit
BO3AyX. B Tabmnuie mig KaxkaIoro paciera yKa3aHo,
KaKOe BEIEeCTBO B34Th B KadecTse apaiiepa. Hu-
xxe I'BC pacnonaraerca Bo3nyx, u manee — SFg mpu
arMocdepHOM naBieHuu. Temmeparypa B HAadaIb-
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HBIfI MOMEHT BCIOZTy OJJUHAKOBA, B KaXKJIOM Ta3e HC-
nosib3yercs Y PC ujeaspHOrO ra3a co CBOUM 3HAUE-
HueM v (cM. puc. 1). B rabnune ykasaHsl Takxe
snadennd uncaa Maxa ¥YB B SFg (Myg), onn upu-
MEPHO PaBHBI €I0 3HAYECHUAM B COOTBETCTBYIOMIUX
OTIBITAX.

[Ipu pacuerax cuurasock, uro 3axuranue ['BC
npou3BoguTcda Jub0 B Touke z¥ = L + Lo + Lsg,
r =2,y =2 (B nBymMepHOM ciaydae z* = z*), Kak B
SKcIepuMenTe, TubO BO BCeil miockoctu z*. 3ame-
TUM, 9TO PE3YJIBTATHI PACIETOB OT CIOCO0A, MHUIU -
POBaHUA MPAKTHIECKN HE 3aBUCAT. B coOTBeTCTBUM
c ombrtamu L1 = 45; Ly = 30; Ly = 116,9 = 126,1 B
Pa3HBIX pacdeTax.

Kamepa BbIcOKOro
JABJICHUS

B6umsu nentpa cevenus tpyber (H/2 = 2) 3azxa-
Bajuch aBymepabie JIB rpanumer 603dyx—SFg, mo-
Ka3aHHBIE HA PHC. 2; B TAOJHWIE yKa3aH BHUJ, BO3-
MYyIIEHUd B KOHKDETHBIX pacderax. Kpome Toro,
B CJIOE TOJIIIWHON B nBe ddeiikum Ha Bceil KI' BHO-
CJINCh CHy‘Ia,fIHI)Ie BO3MyH_LeHI/IH IIJIOTHOCTU: p ==
= potdp (dp = 0,1pp), 3HAK BHIOUPAJICS C HOMOIILIO
reHepaTopa CIyJaiHbpIX 9ucel. B HEKOTOPBIX pac-
qeTax I'eHepaTop CIydYallHBbIX UHUCeJI BAPbUPOBAJICH,
HO KAKOH MMEHHO HCIIOJIB30BAJCA B TOM HJIA HHOM
ClIy4dae, HUXKE HE OTMEYaerTcs, TaK KaK Pe3yJbTa-
TBI PacIeToB CJIab0 3aBHCAT OT HAYAJBHOIO CIIEK-
Tpa BO3MYIICHUMH.

PaccmarpuBaeMble TedeHHS — IBYMEPHBIE, IIO-
9TOMY OCHOBHBIE PacdeThl mpoBezeHbl 1m0 2D komy.

I'BC: p,=0,0012375;
P, =6,8 : 16 aTM B pasHbIX
= pacderax;
E Y =1,16.
¥ ; 3 Bosayx:  £2,=0,001230;
’ 031VX — .
2 l Ay P, =1 arm;
' Yy =14.
2 SF
T I ] 6 SF;:  p, = 0,0065;
Ls 3 P, =1 arm;
)
l Rl T ¥ =1,094,
H=4cm
X
Puc. 1. Teomerpusda 3amaun v Ha9aJbHBIE TA30UHAMHUYECKIE TTAPAMETDHI Fa30B
ITapameTrpsbl pac4eToB
Howmep Pazmepnocts CuerHas BermecTBo B Kamepe Myg Bux JIB
pacuera pacuera ceTKa BBICOKOT'O JIABJICHUS
1 2D 100 x 1050 I'BC 9,1 KaHa8Ka
2 2D 100 x 1050 I'BC 3,7 KaMa8Ka
3 2D 100 x 1050 BO3IyX 1,7 KaHa8Ka
4 3D 100 x 100 x 1050 I'BC 3,7 KaHasKa
5 3D 200 x 200 x 2100 I'BC 3,7 KaHasKa
6” 3D 100 x 100 x 1050 I'BC 3,7 KaHasKa
7 2D 100 x 1050 I'BC 3,7 NOAYUUAUHID
8 2D 100 x 1050 I'BC 9,1 NOAYUUAUHID
9 2D 100 x 1050 BO3IYX 1,7 NOAYUUAUHID

* Pacdger 6 orimgaercs oT pacdera 4 APDYTUM CIIEKTPOM HAYAJIbHBIX CIIyJaiHbIX BodMymieHnit Ha K.
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Puc. 2. ['eomerpus Hag9aIbHOrO BO3MYILIEHUS: CIIEBA — MPEY2OAbHAA KAHABKA, CIIPABA — NOAYYUAUHID

OpmHako B CUjIy TOro, 94TO TYpPOYJIEHTHOCTH BCETIA
TpexXMepHa, [IJid HEKOTOPBIX 33a7ad JOMOTHUTEIHHO
BBIIIOJIHEHBI U 3D pacyers! ¢ me/Ibio yTOIHEHUS 0~
JIy9eHHBIX 1Mo 2D Koy pe3yiabTaToB.

Hucno aueex caernoit cerku — N X Ny X N, B
TpexmepHOM ciydae gmubo Np X Ny B IByMEpHOM
caydae — TaKyKe yKa3aHO B Tabiure.
BaJIACh KBA3WPABHOMEPHAd CIYETHAA CETKA C MUHU-
MAaJbHBIMA pa3MepPaMU CUYETHBIX A9eeK, DPABHBIMU
4/N,.
IIeBJIEHUS HCIOJb30BAIACh APOOHAS CETKA, aJlall-
THUBHO BCTPAWBAIONIAACH B OKPECTHOCTH T'DAHUIIBI
6030yr—SFg.

Wcnoawso-

B mekoropeix 2D pacuerax mig wmx yue-

2. Pe3yabpTaThl pacyeToB OIBITOB
c JIB mpeyezoavHas xarasra

Myp = 1,7. Ha puc. 3 cBepxy mOKa3zaHO pa3-
BUTHE TJIOCKON 4YacTu rpanuisl 6030yx—SFg u JIB
B BHUJIe PACTPOBBIX KAPTUH KOHIIEHTPAIUH BO3IyXa,
MMOJIyYE€HHBIX B pacdere 3. XapaKTEePHBIM ABJIIET-
ca pacimupenue Bepmuabl JIB u, mamporus, "cximo-
nbiBaHMe" KOHIOB OCHOBAQHHSA ITOCJIE IIPOXOXKJIEHUS
YB uepes rpanuny (cm. puc. 3,a). Teopermueckoe
obbsicuenue sromy gano B llpujoxkenun 1. Orme-
THM, 9ITO najbHelimee pa3putue JIB mocime orme-
YEeHHOTO CXJIONMBIBAHUS KOHI[OB OCHOBAHWSA MPUBO-
INT K BbIOPACBHIBAHUIO B BO3IyX ero cmecu ¢ Skg
(cm. puc. 3,6). Iloxoxkasa kapruHa HabIIOTAETCA U
B COOTBETCTBYIOUIEM OIBITE (CM. PHC. 3, 6).

[Ipoxoxgenme YB mo obmactu SFg mpuBomuT K
pocry kak JIB, Tak u (B He6ombmoii cremenn) 3TTI.

B pacuere ¢port YB, mBuxkymeiica mo obmactu
SFg, npu paccmarpuBaeMoM umcjie Maxa OTCTOUT
masneko ot nmepenueii rparunsl 3111 mo cpaBHeHUIIO

c ee mupuHOil L, = 25 — 21 *. DT0 momTBEpK AETCH
3aBuCHUMOCTAMA OT BpeMmennu mupuubl 311l a Tak-
ke paccrogauii or 3agueit rpanunsl 3TII 1o dpon-
Ta YB Lyp = 29 — zyB u 70 nepenneii rpanuisl JIB
Ly = 22 — ziis (puc. 4). Kak Bugno, mupuna
3TII L, maja 10 cpaBHEHHIO ¢ paccTogHueM Lipg.
B cBoro ouepenn, 3TO paccTogHWE MaJO MO CpPaB-
wenuio ¢ Lyg. CpaBHEHUE ¢ 9KCIEPUMEHTAIBHBIMEI
BPEMEHHBIMU 3aBUCUMOCTAMH IIOKA3BIBAET, ITO IPHU
UMEIOIIEMCH B II€JIOM KAadeCTBEHHOM COIVIACUU Pe-
3yJbTaTOB paccrogume oT 3aaueil rparuist 3TII 1o
nepenueit rpanuisl JIB B pacuere npubiu3ureibHO
BABOe OOJIbIIE, Y€M B OIBITE.

Mvyp = 3,7. Ha puc. 3 cum3y moka3aHo pa3-
BHUTHE IJIOCKON YacTu rpaHuipl 603dyr—SFg u JIB
B BHJIE PACTPOBBIX KAPTUH KOHIIEHTPAIUN BO31yXa,
moanydeHHbix B 2D pacuere 2. Kak m gna Myp =
= 1,7, xapakKTepHbIM SBJISETCA PACIIMPEHUE BEP-
mmHE JIB n cxyonbiBaHne KOHIIOB OCHOBAHUS TIOCTIE
npoxoxaenus Y B uepes rpamumy (cm. puc. 3, 2).
Omnuane or manoro Myp 3akii09aeTcd B TOM, ITO
BO3MYIIEHHE TPHU ITOM 'pacIiIronmBaerca', Tak
9TO FOPU3OHTAJIBHBIN pa3Mep CTAHOBUTCI 3aMETHO
OoJtbllle, a BEPTUKAJBHBIN — Menblne. JlaabHeii-
mree paszpurue JIB mociae oTMedeHHOro CXJIOmbIBA-
HO¢ KOHIIOB OCHOBAHUS TaKzKe IPUBOIUT K BBHIOpa-
CBIBAaHMIO B BO3yx ero cmecu ¢ SFg (cm. puc. 3, 0),
HO OHO MeHee APKO BBIPAKEHO, YeM [JId MAaJioro
Myg.
BETCTBYIOIIEM OmbITe (CM. puc. 3,e).

Ha puc. 5 nokazans! (R, t)-gmarpaMmbr mepeaeit
rpanunsl JIB, nepenneit u 3axneit rpanur; 3TII u

Bauskas xapruHa HabIIOmAETCE U B COOT-

'Tpasumer 3TTI (mepemusas z; u 3amHas z2) ONpeeIs-
JINCH TI0 YPOBHIO KOHIIEHTPAIMU OJHOTO U3 Bemecrs: 31 =
=e <K 1, B2 =1 — ¢, nonoxenune ¢pporra ¥YB — mo makcu-
MyMy CYeTHOI BA3KOCTH.
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Puc. 3. Kaprunsl konnenrpamun Bo3ayxa: cBepxy — Myp = 1,7 a —t = 2,5; 6 —t = 4; 6 — ount, t = 2,58;
canzy — Myp =3,7: e —t=1,5; d —t =1,7; e — ousrr, t = 1,74

L 16R
7:
—
61 2
—
(] —
at |[—--5
3t
2|
1_.. —’-_‘-______'_}.--_—”"‘ ________ -
ot ~‘v_/.——-~‘—-‘
0, S S — s e —
23 24 25 26 27 28 29

Puc. 4. CpaBHeHue BpEMEHHBIX 3aBHCHMOCTEH, MOJIY-

Puc. 5.

Cpasuenue (R, t)-auarpaMm, OOJy4YEHHBIX B

4ennbix B pacaere 3 (1—3) u onbire (4—6): 3, 4 — mm-  pacuere 2 (1—4) u onsrre (5—8): 3, 7 — mepenHas rpa-
uuna JIB; 2, 5 — nepenuasg rpanuna 3TII; 1, 6 — 3anuasa

rpanuna 3TII; 4, 8 — dpour YB

puna 3TII; 2, 6 — paccrosHEE OT 3aJAHHONW T'DAHUIIBI
3TII mo dpoura YB; 1, 5 — paccrosnue or 3aaueil rpa-
munel 3TII 1o mepexueii rpanums: JIB
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¢poura YB, nmomydennsie B pacdere 2. OueBun-
uo, rpauunsl 3T u JIB 3amerHo Osiuxke K ppoHTY
VB, Hexenu 11 TpeABIAYIIETO CAydasd C MEHBIIIIM
qucaom Mypg.

OrmeruMm, uTo mpu mganaoMm umcie Myp pacder
6e3 JIB (cm. pacuer u3 [1] ma puc. 6) npusopur
K 3ameTHO Menbliell mupune 3TIL. [Ipu merbem
qucie Myp Takoit 3¢pdeKT TakxKe HaMedaeTcs, HO
mupura 3T ciaumkom maja, 9To0Bl yTBEPKIATH
9TO C yBEPEHHOCTHIO.

CpaBHEHHE C ONBITOM TOKa3bIBAET (CM. puc. 5),
9TO [IPU AMEIONEMCHA B I[EJIOM COIVIACHE PEe3YJIbTa-
ToB (0cobenno s dporTta YB) momoxenna 3TTI
u nepenueit rpanumnsl JIB, monrydennbie B pacdere,
"omepexkaior" OnbITHBLIE JaHHBIE. B OnbITe, KAK U B
pacuere, dporT Y B, nBuxkymeiica no obractu SFg,
mpu gaHHOM uwmciae Maxa Onmke K mepeaHed rpa-
uure 3TII mo cpasuenuto co cayuaem Myp = 1,7.
OTO MOATBEPKIAETCA 3aBUCUMOCTAME OT BPEMeHU
mupuabl 3TII L, a Takxke paccrosHuii oT 3aaHeit
rpanrumsl 3TII mo dpoura YB Lyg u 10 mepenmeit
rparunst JIB Lijp (cm. puc. 6). Kak Bugmo, L,
conoctaBuMo ¢ L. B cBoto ouepens, Liip co-
IOCTABUMO C PaccTosiHueM Lypg OT 3aHEll IpaHUIIBI
3TII no dporra YB.

Jls mamHON 3amadm mpoBemeHbl Takxke 3D pac-
gersl 4—6 (cM. Tabnurny). [lomyuennoe B aTux pac-
yerax XapaKTEPHOE Pa3BUTHUE ILJIOCKOW 9acTh rpa-
Hunbl 8030yr—SFg u JIB npencrasieno Ha puc. 7 B

L

Puc. 6. BpemeHHBIE 3aBUCHMOCTH, TIOJYIE€HHBIE B PaC-
gere 2 (1—3) u pacuere u3 [1] (4, 5): 1, 4 — mupuna
3TII; 3, 5 — paccroguaue ot 3amueit rpanunst 3TIT mo
dporra YB; 2 — paccroguue or 3anueit rpanumsr 3TIT
J0 nepeauei rpanursr JI1B

BHJIe PACTPOBBIX KAPTUH KOHIEHTPAINK BO3IyXa B
ceuennn ¢ = 2. CpaBrenue pesynabraTos 3D pacue-
TOB Ha mOApobHOit (pacuer 5) u rpyb6oii (pacuer 6)
CYETHBIX CETKaX IOKa3bIBACT CXOZKECTb PAa3BUTUA
JIB, HO Ha mOmpOOHOil ceTke TypOysIeHTHOCTH 0O-
see passura. CpaBrenue ¢ 2D pacyeramu moKa3bi-
Ba€T, 9TO B II€JIOM KapPTUHBI TE€ICHUIA IIOXOZKU APYT
Ha Jpyra, TPEXMepHOCTb B OCHOBHOM CKAa3bIBaeT-
ca quus Ha Oosbireit TypOyaum3amun tedernd. Or-
MeTHM Takxke Hajamdue "3e6poobpasHoii’ KapTHHBI
pa3BuTug Bo3MyIeHud B 3D pacderax, 9T0 00bdAC-
Hgercd cxeMHbIME dbdekTamu (cMm. [Ipunoxenne 2,
rje 1aHo OObsICHEHHE 3TOro (hakTa).

[Ipoxoxaenne YB mo obmactu SFg mpuBomuT K
pocry kak JIB, Tak u 3TII.

W3 puc. 8 BumHO, 9TO BpeMeHHBIE 3aBUCHMOCTH
paccrogrua or 3amuelt rpamumsl JIB mo dponta
VB2 B pacuerax 5 u 6 6imsku. Ammumrygsr JIB
BHAYAJE TaKKe OMM3KM, HO Ha Hojee mo3mmHedl cra-
un Ha TOAPOOHOH ceTke (pacdueT 5) OHU HECKOJIBKO
6oubie, yem Ha rpy6oii (pacder 6). [Ipmauna sTo-
IO 3aKJIFOYAEeTCAd B TOM, 9TO, KAK BUIHO U3 pucC. 7,
Ha 6oJiee MOAPOOHOI CeTKe pa3BUBAETCA TYpPOYIEHT-
HOCTb, Pa3MbIBAIOIIAs MEPEIHIO U B HEDOJBIION
CTEeeHN’ 3a/IHIOI0 TPAHUIIBI, B TO BpeMs KaK Ha TPY-
6ol ceTrke TypPOYJIEHTHOCTDH MOJABJISAETCH CXEMHOI
BA3KOCTBIO.

B 3D pacuere 4, kak u B 2D pacuere, pporT VB,
nBuxkKymeiica mo obsacru SFg, npu nanaOM uncie
Maxa 6auzxke k mepezmueit rpanune 3111 no cpasue-
auio co caygaemM Myg = 1,7. Pesymprare:r 3D u 2D
pacderoB OIM3KK MKy CO00H. DTO MOATBEPKIA-
eT puc. 9, rjae npuBeeHbl 3aBUCHMOCTH OT BpEMeH!
mupuasl 3TII (L, ), a Takke paccTosgHmii OT 3a1Hel
rparunbt 3TIT 1o dponra ¥YB (Lyg) u g0 nepen-
ueit rparunst JIB (L) ®. Kax Buamo, Ly 6m3Ko
K L. B cBoto ogepens, Ha mcciemyemoit cragun
Ly comocTaBUMO ¢ paccTogaueM Lyp OT 3ajHel
rpauaunbl 3TII 10 dpporra YB.

CpaBHeHUe yKa3aHHBIX BEJINYNH B pacieTe Ha IO-
IpobHOit u rpyboii ceTrkax mokazano Ha puc. 10.
HpI/I HEKOTOPBIX KOJIMYIECCTBEHHBIX OT/IMYIUAX B IIE-
JIOM COTJIache YAOBJIETBOPUTEIbHOE. 10 Ke OT-
HOCUTCAd K CPaBHEHHUIO BPEMEHHBIX 3aBUCUMOCTEN
3TII, vo mpu ¢t 2 0,27 HaMedaeTcsd HPEBBILICHHUE
pacCYMTAHHBIX 3HAYEHUH HAJT JaHHBIMA OnbITa. Ha-

?31ech u masree KOOPIAMHATHI OTCYNTHIBAIOTCS OT HAYAIIb-
HOTO ITOJIOXKEHUS IPaHuIbl 6030yr—SFs.
33 mech m Jaee BpeMsi OTCUHTHIBAETCS OT MOMEHTA, [IPH-

xoma ¥YB ma KT
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Puc. 7. PacTpoBble KapTHHBI KOHIIEHTPAIUU BO3AyXa B CEUEHUU T = 2: CBEpXy — pacdeT 6, CHH3y — pacduer 5;
a,2—t=16;6,0 —t=19;6e—1t=2]1

L

Zauan
rpaunua JIB

Ilepenuasa
rpannna JIB

_1 i i i i i A
1,4 1,6 1,8 2,0

Puc. 8. Bpemennbie 3aBucuMOCTH, mOJIy4eHHbIe B pacuerax 5 (1, 3) m 6 (2, 4): 1, 2 — paccrognue oT 3azmHeil
rpanunst JIB no dpornra YB; 3, 4 — ammauryna JIB
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Puc. 9. CpaBHeHue BpEMEHHBIX 3aBHCHMOCTEH, MOJIY-
vyennsix B 3D pacuere 4 (1—3) u 2D pacuere 2 (4—6):
1, 4 — mmpuna 3TII; 3, 6 — paccrosinue OT 3aaHElH rpa-
uunpl 3TII no dponra YB; 2, 5 — paccrosnue ot 3aueit
rpauunsl 3TII g0 mepemueit rpanuns: JIB

L

Puc. 10. Bpemennbie 3aBucumocru mupunsr 3TII (1,
3, 5, 7, 8) u paccroguua or 3ammeii rpanunsr 3TIL 10
dporra ¥YB (2, 4, 6): 1, 2 — 3D pacuer 4; 3,4 — 3D
pacuer 5; 5, 6 — ombiT; 7 — onenka no dpopmyre (I116);
8 — onenka no dopmyre (I111), u.p ~ 8

TIPOTUB, U3MEPEHHOE PACCTOgHUE OT 3aJHeil rpaHu-
uel 3TII go dpponra YB Gosbine paccamTaHHOTO.
VKa3aHHBIE OTJININSA, OJJHAKO, UMEIOT MOPAIOK IIO-
T'PENIHOCTHA U3MEepeHui.

Ha puc. 10 mpuBomarca TakzXKe TeOpPETHIECKUE
omenkn g mupuasl 3T, mosyuenusie B [Ipumo-
xennu 3. Pesymbrarer pacaeros mmpuasr 3T mo

dopmyme (I111) okaseiBarorcsa GimKe K U3MEpeHU-
aM, B TO Bpems kKak ¢opmymna (I16) myumre corma-
cyerca ¢ 3D pacueramm.

Ha puc. 11 npuBoggaTcsa 3aBUCHMOCTH OT BPEMEHU
makcumaiasuoit B 3T TypbynenTHoit ckopocTu, mo-
sygerHoit B 3D pacuere u COrIacHO TEOPETUIECKUM
onenkaM (cm. ITpunoxenue 3). Pacuernas 3asucu-
MOCTb B II€JIOM OJIM3Ka K IMOJIYIEHHBIM IO O0EmM
dbopmymam: (I18) u (I112).

u;

—1
L —_—2
10 ——3

0500 01 02 03 04 05 05 07

Puc. 11. 3aBucumocTu OT BpeMeHH TYpOYJIE€HTHON CKO-
pocru: 1 — 3D pacuer 4; 2 — no dopmyse (I18); 3 — o
dbopmyne (I112), v ~ 8

Myp = 9,1. llonyuennsiii B 2D pacuere 1 06-
it BUJ pa3BUTUA MJOCKOH dYaCTU T'PAHUIbI
6030yr—SFg u JIB mpencraBien pacTpoOBBIMEU Kap-
THHAMU KOHIIEHTparuu Bo3ayxa Ha puc. 12. Kak
u i MeHbmux ducesl Myp, XapaKTepHBIM sBJIfA-
erca pacmupeHne Bepmmebl JIB m cxmomerBanme
KOHITOB OCHOBAaHWS TIOCJIE MPOXOXKIeHus Y B wepes
rpanuny. Oriaumaune or Myp = 3,7 3akiaiogaercd
B TOM, YTO BO3MYIIEHHE 311€Ch PACILIIOIINBAETCI
B eme Oousblieil cremenu. llpm sTom manbHeiiniee
paseurue JIB nmpusogur k "unpuiunanut" K cren-
KaM pacnosioxkeruoro Boau3u Hero SFg. Jlambreii-
mee npoxoxaenne YB mo obaactu SFg npusogur
kK paccenBanuio JIB, tak uro dopmupyerca 3TII
¢ npubIM3UTENHHO OJHOMEPHBIM (MEHSIOMMMCS 110
nymHe TpyObI) pacnpegenenuem SFg. 3amernm, aro
B COOTBETCTBYIOIIEM OIBITE TAKyKe TPYIHO BBIIE-
guth 3TII B 0OBIYHOM OHMMAHWH.

Ha pwmc. 13 moxasaHbl pacdeTHBIE U SKCIEPHU-
menTanbHbIe (R, t)-mmarpaMubl nepegHeil rpaHu-
sl JIB, mepenueit u 3amueit rpanun 3TII u dpon-
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Puc. 12. PacTpoBbie KapTHHBI KOHIIEHTpAnuu Bo3ayxa B pacuere 1: ¢ — ¢t =0,8; 6 —t=0,9; 6 — t = 0,95

R

. . 4t
0,9 1,0

Puc. 13. Cpasrenue (R, t)-guarpaMm, mOJydYeHHBIX B
2D pacuere 1 (1—4) u omsite (5—7): 3 — mepexuss
rpanuna JIB; 2, 5 — nepenuasa rpanuna 3TII; 1, 6 —
3aanagag rpanuna 3TII; 4, 7 — dport YB

ta YB. B mesom pacuer cormacyerca ¢ m3mepeHU-
aMu. B ombiTe, KaK U B pacdere, MEepeIHNE TPAHU-
upl 3TII u JIB npakTruecku caumBaiorca ¢ pPoOH-
ToM Y B, aBuxkyieiica no obsactu SFg, u aums Ha
[MO3HNE MOMEHTHI BPEMEHU HAMEYAeTCSI OTCTaBa-
uue JIB or ¢pporra YB. D10 cBA3aHO € OTHOCUTEB-

HO MaJjIbIM BpeMeHeM Haxoxjenuss YB B SFg npn
croib Gompinmx umciax Maxa. Ecmau 6v1 obracts
SF¢ umesnia GOJIBIIYIO JJIMHY, 9TO BPEMs yBEJIUIH-
Joch OB, a orcraBanue nepenueit rparuisr 3T1I o
dponTa ¥YB cramo 6br 6ostee 3aMETHBIM.

3. Pesyastarsl 2D pacueroB
c JIB noayuyuaurdp

OusrTel ¢ JIB 1anHOrO BuAa BHIIOJHEHBI 19 Pa3-
JUIHBIX 9uces Maxa, KaK MEHBIINX, TaK U OOJIb-
mux guciaa Maxa, Ha3pIBaeMOro B [2] KpuTHdecKuM:

Mgkp =~ 5,5.

Myp = 1,7. lloayduennsiii B 2D pacuere 9 06-
it BUJ pa3BUTUA IJOCKOH dYaCTU T'PAHUIbI
6030yr—SFg u JIB mpencTaBieH pacTpoOBBIMEU Kap-
THHAMHI KOHIEHTpanuu BO3Ayxa HA puc. 14 cBep-
xy. B 1mesoM oHEM MOXO0XKM Ha TOJydIeHbIe B pa3m. 2
mia JIB B Buzme TpeyrospHOM kanaBku. V3mepen-
wvas mwmpuna 3T HacTONBKO Masa, 9TO OKa3bIBa-
eTCd MEeHbINe IOTpPelrHOCTH m3MepeHmit. [losTomy
Ha puc. 15 mokazaHa JIWIIb MIOJyYeHHAd B pacde-
Te BpEMEeHHAd 3aBUCUMOCTH PACCTOIHUA OT 3aJHeit
rparunbl 3TII mo nepegueit rpanunsr JIB B cpas-
meHuu ¢ n3Mepenugmu. (Corslacue MOKHO CIHTATH

- 10 -
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Puc. 14. PacrpoBble KapTHUHBI KOHIIEHTPAIMN BO31yXa: CBEPXy — pacuer 9: a — t = 2,6; 6 — t = 3,2; cHu3zy —

pacuer 7: 6 —t =152 —t=17,0 —t =2

L

Puc. 15. Bpemennble 3aBUCHMOCTH PACCTOSHUSI OT 3a/I-
meit rparunst 3TII go nepenueit rparuns: JIB: 1 — pac-
4geT 7; 2 — OIBIT

VIOBJIETBOPUTETHHBIM, YINTHIBAd IOTPEITHOCTD M3-
Mepenuit okoso 0,5 cM.
3aBUCHMOCTH  OT
(puc. 16, a),

Bpemenu mmpuabl  3TII
a Takxke wMakcumasbHO B 3TTI

TypOysenTHON cropoctu (puc. 16,6), momyden-
HBIE B DpacdeTe, OKA3BIBAIOTCA B IEJIOM OJIM3KH
COOTBETCTBYIOUIUM TEOPETHIECKUM OIEHKAaM (CM.
dopmyner (IT111) u (I112) B [Tpunoxennn 3).

My = 3,7. lloayuennsiii B 2D pacgere 7 06-
it BUJ pa3BUTUA IJOCKOH dYaCTU T'PAHUIbI
6030yx—SFg u JIB npepcraBiieH pacTPOBBIMEU Kap-
THHAMU KOHIIEHTPAIMU BO31yXa Ha pucC. 14 cHuU3y.
Kaxk u gyia JIB mpeyzoavrasn xanaska (cm. pasg. 2),
XapaKTePHBIM ABIAETCA paciinpenne Bepurnasl JIB
7 CXJIOIIBIBAHUE KOHITIOB OCHOBaHHA ITOCJIE IIPOXOZK-
neana YB wepe3 rpammmy. JlasmbHeiiiee pasBum-
tue JIB u 3TII TakKe aHAJIOrMYIHO pe3yJbTaTam
pazm. 2.

O6paboTka pe3ysabTaTOB PACYeTOB MOKA3BIBAET,
gro (R, t)-muarpamMmel YB u nepexneii rpaHuis
JIB B pacuere u onbiTe OJU3KM, OTHAKO MEPETHSIS
rparuiia JIB HECKOIBKO OmepeskaeT mepeaHion rpa-
aury 3TII u co Bpemenem ymamserca or (poHTa
VB. Tounocrs oupenenenus mupunabl 3TII B ombi-
Te HeBEeJIWKA, MO3TOMY MOYKHO BECTU Pedb JIHUIIb O
TEHIEHINN COJMKEHUsT C PAacCIeTOM, O UeM CBHUIE-
TeabCTBYeT puc. 17. B 1O Ke BpeMda oTMeTHM, ITO

- 11 -
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0,0 0,2 0,4 0,6 0,0 0,2 0,4 0,6 0,8
a o

Puc. 16. Hlupuna 3TII (a) u TypbymentHas ckopocth (6): 1 — pacuer; 2 — mo dopmymam (I111) u (I112),
Uty ~ 4:,85

L. pacuernaa 3aBucumocth mupuabl 3TII 6mm3ka K
nosrysennoii o dopmyse (I111) w3 [punoxenns 3
(cm. puc. 16, a).

My = 9,1. lloayduennsiii B 2D pacdere 8 06-
it BUJ pa3BUTUA IJOCKONH dYaCTU T'PAHUIbI
6030yr—SFg u JIB mpencraBier pacTpOBBIME Kap-
THHAMU KOHIEHTpamuu BO3ayxa HA puc. 18. B
OTJIMYME OT IPEIBIAYIINX BAPUAHTOB CpPa3y IIOCTE
npuxoga YB ma KI' JIB cuiabHO pacmironiuBaercs
u paxkrudecku cranosurcd dacthio 3TII, kKoropas
Ha TOT MOMEHT ocTaeTcs Bosu3u dpporTa YB u Bo3-

: ; ! . ' . ¢ nmeticrByer Ha mHero. Ha Oosiee mo3mmeil cramum Ha-
0,0 0,2 0,4 0,6 0,8 medaerca orcrasanue JIB u 3TII or dpponra VB,
Pe3y/IbTAThI YK€ M3MEPEHUN BBIMOJHEHBI JIUIIb JIJIst

OTHOCHUTETHHO MAJIbIX MOMEHTOB BpeMeHH, P KO-
Topbix pporT Y B n nepegaue rpanunsr 3TII u JIB
COBITATAIOT. B 1esioM pe3yabpTaThl pacdeTa aHaJOo-
ruaabl  ciaydalo Myg = 9,1, paccmorperHHOMY B

Puc. 17. 3aBucumocrs or Bpemenu mupuabt 3TII: 1 —
pacuer 7; 2 — ombir; 3 — mo dopmyie (I111), u.o ~ 4,85

b‘ i "(

oy

Puc. 18. Kaprunsl konneaTpanuu so3ayxa, t = 0,8; 0,85; 0,9; 0,95 (cieBa mHampaso) B pacuere 8

- 12 —
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pasn. 2: mepemname rpanunsl 3TII u JIB 6au3ku k
dporry YB. 3akon pocra 3TII memnioxo onuckiBa-
ercs Teoperndeckoit popmymoit (I16) (puc. 19).

2,0
1,5
1,0

0,5

. . Ll
0,15 020 025

0,0 0,05 0,10
Puc. 19. 3asucumocru ot Bpemenu mmpuast 3TI: 1 —
pacuer; 2 — ousit; 3 — no dopmysne (I16), um &~ 20

BriBoabr

IIpu mpamvom 2D um 3D wuucmennoM wmomeaupo-
BaHWE 3an1adu ¢ JIB mosydeHBI corsacymoumecs c
OIIBITHBIMU JAaHHBIMU PE3YyJ/JIbTATHI. HpI/I 9TOM Kap-
tuabl pasputus JIB u 3TII B memom kagecTBeH-
HO OyM3KM Ay 0bomx BUAOB HadaabHOro JIB: Tpe-
yFOJII)HOﬁ KaHaBKU W IOJIYOUJIXHIPA.

Pesyaprarer 3D u 2D pacueroB B memoMm Oau3ku
opyr kK apyry, upu srom B 3D pacuere ma OGosee
rpyboii ceTke mmeerca OoJiee IMTEIbHAA CTAIUSI,
Ha KOTOPO# 3aMeTHa POJIb CXEMHOHN BA3KOCTH.

Ormernm Takke, aTo TypbysnearHocTs B 311 3a-
TYXaeT CO BPEMEHEM B COIJIACHU C TEOPETUIECKUMUI
omenkamu tmupuasl 3TII u TypOymenTHON CKOpO-
CTH.

Ilpunoxxenue 1.
ITpubiau>keHHO-aHAJIUTUYECKOE
paccMoTpeHue 3aaa9u

Kak ormedeno Beime, xapaxrepusiM g JIB
MPeY20AbHAA KAGHABKA SABILAETCH PACIINPEHNUE BEP-
muHbl JIB n, HampoTuB, CXJIONBIBAHME KOHIIOB OC-
HOBaHUY IIOCJIE MPOXOXKJeHus Y B gepe3 rpanwuiy.
OTO MOHATHO U3 CXEMBbI, OKa3aHHOH Ha puc. [11.

OrnocurenbHas opuentanus Vp u VP takosa,
9TO HA BO3MYIIEHHOW YaCTU IPAHUIBI CO3JAITCI

Buxpu (cMm. puc. I11). DTo cremyer u3 ypasHeHHS
[T 3aBUXPEHHOCTH (J, TOJIYIAIOIIEerocd U3 ypaBHe-
Hug Ditrepa B dpopme ['pomekn—Jlemba [4]

9 (&) a - adiva+ PXVEL

dt P>

Ha KI', o Bue JIB perynaprasg (T. e. ¢ pa3me-

pamu mopsaka JIB) 3aBUXPEHHOCTH, OYEBHIHO, HE
renepupyerca. Obpasyromagca Ha JIB 3aBuxpen-
HOCTH wz@) Hanpasiera 1o X (Bmosnb obpasyoreii
JIB): i = z. Omna cocpenorogena na KI', nmeromeit
s¢derTuBay0 TOMmUHY LKT. DTa TOJIUHA
YBEJIUIUBAETCA O ABYM MOPUIUHAM: BO-IEPBHIX,
BCJIEACTBUE CXEMHBIX 3 (PEKTOB; BO-BTOPHIX, U3-34
pPa3BUTHA CIIyYafHBIX HAYAJIbHBIX BO3MYIIEHUI.
[Ipu sTom B camom magasie 3Bosionuu KI' ormeda-
erTcd pa3BUTHE HEYCTOMYIMBOCTH, T. €. IMOSIBJIEHUE
BCEX KOMIIOHEHT 3aBUXPEHHOCTH. lIpocTpaHCcTBeH-
Hble MAacHITa0bl UX W3MEHEHWd, OJHAKO, MAJIbI II0
CPAaBHEHMIO C COOTBETCTBYIOIIMME MaclITabaMu

(0) (1)

wg'. B cmmy coeit MamocT:m CKOpoCTH uy
1

COOTBETCTBYIOIIE KOMIIOHEHTaM w,(c ), YIOBJIE-

1

3u§c) 0

TBOPAIOT ypPaBHEHUIO HEPa3pPBIBHOCTU

Oxy,

e

®pout VB /-/f:' ~

I11. Cxema npuxenus B obiacru JIB mociie mpoxoxie-
ug YB

IIpunoxxenue 2.
Onenka cxeMHBIX 3¢ deKTOB

Jlia BoisicHEHUS POJTU CXeMHBIX 3 PEKTOB BCIIE -
CTBUE HAJWIUA CXEMHOU BA3KOCTU BOCIIOIH3YEMCH
ee oneHkoit [5] (k — mHAEKC cymMMupOBaHUs):

0 (pu;) N 0 oP

o+ agy ) T g0 =
aui

= %2 (4puk8xk> +6; (h , T )

ITpasbie wactu ypasuenuit (II1) moxHO TpakTo-
BaTh KaK IIPOU3BOJAHLIE OT KOMIIOHEHTOB "Temzopa

(II1)
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HAIPAXKEHN ANMPOKCUMAIMOHHON (CXeMHOit) Ba3-
KOCTH. Nx MOZKHO 3alIuCaTb B BUIE

(112)

CimoBo "Ten3op" B3ATO B KABBIYKH, MOCKOJBKY HHI
(T11), ru (I12) e aBagaorcsa rersopamu. Tem He Me-
Hee dopmysa (I12) amamormusa mo BUAY BBIpayKe-
HUIO JJIg KOMIOHEHT TeH30pa BA3KNX HAIPAKEHU,
Bxoagmux B ypaBuenud Haspe—Crokca. [lpu sTom
postb K03 duUIUEeHTa MOJIEKYIAPHON BA3KOCTH (AB-
JIFIOIMETOC CKAJISIPOM ) 37IECh UrpaeT KodddumueHT
CXeMHOI BA3KOCTHU, ABIAIOMNNICT BEKTOPOM U 3aBH-
cAm@A OT CKOPOCTH MOTOKA U W PasMepa CIETHON
daaeiiku h:

Vel — ZhUk

[Tocne npuxoma (B moment ty) YB ma KI' mac-
coBas ckopocTh umeer Ha JIB dakTnuecku ase (B
OCHOBHOM DETyJIIPHBIE) KOMIIOHEHTHI U, U uy. Kom-
IOHEHTa K€ U, Majia [0 CPaBHEHUIO C HUMH,
IIOCKOJIbKY OIIpenedercd MaJIbIMU CJIy‘Ia,ﬁHbIMH
BO3MYIIEHUSIMHA; COOTBETCTBEHHO, MAJbl U €e IPO-
U3BOJIHBIE.

Takum obpazoM, KOIDPUIUEHT CXEMHON BI3KO-
CTH AHW30TPOIEH, & MMEHHO HMeeT IBe OOJIbIime
KOMIIOHEHTHI, JIeJKall[ie B IIOCKOCTH, HOPMAJbHOIT
K obpasyromreit JIB:

1
Vey = Zhuz;

Vey = —huy, (I13)
4
B TO BpeMs KaK TPETbs KOMIOHEHTA Vg A Zhum

MaJia IO CPaBHEHUIO C HUMU. oTo O3HAQYaeT, 9TO II0

HampaByieHni0 X BCe KOMIIOHEHTHI B MeHbIIeH cTe-
[I€HU [IO/IABJIAIOTCA CXeMHON BA3KOCTHIO, HEXKEJIHU 110
HampaBjeHuaM Z u Y. JIpyrumu cioBaMu, BO3MY-
IIEHAs TPOAOIBbHO-TOGPUPOBAHHOrO Buza (puc. 12
CJleBa) MOJABJSIOTCS CXEMHOI BA3KOCTBIO IOpa3zo
cubHEe, YeM nonepedHo-rodpuposanusie (puc. [12
cupasa).
BOJIHOBBIM BEKTODOM, HAIPaBJIEHHBIM IO X ) Ha-
OII0JAIOTCA HA HAYAJIBHONW (IIOCJIE MPOXOXKIEHUT
YB uepes KI' 603dyz—SFg) cragum <HCIEHHOTO
pacuera (cm. puc. I13, TI4).
pa3BUTHUA BO3MYIIEHUH He 3aBUCUT OT TOTO, KAKOB
ObLI HAYAJIBHBIH CIEKTD CIIydaiflHbIX BO3MYIIEHUI.
N3 puc. 113 Bunno, 9To pe3ysbraThl BechbMa OJsin3-
KNI 71 IBYX BapHAHTOB C Pa3HBIMHU I€HEPATOPAME
caydaitabix wucen (pacerst 4 u 6). Hucao rapmo-
vk Ha JIB ymenbmaercsa (miamHA BOJHBI pacrer),

HeiicTBuTenbHO, MMEHHO TOCHEeqHEE (C

IIpu sTom kaprura

a upu t = 2,2 peryjidpHasg CTPYKTypPa BO3MYIIEHU
HapyIIaeTcd.

Ha KT Bue JIB mmeerca nmuims onHa peryiagpHAd
KOMIIOHEHTa CKOPOCTH; COOTBETCTBEHHO, AHU30TPO-
meH KO3 PUIUEHT CXeMHOW BIA3KOCTH:
JINIIb OJHY KOMIIOHEHTY, MapaJ/LIeJIbHYI0 OCH TPY-

OH HNMeEeT

Ob1. CjieoBaTeNIbHO, 3/1€Ch HE JOJIZKHO OBITH BBIZE-
JIEHHOTO HAIIPABJIEHUS B PA3BUTHUU CJIYIAWHBIX BO3-
MyureHunit, 9o u Habmomaerca Ha puc. 113, T14.
Ormerum Tak»Ke, 94TO B pacdyere Ha OoJiee TO-
npobuoit cerke (cMm. puc. 114) gmciao rapMoHUK Ha
JIB ma momenT Bpemenu t = 1,5 3ameTHO OOJIBIIIE
(N =~ 17+18), mexenn B pacgaere Ha Gosee rpyboii
cerke (N) = 12), a mepexof peryasapHbIX BO3MYIIe-
HUIl K HeperyjadpHOMY BHJY IPOUCXOIUT I'OPa3zio
pambire — yxke K MoMeHTy t = 1,7. Ha magampHOi
craguu BennanHa Lk onpenenserca koddduiuen-

[12. XapakTepubie hOPMbI BO3MYIEHHIT
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I13. N3onoBepxHOCTH KOHIEHTpanuu fsr, = 0,5: cieBa — pacuer 4; cupaBa — pacuetT 6

[14. N3onosepxuocru KoHneHTpanuu fsr, = 0,5, pacuer 6 (mogpobuas cerka)

1
ToMm cxemuo#l Baskocru (I13) v, = Zhu (rme u ~

~ u, ~ 30): H NH
N, ~ Ny ——mm — 114
AT oL, \/ u(t —tg) (114)

LKI‘ ~ L,,c ~ \/l/c(t - t(]).

rae N — 9HUCJI0 CUYETHBIX y3JI0B Ha ImupuHe H Tpy-
6b1. YumTeiBag, uro H =4, N = 100 B pacuere Ha

[Tomaras, 4To gjuHA BOJIHBL TADMOHUKE A ~ L, _, rpy6oit w N = 200 ra moxpobroit cerxe, a u ~ 30,
HAXOIUM THCJIO TAPMOHIK: moydaeM JAjd MoMeHTa t = 1,5 COOTBeTCTBYIOIITE
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smavenud: Ny ~ 11,5 u Ny ~ 16,3. Dto corua-
CyeTrcd C HOJIy9eHHBIMHU Bbille 3HadeHudMu. Jlag
N =100, t = 2 dopmyna (I14) maer Ny = 5, aro
TakKe coryacyercd ¢ puc. [14.

CooTBercTBytomue cxeMHble 9ucyia PeitHoIbICA:

L,u ~9 u(t—to) N

Re. =
Ce Ve H

Jnaa N =100 u t = 2 nosry9aercd Takoe JKe 9uC-
a0 Re, = 40, xak ma N = 200 u t = 1,7, uro,
[O-BUAUMOMY, ODECIIEYNBAET MEPEXO K HEPETyJIap-
HOI1 (TypOyJIeHTHO ) CTPYKTYpe BO3MYIIeHIi — 9TO
COTJIACYETCS C TOJYYEHHBIMU PEe3yIbTaTaMHM.

Ilpunoxxenue 3.
Anamuruyeckue omeHKu mupuabl 3TII

OrmernM, 9TO 3aKOHBI [BUKeHUd PpoHTa YB 1
pocra 3TII pasnuunsl. [lelicTBuTe/bHO, KAK MOKa-
3aHO B [1, 2], ckopocts ¢dporTa ¥YB Ha paccmarpu-
BaeMbIX MacuTabax TypOyJIeHTHOCTH NPAKTUIECKHT
He yCIleBaeT 3aMeTHO ocsiabeBaTh, T. €. Lyp mpakx-
TUYECKU JIMHEHHO MO BpPeMEHW. UTO KacaeTcd Iu-
pusbl 3TII Ly, To CKOPOCTH ee pocTa yMEHBIIAeTC
BECbMa 3aMETHO [0 MEPE MPEBBINIEHUS HAYAIBHOTO
macurtaba TypoyneaTroCTH Iy (tKT) = l10-

JlarmbIil MacmTab MOKHO OIEHUTh Kak [, = o
(mpumem o = 1/6), a mOCKOIBbKY GOKOBBIE IDAHUIBI
B pacCMaTpUBAEMOil 3a7ade — JHcecmKue CmeHKu,
OH HEe MeHsieTCsd Ha BceM Bpemenu paspurusi 3TTI.

Momysnbp MOMEHTa XapaKTEePHOI'O BUXPS:

My ~ puTl4

T

e u, — TypOyJieHTHAadg CKOPOCTb. UWCJIO TaKumx

uxpeit B 3TII

[Momasiit momernTt 3TII M3z ~ Mpy/ Ny ~ g/ Ly

00sI3aH COXPAHATHCA, T. €.

ulL, = const. (T15)

MoxHO caemaTh ABa Pa3HBIX MPEINOJIOKEHUS
JLTST HAXOXKJIECHUS Uy
T
IlepBoe BBIpaXKaeTcs B BUjAE U, ~ ——. 'Torma us

dt
(I15) cremyer

L. ¢ 2/3

LTO B (%) ’

(T16)

IpUYIEM IIOJIaraeTcda

ly
Lio = Ly (to), to=—2. (I17)

s (I15), (I16) cremyer

U ( t >—1/3
U to '

Bropoe npemmonoxkenne 3aKaII0IaETCI B OTHOCH-
TEJIbHO MEIJIEHHOM H3MEHEHHHW U, CO BPEMEHEM.
Torga MOXKHO 3aIKCaTh

(I18)

Ly ~ \/Dyt, (119)

rae Kodddunuent TypOymeHTHON Ba3kocTu D, ~

~ lyuy,. Ho I, = aH = const, ciegoBareabHO,
D, ~ u,. Torma u3 (I19)
L2
Up ~ TT (I110)

HO IIOCKOJIbKY IO-IIPE2KHEMY JIOJI2KHO BBIIIOJIHATH-
ca (I16), To u3 (I110) cremyer

LT B (t>2/5
Lo to

¢ HaganpHbIME 3HadeHnamu (I17), rme cormacuo 3D
pacueram uqg ~ 8 (B 2D pacuerax u.o =~ 4,85). C

yaerom (I110)
Us ( t )1/5
U to ’

9TO OIpaBAbIBAECT CHAECJIAHHOE BBIIIEC IIPEAIIOIOZKE-

(1I11)

(1112)

HUE.
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